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ABSTRACT

The effects of water stress on water relations in the leaves of young common bean (Phaseolus vulgaris L.) plants were
studied. Water stress was imposed 14 days after the emergency by withholding water until soil water potential reached
-0.9 MPa. Water deficit led to a noticeable decrease in both the osmotic potential at full hydration and turgor loss poin
in the primary and the first trifoliate leaves of all the cultivars. The lowest calculated values for osmotic adjustment
are found in droughted plants of cv. Dobrudjanski ran (-0.29 MPa for the primary and -0.42 MPa for the first trifoliate
leaf). In contrast, high osmotic adjustment was found in cultivars Plovdiv 10 and Prelom. The three bean genotypes
displayed significant differences in their adaptive response to drought. This study indicated that osmotic adjustment is
one of the major adaptive mechanisms of Phaseolus vulgaris to survive drought. The main difference among cultivars
appears to be due to turgor maintenance, which may be more representative of the physiological status of the leaves
in these cultivars.
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PE3IOME

[IpoydeHo e BIUSHIETO Ha BOIHUS CTPEC BBPXY BOIOOOMEHA B JIHcTaTa Ha Mitau pactenus dacyi (Phaseolus vulgaris
L). Boguust crpec e npuioxeH 14 nHU ciie NOHMKBAHETO HA PACTEHUATA, Ype3 MPEKpaTsIBaHe HA MTOJIMBAHETO, 10
JOCTHTaHEe Ha MMOTEHIMal Ha Bojara B mouBara -0.9 MPa. Bomuusar nedunmT npenu3BUKBa 3HAUUTEIHO ITOHIKEHNE
B OCMOTHYHHS ITOTEHIIMAJ NP ITHJIHO HACHIIAHE C BOJAA, KAKTO M Ha TOYKara Ha 3aryda Ha Typrop B ITbPBUYHUS U
II'BPBH CIIOKEH JICT B pacTEHHATA M OT TpuTe copTa. C Hali-HUCKA CTOHHOCT Ha OCMOTHYHOTO MPHUCIIOCOOsBaHE ca
pacterusita ot copt Hodpymxancku paH (-0.29 MPa 3a mepBuaHus u -0.42 MPa 3a mbpBu ciioker muct). [lpu copr
[penom u copr I1noBruB 10 crenenTa Ha OCMOTHYHO NPHCIIOCOOsIBaHE € Hali-BUCOKa. PacTeHnsITa OT TPUTE FeHOTHIIA
TIOKa3BaT 3HAYNUTEIHN Pa3/Inyus B PEAKIMATA UM KbM NPHIOKEHOTO 3acyllaBaHe. YCTAaHOBEHO €, Ye OCMOTHYHOTO
MIPUCIIOCO0SIBaHE € €AWH OT OCHOBHHUTE aJANTHUBHM MEXaHW3MHU IIpH (acyia 3a MpeoJosisiBaHe Ha HMPHIOKEHOTO
3acymraBaHe. OCHOBHOTO pa3jinune MKy PACTEHUsITa OT TPUTE COPTa € B CIIOCOOHOCTTA UM J1a ITOJ/IbPIKaT Typropa,
KOETO € IIOKa3aTeJIHO 3a (PYHKIIMOHAIHOTO ChCTOSIHUE Ha JIMCTAaTa M Ha PACTEHHATA KAaTO LISUIO.

KNHO4YOBWU OYMWU: BogeH noTeHuman, BOAEH CTPeC, KpMBM Ha BOJOOOMEHa, MOAYN Ha eNTaCTUYHOCT Ha KNEeTbYHUTe
cTeHu, Phaseolus vulgaris L.
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DETAILED ABSTRACT

The effects of water stress on water relations in the leaves
of young common bean (Phaseolus vulgaris L.) plants
(cvs. Plovdiv 10, Dobrudjanski ran and Prelom) were
studied. Plants were cultivated in pots as soil culture in a
growth chamber. Control plants were grown at soil water
content of 41% (0.410 g H,O g’ dry soil) corresponding
to a soil water potential (¥_ ) of -20 kPa. It is considered
that soil is well watered and there is no water stress if ¥
is above -30 kPa. Water stress was progressively induced
in 14-day old plants by withholding water supply for 10
days until soil water content reached 23% (0.230 g H,O
¢! dry soil) corresponding to a soil water potential of -0.9
MPa. The measurements were made at the end of stress
period on the primary and first trifoliate leaves, which
were fully matured. Water stress induced significant
changes in relative water content (RWC) and leaf water
potential (W) in the leaves of young bean plants (Table
1). In the primary leaf, the highest accumulation and
increase in proline content is registered in cv. Prelom
(with 276% rise) and the lowest accumulation and
increase in Dobrudjanski ran (with 195 % rise). Genotype
Plovdiv 10 exhibited an intermediate behavior. The same
tendency is observed in the first trifoliate leaf. The PV
curves drawn with the data of W and RWC, obtained
under control and water stress conditions, exhibited
different slopes for primary and first trifoliate leaves in
all the genotypes studied (Figs. 1 — 3). Water deficit led
to a noticeable decrease in both the osmotic potential at
full hydration (‘¥ '"’) and turgor loss poin (TLP) in the
primary and the first trifoliate leaves (Tables 2 and 3).
The lowest calculated values for osmotic adjustment
(OA) were found in droughted plants of cv. Dobrudjanski
ran (-0.29 MPa for the primary and -0.42 MPa for the
first trifoliate leaf). In contrast, high osmotic adjustment
was found in cultivars Prelom and Plovdiv 10. The mean

maximum leaf bulk elastic modulus (E ) in cv. Prelom
and cv. Dobrudjanski ran was higher in the droughted

plants compared with control ones. In Plovdiv 10 E
is slightly reduced. That should indicate that water stress
induced changes in cell wall properties, rendering them
less elastic in cvs. Prelom and Dobrudjanski ran. The
three bean genotypes displayed significant differences in
their adaptive response to drought. This study indicated
that osmotic adjustment is one of the major adaptive
mechanisms of Phaseolus vulgaris to survive drought.
The main difference among cultivars appears to be due to
turgor maintenance, which may be more representative of
the physiological status of the leaves in these cultivars.

INTRODUCTION

Drought is one of the most important constrains for bean
production but improvement of drought tolerance is very
difficult because of the set of mechanisms involved. Crop
plants have developed many mechanisms to survive
water deficit, including escape, tolerance, and avoidance
of tissue and cell dehydration [15], [30]. Avoidance
of stress includes rapid phenological development,
increased stomatal and cuticular resistance, changes in
leaf area, orientation and anatomy, among others [12],
[17]. Plants tolerate drought by maintaining sufficient cell
turgor to allow metabolism to continue under increasing
water deficits. Tolerance to stress involves at least two
mechanisms, osmotic adjustment and changes in the
elastic properties of tissues [19], [25].

Osmotic adjustment is generally thought to be the major
mechanism to maintain cell turgor in many species as the
water potential decreases, enabling water uptake and the
maintenance of plant metabolic activity and therefore
growth and productivity [S5], [8], [22]. Lowering of
the osmotic potential of the cells accumulating solutes
is considered to be due to osmotic adjustment if the
buildup of compounds is not merely the result of tissue
dehydration [4].

Several reports suggest that plant metabolic processes are
in fact more sensitive to turgor and cell volume than to
absolute water potential [12]. Among the physiological
mechanisms that act to maintain leaf turgor pressure,
decreased osmotic potential resulting either from a
decrease in osmotic water fraction or from an osmotic
adjustment (net accumulation of solutes in the symplast)
was pointed out [13]. Changes in tissue elasticity in
response to drought, which modify the relationship
between turgor pressure and cell volume, might contribute
to drought tolerance, as observed in black spruce [3], and
sunflower [16]. Leaf water relations data may provide a
useful indication of the capacity of species to maintain
functional activity under drought [32].

The aim of this work was to study the effects of water
stress on water relations in young bean plants and to
investigate whether some aspect of the plant water
relations differed among the studied genotypes. The
capacity for leaf osmotic adjustment and changes in cell
tissue elasticity, water potential and turgor pressure were
analyzed through pressure-volume curves in order to
compare their behavior in response to water stress.

MATERIALS AND METHODS

Plant material and growth conditions
For this study three genotypes of common bean (Phaseolus
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vulgaris L.) were used: cv. Plovdiv 10, cv. Dobrudjanski
ran and cv. Prelom. Seeds were washed in distilled water,
surface sterilized and germinated on moist filter paper, in
Petri dishes, maintained at 28 °C, in the dark, for 3 days.
After germination seedlings with well developed roots
and having approximately the same morphological aspect
were selected and cultivated in pots as soil culture in a
growth chamber. Dissolved nutrients were added to the
soil 15 days before planting: 280 mg Ca(NO,), kg dry
soil, 180 mg KNO, kg™ dry soil and 220 mg NH,H,PO, kg’
" dry soil. One seedling was maintained in each pot. The
environmental conditions in the growth chamber were:
photosynthetic photon flux density (PPFD) of 150 umol
m? s, day/night temperature 25+2/17+2 °C, photoperiod
of 14 h, and relative air humidity between 65-70 %. Pots
were watered daily to maintain control soil water content
of 41% (0.410 g H,O g dry soil) corresponding to a soil
water potential (‘W) of -20 kPa. It is considered that soil
is well watered and there is no water stress if V', is above
-30 kPa [1]. Water stress was progressively induced in
14-day old plants by withholding water supply for 10
days until soil water content reached 23 % (0.230 g H,O
g dry soil) corresponding to a soil water potential of -
0.9 MPa. Relative water content (RWC) in the primary
leaf was < 65% and in the first trifoliate leaf RWC was
< 75% in all the studied genotypes. The measurements
were made at the end of stress period on the primary and
first trifoliate leaves, which were fully matured.

Plant water relations

Leaf water potential (¥ ) was determined in five leaves
from different plants with pressure chamber EL 540-305
(ELE-International, Hemel Hempstead, England) using
pressure chamber technique [26]. The relative water
content (RWC) was determined according to Morgan
[18], on five leaf discs (¢=10 mm) from leaves of the
same age and size as the ones used in the measurements
of ¥ .

In order to study the tissue water relations and osmotic
adjustment, pressure-volume (PV) curves were done
on three individual fully hydrated leaves of control and
stressed plants, using the pressure chamber technique
[23], [26]. Leaves were cut from each of the plants and
then, as soon as possible, cut again under distilled water
to remove any vapour gap in the xylem. Leaves were
allowed to reach full turgor by storing them at 9 °C in a
closed dark container with the petioles in distilled water.
After a 4 h rehydration period, each leaf was weighed
for determining the initial fresh weight and wrapped in
a humidified plastic bag to minimize both temperature
fluctuations and tissue water loss [31], and inserted in
the pressure chamber. The inside surface of pressure
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chamber was lined with moist filter paper. The initial
leaf water potential (¥ ) (‘¥ = -P, balance pressure) was
then recorded. After establishing the balancing pressure,
chamber pressure was successively raised by 0.5 MPa
increments. This resulted in exudation of sap from the
cut surface. Expressed sap was collected in preweighed
cotton-filled plastic vials, which were reweighed to
give the weight of the exudates sap and to evaluate the
weight of leaf. The elevated pressure was sustained for
5 min. After each sap collection, the chamber pressure
was slowly reduced to the previous balance pressure.
The new balance pressure was then determined. The
pressurization rate was about 0.025 MPa s [29]. After
the PV measurements, the leaves were oven dried at 80
°C for at least 48 h and leaf dry weight was determined.

Pressure-volume data were plotted as the water potential
(‘W) versus RWC (type I transformation) [23]. Such plots
have an initial non-linear phase and a subsequent linear
section. The beginning of the linear section indicates the
turgor loss point (state of incipient plasmolysis). The
Richter plot has advantages over the usual presentation
of data on inverse water potential (¥ ') versus RWC
graph (type II transformation, Tyree plot) since the graph
will cover the entire range of turgid state. Using the type
IT transformation, however, the relation between ¥ and
RWC cannot be expressed since for RWC=1, W'=o0.
Furthermore, the effects of errors in the measurement will
be lower, since the inverse term is much more sensitive
to inaccurate measurements, and RWC can be measured
with more precision than the water potential [14]. The
Richter plot was used to determine the turgor potential
(*V)), the turgor loss point (TLP), the bulk elastic modulus

(E, ) and the structure coefficient (Apmax) by the method
of Stadelmann [27] and Kim and Lee-Stadelmann [14].

Proline content

The free proline content was  determined
spectrophotometrically according to Bates et al. [2].

Statistical analysis

Values obtained were expressed as mean + SE from five
replications of each variant. The Student’s t-test was used
to evaluate the differences between control and stressed
variants.

RESULTS

The data in Table 1 show that the water stress induced
significant changes in RWC, Wy, and proline content in
leaves of young bean plants. RWC in the primary leaf
decreased with 29% to 37%, being most significant
reduced in cv. Dobrudjanski ran (37%). The decrease in
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RWC in the first trifoliate leaf is lower — 19% for cv.
Plovdiv 10 and 32% for cv. Dobrudjanski ran. Cv. Prelom
showed an intermediate behavior.

Water potential, which is a principal quantity of plant
water relations, was reduced in greater extent — with 81%
in the primary leaf in cv. Prelom and with 78% in the
first trifoliate leaf in cv. Dobrudjanski ran. Changes in
absolute values of Wy, varied between 1.2 and 1.7 MPa
for the primary leaf and between 1.4 and 1.8 MPa for
the first trifoliate leaf (Table 1). According to Hale and
Orcutt [6] these changes in Wy, indicated that water stress
was severe.

Significant differences in proline content were observed
among genotypes under water stress (Table 1). In the
primary leaf, the highest accumulation and increase
was registered in cv. Prelom (with 276% rise) and the
lowest accumulation and increase in Dobrudjanski
ran (with 195% rise). Genotype Plovdiv 10 exhibited
an intermediate behavior. There were no significant
differences between cvs. Plovdiv 10 and Dobrudjanski
ran under control conditions. The same tendency was
observed in the first trifoliate leaf.

Analysis of PV curves allow more precision determination
of plant water relations, as well as the rate of osmotic
adjustment under water stress [14], [28]. The PV curves
drawn with the data of ¥ and RWC, obtained under
control and water stress conditions, exhibited different
slopes for the primary and first trifoliate leaves in all the
genotypes studied (Figs. 1 — 3).

In the primary leaf the ¥ '*° derived from the PV curves
was significantly decreased by the drought (Table 2). ¥ '*
had the highest values in the leaves of cv. Dobrudjanski
ran both for control and stressed plants, followed by
Plovdiv 10 and Prelom in decreasing order. Turgor loss
point (TLP) was decreased under drought. TLP in cv.
Dobrudjanski ran was at highest ¥ and RWC in control
and droughted plants. In cv. Prelom TLP was at lowest
Y and RWC.

The mean maximum leaf bulk elastic modulus (E )
of the well-watered plants was 7.39 MPa (cv. Plovdiv

10). In this cultivar drought slightly reduced the E .

In cv. Prelom and cv. Dobrudjanski ran E .. Was higher
in the droughted plants compared with control ones.
That should indicate that water stress induced changes
in cell wall properties, rendering them less elastic in cvs.
Prelom and Dobrudjanski ran. The variation in relation

of E . to the ¥, (the structure coefficient Apmax) was

also affected, but in different way. In cv. Plovdiv 10 A
significantly decreased, and in cv. Prelom slight decrease
was obtained. In cv. Dobrudjanski ran an increase of

ca. 15% was observed. A large variation was observed
among cultivars for osmotic adjustment (OA). The
lowest calculated values are found in droughted plants
of cv. Dobrudjanski ran (-0.29 MPa for the primary and
-0.42 MPa for the first trifoliate leaf). In contrast, high
osmotic adjustment was found in cultivars Prelom and
Plovdiv 10.

Generally, the trifoliate leaves of both control and water
stressed plants showed lower W '™ than the primary
leaves of plants with the same treatment (Table 3). In
the first trifoliate leaf the W ' derived from the PV
curves was significantly decreased by the drought
(Table 3). ¥ '™ had the highest values in the leaves of
cv. Dobrudjanski ran for both control an stressed plants,
followed by Plovdiv 10 and Prelom in decreasing order.
Turgor loss point (TLP) was decreased under drought.
TLP in cv. Dobrudjanski ran was at highest ¥, and RWC
in control and droughted plants. In cv. Prelom TLP was
at lowest ¥ and RWC.

The mean maximum leaf bulk elastic modulus (E_ ) of
the well-watered plants was 11.80 MPa (cv. Prelom). In

this cultivar drought slightly increased the E | aswell as
in cv. Dobrudjanski ran. In Plovdiv 10 E | was slightly
_to the ¥, (the

structure coefficient Apmax) was also affected. In all the

reduced. The variation in relation of EVm

a:

cultivar studied Apmax decreased significantly.
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Table 1. Influence of water stress on relative water content, RWC (%), water potential, ¥ (MPa) and proline
accumulation (g g'DM) in the primary and first trifoliate leaves in young bean plants. *, ** and *** - significantly
different from the control plants at p=0.05, p=0.01 and p=0.001, respectively (n=5)

Tabnuua 1. BiusiHue Ha BOXHUS CTPEC BbPXY OTHOCHTEITHOTO BOJHO chibpikanue, RWC (%), BomHus MOTeHIMA,
¥, (MPa) u cbabpskanueTo Ha nponuH (g g'DM) B IbpBUYHMS M IBPBM CIIOKEH JIMCT HA MIIaiu pacTeHus dacy. *,
*E g FHE L cTATUCTUUECKH PA3NIMYHM OT KOHTpoiHUTE pacteHus npu p=0.05, p=0.01 and p=0.001, crorBeTHO, (n=5)

Genotype Variants RWC Yw proline
Primary leaf
Plovdiv 10 control 90.1+2.7 -0.3+0.01 21.2+1.1
water stress 64.3£2.1%%* (71) -1.84+0.06%** (17) 54.7£2.1%%% (258)
Dobrudjanski ran control 88.242.3 -0.3+0.01 21.4+1.1
water stress 55.3+2.0%** (63) -1.540.07*** (20) 41.742.1%%* (195)
Prelom control 92.4+2.8 -0.4+0.01 32.8+2.1
water stress 60.7£2.1%** (606) -2.1£0.06%** (19) 90.5£2.1*** (276)
First trifoliate leaf
Plovdiv 10 control 93.2+2.8 -0.5+0.02 18.3+0.9
water stress 75.6£2.5%* (81) -2.140.09%** (24) 50.1£1.6%** (274)
Dobrudjanski ran control 91.7+2.7 -0.4+0.02 17.7+£0.9
water stress 62.4+2.1%%* (68) -1.84+0.08%** (22) 35.9+1.4%** (203)
Prelom control 93.8+2.9 -0.6+£0.02 38.9+0.9

water stress

68.6+2.3%** (73)

-2.4+0.09%** (25)

109.7+1.6**%(282)

Table 2. Water relation characteristics for the primary leaf of control and water-stressed bean plants,
derived from pressure-volume analysis. ¥, ' — water potential at turgor loss point [MPa]; RWC, — relative
water content at turgor loss point [%]; ‘¥ '? — osmotic potential at full hydration [MPa]; OA — osmotic
adjustment [MPa]; E - bulk elastic modulus at full hydration [MPa]; A - structure coefficient at full
hydration [MPa].

Ta6muna 2. [Tokazareny Ha BOTOOOMEHA B IbPBUYHMSI IUCT HA KOHTPOIIHU H TTOJIOKEHU HA BOJICH
cTpec pacTeHust (acyi, Moy ueHH IPU aHAlN3 Ha KPUBHTE Ha BofooOMeHa. ‘¥ — BOJIeH moTeHIman B
TOoYKara Ha 3aryba Ha typrop [MPa]; RWCtlp — OTHOCHTEITHO BOJHO ChIbpPKaHHE B TOUKATa HA 3aryda
Ha Typrop [%]; ¥ '*° — ocMoTHYeH noTeHmMan npu nbeaHo Hacuinane ¢ Boaa [MPa]; OA — ocmotruHO
npucrnocodssane [MPa]; E || — Moyl Ha eracTHYIHOCT PHU IIBJIHO Hacuilane ¢ Boxa [MPa]; A -
CTPYKTYpPEH Koe(hHIIMEHT IIPH ITHJIHO HachIaHe ¢ Boga [MPa].

Variants Y, RWC, \p 100 OA E__ A
Plovdiv 10 — control -0.79 74.6 -0.65 7.39 11.38
Plovdiv 10 — water-stressed -1.82 65.8 -1.28 -0.63 6.64 5.89
Dobrudjanski ran — control -0.60 79.4 -0.54 5.49 10.14
Dobrudjanski ran—water-stressed -0.98 76.9 -0.83 -0.29 12.29 11.63
Prelom — control -1.10 71.4 -0.92 6.85 7.42
Prelom — water-stressed -2.05 60.7 -1.71 -0.79 9.69 5.67

J. Cent. Eur. Agric. (2005) 6:1, 5-14 9
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Table 3. Water relation characteristics for first trifoliate leaf of control and water-stressed bean plants, derived from
pressure-volume analysis. ¥, — water potential at turgor loss point [MPa]; RWC, - relative water content at turgor
loss point [%]; ¥ '* — osmotic potential at full hydration [MPa]; OA — osmotic adjustment [MPa]; E - bulk
elastic modulus at full hydration [MPa]; A — structure coefficient at full hydration [MPa].

Tabnuua 3. [Tokaszarenu Ha BOTOOOMEHA B ITBPBHU CJIOKEH JIUCT Ha KOHTPOIIHH M MOUI0KEHU Ha BOJICH CTpeC
pacTeHns hacyi, MOIYUICHNU [IPU aHAI3 Ha KPUBHUTE Ha BOX0OOMeHa. W, — BOJCH NMOTEHIMAN B TOUKATa Ha
3aryba Ha Typrop [MPa]; RWC, — oTHOCHTE/IHO BOAHO ChABPIKAHME B TOUKATA HA 3ary6a na typrop [%]; ‘¥ '

— OCMOTHYCH IOTCHIIMAJ TIPU ITBJIHO HacuinaHe ¢ Boga [MPa]; OA — ocmotuuHo npucniocodsiane [MPa]; E ~ —

vmax
MOJIYJI Ha €IaCTUYHOCT MU ITBJIHO HACHUIIaHe ¢ Boja [MPa]; Apmax - CTPYKTYPEH KOC(UIMCHT IPH ITBJIHO HACHILAHE
¢ Boya [MPa].

pmax

Variants v RWC

tlp.

P 100 OA E A

tlp.

Plovdiv 10 — control -1.02 69.8 -0.94 8.54 9.04
Plovdiv 10 — water-stressed -2.10 60.4 -1.58 -0.64 7.48 5.13
Dobrudjanski ran — control -0.80 76.4 -0.64 8.13 12.60
Dobrudjanski ran—water-stressed -1.24 71.5 -1.06 -0.42 10.54 9.97
Prelom — control -1.31 67.6 -1.26 11.80 9.34
Prelom — water-stressed -2.29 58.8 -2.01 -0.75 12.99 6.47
0.0
-0.2 --'\:\\v\
04t '\\_
064
084 [T' .
= 104 : T _
g 12} g .
35 14+ ;g 1.4
-1.6 4 -1.64
181 [ 1.8
204+ ! ! 2.0 .
224 22] f[»- S :
-24 t } } } } } t } } 24 +——— T T T T T —T
10 11 12 13 14 15 16 17 18 19 20 10 14 12 13 14 15 16 17 18 19 20
1/RWC 1/RWC
a b

Figure 1. Pressure volume curves (Richter diagram) in young bean plants (cv. Plovdiv 10) submitted to water stress.
(a) primary leaf, (b) first trifoliate leaf. Regression line interpolated from the linear zone in brackets. Curve for the
turgor potential (above turgor loss point) calculated from measured values of ¥ and RWC after Stadelmann (1984).
Intersection of the curve and the line determines the turgor loss point, as indicated by arrow. — control, | — water
stress.
®durypa 1. KpuBu Ha BogooOMena (auarpama Ha Richter) B mitanu pacrenus dacyi (copt [Tnmopnus 10) mommoxeHn
Ha BOJIEH cTpec. (a) mbpBHYeH JUCT, (b) MbPBU CII0XKEH JUCT. [Ipecednara Touka Ha perpecUOHHATa JIMHUS U
KpHBaTa OIPEEs TOUKara Ha 3ary0a Ha Typrop, HocodeHa ChC CTpENIKa. — KOHTPOJH, | — 3aCyIICHH.
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Figure 2. Pressure volume curves (Richter diagram) in young bean plants (cv. Dobrudjanski ran) submitted to water
stress. (a) primary leaf, (b) first trifoliate leaf. Regression line interpolated from the linear zone in brackets. Curve
for the turgor potential (above turgor loss point) calculated from measured values of ¥ and RWC after Stadelmann
(1984). Intersection of the curve and the line determines the turgor loss point, as indicated by arrow. o — control, e
— water stress.
®durypa 2. Kpusu Ha BomooOMena (auarpama Ha Richter) B mianu pacrenus dacyn (copt JoOpymxaHcku paH)
MOJ/UTOKEHU Ha BOJACH CTpec. (a) MbpBUYEH JHCT, (b) IbpBH ClI0XkKeH JHCT. [Ipecednara Touka Ha perpecMoHHaTa
JIMHUS M KpUBaTa ONpe/ielisi TouKaTa Ha 3ary0a Ha Typrop, ocoueHa ChC CTPENKa. O — KOHTPOJIH, ® — 3aCyIICHH.

¥, [MPa]

¥_[MPa]
PN
1
T

Figure 3. Pressure volume curves (Richter diagram) in young bean plants (cv. Prelom) submitted to water stress. (a)
primary leaf, (b) first trifoliate leaf. Regression line interpolated from the linear zone in brackets. Curve for the
turgor potential (above turgor loss point) calculated from measured values of ¥, and RWC after Stadelmann (1984).

water stress.
Qurypa 3. Kpusn Ha Bogoobmena (auarpama Ha Richter) B mmaau pacrerus ¢acyn (copt [Ipenom) momnoxeHn Ha
BOJICH cTpec. (a) mbpBHUEH JHCT, (b) IbPBU CIO0XKEH JIUCT. PerpecoHHaTa JIMHKS € HHTEPIIOJIMpaHa OT JTUHeWHATa
30Ha B ckoOuTe. [Ipeceunara Touka Ha perpeCOHHATa JIMHKS ¥ KpUBaTa OIpeess TOYKara Ha 3aryda Ha Typrop,
I0COYEHA ChC CTpeNKa. Y — KOHTPOIHM, (&) — 3aCyLIEHH.
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DISCUSSION

In this study, the three bean genotypes displayed
significant differences in their response to drought. These
differences were observed at both the primary ant first
trifoliate leaves.

The analysis of PV curve data showed an active osmotic
adjustment in bean leaves, in response to water stress
imposed slowly, at a rate of about 0.09 MPa day'.
The decrease in osmotic potential at full hydration in
droughted leaves corresponded to a degree of osmotic
adjustment. The capacity to maintain high RWC values
under drought was observed in the cvs. Plovdiv 10 and
Prelom and could be explained by their capacity to
accumulate great quantities of proline and other osmotic
active compounds, which participate in the reduction
of W and in osmotic adjustment. The relation between
W  decrease and osmotic adjustment has already been
observed by Teulat et al. [27] in barley and wheat and by
Rodrigues et al. [24] in grapevine.

Stressed plants exhibited a higher value of the maximum
leaf bulk elastic modulus as compared with well-watered
plants both for primary and first trifoliate leaves, except
cv. Plovdiv 10, where a slight decrease in E was
observed. However, this change does not appear to be
only a function of an alteration in wall structure, translated
in the increase of the cell wall rigidity. Another reason is
the lower solute potentials at full hydration which lead to
greater maximum turgor potential.

Turgor loss point in the stressed leaves was reached at
lower W  than in well-watered leaves. This indicates
that they have an increased capacity to maintain turgor
at lower water potentials. That parameter was higher in
well-watered plants than in the stressed plants, in spite
of the higher E  of the latter. These results are in
accordance with the data obtained in grasses by Wilson
et al. [33] and in grapevine by the Rodrigues et al. [24].
In this experiment, we found also differences in proline
accumulation during drought stress among bean cultivars.
Variability for proline metabolism has been reported in
various crop species, but it is not well known whether
accumulation of this imino acid contributes to the
susceptible or tolerant nature of the genotypes [7], [10].
Our results are in agreement with the findings of Naidu et
al. [20] and Iannucci et al. [10] who reported that proline
levels were more closely related to the decrease in RWC
than in ¥ . In agreement with the reports of Navari-
Izzo et al. [21], our results showed that the metabolic
differences among cultivars may reflect differences in
water status achieved, rather than metabolic differences
at a given water status. Because the significant proline
levels were observed when ‘¥ was lower than -1.5 MPa
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and leaf turgor was very close to zero (Figs. 1-3), proline
accumulation seems rather to be a symptom of the
development of severe plant water stress. As indicated
by Irigoyen et al. [11] and lannucci et al. [10], such a
relationship between turgor and proline accumulation
could be useful as a possible drought-injury sensor.

CONCLUSIONS

The results highlight the fact that water stress influenced
leaf water relations in young bean plants. RWC in cv.
Dobrudjanski ran was reduced in greater extent, but
W was highest. In cv. Prelom changes in RWC were
intermediate, but'¥'_ was lowest, which may be considered
as revealing of tolerance to drought. This study indicated
that osmotic adjustment is one of the major adaptive
mechanisms of Phaseolus vulgaris to survive drought.
The main difference among cultivars appears to be due to
turgor maintenance, which may be more representative of
the physiological status of the leaves in these cultivars.
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