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ADAPTATION STRATEGIES TO DROUGHT
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Abstract. There have been registered differences caused by drought in
competitive relationships between plant organs of Phaseolus vulgaris L.,
Phaseolus acutifolius Gray, and Phaseolus lunatus L. The inflorescences and
pods of resistant plants possessed a better water homeostasis by account of
water reserve from the stems, of root system activity and reactivity of stomata.
Reactivity of stomata, hydraulic conductivity adjustment, high ability to restore
the water status of the tepari and Lima beans reflected the conservative strategy
of tolerant plants. Low tolerance of Phaseolus vulgaris L. plants to drought
could be explained as the result of lower stomatal conductance, the occurrence
of reactive oxygen species, acceleration of lipid peroxidation, accelerating
oxidative destructions.
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Rezumat: S-au inregistrat deosebiri in relatiile competitive dintre organele
plantelor de Phaseolus vulgaris L., Phaseolus acutifolius Gray, si Phaseolus
lunatus L., conditionate de secetd. La plantele rezistente, inflorescentele si
pastdile poseda o mai bund homeostatare a apei din contul rezervei de apad din
tulpini, activitatii sistemului radicular §i reactivitdtii stomatelor. Reactivitatea
stomatelor, reglarea conductibilitatii  hidraulice, capacitatea inalta de
restabilire a status-ului apei, plantelor de fasolea Phaseolus acutifolius Gray, §i
Phaseolus lunatus L., reflectd strategia conservativa a plantelor tolerante.
Toleranta scazutd a plantelor de Phaseolus vulgaris L. la secetd este o urmare a
intensificarii procesului de oxidare peroxidica a lipidelor, accelerarii
destructiilor oxidative.

Cuvinte-cheie: status-ul apei, adaptare, enzimele de protectie antioxidantd,
secetd

INTRODUCTION

Plant property to minimize the impact of drought and to adapt to sub-
optimal soil water content is due to a complex of functional and structural
features, which were formed during phylogenesis (Cherry, 1989; Bray, 1993; Smith
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and Giriffiths, 1993; Kramer and Boyer, 1995; Ingram and Bartels, 1996; Shinozaki and
Yamaguchi-Shinozaki, 1999). However, so far it is not clear their role in
development of the response reaction to the change of soil water within the
meaning of not only the survival of plants, but also in the aspect of "reproductive
survival". In this context, it was interesting to clarify the physiological
particularities of adaptation to drought for crop plants, belonging to species with
different potential of tolerance and productivity.

MATERIAL AND METHOD

Investigations were carried out on plants of Phaseolus lunatus L., cv. Fetanisa;
Phaseolus acutifolius Gray, cv. Acutifolius 5; Phaseolus vulgaris L., cv. Nina - species
with different potential for productivity and tolerance to drought, grown in pots Mitcerlih
with a capacity of 30 kg oven dry soil under controlled soil water content. The
experiments design included treatments: | - control, permanent soil water content
70% of the total water capacity (TWC); Il - plants, which have suffered two cycles of
drought - first one - phase trifoliate leaves, and second - flowering stage. The study of
functional characteristics was performed after 10 days of water stress and after I-st
and VII-th day of restoring of optimal hydric regime. Water status parameters were
determined by conventional methods. The testing of lipid peroxidation (LPO) was
performed by determining the malone dialdehyde (MDA) content; the activity of
antioxidant protection enzymes was measured spectrophotemetrically: catalase CAT —
using the method of Chance and Machly (1955); ascorbate peroxidase APX —
according to Nacano and Asada (1981); guaiacol peroxidase GwPX, glutathione
reductase GR and glutathione peroxidase GPX — according to Schadle and Bassham
(1977). Statistical analysis of data was performed using set of programs "Statistica 7" -
ANOVA for computers.

RESULTS AND DISCUSSIONS

According to conception of "ecological strategies" (Grime, 1979), the
differences of plants with various ecological orientation are determined by
physiological nature of adaptation reactions.

Table 1
Peculiarities of the water status of bean plants in drought conditions.
Soil we SD, WHC, % of HB,
Special/ water _100’ K % of full | water lost g water
cultivar content | 9 £m 9 satura- after 2h of . g'1 dry soil
% TWC T tion dehydration

Ph. Iupatus L., cv. 70 83.2+0,5 [ 6.7+0.3 74+02 4.7+0.1
Fetanisa 30 80.3+0,1 [ 10.1+0.4 | 2.9+0.1 3.9+0.02
Ph. aCUt{'fOI{'US Gray, 70 83.1+0,2 [6.9+0.2 117104 5.5+ 0.04
cv. Acutifoliu 5 30 |837+02[105+02 |48+02 45+0.1
PI_). vulgaris L., cv. 70 86.5+0.8 [ 8.0+0.3 14.4+05 5.6 +0.03
Nina 30 81.3+0.5 | 12.8+04 [6.1+£0.2 41+0.1

Note. f.m. - fresh mass
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The value of SD to some extent depended on the activity of absorption of

root system, on the capacity of protoplasm biopolymers to retain water, as well as,
on the intensity of transpiration (Fig. 1).

1800 ~
1600 +
1400 ~
1200 +
1000 ~
800 -
600 -
400 ~
200 ~

0

mg -dm?-h

- = > Z

water stress rev.,

70% A
60% -
50% -
40% +

———Fetanisa — ¢ —Acutifolius5 --4--Nina

mg -dm?-h°

3
> g X ~ =

70% A
60% -
50% +
40% -

water stress rev., d.

———Fetanisa — « —Acutifolius5 --+--Nina

Fig. 1 - Modification in the intensity of transpiration (a) and the resistance to
diffusion of water through the stomata (b) of Phaseolus leaves depending on the gradual
change of soil water content.
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The data (Table 1) have demonstrated that plants Phaseolus of investigated
species distinguished by their reactivity to the variation in hydric regime. In
drought conditions, a saturation deficiency of (SD) is formed in plant tissue, by
which it can be judged on the relationship between the absorption of water from
the soil, its transportation in the organs, and consumption during transpiration.
After 10 days of drought (30% TWC) the water content (WC) was higher and the
DS in leaves was significantly lower for plants with the high potential of tolerance
in comparison to ones Ph. vulgaris L.

It was stated that the representatives of the species Ph. acutifolius Gray at
the optimal level of water content lost the water more easily, leading to
assumption that their genotypic tolerance was associated not so much with water
retention capacity, but with activity of the root system. By the amount of water
retained in the leaves under water deficit in the soil, the plants taken in the
investigation could be distributed in descending order as follows: Fetanisa >
Acutifolius 5 > Nina. Despite the fact that the plants in drought conditions
developed a greater capacity to retain water in tissues, the degree of hydration of
biocoloizilor (HB) decreased (table 1). The increase of SD in the tissues under the
influence of insufficient soil water content resulted in reducing of water
consumption in the process of transpiration. The stomata of bean plant responded
promptly to changing of soil water content (fig. 1a, b). The transpiration of plants
Ph. vulgaris L. has been particularly notable. Already at soil water decrease up to
50% TWC, the stomatal resistance for water vapour diffusion increased, and the
intensity of transpiration of these plants was reduced by 1.45 times; at 40% TWC
the water consumption decreased by 2.16 times. The same for them, a 10-day
drought caused the almost complete blockage (93 %) of transpiration. In the early
days of water content shortage (30% TWC), the degree of reduction in
transpiration of Lima beans was 5 times lower than the usual beans. A 50 percent
reduction in water consumption was recorded after 5-7 days of drought.

The impact of drought on water status of vegetative and generative organs
was conducted differently (fig. 2).

The maximum quantitative differences were recorded in the net effect of
drought on the water status in the roots and inflorescences of plants. Net action of
drought on WC in the roots of Ph. vulgaris L. cv. Nina was =~ 3 times higher than
the WC in the stems, and 2.3 times higher than in leaves.

It was shown that the inflorescences did not have the capacity to repair the
disruption of the water status even after improving the soil water content (Brinza
L., 2003). The lower potential of drought resistance Ph vulgaris L. plants was due
to the occurrence of reactive oxygen species (table 2), which increased oxidative
destructions of cellular components. The degree of activation of antioxidant
enzymes did not compensate the MDA formation.
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B8 roots stems & leaves #inflorescences

Fig. 2 - The effect of drought on water content in different organs of different
species of plants Phaseolus: a - Ph. vulgaris L., cv. Nina; b - Ph. acutifolius Gray, cv.
Acutifolius 5; ¢ - Ph. lunatus L., cv. Fetanisa.

Table 2
Changing in the amount of phospholipids, MDA, and protective antioxidant enzyme
activity in the leaves of Phaseolus plants during drought conditions.

Soil water content
Parameters 70 % TWC 30 % TWC A, % control
M+tm M+tm
|Phospholipids content, mcg.g'1 d.s. 741.8+£4.2 320.2+3.8 -56,8
IMDA content , mcM/g. f. s. 7.44 £0.2 16.2+0.4 17,7
SOD activity, conv. un./ g. f. s. 68.3 +1.1 130.0 £21 80,9
CAT activity, mM/g. f. s. 12.0£ 0.3 21.3+£0.2 77,5
APX activity, mM/g. f. s. 9.5+0.1 23.7+0.2 149,5
GPX activity, mM/g. f. s. 126.5+0.9 184.0+1.9 45,5
|GwPX activity, mM/g. f. s. 2477122 392.3+3.3 58,4
|GR activity, mM/g. f. s. 156.6 £ 1.2 264.4 +2.2 68.4

Note. d. s. - dry substance; f. s. - fresh substance; conv. un. - conventional units

The refore, Phaseolus plants adapted to suboptimal soil water content due
to the self-regulation the water status: by increasing WHC in tissue, by the
activity of water absorption in the root system, and by regulation of water
consumption in the process of transpiration. The economical water consumption
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reflected the conservative strategy of tolerant specia Ph. lunatus, L. and Ph.
acutifolius Gray.

CONCLUSIONS

1. The conservation strategy of plants spp. Ph. [lunatus L. and Ph.
acutifolius Gray was achieved by maintaining a relatively stable and balanced
water status, which provided preadaptation to sub-optimal soil water content.

2. The compensatory restoration capacity of physiological processes in
stress resistant plants was faster after amelioration of hydric regime.

3. The reduced resistance potential of common bean plants was due to
inhibition of physiological processes at higher water potential in cells, to drastic
decrease of stomata conductance, reactive oxygen species appearance, to the
disorder of coordination degree among the enzyme activities involved in
antioxidant protection.
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