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Growth and phenology of three Andean potato varieties 
(Solanum tuberosum L.) under water stress

Crecimiento y fenología de tres variedades andinas de papa 
(Solanum tuberosum L.) en estrés hídrico

Loyla Rodríguez P.1, Danny Sanjuanelo C.2, Carlos Eduardo Ñústez L.3, and Liz Patricia Moreno-Fonseca3

ABSTRACT RESUMEN

The water-deficit stress has a negative effect on the growth 
and development of plants, reducing the yield of crops. This 
study evaluated the effect of a water deficit on the growth and 
phenology of potato (Solanum tuberosum L.) varieties Diacol 
Capiro, Pastusa Suprema and Esmeralda. Plants that were start-
ing tuberization were subjected to a water deficit by suspension 
of irrigation until reaching a foliar water potential of -2.0 MPa; 
later the plants were re-irrigated and recovered. The water 
deficit decreased the flowering time in  ‘Diacol Capiro’, the 
development of leaves and maturation of fruits in ‘Esmeralda’ 
and the development of leaves and formation of lateral shoots 
in ‘Pastusa Suprema’. In the three varieties, the water deficit 
did not induce a significant reduction in the stem length, the 
number of leaves per stem and per site or the number of main 
stems per site. The plants demonstrated responses related to es-
cape and evasion mechanisms during the water deficit through 
the adjustment of the metabolism in order to reduce the dura-
tion of the phenological stages. The duration of the biological 
cycle for the three varieties was 148 days, with a requirement 
of 1,850 GDD. There were no differences in the potential yield, 
probably due to the short duration of the stress period. The 
three varieties demonstrated plasticity when modifying the 
phenology in response to the drought period. 

La sequía en el suelo es un factor ambiental que modifica la 
fenología, el crecimiento y la productividad de los cultivos. Este 
estudio evaluó el efecto del déficit hídrico sobre el crecimiento 
y desarrollo de variedades de papa (Solanum tuberosum L.) 
Diacol Capiro, Pastusa Suprema y Esmeralda. Las plantas en la 
inducción de la tuberización, se sometieron a estrés hídrico por 
suspensión del riego hasta alcanzar un potencial hídrico foliar 
de -2,0 MPa; las plantas se regaron de nuevo y se recuperaron. El 
déficit hídrico redujo el tiempo de floración de ‘Diacol Capiro’, 
el desarrollo de hojas y la maduración del fruto en ‘Esmeralda’ y 
el desarrollo de hojas y formación de brotes laterales en ‘Pastusa 
Suprema’. En las tres variedades, el déficit hídrico no indujo una 
reducción significativa en la longitud del tallo, el número de 
hojas por tallo y por sitio o el número de tallos principales por 
sitio. Las variedades mostraron respuestas relacionadas con el 
mecanismo de escape o evitación del periodo de déficit hídrico 
mediante la acomodación del metabolismo para acortar la dura-
ción de los estadios fenológicos. La duración del ciclo biológico 
para las tres variedades fue de 148 días, con un requerimiento 
de 1,850 GDD. No hubo diferencias en el rendimiento potencial, 
probablemente debido a la corta duración del período de estrés. 
Las tres variedades demostraron plasticidad al modificar la 
fenología en respuesta al periodo de sequía.

Key words: drought, plant development, stress escape, growing 
degree-day. 

Palabras clave: sequía, estados de desarrollo, escape, grados 
calor.

Reductions in growth have been reported in numerous 
plants under water deficit conditions, including for eco-
nomically important crops, such as the potato (Lahlou et 
al., 2003; Yuan et al., 2003; Ierna and Mauromicale, 2006), 
sorghum (Zegada-Lizarazu and Monti, 2013) and rice 
(Lilley and Fukai, 1994). Likewise, it has been found that 
water deficits modify the phenology of plants, such as soy 
(Desclaux and Roumet, 1996), rice (Lilley and Fukai, 1994) 
and raspberry (Morales et al., 2013). It is known that plants 

Introduction

Increases in global temperatures and decreases in pre-
cipitation are having a negative effect on the availability 
of water resources for the planet (Oki and Kanae, 2006). 
This limitation causes droughts, affecting the growth 
and development of plants and causing a decrease in the 
productivity of crops worldwide (Körner and Basler, 2010; 
Hossain et al., 2012). 
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respond to water deficit stress through different escape 
and tolerance mechanisms (McDowell et al., 2008). One 
strategy involves reducing the duration of the life cycle 
(Wang et al., 2006; McDowell et al., 2008; Touchette et al., 
2009). In potato, water deficits reduce the growth period of 
the foliage through early maturation of the plant, causing a 
reduction in the life cycle and yield (Darwish et al., 2006; 
Kuppinger et al., 2014). A determining factor for the growth 
and development processes of plants is temperature and its 
effect has been studied in plants, such as bean (Barrios-
Gómez and López-Castañeda, 2009), melon (Bouzo and 
Küchen, 2012) and potato (Struik et al., 1989). Plants re-
quire a certain amount of heat to develop from one point 
in their life cycles to another; measuring the accumulated 
heat is known as physiological time and is often expressed 
in units called growing degree-days (GDD) (Bonhomme, 
2000; Mazurczyk et al., 2003; Barrios-Gómez and López-
Castañeda, 2009). Degree-days accumulate from the base 
temperature, which is the temperature below which plant 
growth is zero (Bonhomme, 2000; Timlin et al., 2006; 
Bouzo and Küchen, 2012); while, the optimal temperature 
is the temperature where the maximum rate of a process 
is reached (Yamasaki et al., 2002). 

Thus, the effect of temperature on the plant development 
process could be studied measuring the heat necessary, 
in degree-days, to develop from one phenological state to 
another (Villaseca et al., 1986). Different studies have been 
carried out to determine the thermal time requirements for 
the phenological development of different potato genotypes 
(Sale, 1979; Ewing, 1981; Mazurczyk et al., 2003; Timlin et 
al., 2006). However, few Andean potato varieties have been 
characterized with respect to thermal time requirements 
for phenological development (Gutiérrez, 1985; Villaseca 
et al., 1988). There are only a few studies that have assessed 
the effect of water stress on plant phenology, which include 
studies on soy (Desclaux and Roumet, 1996), rice (Lilley 
and Fukai, 1994) and raspberry (Morales et al., 2013), but 
there are no reports on potato plants. 

Solanum tuberosum L. is a widely cultivated species in the 
world, due to its dietary importance (Kuiper et al., 2001). 
In Colombia and other countries of South America, this 
species is cultivated in the upland areas of mountainous 
terrain, with little or no availability of irrigation, so it is 
often subjected to water deficit. Currently, there is no infor-
mation about the effect of water deficits on the growth and 
phenology of potato varieties, knowledge that is necessary 
to implement management strategies for this crop under 
conditions of water deficit stress. The aim of this study was 
to determine the effect of water deficits at the beginning 

of tuberization on the phenology and growth degree-day 
requirements, parameters of growth and yield potential in 
the Colombian potato varieties (Solanum tuberosum L.) 
Diacol Capiro, Pastusa Suprema and Esmeralda. 

Materials and methods

Plant material and experiment design 
This study was carried out in 2013 in a greenhouse at 
the Faculty of Agricultural Sciences of the Universidad 
Nacional de Colombia, at 2,600 m a.s.l., with an average 
temperature of 17.43°C and a mean relative humidity of 
76.24%. Tuber-seed potatoes of the varieties Diacol Capiro 
(CAP), Pastusa Suprema (SUP) and Esmeralda (ESM) were 
planted in black plastic bags with 5 kg of soil. Fertilization 
and agronomic management were carried out following 
commercial recommendations. During the experiment, 
the maximum and minimum temperatures and relative 
humidity (HR) were registered daily with a weather station 
(MCR200 µMetos®, Weiz, Austria). 

The treatments were distributed in a split-plot arrange-
ment under a complete block randomized design with 
three replications; the cultivars were placed in the main 
plots and the water state was placed in the subplots 
(water deficit or normal irrigation). In the water deficit 
treatment, irrigation was suspended at 74 d after sowing, 
during the start of the tuberization stage (King et al., 
2004; Liu et al., 2005; Teixeira and Pereira, 2007). When 
the plants presented a foliar water potential (Ψh) close to 
-2.0 MPa (Van den Bilcke et al., 2013), the plants were 
re-irrigated and recovered. 

The water deficit was applied for a short period of 4-6 d, 
until soil matric potential values near -45 kPa were reached, 
which are known to cause water-deficit stress in potato 
(Kawakami et al., 2006; Wang et al., 2007; Aksic et al., 
2014). The stress level was also determined by measuring 
the foliar Ψh, for which values below -1.6 MPa have been 
reported, such as the permanent wilting point for potato 
plants (Vos and Haverkort 2007; Jensen et al., 2010; Rolando 
et al., 2015). The water deficit treatment was conducted 
until a foliar Ψh close to -2.0 MPa was reached (4 d for 
CAP, 5 for SUP and 6 d for ESM), after which the plants 
were re-irrigated. 

Phenology and growing degree-day requirements
During the life cycle of each variety, changes in the vegeta-
tive and reproductive development were recorded in order 
to establish the main phenological stages, from sprouting 
to senescence, according to the BBCH scale (Meier, 2001). 
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The occurrence of a phenological stage was recorded 
when 50% of the plants reached the specific growth stage: 
sprouting, leaf development, formation of lateral shoots, 
stem elongation, tuber formation, inflorescence and flower 
development, fruit and seed development and senescence. 
During the life cycle of the crop, six plants per treatment 
were observed for the following: the day of sprouting, the 
number of leaves per plant with more than 4 cm2 of leaf area 
expansion, the number of secondary stems longer than 10 
cm, the number and length of the main stems longer than 
10 cm, the percentage of foliage coverage, the duration of 
the tuber bulking stage, the number of flower buds longer 
than 5 mm, the number of open floral buds per plant, the 
number of berries per plant, the shape and color of the 
berries and the stem and leaf coloration.

In addition, every 15 d, the following growth parameters 
were recorded: stem length from the root collar to the shoot 
apical meristem, number of leaves per stem and per sowing 
site (direct count), number of main stems per sowing site 
and, at 164 d, the potential yield was determined with the 
fresh weight of the tubers from 10 plants per treatment. 

In each phenological stage, the growing degree-days (GDD) 
were calculated with Eq. 1, by Arnold (1959) and Juskiw 
et al. (2001):

GDD = ((Tmax+Tmin)/2)-Tbase	 (1)

where Tmax is the maximum daily air temperature, Tmin is 
the minimum daily air temperature and Tbase is the base 
temperature of 6°C, as reported for this crop (Cao and 
Tibbitts, 1995). 

Statistical analysis
The evaluated variables were analyzed with an ANOVA 
and the means were compared with a Tukey test (P≤0.05). 
The data were processed with R language (R Development 
Core Team, 2010).

Results and discussion

During the experiment, the average minimum and maxi-
mum air temperature were 10.54±1.3°C and 34.51±3°C, 
respectively, and the mean minimum and maximum 
relative humidity were 46.97±10.2% and 98.81±1.56%, 
respectively. The mean vapor pressure deficit (VPD) was 
0.38 (±0.8) KPa (Fig. 1). 

Growing degree day requirements 
The period between sprouting and end of flowering was 
shortened both by the water deficit and the maximum 
daytime temperature for the CAP and SUP varieties; while 
for the ESM, it was equal (Tab. 2; Fig. 2). Because the water 
deficit was reached by the varieties in a short period of 
time (4-6 d), when the  flowering started, these varieties 
had been submitted to two days of water deficit, which 
probably induced shortening of the flowering. On the other 
hand, the maximum daytime temperature was above 30°C, 
which likely reduced the duration of inflorescence and 
flower development (Muthoni et al., 2012; Almekinders and 
Struik, 1994). Probably the most determinant factor was 
the interaction between the water deficit and the maximum 
temperature because the control plants did not present a 
shortening of the flowering. For  CAP, it was 82 d for the 

Figure 1. Patterns of temperature (°C), relative humidity (%) and vapor pressure deficit-VPD (KPa) during the growth period of the potato plants 
(S. tuberosum L.) for the varieties Diacol Capiro, Esmeralda and Pastusa Suprema, irrigated and subjected to a water deficit at the Bogota Plateau. 
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irrigated plants (931 GDD) and 76 d (867 GDD) for the  
water deficit plants. For the irrigated SUP, this period was 
76 d (867 GDD) and, for the plants in water deficit, it was 
70 d (794 GDD); in the ESM, under both water regimens, it 
lasted 98 d (1118 GDD). On the other hand, the water deficit 
also accelerated flowering in the CAP and SUP varieties by 
6 d. The growth cycle for the CAP, ESM and SUP, irrigated 
and under water deficit, was 148 d (1677 GDD) (Tab. 2, Fig. 
2); lower data  (165 d for ESM and CAP and 180 d for SUP) 
were found by Ñústez et al. (2011). This decrease was pro-
bably due to the conditions in the greenhouse: the average 
air temperature was between 17 and 22.98°C, exceeding the 
optimum temperature for the growth and development of 
S. tuberosum L. plants as reported by Sarquís et al. (1996) 
and Yuan and Bland (2004), between 15 and 18°C on the 
ground and in the air, and higher than that reported for 
the production areas of Cundinamarca, between 12 and 
18°C (Fedepapa, 2004).

Sprouting. Sprouting was 50% for the three varieties at 13 
days (136 GDD), with a mean temperature of 17.33°C (Tab. 
2 and Fig. 2). Segura et al. (2006) reported 50% sprouting 
in CAP and SUP at 15 d and at 30 d for ESM. In this study, 
the sprouting occurred faster than as reported by Segura 
et al. (2006), possibly because the temperature during the 
growth stage (17.3°C) exceeded that reported as the optimal 
temperature (15 to 18°C) for the growth and development 
of S. tuberosum L. plants (Sarquís et al., 1996; Yuan and 
Bland, 2004).

Leaf development. The development of the leaves in the 
three varieties started at 13 d (136 GDD). For CAP under 
both water regimens, it had a duration of 85 d (1,116 GDD) 
and, for the irrigated ESM, it was 98 d (1,258 GDD), while 
in the water deficit ESM, it was 85 d (1,116 GDD) (Tab. 
2; Fig 2). The development of leaves in SUP lasted 126 d 

(1,501 GDD) in the irrigated plants and 98 d (1,258 GDD) 
in the plants with a water deficit (Tab. 2, Fig. 2). Segura et 
al. (2006) reported a leaf development of 81 d for CAP, 109 
d for SUP, and 95 d for ESM, differing from the present 
findings because the growth conditions were different in 
the two studies. The water deficit shortened the duration 
of the foliage growth, causing early maturation in the 
SUP and ESM (Van Loon 1981; Darwish et al., 2006). The 
average air temperature of 18±0.6°C for this growth stage 
was higher than that reported as optimal (between 15 and 
18°C) for S. tuberosum L. (Sarquís et al., 1996; Yuan and 
Bland, 2004). The CAP variety leaf development was not 
affected by water deficit; probably the short period water 
deficit was not enough to shorten this stage of development.

Formation of lateral shoots. The three varieties began 
forming lateral shoots at 27 d (283 GDD) and the growth 
stage was not affected by the water deficit, and lasted 43 d 
(794 GDD) for CAP, 94 (931 GDD) for ESM and 49 d (867 
GDD) for SUP (Tab. 2). This state of formation of lateral 
shoots started before the application of the water deficit (to 
the 74 das); therefore, the growth stage was probably not af-
fected by the water deficit. Segura et al. (2006) reported the 
start of the formation of lateral shoots in the same varieties 
at 29 days after sprouting (das) for SUP and CAP and at 26 
dasp for ESM, similar to the present study (Tab. 2, Fig. 2). 

Main stem elongation. The stem growth began, in the three 
varieties, at 13 d (136 GDD) and this was not affected by 
the water deficit; the duration of the stem growth was 85 
d (1,116 GDD) for CAP, 108 d (1,367 GDD) for ESM and 91 
d (1,181 GDD) for SUP (Tab. 2; Fig. 2). The duration of this 
stage for the three varieties was higher than that reported 
by Segura et al. (2006): 59 d for CAP, 81 d for EMS and 67 
d for SUP, under field conditions. The average daily tem-
peratures of 19.33°C (CAP), 19.28°C (SUP) and 19.28°C 

Table 1. Mean air temperature (°C) for each phenological stage in the potato plants (S. tuberosum L.) of the varieties Diacol Capiro, Esmeralda and 
Pastusa Suprema, irrigated and subjected to a water deficit at the Bogota Plateau. 

Variety

Mean temperature growth stage (°C)

Water state Sprouting Leaf 
development

Formation 
of lateral 
shoots

Main stem 
elongation

Tuber 
formation

Floral organ 
appearance Floration

Ripening 
fruits and 

seeds
Senescence

Diacol Capiro Irrigated 17.32 18.57 18.75 19.33 19.16 19.58 19.78 np 19.04

Diacol Capiro Water deficit 17.33 18.57 18.75 19.33 19.16 19.28 19.84 np 19.04

Esmeralda Irrigated 17.34 18.55 19.03 19.33 19.16 19.36 19.53 19.27 19.27

Esmeralda Water deficit 17.35 18.57 18.96 19.28 19.16 19.36 19.53 19.27 19.27

Pastusa Suprema Irrigated 17.36 18.68 19.28 19.28 19.16 19.46 20.08 np 19.53

Pastusa Suprema Water deficit 17.37 18.68 19.28 19.28 19.16 19.46 20.08 np 19.53

Np: growth stage not present. 

The average air temperature for each growth stage was calculated from the average temperatures of the days when the phenological stages occurred.
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(ESM) in the greenhouse, was higher than that reported for 
potato crops (Fig. 1), promoted the development of stems 
for a longer period. Stem elongation depends on diurnal 
temperature fluctuations (Erwin and Heins, 1995) and it 
has been reported that low intensity light induces stem 
elongation through increased cell elongation (Flores-López 
et al., 2009). 

Tuber formation. The three varieties began tuberization 
at 70 d (794 GDD), which lasted 78 d (1677 GDD) and was 
equal in both the irrigated plants and the plants under 
water deficit (Tab. 2, Fig. 2). Segura et al. (2006) reported 
the start of tuberization at 35 dasp, lasting 102 d for CAP, 
104 d for SUP and 96 d for ESM. The tuber bulking found 
in this study was lower at 24 d (CAP), 26 d (SUP) and 18 d 
(ESM) because tubers are inhibited at high temperatures 
(15 to 27°C) (Ewing, 1981; Struik et al., 1989). The aver-
age temperature was 19.16°C, higher than the average in 
the areas of production of these varieties, and generated 
a decrease in the duration of the tuber. This reduction, as 
well as the decrease in the quality and quantity of tubers 
and yield (less than 1 kg/plant), may have been due to the 
decrease in the assimilate partition resulting from the 
high temperature, which has been reported for long-day 
potato varieties (Ewing 1981) (Fig. 3). The GDD required 
for bulking the tubers in the evaluated short-day varieties 
(short-day) was higher (794-1,677 GDD), as described for 
long day S. tuberosum L. (Russet Burbank), which is be-
tween 2,000 and 2,220 GDD (Goeser et al., 2012).

Inflorescence and flower development. The emergence or 
appearance of flower buds began at 48 d for CAP, at 41 d 
for ESM and 48 d for SUP. Blooming, recorded with the 
presence of open flowers (Meier, 2001), in CAP lasted 12 d 
for the irrigated plants and 6 d for the plants under water 
deficit; for ESM, under both water regimens, it lasted 43 
d; and for SUP, it was 21 d for the irrigated plants and 15 d 

for the plants in water deficit (Tab. 2, Fig. 2). Segura et al. 
(2006) reported a flowering duration for CAP of 56 d, 69 d 
for ESM and 41 d for SUP. The optimum temperature that 
promotes flowering induction in long-day varieties should 
be less than 23°C (Muthoni et al., 2012; Almekinders and 
Struik, 1994); in our study with short-day varieties, the 
maximum daytime temperature was above 30°C, which 
likely reduced the duration of inflorescence and flower 
development.

Fruit and seed development. The SUP and CAP varieties 
did not form fruits, while ESM formed fruits in less than 
25% of the plants during the 35 d of irrigated conditions 
and the 11 d of the water deficit; SUP and CAP did not form 
fruits due to the high male sterility (Segura et al., 2006).

Senescence. The senescence, registered from the beginning 
of the yellowing of the primary leaves and until the leaves 
and stem were dead, blanched and dry (Meier, 2001), had 
a different duration for the varieties: 9 d for ESM, 16 d for 
SUP and 37 d for CAP (Tab. 2, Fig. 2). Segura et al. (2006) 
reported a senescence duration for leaves and stems of 
27 d for ESM and 20 d for CAP and SUP. Senescence can 
be accelerated by increasing the temperature (Ewing and 
Struik, 1992), as happened in the present study for ESM 
and SUP (Fig. 2), where the temperature of the growth 
stage was 19°C.

Growth and yield parameters
The stem length, the number of leaves per stem and per site 
and the number of main stems per site showed significant 
differences (P≤0.01) between the varieties, but not for the 
two water regimens (Tab. 3). Although it is known that 
S. tuberosum L. is a species with high drought sensitivity 
because it has a shallow root system (Liu et al., 2006; Lahou 
et al., 2006; Ierna and Mauromicale, 2006), the moderate 
reduction in the growth parameters may have been related 

Table 2. Phenological stages in the S. tuberosum L. varieties Diacol Capiro, Pastusa Suprema and Esmeralda, irrigated and under water deficit. 
Duration in days, according to the BBCH scale (Meier, 2001) at the Bogota Plateau. 

Variety

Duration for each growth stage (days)

Water state Sprouting Leaf 
development

Formation 
of lateral 
shoots

Main stem 
elongation

Tuber 
formation

Floral organ 
appearance Floration

Ripening 
fruits and 

seeds
Senescence

Diacol Capiro Irrigated 20 85 43 85 78 49 12 np 37

Diacol Capiro Water deficit 20 85 43 85 78 56 6 np 37

Esmeralda Irrigated 20 98 94 108 78 29 43 9 9

Esmeralda Water deficit 20 85 94 108 78 29 43 9 9

Pastusa Suprema Irrigated 20 126 49 91 78 50 21 np 16

Pastusa Suprema Water deficit 20 98 49 91 78 50 15 np 16

np: growth stage not present.
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1 2 3 4 5 6 7 8 10 11 12 14 15 16 18 19 20 21
7 13 20 27 34 41 48 55 70 76 82 98 104 111 121 132 139 148
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Figure 2. Phenological stages in the S. tuberosum L. varieties Diacol Capiro, Pastusa Suprema and Esmeralda, irrigated and subjected to a water 
deficit, according to the BBCH scale (Meier, 2001) at the Bogota Plateau. 

1: Sprouting, 2: Development of leaves, 3: Formation of lateral shoots, 4:  Longitudinal growth of main stems, 5: Development of harvestable vegetative plant parts, 6: Appearance of floral 
organs, 7: Floration, 8: Fruit formation, 9: Ripening of fruits and seeds, 10: Senescence.
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Table 3. Results of the analysis of variance for the growth parameters in days after sowing for the S. tuberosum L. plants, irrigated and under water 
deficit at the Bogota Plateau. 

Growth 
parameter

Source of 
variation

Growing degree-day

125 195 272 349 433 520 613 822 908 908 908 990 1194 1267 1355 1475 1635 1733

Days after sowing

13 20 27 34 41 48 55 70 76 76 76 82 98 104 111 121 132 139

Stem length

Variety (V) ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Water state 
(WS)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

V x WS ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns

No. leaves  
/ stem

Variety (V) ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Water state 
(WS)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

V x WS ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

No. leaves 
/ site

Variety (V) ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Water state 
(WS)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

V x WS ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

No. main 
stems / site

Variety (V) ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **

Water state 
(WS)

ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

V x WS ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

** probability level 0.001; ns, not significant.

1 2 3 4 5 6 7 8 10 11 12 14 15 16 18 19 20 21
7 13 20 27 34 41 48 55 70 76 82 98 104 111 121 132 139 148

59 136 206 283 360 442 522 603 794 867 931 1116 1181 1258 1367 1501 1580 1677

Week
das
GDD

15 50 94 100

13 24 41 47 57 62 76 78 82 83 87 86 88 88 88 71

4 5 6 7 8 7 8

3 10 16 20 30 55 65 71 82 92 95 98

31 42 39 36 97 100

14 61 19

Sprouting (%)

Leaf development (No.)

Formation of lateral shoots (No.)

Main stem elongation (% cover)

Tuber formation
Inflorescence emergence (%)

Flowering (%)

Senescence

20 44 91 100

13 24 45 47 58 68 74 77 79 80 83 82 84

5 6 7 8 8 8 9

4 7 13 20 30 55 65 72 81 89 91 100

28 61 44 67 67 100

22 56
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to the short duration of the applied water deficit; however, 
the ground water potentials were very low for a glycophyte 
plant (-1.2 to -1.5 MPa) (Pinheiro et al., 2004, Correia et 
al., 2006). It has also been reported that the severity of the 

effects of a water stress depends on the variety, state of 
development and duration of the water deficit (Deblonde 
et al., 2001; Tourneux et al., 2003).

Figure 2. Continued. 
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Stem length= -7.69+1.61das-0.014das2+4.74E-05das3

R2=0.97
Stem length= -12.32+1.91das-0.018das2+5.96E-05das3

R2=0.97

Stem length= -7.04+1.56das-0.005das2-9.38E-05das3
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Stem length= -9.73+1.54das-0.0001das2-3.49E-05das3

R2=0.99
Stem length= -11.88+1.65das-0.002das2-2.15E-05das3

R2=0.99

Figure 3. Stem length fit to a polynomial model in potato plants (S. tuberosum L.) of the varieties Diacol Capiro, Pastusa Suprema and Esmeralda, 
irrigated and under water deficit at the Bogota Plateau. The dots indicate the means (n=3) and the lines indicate the tendencies. 

Stem length. The longest stem length was seen in SUP at 121 
d (1,475 GDD) and the lower lengths in ESM and CAP (Fig. 
3). These results are similar to those reported by Ñústez et 
al. (2009), who found a greater accumulation of dry mass 

(dry mass) in SUP and a lower one in ESM and CAP. For 
the three varieties under both water regimens, the model 
of best fit according to the correlation coefficient (R2> 0.97) 
for this parameter was the cubic polynomial (Fig. 3).
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Figure 4. Number of leaves per stem fit to a polynomial model in the potato plants (S. tuberosum L.) of the varieties Diacol Capiro, Pastusa Suprema 
and Esmeralda, irrigated and under water deficit. The dots indicate the means (n=3) and the lines indicate the tendencies. 

Leaves per stem and per site. The leaves per stem (Fig. 4) 
and per site (Fig. 5) did not vary with the water deficit. At 
98 d (1,116 GDD), the number of leaves per stem and per 
site was 16 and 105 for CAP, 15 and 87 for SUP and 12 and 

54 for ESM (Fig. 4 and 5). For the number of leaves per stem 
and per site for the three varieties in the two water states, 
the model of best fit according to the coefficient of cor-
relation (R2>0.94) was the cubic polynomial (Fig. 4; Fig. 5). 
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Figure 5. Number of leaves per site fit to a polynomial model in potato plants (S. tuberosum L.) of the varieties Diacol Capiro, Pastusa Suprema and 
Esmeralda, irrigated and under water deficit at the Bogota Plateau. The dots indicate means (n=3) and the lines indicate the tendencies. 
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No. leaves/site =-7.66+1.46das-0.011das2+2.77E-05das3

R2=0.99
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Duration of green foliage. The foliage duration was 132 
d for ESM and SUP and 98 d for CAP (Fig. 4; Fig. 5). The 
length of the growing season in S. tuberosum L. plants 
should be between 99 and 104 das for early clones and 

between 123 and 128 dasp for late clones (Allen and Scott, 
1980). The rate of appearance of leaves up to 111 d was 0.8 
leaves per plant per day for  CAP, 0.5 for ESM and 0.7 for 
SUP.
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Figure 6. Number of main stems per site fit to a polynomial model in potato plants (S. tuberosum L.) of the varieties Diacol Capiro, Pastusa Suprema 
and Esmeralda, irrigated and under water deficit at the Bogota Plateau. The dots indicate the means (n=3) and the lines indicate the tendencies. 

Main stems per site. The number of main stems was 4.67 
for CAP, 4 for SUP and 3 for ESM and did not vary with 
the water deficit (Fig. 6). In potato, stem morphology is 
influenced by temperature; at temperatures above 25°C, 

the branching of the plant (Struik et al., 1989) is reduced. 
The average daily temperatures of 18.75°C (CAP), 19.95°C 
(SUP) and 18.79°C (ESM) favored the development of 
main shoots. For main stems per site, the model of best fit 
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according to the correlation coefficient (R2> 0.80) was the 
polynomial model for CAP and the exponential model for 
ESM and SUP (Fig. 6).

Potential tuber yield. The potential tuber yield was de-
creased by the water deficit by 16.68% for CAP, 15.45% for 
SUP and 19.46% for ESM, with no statistically significant 
differences (Fig. 7). It has been reported that S. tuberosum 
L. is sensitive to water deficits and water availability should 
not be reduced by more than 30% to achieve optimum 
yields (Tourneux et al., 2003; Darwish et al., 2006). It has 
been reported that the limited availability of water during 
development reduces potato plant growth, yield, number of 
tubers per plant and tuber size and quality (Karafyllidis et 
al., 1996; Yuan et al. 2003; Ierna and Mauromicale, 2010). 
Here, we did not observe an effect of the water deficit, 
probably because of the short duration of the stress. But, 
because the leaf water potential reached a negative value, 
lower than that reported as the permanent wilting point 
for the potato in some studies, the results suggested that 
the three studied potato varieties have mechanisms they 
allow them to tolerate water loss, lowering the leaf water 
potentials to around -2.0 MPa, which had not been reported 
for Colombian varieties; the only report was for two Pe-
ruvian varieties where a foliar potential of -2.0 MPa had a 
greater yield reduction than that observed here (Martínez 
and Moreno, 1992).

Figure 7. Tuber yield potential of potato plants (S. tuberosum L.) of the 
varieties Capiro (CAP), Pastusa Suprema (SUP) and Esmeralda (ESM), 
irrigated and under a water deficit and re-irrigated. c: irrigated, d: water 
deficit. Means with different letters indicate significant differences ac-
cording to the Tukey test (P≤0.001)±SD (n=10). 

The results demonstrated the plasticity of the varieties CAP, 
SUP and ESM to adjust metabolism in the seasonal drought 
periods, modifying the phenology. Likewise, the results 
showed that these varieties have a high response potential 
to a short-term water-deficit stress, reaching potentials that 
are very negative for a glycophyte plant without a decrease 
in the yield. 
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