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Water stress induced changes in anatomy of tomato leaf epidermes
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Abstract

Anatomical changes of teaf epidermes of tomato plants (Lycopersicon esculentum Mill. cv. INCA 9) submitted to water
stress in the preflowering stage were studied. 20 d after germination, plants werc subjected to three treatments: /) 100 %
of evapotranspired water was applied every day, 2) from 100 up te 10 % of evapetranspired water was applied every day,
and 3) water supply was completely suppressed. Trichome density was similar in apical, middle and basal zenes, and
adaxial and abaxial leaf surfaces. Stomatal density and length, and epidermal ceil length and width had similar values on
the same leaf surface, but the values were higher on the abaxial than on the adaxial leaf surface. The water deficit had
little effect on number of trichomes, length and width of epidermal cells and length of stomata, and decreased the

stomatal density especially on adaxial surface.
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Water deficit tolerance is observed in many plants. As
appointed by Kebede e af. (1994}, there are some wild
tomato species with higher drought resistance and more
efficient water use than the cultivated species. Therefore
breeding is applicd to obtain more tolerant tomato
cultivars, and onc of them is Lycopersicon esculentum
Mill. cv, INCA 9.

When plants are submitted to water stress, they firstly
reduce and then stop leaf expansion (for review see, e.g.,
Hsiao and Jing 1997). Structure and functions of all plant
organs are affected by water stress, and modifications in
leaf anatomy have been also widely reported (Yamashita
et al. 1990, Jacobsen ¢/ . 1992, Premachandra e! al.
1992, Field ef af. 1995, Saliendra e al. 1993).

The aim of the present work was to determine the
anatomical changes of Icaf epidermes of tomato cultivar
INCA 9 induced by water stress applied in the
preflowering stage.

Tomato (Lycopersicon esculentum Mill., water stress
mildly tolerant cultivar INCA 9) plants were grown in
pots containing soil and organic matter 3:1 (v/v) in a
growth chamber (16-h photoperiod, irradiance of 75 -
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245 umol m™ 57, temperature and relative humidity of
29/18 °C and 57/75 % during light/dark periods,
respectively) and water was supplied according to plant
demands. Water consumed by evapotranspiration was
estimated gravimetrically. Twenty days after germination,
the plants were subjected to three treatments: /) control
(100 % of cvapotranspired water was applied every day,
2) low water stress (from 100 up to only 10 % of
evapotranspired water was applied every day in order to
promote moderate and progressive stress), and 3} high
water stress (water supply was completely suppressed).
The leaf water potential was measured between 09:00 to
09:30 using Scholander pressure chamber according to
Turner {1981), on the third and fourth leaves of four
plants per treatment, with six repetitions. Seven days after
the beginning of the treatments, samples of treatment 3
were taken and the others two days later. Leaf water
potentials were -0.99 + 0.07 MPa under high water stress,
-0.51 + 0,04 MPa under low waler stress, and -0.27 +
(.05 MPa in control plants. In four plants per treatment,
on the fourth, fully-expanded leaf, which was divided inio
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three zones (apical, middlc and basal), impressions of
adaxial (AD) and abaxial (AB) leaf surfaces were taken
from the midpart of each one with a transparent glue.
Twenty-five measurements of number of trichomes and
stomata per unit area, fength and width of epidermal cells,
and length of stomata were recorded on each zone and
surface,

Data were analysed by a analysis of variance
(ANOVA). Concerning the number of stomata and

trichomes, the quadratic root transformation of the value
of the variable plus one was performed,

In control plants, the highest trichome density was on
abaxial surface of basal leat zone. The trichome density
was not expressively affected by water stress, only on
basal zone slightly fower values were observed (Table 1).
However, trichome length may be more important than its
frequency (Nobel 1991),

Table 1. Number of trichomes and stomala per unit leaf arca [mm?] in different leaf zones and surfaces of tomato plants under
different water stress treatments. Means + Sk these followed by different letter in each column were significantly different from

corresponding control at /2 < 0,05,

Treatment Apical zonc Middle zone Basal zone
adaxial abaxial adaxial abaxial adaxial abaxial

Trichomes Control 1.07 £ 0.04a 1.01£0.04a  1.11 £ 0.05a 10920042 1.12£0.04a 130x004a

Low water stress 1.03 £ 0.03a 1020026 1.06 + 0.06a 1.062004a 1.06£002b 1.05x0.07b

Thigh water stress .04 £ (.03a LOo1T2003a 1.09=004a L1602 0.035  1.0520.03b 111 £0.09
Stomata Control 6.31 £ 0.04a Bol£0.02a 572x0.02b BOO+ 0,132 57310206 7321001b

Low waler stress 572 +£0.03b 676+ 0.14b 6.14 + 0.06a 726x0.14b 604 +0.022 7.19 £0.04c

High water stress 312 £0.01¢ 6700106 6.13 4 0.04a 6.62=x0.12¢ 375x0.11b 746+0.03a

Stomatal density was significantly higher on abaxial
than on adaxial leaf surface from the three leal zones. The
higher stomatal density on abaxial surface represents well
known advantagcous adaptation for higher water use
efficiency. In control plants, the higher stomatal density
was found in apical and middle zones than in basal zone
while in leaves under low water stress the stomatal
density was higher in middle and basal zones than in
apical zone and under high water stress the highest
stomatal density was on basal zone (Table 1). The higher
stomata density on middle and lower zones probably
indicated a reduction in leaf arca in these zones. This

coincides with the statement of Hsiao and Jing (1997),
who indicated that water stress firstly reduces. expansion
rate.

The characteristics of leaf epidermis from potato (Sam
1993, Sam et af. 1995) and tomato plants (Sam er al.
1996) have been studied so far in well water supplied
plants. In tomato submitted to severe water stress many
stomata seen under a light microscope were very narrow,
with its pore closed and as they lying very near the
borders of epidermal cell surrounding them, sometimes
they were difficult to be visualised (Fig. 1.

Fig. t. Drawing of adaxial (ADD) and abaxial (AR) leaf epidermes of tomato plants grown under severe water stress for 9 d

(S - stomata. EC - epidermal cells; x280).

The length of epidermal cells was only affected in the
adaxial surface of the leaf upper zone where epidermal

276

cells were larger in leaves of plants under severe water
stress. The width of tomato leaves did not show
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significant differences in any treatment (Table 2); this
implies an adaptation to stress conditions imposed to the

plants of the cultivar chosen to be cultivated under non-
optimal conditions in Cuba.

Table 2. Length and width of cpidermal cells and stomatal length [um] in ditferent lcaf zones and surfaces of tomato plants under
different water stress treatments. Means + SE; these followed by different letter were significantly different from corresponding

control at P < 0.035.

Treatment Apical zone Middle zone Basal zone
adaxial abaxial adaxial abaxial adaxial abaxial

Length of Control 48.76 £3.02b  49.00+4.63a 47351 +£2006a 4330+382a 4894 +2.83a 443013542
epidermal cells  Low water stress  53.44 +£3.09ab  54.72+£3.98a 48.86+2.84a 48.76+3.19a 4934 +£248a 4868 +3.18a

Iligh water stress 5922 +3.25a 5446+ 3.89a 4828+£235a 46.80+2.96a 51421259 44.26+3.72a
Width of Control 3292+4 18 2676+2.99a 3460+ 199 2822+ 1.8% 3348+£2.18a 28.14+225a
epidermal cells Low water stress  35.16+3.16a  31.56£3.18a 33.10+2.35a 2936+ 1.34a 3350£2.03a 28.72+231a

High water stress  40.88+5.02a  33.10%£3.21a 3440+227a 29.16+ 1.52a 34.06 £2.10a 27.14 £ 2.56a
Length of Control 2066+ 0.56b  34.56+ 1352 30,60+ 1.62a 3220+ 136a 2920+ 1.21a 3228+ 1.79a
stomaia Low water stress 3200+ 1.53a 31.621+1.03b 2982+ 1.34a 31534+ 1.34a 2946+ 1172 3381193

High water stress 3152+ 1.06a  31.96+1.09a 2972+ 1.25a 33.28% 1.21a 2892+ 1.28a 29.7012.8%

Stomatal length showed significant differences only in
the upper zone on both leaf surfaces with a variable
behaviour: on adaxial surfaces longer stomata in both the
water stressed plants were found, and on abaxial surface
there were no differences between the control plants and
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