
Cultivos Tropicales 18(1):31-37, 1997 

ANATOMICAL CHARACTERISTICS OF THE LEAF 
EPIDERMIS OF POTATO PLANTS (Solanum 
tuberosum L.) UNDER WATER DEFlClT CONDlTlONS 

Ofelia Sam, E. Jeréz, Diana García, Ana Estévez, Viviana Falcón 
and María C. de la Rosa 

ABSTRACT. The anatomical characteristics of leaf epi- 
dermis were evaluated in potato plants, Baraka and 
Desirée cultivars, under three water deficit treatments. 
The variables studied in adaxial and abaxial epidermis of 
the three zones from the topmost lobule of leaf 7 were the 
following: lenth and width of epidermal cells, and stomatal 
length @m), stomatal and trichome quantity per unit area 
(mm2) and stomata of those surfaces were observed 
through scanning electron microscopy. Trichome density 
proved no notable variations under water deficit condi- 
tions. Stomatal density changed under stress conditions, 
according to variety and surface; concerning Baraka, an 
increment was recorded in the adaxial surface with stress; 
however, for Desirée it was contrary, mainly in the abaxial 
surface. The length and width of epidermal cells within the 
tested zones in cases of significant differences were con- 
trary to what was expected, they increased under stress 
conditions, mainly in Desirée; stomatal length showed 
differentiated behaviour according to leaf zones and vari- 
ety; with regard to Baraka, they were longer in the abaxial 
surface for severe stress treatment at the upper and lower 
zones whereas in the adaxial surface at the upper zone. 
With respect to Desirée, only significant diffcrences were 
observed on both surfaces of the lower zone under stress 
conditions. 

RESUMEN. En el presente trabajo se evaluaron las carac- 
terísticas anatómicas de las epidermis foliares de plantas 
de papa, de las variedades Baraka y Desirkc, sometidas a 
tres tratamientos de déficit hídrico. Las variables estudia- 
das en !as epidermis adaxial y abaxial de la5 tres zonas del 
lóbulo central de la hoja 7 fueron las siguienles: longitud y 
ancho de las células epidérmicas y longitud de estomas 
@m), cantidad de estomas y de tricomas por unidad de 

2 área (mm ), y se observaron los estomas dc esas superfi- 
cies a través del microscopio electrónico de barrido. Se 
comprobó que la densidad de tricomas no mostró varia- 
ciones apreciables frente a la condición de déficit hídrico, 
la densidad estomática varió en las condiciones de estrés, 
de acuerdo con la variedad y superficie; para Baraka se 
produjo un incremento en la superficie adaxial con el 
estrés, mientras que para Desirée fue contrai-io, sobre todo 
en la superficie abaxial; la longitud y el ancho de las células 
epidérmicas en las zona: evaluadas, en 105 casos de dife- 
rencias significativas, contrario a lo que dcbía esperarse, 
incrementaron a favor de las condiciones cjc:  estrés, sobre 
todo en Desirée, la longitud de estomas niostró un com- 
portamiento diferenciado según las zona5 de la hoja y la 
variedad. En Baraka fue mayor en la supzrficie abaxial 
para el tratamiento de estrés severo en las .íonas superior 
e inferior y en la adaxial fue para la zona superior. En 
Desirée solamente hubo diferencias significativas en la 
zona inferior de ambas superficies a favor del estrés. 
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Although crop productivity has been closely rela- 
ted to water availability and its use (Boyer, 1982 and 
Sinclair, 1983, quoted by Kebede et al., 1994), it can be 
naturally increased by achieving the optimum on plant 
anatomy, physiology and biochemistry (Kebede et al., 
1 994). 
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The studies aimed at confirming thi- statement are 
essentially based on leaf structure, sincc- ieaves show a 
special adaptation capacity to differc it conditions, 
which is largely due to such quantity 3f specialized 
modifications of its tissues, mainly to rr ike up chloro- 
plasts and stomata. 

At present, water deficit is among le most disap- 
pointing stresses, for t ~ i e  lack of the zquired water 
quality to most cultivated plants, princ pally those in 
need of appreciable quantities to their r rmal develop- 
ment, for instance, potato crop. 

Therefore, a comprehensive stuc' is important 
when intended to know everything relat d to plant pro- 
ductivity, mainly when they are developi 'g  under adver- 
se conditions. 



To keep on deepening a series of studies aimed at 
evaluating the structural characteristics of potato (S. 
tuberosum L.) plants (Ofelia Sam, Ana Estévez and 
María E. González, 1995; Ofelia Sam, Jeréz and Varela, 
1996), the present study was performed on the leaf 
epidermis of two potato varieties submitted to water 
deficit conditions. 

MATERIALS AND METHODS 
This study used leaves from two potato (S. tubero- 

sum L.) varieties, Barakaand Desirée, growing in 25-cm- 
high and 15-cm-diameter pots under natural conditions 
(January-February, 1996). The necessary water was 
supplied to get the normal development of plants within 
the 25 days of its emergence; five days later, they were 
subjected to the following treatments: a control treat- 
ment (treatment 1): a daily water supply of 200 mUplant 
(a predetermined quantity for the same conditions and 
varieties to keep an adequate soil moisture for plant 
development); one treatment (treatment 2): a daily wa- 
ter supply of 100 mUplant promoting a moderate stress; 
anothertreatment (treatment 3): water suppression pro- 
voking a severe stress. 

The topmost lobule of leaf 7 (from stem basis 
upwards) was taken in four plants per treatment and 
separated into three zones: lower, mid and upper; the 

adaxial (ADA) and abaxial (ABA) impressions of the 
central part of these zones were perceived by a plastic 
transparent gum. 

Trichomes and stomata per unit area (mm2)were 
counted by the ocular micrometer as well as measure- 
ments (um) of epidermal cell length and width, and 
stomatal length. 25 measurements were recorded in 
every part and surface from each lobule sampled per 
treatment. The mid zone of lobules from plants in treat- 
ments 1 and 3 of each variety were sampled for the 
scanning electron microscopy and later processed (Mc 
Cauley and Evert, 1988). 

The ANOVA variance analysis corresponding to 
each variable studied was performed in a randomized 
complete design whereas the transformation of dx+ i I 

was adopted for trichome density. 

RESULTS AND DlSCUSSlON 
Table 1 presents the trichome quantity per mm2 of 

both varieties studied; leaf trichome density of Baraka 
plants showed no significant differences between treat- 
ments, but in Desirée, differences were only recorded in 
the mid zone of ABA surface, which were not very 
pronounced, since values were very close. 

Stomata had a differentiated behaviour under 
stress conditions, according to variety and surface as it 
is observed in Table 11, which also shows stomatal 
number per mm2 in both surfaces and leaf zones. 

Table l. Means corresponding to trichome density (number/mm2) in  three zones of 
the leaf surface of Baraka and Desirée plants submitted to different water 
deficit treatments 

Baraka Desirée 
ADA ABA AD A ABA 

Upper zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Mid zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Lower zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Table II. Means corresponding to stomata density (number/mm2) of three zones of 
the leaf surface of Baraka and Desirée plants submitted to different water 
deficit treatments 

Baraka Desirée 
AD A ABA ADA ABA - 

Upper zone Treatment 1 24.9 c 43.9 c 51.2 a 114.8 a 
Treatment 2 57.5 b 99.1 a 43.6 b 97.0 b 
Treatment 3 74.1 a 93.2 b 38.4 c 95.7 b 

SE x 01.1*** 01.7*** 01.6*** 01.4*** 

Mid zone Treatment 1 24.4 c 77.2 b 36.3 b 140.2 a 
Treatment 2 51.4 82.0 b 48.2 a 107.9 b 
Treatment 3 70.6 a 109.6 a 40.3 b 91.9 c 

SE x 00.6** 01.9*** 01.3*** 02.4*** 

Lower zone Treatment 1 27.4 c 98.1 30.3 b 144.9 a 
Treatment 2 58.4 b 95.0 35.0 a 129.2 b 
Treatment 3 74.6 a 98.5 35.4 a 118.7 c 

SE x 1.2*** 1.7 NS 0.7** 02.8** 
- 

Means followed by the same letter within a column are not significantly different at p ~ 0 . 0 5  



For Baraka plants, there were significant differen- 
ces between treatrnents of ADA surface, with an incre- 
ment according to stress, the highest being recorded in 
the severe stress treatment, then followed by the mode- 
rate one and finally by the control treatment. It is inte- 
resting to notice the fact that values of stomatal density 
in the different zones of leaves subjected to the same 
treatrnents, in ADA surface of Baraka plants are similar. 
In the upper zone of ABA surface, stomatal density was 
favoured by the moderate stress (treatment 2); in the 
rnid zone it was for the severe stress, and no significant 
differences in the lower zone, suggesting an unstable 
performance of this index in the leaf surface of Baraka - variety. 

On the contrary, for Desirée plants mainly in ABA 
surface, the highest values corresponded to control; in 

.: ADA surface, there was variable behaviour, because in 
the upper zone, the highest values were recorded in the 
control, in the rnid zone it was in treatrnent 2 whereas in 
the lower zone treatment 3, indicating larger ABA surfa- 
ce of al1 zones evaluated with respect to control (treat- 
ment 1). Such area increment may have been produced 
in some parts of tested zones, but definitively it did not 
necessarily have to be reflected in the whole leaf area, 

because rneasurernents were recorded just in the cen- 
tral cells of the upper, rnid and lower zones and not in 
the borders nor on vein surface. According to stornatal 
density, there was a definite tendency for every surface 
of each variety, corresponding to ADA in Baraka and 
ABA in Desirée; this result must have been related to a 
good behaviour of this variety under water stress con- 
ditions, independently of a greater stomatal number per 
unit area in al1 zones of both surfaces of the control 
Desirée plants. 

Average values of epidermal cell length and width 
are shown in Tables 111 and IV  respectively Plant leaves 
belonging to Baraka variety, did not show significant 
changes in these dimensions for ADA surface; however, 
in ABA there were changes under moderate stress con- 
ditions, in the upper and rnid zones for lenyth and in the 
mid and lower zones for width. 

In Desirée, epiderrnal cell length as rnuch as width 
were larger severe stress conditions (treatment 3): this 
aspect resulted contradictory, because of the fact that 
drought has a strong effect on plant growth and quality, 
and stress firstly makes turgor loss, affecting the cell 
expansion rate thereby cell size, so decreasing growth 
rates of stem elongation, leaf expansion 3nd stomatal 
opening (Hale and Orcut, 1987). 

Table III. Means corresponding to length bm)  of epidermal cells in the three zones 
of leaf surface of Baraka and Desirée ptants submitted to different water 
deficit treatments 

Baraka Desirée 
ADA AB A AD A ABA 

Upper zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Mid zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Lower zone Treatment 1 
Treatment 2 
Treatment 3 

SE x 

Table IV. Means corresponding to width &m) of epidermal cells in the three zones (1; 

leaf surface of Baraka and Desirée plants submitted to different water deficit 
treatments 

- -  

Baraka Desirée 
AD A AB A AD A ABA 

-- - 

Upper zone Treatment 1 31.30 26.64 33.32 b 23.68 h 
Treatment 2 33.36 27.28 31.36 h 25.32 h 
Treatrnent 3 31.42 25.14 40.74 a 27 64 a 

SE x 1.11 NS 1.15 NS 0.74*** 0.53** 

Mid zone Treatment 1 30.00 21.44 b 31 .O0 b 21.40 
Treatment 2 29.56 23.40 a 32.08 b 21.98 
Treatment 3 29.28 24.28 a 42.12 a 24.64 

SE x 0.76 NS 0.58* 0.79*** 0.85 NS 

Lower zone Treatment 1 26.90 20.08 c 29.36 b 38.00 b 
Treatment 2 26.1 O 24.62 a 28.98 b 29.06 b 
Treatment 3 25.38 22.64 b 36.40 a 50.18 a 

SE x 0.62 NS 0.81 * 0.76*** 0.52** 
- 



On the other hand, Pitman et al. (1983), working 
with plants of Panicum coloratum grown under humidity 
stress conditions, found histological differences that 
indicated a proportional increment of cell wall compo- 
nents and a lignification increment of plants grown 
under humidity stress conditions. 

Levit (1980) observed in other plant species that 
water stress generallytended to reduce cell size, increa- 
sing cell wall thickening and lignification; also he affir- 
med that cell lengthening is more sensible to humidity 
stress than cell division, so decreasing cell size. 

Concerning epidermal cell length and width, it is 
worth saying what has been stated for stomatal quantity 
per unit area; besides, it is convenient to remind a 
quotation of Vos and Groenwold (1988): "under water 
stress conditions, the plant possibly makes an osmotic 
adjustment to be capable of resisting it by an organ 
growth". With regard to these potato varieties, they 
referred to a more eficient water use in plants growing 
under stress conditions, since osmotic adjustments is 
not performed in potato. Thus, according to the beha- 
viour of these variables, Desirée,seems to have a more 
effective mechanism of water use than Baraka under the 
stress conditions assayed in the present work. 

Table V shows the means coreresponding to sto- 
matal length in the three zones and both leaf surfaces 
of the plants studied. 

This variable did not follow a definite behaviour in 
Baraka, since there was a bigger ADA surface in the 
upper zone for treatment 1 and the same occurred to 
ABA in treatment 3, meanwhile in the lower zone it was 
benefited by treatment 2. 

Concerning Desirée plants, the lower zone sho- 
wed significant differences with the greatest plant length 
under more stressing treatments. 

Since the control of stomatal conductance is the 
first plant way for regulating water flux through soil- 
plant-atmosphere system continuosly, besides being an 
important advantageous adaptation to this regulation, 
avoiding a critica1 decrease of water potential (Salien- 
dra, Sperry and Comstock, 1995), stomata seem to 
regulate leaf water potential as opposed to root or stem, 
because it is lower in leaves and tends to remain cons- 
tant in many plants -isohydric plants- during water stress 
(Jones, 1990; Tardieu and Davies, 1993). This statement 
confirms the significance of stomata as a regulatory 
structure of plant water status; thus, thefollowing figures 

show the outer stomatal characteristics of the mid zone 
of leaves from two potato varieties under scanning 
electron microscopy. 

Figure 1 shows stomata from Baraka plants. A and 
B are leaf stomata submitted to treatment 1 ; they are 
open in both surfaces and a well separated wall of 
occlusive cells making up the pore. C and D (plants of 
treatment 3) show they are very close inwards; pore 
closure is not well appreciated in C, however, the de- 
pressive shape of occlusive cells is notable and seems 
to be very long. 

Figure 2 shows leaf stomata of Desirée plants, A 
and B correspondingt to ADA and ABA surfaces of 
treatment 1, whereas C and D to stomata of plants 
belonging to treatment 3; stomata are rather closed in 
plants of both treatments although in the latter there is 
a more hermetic closure, which is in agreement with 
what has been stated for water regulation in Desirée 
variety. 

The stomatal mechanisms of motion, that is, ope- 
ning and closure according to water availability either in 
the atmostphere or in the soil has been studied by 
different investigators, who pointed out that those culti- 
vars keeping a high membrane stability, high epicuticu- 
lar wax content, low cuticular conductance, high turgor 
and high osmotic adjustment under wáter deficit condi- 
tions, are considered drought tolerant (Meinzer and 
Grantz, 1990; Nonami, Schulze and Zeigler, 1990; Pre- 
machandra et al., 1992; Comstock and Ehleringer, 
1993; López-Carbonell, Alegre and Van Onckelen, 
1 994). 

As it can be observed, the anatomical charac- 
teristics of leaf epidermis in potato varieties Baraka and 
Desirée plants submitted to water deficit conditions 
showed important variations in stomatal density with a 
definite tendency to every surface of each variety; thus, 
ADA resulted for Baraka with the highestvalues in stress 
treatments and ABA for Desirée, but with the highest 
value in the control; the length and width of epidermal 
cells in Baraka plants were variable, while in Desirée 
there was an increment of these indexes with stress, 
they being higher in the severe stress treatment, contra- 
rily to what was expected. Stomatal length was also 
variable; however, the longest stomata were recorded 
in Desirée with the greatest water stress treatment in the 
lower zone. Consequently, Desirée was prominent as 
the most effective stress tolerant variety more efficiently. 

Table V. Means corresponding to stomatai length (um) of epidermal cells in the three 
zones of leaf surface of Baraka and Desiree plants submitted to different 
water deficit treatments 

Baraka Desirée 
AD A ABA ADA ABA 

- 

Upper zone Treatment 1 41.18a 32.82 b 34.20 32.04 
Treatment 2 35.70 c 34.72 a 35.28 33.22 
Treatment 3 36.92 b 34.80 a 35.14 33.74 

SE x 0.29 0.39** 0.29*** 0.39** 

Mid zone Treatment 1 39.38 28.86 34.36 31.80 
Treatment 2 32.80 31.20 34.88 31.48 
Treatment 3 33.65 30.18 34.66 32.34 

SE x 0.83 NS 0.55 NS 0.27 NS 0.61 NS 

Lower zone Treatment 1 33.26 26.28 31.16 b 28.94 b 
Treatment 2 31.84 29.26 a 34.48 a 29.60 b 
Treatment 3 32.04 28.56 a 34.10 a 30.90 a 

SE x 0.37 NS 0.44** 0.24*** 0.26** 
- - 



Figure 1. Stomata of the ieaf mM zone of Baraka pbnts. A and B coneapond to ADA and ABA Mnfaces In 
treatment 1; C and D to those in treatment 3. Co=occlusive celh, 0=osiiole or JomaEIiI pore, 
Ce = epidermsl cells, Cep = epicutkuhr waxes. Preparation tor scanning electron rn-tosmpy, 
2000X.20 w. 
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