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ABSTRACT

Objective: To evaluate the response corn hybrids have on their growth of aerial and root parts, transpiration,
and water use efficiency during their early vegetative stage in irrigation and drought conditions.
Design/methodology/approach: A randomized complete block design with a factorial arrangement, three
repetitions, three corn hybrids and two humidity levels were used. The evaluated variables were: plant height,
leaf area, root length, dry weight of the aerial and root part of the plants, efficiency in the water use and total
plant transpiration.

Results: The leaf area and dry weight data of the aerial parts of the assessed plants were greater in irrigation
than in drought; in contrast, root length, dry root weight and water use efficiency were higher in drought. SV
3245 registered a higher total transpiration per plant; SV 3243 and ASGROW 7543 showed higher dry weight
in their aerial parts; ASGROW 7543 accumulated a greater dry weight at their roots and was more water usage
efficient. The experiments indicated interaction for root length, dry root weight and efficiency in water use.
Limitations on study/implications: The drought caused seedlings’ death at 28 days after sowing (dds),
therefore, it was not possible to continue the evaluations from then on.

Findings/conclusions: The drought decreased the growth of the aerial parts of the plants and increased the
root system and water use efficiency.

Keywords: water use efficiency, transpiration, dry weight, drought.

INTRODUCTION
Corn (Zea mays L.) is one of the most important crops. It has several uses, such as
fodder, human consumption, fuel, among others. However, it is affected by drought, which

modifies some of its morphological, physiological, biochemical, and molecular characters
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to cope with water stress (Nezhadahmadi ez al., 2013; Polania ez al., 2017). Drought affects
corn yield and development depending on the severity and the developmental stage in
which the plants are exposed to stress (Ge et al., 2012), the vegetative stage is the one with
the higher water demand (40.3 cm of lamina) than the reproductive stage (23.2 cm of
lamina) (Inzunza-Ibarra et al., 2018). When drought coincides with the vegetative period,
leaf area development (17.1%) (Villalobos-Gonzalez ¢t al., 2016) and photosynthetic rate
decreases, these reductions in photosynthetic area and photosynthetic activity of the plants
reflects in decreased cob and grain production during the two flowering weeks (Banziger
et al., 2012). Therefore, it is important to assess the morphological and physiological
characters of plants during their early vegetative stages, if maximizing their water usage
of and nutrients and increasing yield is intended, especially in environments where water
scarcity prevails; this may be achieved by obtaining high dry matter production in the
leaves and increasing carbon accumulation (Geiger et al., 1989), increasing light capture
and efficient usage, biochemical modification of the photosystems and improved allocation
of assimilates to the economic part of the plant (Blum, 2013), increased water use efficiency
by improving carbon gain by increasing photosynthetic biochemistry and plant response or
through increased mesophyll conductance (Condon, 2020), increased biomass productivity
per water unit use and conversion of vegetative biomass to economic yield are the main
objectives of drought research (Krishnamurthy et al., 2007). Coupled with this, it is also
important to consider some root traits, such as soil moisture capture for transpiration, root
architecture, and with this contribute to the improvement of water use efficiency, these root
traits are determinants for improving C4 plants yield under drought stress (Ali ez al., 2017).
Root systems are complex, during the last decade, traits that contribute to adaptation to
various types of stresses have been identified (Chen et al., 2019). A well-developed root
system with sufficient elongation is important to improve plant growth, especially in
water- and nutrient-deficient environments (Khan et al., 2012). Therefore, understanding
root physiology in drought could influence crop productivity under stress conditions and
contribute to the selection and development of resistant varieties, to maintain yield and
ensure food security (Pandey and Shukla, 2015).

Research on the effect of drought on the growth and development of plants during
the vegetative stage is scarce, it is, therefore, important to evaluate the behavior of plants
under limited soil moisture conditions during their vegetative period. The objective of this
work was to evaluate the response of three corn hybrids in the growth of aerial and root
structures of the plant, transpiration, and water usage efficiency during the early vegetative

stage under controlled irrigation and drought conditions.

MATERIALS AND METHODS

This study took place at the Carlos Darwin Herbarium of the Faculty of Agriculture
of Valle del Fuerte, Juan José Rios, Ahome, Sinaloa, Mexico (25° 44’ north latitude
and 108° 48 west longitude, at 14 m), during summer 2018, in irrigated and drought
conditions in polyurethane containers. A clay-loam soil was used (35% sand, 30% silt and
10% clay). Three commercial corn hybrids were evaluated: SV 3243, ASGROW 7573
and SV 3243.
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Experimental design and treatments

The sowing occurred on June 19, 2018. The experiment had two soil moisture
treatments: irrigation (I) with water applied from sowing to 28 days after sowing (dds)
and drought (D), where water was suspended from 19 dds on (when the plants had
four leaves). The genotypes were assigned to a randomized complete block design with
three repetitions in I and three in D treatments; The experimental unit consisted of an
individual plant, grown in a three kg soil container. Each of the containers was filled
with a soil (60%) and sand (40%) mixture. The soil was watered and once the water
stopped draining, its weight was recorded and set as the initial weight at field capacity
(IWFCQ) in each experimental unit.

In the drought treatments, the containers were weighed every third day, to calculate
the lost amount of water from direct evaporation in the soil and add the required water
to maintain each container’s soil moisture level close to the IWFC from planting to 28
das. The procedure in the D treatments was the same as in I; however, 19 days after the
beginning of the irrigation it was suspended, and the container’s weight was recorded 28

days after the end of the experiment.

Evaluated Variables

Plant height (PH, cm): measured from the base of the plant to the apex of the longest
leaf.

Leaf area per plant (FA, ch): the area (ch) of the leaves was measured by multiplying
the length (cm) X width (cm) X 0.75 (Villalobos-Gonzélez et al., 2019) at 28 das.

Root length (LR, cm): determined by measuring the total length from the nodal region
to the apex of the longest root.

Shoot dry weight (SDW, g): assessed by adding the accumulated dry matter in the
vegetative aerial organs (stem and leaves) after samples were dried in an oven (Riossa®).

Root dry weight (RDW, g): determined by obtaining the dry weight in an oven (Riossa®)
at 70 °C for 48 hours.

Total transpiration per plant (T, kg): calculated as the difference between the IWFC
and the weight of the container assessed every third day and subsequently adding each
obtained value.

Water use efficiency for total plant biomass production (WUETpp, g of TBP/kg of
evapotranspired HoO): calculated by dividing the total plant biomass (SDW+RDW)/T'T.

Statistical analysis

An analysis of variance (ANOVA) was performed in the SAS statistical program in
combined R and S form, as a series of experiments (Yyp=u+H;+ G+ HGji+ B+ Ejp),
to determine the differences between the soil moisture treatments (H), genotypes (G)
and the G XH interaction, and an individual ANOVA (Y;=u + G;+ B;+ Ej) for irrigation
and continued in those response variables in which there was a significant effect of

the GXH interaction. The comparison of means was carried out with the Tukey test

(P<0.05).
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RESULTS AND DISCUSSION

The adequate edaphic humidity conditions during the crop’s vegetative stage favor
the expansion of the foliar area and accumulate dry weight in the aerial parts of plants,
contrary to this, under water deficit, even for short periods, drought affects these characters
of plants. In drought conditions, the foliar area and dry weight of the aerial parts of plants
decreased 52 and 69% in relation to the irrigation treatments, while the root length, the dry
weight of the root and the efficiency in the use of water were 14 cm, 46% and 23% higher
in drought than in irrigation (Table 1), respectively. Plant height and total transpiration per
plant were not statistically different (P>0.05).

The dry weight decrease in the aerial parts of the plants or biomass was greater (69%)
than the reduction in biomass (13-34%) reported by Mi ¢t al. (2018) in corn plants under
drought conditions during their vegetative stage at the field conditions, in China. In other
research of drought conditions, greater root length has also been reported in corn (Zhu et
al., 2010), increased dry weight of the roots (Chen ez al., 2019) and high water use efficiency
(Polania et al., 2017) compared with irrigation conditions. Plants respond to environmental
stimuli to protect themselves; Lamers et al. (2020) indicate that plants have developed
sophisticated adaptation mechanisms to resist the different abiotic stressors to which they
are exposed.

The foliar area significantly decreased due to the drought effect. Villalobos-Gonzalez et
al. (2016) consider that drought during the vegetative stage of the corn crops has a greater
effect on the expansion of their foliar area since it is the moment in which their leaves are
in full expansion and their water deficiency reduces their elongation speed, this respect to
the reproductive stage in which the leaves have fully extended the leaf area.

The means comparison between genotypes in average irrigation and drought showed
that the SV 3245 hybrid had a higher total transpiration per plant; SV 3243 and ASGROW
7543 showed superior accumulation of dry weight in the aerial part of the plant; and
ASGROW 7543 stood out for obtaining the highest accumulation of dry weight in the root
and efficiency in the use of water than the other genotypes (Table 2). Plant height, leaf arca
and root length were statistically equal (P>0.05) (Table 2).

Corn 1s susceptible to drought, a solution strategy is to generate tolerant lineages from a
segregating population to obtain hybrids or synthetic varieties (Rebolloza-Hernandez et al.,
2020), based on contrasting humidity environments (Kebede ez al., 2013), and in different
phenological stages of the crop, especially during their vegetative stage, since it is in this
period that drought reduces the establishment of the seedling (Banziger et al., 2012).

Table 1. Comparison of means for morphological and physiological characteristics of corn hybrids under
irrigation and drought conditions.

Soil moisture | PH (cm) | LA (cm?) | RL (cm) | SDW (g) | RDW (g) | Tt (kg) | WUE (gkg ™))
Irrigation 10.43 a 55.96 a 10.38 b 0.13a 0.07b 0.87 a 0.24b
Drought 10.33a | 28.80b | 23.95a | 0.09b | 0.13a | 0.83a 0.31a
Tukey (P<0.05) | 1.27 22.55 3.34 0.01 0.01 0.08 0.05

PH=Plant height; LA=Leaf area; RL=Root length; SDW=shoot dry weight; RDW=Root dry weight; T'T
="Total transpiration per plant; WUE=Water use efficiency for produce total plant biomass. Means with the
same letter in each column are statistically equal (Tukey, P<0.05).
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Table 2. Comparison of means for morphological and physiological characteristics of corn hybrids in average irrigation

and drought.

Genotype PH(cm) | LF(cm®) | RL(cm) | SDW(g) | RDW(g) | Tr(kg) | WUE (gkg?)
SV 3245 9.80a 34.46 a 17.22 a 0.08b 0.08 b 0.96 a 0.19b
SV 3243 10.62 a 55.34a 17.33 a 0.12a 0.04 ¢ 0.82b 0.26 b
ASGROW 7543 | 10.80a 37.34a 14.28 a 0.14a 0.182a 0.80b 0.39a
Tukey (P<0.05) 1.95 35.45 5.11 0.02 0.02 0.13 0.09

PH=Plant height; LA=Leaf area; RL=Root length; SDW=shoot dry weight; RDW=Root dry weight; TT'=Total
transpiration per plant; WUE=Water use efficiency for produce total plant biomass. Means with the same letter in each
column are statistically equal (Tukey, P<0.05).

The combined analysis of variance (ANOVA) detected significant effects (P<0.05) in
the interaction between genotypes X moisture levels for root length, root dry weight and
water use efficiency (Figure 1); the three hybrids showed high values in root length (Figure
la), root dry weight (Figure 1b) and water use efficiency (Figure lc) in drought conditions
with respect to the irrigation, except for the SV 3243 genotype which its efficiency in water
usage in drought decreased conditions (Figure 1c).
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Figure 1. Root length (a), root dry weight (b) and water use efficiency for total plant biomass production (c)
of three corn hybrids. Juan José Rios, Ahome, Sinaloa, Mexico. Bars indicate the standard deviation. Equal
letters for each genotype at each moisture level are not statistically different (Tukey, P<0.05).
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The individual ANOVA for the irrigation conditions showed that the SV 3245 genotype
had greater root length (Figure 1a); and ASGROW 7543 and SV 3243 had higher water
use efficiency (Figure 1c). There were no statistically significant differences for root dry
weight (Figure 1b); in drought, ASGROW 7543 exhibited high values of root dry weight
(Figure 1b) and water use efficiency (Figure 1c) compared to the other genotypes. The root
length was not different between genotypes (P>0.05) (Figure 1a).

Although this research was taking place during the seedling period, other researchers
have reported similar results in the dry matter accumulation in the roots during the
reproductive stage; Villalobos-Gonzalez et al. (2018) when evaluating hybrid and creole
corn varieties in contrasting humidity environments, found that the accumulation of
dry matter in the roots was greater in drought than in irrigation conditions. For their
part, Tracy et al. (2020) mention that the root system determines water and nutrients for

photosynthesis and harvested products, which sustains agricultural productivity.

CONCLUSIONS

The morpho-physiological characteristics of the three hybrids were affected by soil
water deficit; the dry weight of the aerial structures of the plants and their foliar area
decreased in drought conditions compared to irrigation. In contrast, root length, root dry
weight, and water use efficiency were higher in drought than in irrigation.

The hybrid ASGROW 7543, in average irrigation and drought, was outstanding for
exhibiting better behavior in accumulation of the dry weight of the aerial and root part of
the plant, greater efficiency in the use of water and low total transpiration per plant. In

addition, drought showed high efficiency in the use of water and root dry weight.
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