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Plant Physiology/ Original Article

Water-deficit tolerance of 
landrace and improved 
corn genotypes
Abstract – The objective of this work was to evaluate the yield, leaf area, 
stomatal conductance, photosynthesis, transpiration, and critical fraction 
of transpirable soil water (FTSWc) of hybrid and landrace corn (Zea mays) 
genotypes, as affected by the water deficit characterized by the FTSW. Two 
experiments were carried out in the 2015/2016 and 2016/2017 crop years: one 
in the field and the other in a greenhouse. The following genotypes were 
evaluated in irrigated and nonirrigated systems: the Cinquentinha and Bico de 
Ouro landraces and the AS 1573PRO improved cultivar. Yield in the field was 
higher for 'AS 1573PRO', followed by Bico de Ouro and Cinquentinha in both 
evaluation years. Water deficit reduces stomatal opening, photosynthesis, and 
transpiration rate, resulting in the total closure of the stomata of 'AS 1573PRO' 
and Bico de Ouro, and in the partial closure of those of Cinquentinha. 
There was a reduction in the leaf area of 'AS 1573PRO', Bico de Ouro, and 
Cinquentinha under water deficit during the reproductive period. In the first 
crop year under water deficit conditions, 'AS 1573PRO' and Cinquentinha 
show a high tolerance to water deficit with a FTSWc of 0.71, and 'AS 1573PRO' 
also shows the highest tolerance in the second crop year with a FTSWc of 0.73. 
Moreover, Bico de Ouro is sensitive to water deficit in the two crop years.

Index terms: Zea mays, critical FTSW, genetic variability.

Tolerância ao deficit hídrico de genótipos 
de milho crioulo e melhorado
Resumo – O objetivo deste trabalho foi avaliar a produtividade, a área foliar, 
a condutância estomática, a fotossíntese, a transpiração e a fração de água 
transpirável no solo crítica (FATSc) de genótipos de milho híbrido e crioulo, 
em função do deficit hídrico caracterizado pela FATS. Foram realizados dois 
experimentos, nos anos agrícolas de 2015/2016 e 2016/2017: um a campo 
e outro em casa de vegetação. Os seguintes genótipos foram avaliados em 
sistema irrigado e não irrigado: os crioulos Cinquentinha e Bico de Ouro e a 
cultivar melhorada AS 1573PRO. A produtividade a campo é maior para 'AS 
1573PRO', seguida por Bico de Ouro e Cinquentinha, em ambos os anos de 
avalição. O deficit hídrico reduz a abertura estomática, a fotossíntese e a taxa de 
transpiração, o que resulta no fechamento total dos estômatos de 'AS 1573PRO' 
e Bico de Ouro, e no fechamento parcial dos de Cinquentinha. Houve redução 
da área foliar de 'AS 1573PRO', Bico de Ouro e Cinquentinha sob deficit hídrico 
durante o período reprodutivo. No primeiro ano agrícola sob condições de deficit 
hídrico, 'AS 1573PRO' e Cinquentinha mostram alta tolerância ao deficit hídrico 
com FTSWc de 0,71, e 'AS 1573PRO' também mostra a maior tolerância no 
segundo ano agrícola com FTSWc de 0,73. Além disso, Bico de Ouro apresenta 
sensibilidade ao deficit hídrico nos dois anos agrícolas.

Termos para indexação: Zea mays, FATS crítica, variabilidade genética.

https://orcid.org/0000-0002-6949-2686
https://orcid.org/0000-0002-4659-7039
https://orcid.org/0000-0002-3243-671X
https://orcid.org/0000-0002-4933-607X
https://orcid.org/0000-0002-2495-0823
https://orcid.org/0000-0003-3830-5056
https://orcid.org/0000-0003-3619-599X
https://orcid.org/0000-0001-7458-799X
https://orcid.org/0000-0003-1197-8269
https://orcid.org/0000-0001-8759-737X
mailto:liarsr@ufsm.br
mailto:nstreck2@yahoo.com.br
mailto:angelica.durigon@gmail.com
mailto:valeriapohlmann@hotmail.com
mailto:charlespatrick2010@hotmail.com
mailto:tais.slim@hotmail.com


2 J.A. Langner et al.

Pesq. agropec. bras., Brasília, v.56, e02627, 2021
DOI: 10.1590/S1678-3921.pab2021.v56.02627

Introduction

Water deficit (WD) is the main limiting factor for 
corn (Zea mays L.) growth and yield (Moussa et al., 
2019). In the current scenario, in which global average 
air temperature is increasing, with a foreseen increase 
in the frequency of extreme events, such as WD 
(Vicente-Serrano et al., 2020), and the global demand 
for food is escalating, there is a need for studies to 
increase crop efficiency. Therefore, understanding the 
effect of WD on corn and identifying drought-tolerant 
genotypes is a promising approach to safeguard food 
supply (Teixeira et al., 2021) and sustainable production 
(Devi & Reddy, 2020).

In corn-based cropping systems, farmers use 
cultivars with different genetic variability, ranging 
from single-cross hybrids, with a lower variability, to 
landraces or creole corn races, with a greater variability. 
Hybrids are used when seeking to obtain high yields 
and an improved resource efficiency (Galvão et 
al., 2014), whereas landraces are key to ensure food 
safety for remote communities (Teixeira et al., 2021). 
To safeguard food security, any approach to increase 
production should take into account the socioeconomic 
and cultural factors affecting producers, aiming to 
identify genotypes that can be cultivated using less 
water and nutrients and that have low-costing seeds 
(Langner et al., 2019).

Water stress reduces the biomass of the roots and 
aerial part of the corn plant (González-Hernández 
et al., 2021), and can also delay plant reproductive 
development (Tardieu et al., 2018) and reduce gas 
exchange (Santos et al., 2014) and grain yield in up to 
59.5% if WD occurs between the beading and grain-
filling stages (Sousa et al., 2015).

To evaluate plant response to WD, the fraction of 
transpirable soil water (FTSW) has been widely used 
(Sinclair & Ludlow,1986; Lago et al., 2012; Sinclair 
et al., 2018; Devi & Reddy, 2020). The critical FTSW 
(FTSWc) indicates the amount of soil water at which 
stomatal closure begins in response to WD (Sinclair & 
Ludlow, 1986; Sinclair et al., 2018). Recent studies have 
shown that water conservation in different species is 
associated with partial stomatal closure at higher soil 
water contents, which normally occurs in most plants, 
and with a limited transpiration rate under conditions 
of high evaporative demand (Sinclair et al., 2017). 
Therefore, more tolerant genotypes could be identified 
as those that preserve water by limiting transpiration 

under WD (Devi & Reddy, 2020), i.e., corn genotypes 
with a higher FTSWc are more suitable for a longer 
soil WD (Sinclair et al., 2018).

In the literature, some studies have compared 
the effect of WD on landrace and improved corn 
genotypes. González-Hernández et al. (2021), for 
example, assessing 48 improved and landrace 
genotypes, identified 2 landraces as the most tolerant 
to WD at the seedling stage. When evaluating 2 
landraces and 2 hybrid genotypes in a controlled 
environment, Mazvimbakupa et al. (2015) concluded 
that landraces can have a performance similar to that 
of the hybrids under severe water stress. In this context, 
the prolificity of traditional varieties can compensate 
for yield and can be used in marginal regions due to 
their food safety potential.

The objective of this work was to evaluate the 
yield, leaf area, stomatal conductance, photosynthesis, 
transpiration, and FTSWc of hybrid and landrace corn 
genotypes, as affected by the WD characterized by the 
FTSW.

Materials and Methods

Experiments were conducted in the field and in pots 
in a greenhouse, in the 2015/2016 and 2016/2017 crop 
years, in the municipality of Santa Maria, in the state 
of Rio Grande do Sul, Brazil (29º43'S, 53º43'W, at an 
altitude of 95 m). The climate of the region is humid 
temperate, classified as Cfa by Köppen-Geiger, with 
a hot summer, abundant and well-distributed rainfall 
throughout the year, and average temperature of 
the hottest month of 22°C or higher. The soil of the 
experimental site is an Argissolo Vermelho distrófico 
(Santos et al., 2018), i.e., a Rhodic Paleudalf (Ultisol). 

In the field, the experimental design was a two-
factor randomized complete block, with four and 
three replicates, respectively, in the 2015/2016 and 
2016/2017 crop years (EI and EII, respectively); each 
replicate was a plot with 5.0 m length rows. Factor A 
was three genotypes: two landraces, Cinquentinha and 
Bico de Ouro, of early and late maturity, respectively; 
and the single-cross hybrid, 'AS 1573PRO', of early 
maturity. Factor B was soil water management (rainfed 
or irrigated). Soil correction and fertilization were 
carried out according to the following results of the 
soil analysis: 1.4% organic matter, 340 g kg-1 clay, 
cation exchange capacity of 12.8 cmolc dm-3, pH 7, 
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16 mg dm-3 potassium, 4.7 mg dm-3 phosphorus, lime 
requirement of 5.4 by the Shoemaker-McLean-Pratt 
test, aluminum saturation of 21.2%, aluminum content 
of 1.1 cmolc  dm-3, 3.2 cmolc dm-3 calcium, and 0.8 
cmolc dm-3 magnesium (Manual…, 2016).

The row spacing was 1.0 m in the plots with the 
landraces and 0.5 m in the plots with the hybrid, with 
a plant density of 6.0 plants per square meter for both 
genotype groups. The different line spacing was used to 
adapt the plants to a condition close to the one in which 
they are cultivated by farmers. After plant emergence, 
30 and 10 plants per plot with landraces and the hybrid, 
respectively, were tagged and used to measure growth 
and development variables throughout the crop year. 

For all genotypes, sowing dates were on 10/23/2015 
and 10/29/2016 in EI and EII, respectively. However, 
when plants were between the V5–V6 vegetative 
growth stages in EII, leaf spots occurred, requiring 
another sowing to be carried out on 12/21/2016 for 
Bico de Ouro and on 12/28/2016 for 'AS 1573PRO' and 
Cinquentinha. Since Bico de Ouro is a late-maturing 
genotype, its sowing was anticipated for the silking 
dates of all genotypes to be synchronized.

For water management, water soil balance was 
calculated daily. Reference evapotranspiration 
(millimeter per day) was estimated by the Penman-
Monteith equation. Meteorological variables were 
collected from an automatic meteorological station 
belonging to Instituto Nacional de Meteorologia, 
located approximately 100 m from the experimental 
area. Using drip hoses placed along the plant row, a 
supplementary irrigation of 20 mm was performed 
whenever crop evapotranspiration accumulated values 
of 20 mm, in order to maintain soil water content above 
75% available water capacity (140 mm up to 1.0 m in 
the soil profile).

For grain yield determination, ears of the tagged 
plants were harvested when the R6 stage was 
completed, and the number of ears per plant, number 
of grains per ear, and average dry mass of 100 grains 
were measured. Yield data from the field experiment 
were subjected to the analysis of variance (Anova), 
and means were compared by Tukey’s test, at 5% 
probability, using the Sisvar software (Ferreira, 2011).

A pot experiment was carried out to determine 
the FTSW. Corn plants were grown in 9.0 L plastic 
pots with the outer wall painted white to reduce solar 
radiation absorption and arranged in a structure 

covered with 200 μm low density polyethylene to 
prevent rainfall on plants. The pots were filled with 
an “A” horizon layer of soil collected near the site of 
the field experiment and then placed on a raised bench 
with a height of about 20 cm, to keep the roots from 
reaching the ground. Soil correction and fertilization 
were performed according to the soil analysis for the 
field experiment (Manual…, 2016).

The experimental design was completely 
randomized with two water regimes: without WD 
(T1) and with WD (T2), with ten replicates of one pot 
with one plant each; the plants were subjected to WR 
in the tasseling stage (VT). The sowing dates in the 
2016/2017 crop year were the same for the experiments 
in the greenhouse and in the field: 12/21/2016 for 
Bico de Ouro and 12/28/2016 for 'AS 1573PRO' and 
Cinquentinha. In 2017/2018, however, sowing in the 
pots was carried out on 9/28/2017 for Bico de Ouro 
and on 5/10/2017 for 'AS 1573PRO' and Cinquentinha.

Before WD application, pots were watered until 
saturation, for 24 hours, using buckets. The soil surface 
in the pots was covered with a 200 μm white-opaque 
plastic film to minimize soil water evaporation. After 
a 24 hour saturation period, pots were left to drain for 
4 hours, for the soil to reach field capacity, when the 
initial weight of each pot was determined.

Pots were weighed daily at 4 p.m. on a scale with 5.0 
g precision and 50 kg weight capacity. After weighing, 
the water transpired in T1 was fully replaced for half of 
the plants of each genotype (10 pots), but only replaced 
in 50% for the other half, which was kept under WD 
(T2). The relative transpiration (RT), which represents 
the daily transpiration of plants under WD compared 
with those without WD (maximum transpiration), was 
calculated every day according to the methodology 
of Sinclair & Ludlow (1986): RT = Water loss by T2 
plants (each plot) / Daily average loss of T1 plants. The 
experiment ended when the RT of the plants under WD 
reached 10% of the RT of the plants without WD (RT ≤ 
0.1). The plants were subjected to WD from 2/22/2017 
to 3/7/2017 (15 days) in EI and from 12/12/2017 to 
12/22/2017 (10 days) in EII.

After the end of each experiment, the FTSW was 
calculated according to the methodology proposed by 
Sinclair & Ludlow (1986). The FTSW was determined 
daily for each pot of T2 by: FTSW = (mass of each pot 
each day – final mass) / (initial mass – final mass). 
The RT data were normalized twice. The first RT 
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normalization was set between 0 and 1, whereas the 
second (NRT, normalized relative transpiration) was 
done to reduce variation among plants by dividing the 
RT of each plant by the mean RT with a FTSW equal 
to or greater than 0.60 (Sinclair & Ludlow, 1986).

The NRT data were plotted as a function of the 
FTSW, and a logistic equation was fitted (Sinclair & 
Ludlow, 1986): y = 1/{1 + exp[-a(x – b)]}, where y is the 
dependent variable (NRT), x is the FTSW, and a and 
b are empirical coefficients that were determined by 
a nonlinear regression using the SAS software (SAS 
Institute Inc., Cary, NC, USA). The FTSWc values 
were obtained for an NRT of 0.95 (Lago et al., 2012).

To calculate leaf area (LA, cm2) during the 
experiment, green leaf length (cm) and width (cm) 
were measured daily in EI or every 3 days in EII, 
using equations with the following shape coefficients:  
LA = 0.7752×(LW) for Cinquentinha, LA = 0.7881×(LW)  
for Bico de Ouro, and LA = 0.7621×(LW) for 'AS 
1573PRO'. The shape coefficients were estimated 
from a field experiment conducted in the 2014/2015 
and 2015/2016 crop years in the municipality of Santa 
Maria. A total of 70 leaves of each genotype were 
digitalized and then their area was measured by the 
Quant software, version 1.0.1 (Vale et al., 2001), and 
compared with the leaf area estimated by the LW 
multiplication. To validate the equations, independent 
data from 45 leaves per genotype were used and 
evaluated using the goodness of fit standards root 
mean squared error (RMSE) and mean absolute error 
(MAE). Linear equations presented the following 
RMSE and MAE, respectively: 67.49 and 54.56 cm2 
per leaf for Cinquentinha, 51.80 and 38.37 cm2 per leaf 
for Bico de Ouro, and 23.12 and 19.07 cm2 per leaf for 
'AS 1573PRO'.

Gas exchange was measured in four plants of each 
treatment between 12 p.m. and 2 p.m. during the WD 
period using the LCi-SD portable photosynthesis 
system (ADC BioScientific Ltd., Hoddesdon, UK). 
Stomatal conductance (mol H2O m-2 s-1), photosynthesis 
rate (μmol CO2 m-2 s-1), and transpiration rate (mol H2O 
m-2 s-1) were also measured on the last expanded leaf 
exposed to sunlight.

Results and Discussion

In the field experiment, precipitation was well 
distributed during the vegetative phase of the 

plants in both EI and EII (Figure 1). However, in 
EI, a supplementary irrigation was required in the 
reproductive phase, from 1/4/2016 to 1/24/2016, in the 
irrigated treatment. During this period, the plants of 
Bico de Ouro were completing the silking and grain-
filling stages, and those of Cinquentinha and 'AS 
1573PRO' had started the grain-filling stage. In EII, a 
supplementary irrigation was necessary from 3/3/2017 
to 4/17/2017, also in the irrigated treatment.

The Anova for the field experiment indicated that 
the cultivar x soil water management interaction was 
not significant, although individual factors showed 
significance; therefore, it was not possible to analyze 
the response of the cultivar to WD using this parameter.

Regarding grain yield, in both EI and EII, the 
values obtained for the landraces were lower than that 
of the 'AS 1573PRO' hybrid (Table 1). However, no 
differences were observed in grain yield for the factor 
soil water management, contrary to the data in the 
literature that showed a decrease in corn yield under 
WD in the reproductive phase (Sousa et al., 2015).

In EII, the mean grain yield was higher than that of 
the previous year, except for Cinquentinha (Table 1). 
Since the Bico de Ouro landrace showed an increased 
yield in this crop year, when a second sowing was 
carried out and more fertilizer was added to the soil, 
this genotype is likely more responsive to technological 
inputs. Cinquentinha presented similar yields of 6.3 
and 6.8 Mg ha-1 under the different water management 
conditions, indicating that it is part of the landrace 
genotypes that can keep profitable yields in systems 
with a low technological level (Silveira et al., 2015). 
Landrace genotypes show a greater genetic diversity 
in response to fertilizer rates and are sources of genes 
that tolerate low fertilization, even of phosphorus 
(Spolaor et al., 2018).

Gas exchange measurements indicated a reduction 
in stomatal opening, photosynthesis, and transpiration 
rate on 2/25/2017 during EI. On the second day of 
WD, stomata were closed to reduce transpiration, 
which affected photosynthesis (Figure 2). Two days 
later, on 2/27/2017, the stomata of all genotypes had 
already been closed, except those of Cinquentinha, 
which remained open until 2/28/2017, with reductions 
in the transpiration and photosynthesis rates. In the 
second crop year, the values for stomatal conductance, 
transpiration rate, and photosynthesis started to reduce 
on the second day of the WD period, reaching zero in 
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the plants of 'AS 1573PRO' on the third day, but being 
higher and intermediate for Cinquentinha and Bico 
de Ouro, respectively. When evaluating sweet corn at 
different irrigation depths, Brito et al. (2013) observed 

a photosynthesis rate of around 15.00 μmol CO2 m-2 s-1,  
stomatal conductance of 0.16 mol H2O m-2 s-1,  
and transpiration of 2.80 mol H2O m-2 s-1 at 90 days 
after sowing. For corn under water stress, Santos et al. 

Figure 1. Daily rainfall data collected from an automatic meteorological station, located approximately 100 m from the 
experimental site, and irrigation management in the municipality of Santa Maria, in the state of Rio Grande do Sul, Brazil, 
during the 2015/2016 (A) and 2016/2017 (B) crop years of the 'AS 1573PRO', Bico de Ouro, and Cinquentinha corn (Zea mays) 
genotypes. The dashed-arrow lines represent the average length of the development stages from emergence to tasseling 
(EM–VT), tasseling to silking (VT–R1), and silking to physiological maturity (R1–R6). Full-arrow lines represent the early 
maturing genotypes, 'AS 1573PRO' and Cinquentinha.
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(2014) reported reductions, in the morning and in the 
afternoon, respectively, of 53 and 66% in photosynthesis 
rate, of 87 and 89% in stomatal conductance, and 
of 84 and 86% in transpiration rate at 69 days after 
emergence; these values are lower than those found in 
the present study. Gas exchange reduction, especially 
stomatal conductance, is one of the first responses of 
plants under low water availability to minimize leaf 
water loss (Taiz & Zeiger, 2013). The Cinquentinha 
landrace maintained low gas exchange rates for more 
days than the other genotypes, which indicates that it 
may be more tolerant to WD. During periods of water 
stress, the growth of a plant depends on its ability to 
preserve cell turgor, in which the perception of WD is 
likely to involve osmotic sensors (Taiz & Zeiger, 2013).

The green area of all leaves measured daily showed 
a reduction, or senescence, in the plants under WD 
(Figure 3). In EI, leaf senescence began on 2/27/2017 
and 2/28/2017 for plants of Bico de Ouro and 
Cinquentinha, respectively, but only on 3/1/2017 for 
plants of 'AS 1573PRO'. In EII, green leaf area started 
to reduce on 12/15/2017 for Cinquentinha and Bico de 
Ouro plants, but on 12/17/2017 for 'AS 1573PRO' plants. 
In plants not subjected to WD, the green leaf area 
increased but remained close to the initial one due to 
the advanced development stage in both experimental 
years.

The FTSWc values indicated that, in the first 
crop year, plants of 'AS 1573PRO' and Cinquentinha 
had a similar tolerance to WD because they closed 
their stomata earlier, and that, in the second year, 
plants of 'AS 1573PRO' were more tolerant (Figure 
4). However, despite stomatal closure, gas exchange 
measurements showed that the studied rates were not 
reduced completely in plants of Cinquentinha, which 

kept a small stomatal opening, allowing transpiration 
and photosynthesis to continue. Therefore, two plants 
of this genotype, even under WD, completed the 
reproductive phase and produced ears with grains. The 
FTSWc values found in the present study are higher 
than those reported in the literature, which can be 
attributed to the different development stages of the 
evaluated plants – more advanced (with maximum leaf 
area) vs vegetative stage. Gholipoor et al. (2013) found 
a FTSWc ranging from 0.33 to 0.60 for hybrids 20 days 
after sowing, whereas Romdhane et al. (2019) obtained 
a FTSWc of 0.817 for a tolerant hybrid and of 0.460 for 
a drought-sensitive hybrid in V4. Analyzing 8 leaves 
of 4 genotypes under WD in the vegetative stage, 
Moussa et al. (2019) reported a FTSWc varying from 
0.495 to 0.671 for plants irrigated daily and from 0.265 
to 0.550 for plants irrigated every 3 days. In another 
study also using plants in the early vegetative period, 
FTSWc ranged from 0.37 to 0.59 under moderate 
vapor-pressure deficit and from 0.50 to 0.64 under 
high deficit at 30 days after sowing (Choudhary et al., 
2020). At 20–25 days after sowing, limits of 0.42 to 0.51 
were obtained for a corn hybrid, being higher under 
a greater evaporative atmospheric demand (Devi & 
Reddy, 2020). High FTSWc values in the reproductive 
period may be related to the high water demand of the 
plants, as observed for gladiolus (Becker et al., 2021).

The high values of FTSWc reported in the mentioned 
studies, except that of 0.817 found by Romdhane et al. 
(2019), are considered an advantage because, in soils 
with a low water content, early stomata closure allows 
water conservation in the soil, being an adaptive 
criterion of the corn species (Gholipoor et al., 2013; 
Sinclair et al., 2018). This shows the need for further 

Table 1. Average grain yield of three corn (Zea mays) genotypes in the 2015/2016 and 2016/2017 crop years, in a field 
experiment, under irrigated and nonirrigated management systems, in the municipality of Santa Maria, in the state of Rio 
Grande do Sul, Brazil(1). 

Genotype Grain yield in 2015/2016 (Mg ha-1) Grain yield in 2016/2017 (Mg ha-1)
Irrigated Nonirrigated Mean Irrigated Nonirrigated Mean

'AS 1573PRO' 11.7 10.5 11.1a 12.7 12.1 12.4a
Bico de Ouro 8.8 8.5 8.7b 10.6 9.5 10.0b
Cinquentinha 6.5 6.3 6.4c 6.5 6.8 6.7c
Mean 9.0A 8.4A 9.9A 9.5A

(1)Means followed by equal letters, lowercase in the columns and uppercase in the rows, within the experiments, do not differ by Tukey’s test, at 5% 
probability.
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Figure 2. Stomatal conductance (A and B), transpiration (C and D), and maximum photosynthesis (E and F) for three corn 
(Zea mays) genotypes – 'AS 1573PRO' (AS – with and without deficit), Bico de Ouro (B – with and without deficit), and 
Cinquentinha (C – with and without deficit) – during the water deficit period from 2/22/2017 to 3/7/2017 (A, C, and E) and 
from 12/12/2017 to 12/21/2017 (B, D, and F), in the municipality of Santa Maria, in the state of Rio Grande do Sul, Brazil.
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 Figure 3. Leaf area of the 'AS 1573PRO' (A and B), Bico de Ouro (C and D), and Cinquentinha (E and F) corn (Zea mays) 
genotypes measured during the water deficit period from 2/22/2017 to 3/7/2017 (A, C, and E) and from 12/12/2017 to 
12/21/2017 (B, D, and F), in the municipality of Santa Maria, in the state of Rio Grande do Sul, Brazil. Solid circles represent 
no water deficit, and opened circles, water deficit.
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Figure 4. Normalized relative transpiration (NRT) as a function of the fraction of transpirable soil water (FTSW) for the 
'AS 1573PRO' (A and B), Bico de Ouro (C and D), and Cinquentinha (E and F) corn (Zea mays) genotypes during the water 
deficit period from 2/22/2017 to 3/7/2017 (A, C, and E) and from 12/12/2017 to 12/21/2017 (B, D, and F), in the municipality 
of Santa Maria, in the state of Rio Grande do Sul, Brazil. FTSWc, critical fraction of transpirable soil water.
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studies on the reproductive phase of corn under 
different evaporative atmospheric demands.

The results of the present study are indicative that 
the Cinquentinha landrace has a lower grain yield in 
the field and a greater tolerance to WD due to a more 
efficient stomatal control, leading to a higher threshold 
FTSW under a low soil water content. Therefore, 
this genotype can be recommended for smallholder 
farmers with low technological inputs, including 
WD. However, the 'AS 1573PRO' hybrid presented a 
higher grain yield in the field and a greater tolerance 
to WD because of early stomatal closure under water 
shortage, being indicated for farmers who invest in 
high technology systems.

Conclusions 

1. In the field experiment, yield is higher for the 
AS 1573PRO corn (Zea mays) cultivar, followed by 
the Bico de Ouro and Cinquentinha landraces in the 
2015/2016 and 2016/2017 crop years.

2. Water deficit (WD) reduces stomatal opening, 
photosynthesis rate, and transpiration rate, resulting in 
the total closure of the stomata of 'AS 1573PRO' and 
Bico de Ouro and in the partial closure of the stomata 
of Cinquentinha.

3. 'AS 1573PRO', Bico de Ouro, and Cinquentinha 
show a reduction in green leaf area when subjected to 
WD in the reproductive period.

4. Under WD conditions in the first crop year, 'AS 
1573PRO' and Cinquentinha show a high tolerance to 
WD with a critical fraction of transpirable soil water 
(FTSWc) of 0.71.

5. 'AS 1573PRO' also shows the highest tolerance 
under WD in the second crop year with a FTSWc of 
0.73, while Bico de Ouro shows sensitivity to WD in 
both years.
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