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APRESENTAGAO

As areas de Ciéncias Agrarias e Ciéncias Ambientais sao importantes para a humanidade. De um
lado, a producgao de alimentos e do outro a conservacao do meio ambiente. Ambas, devem ser aliadas e
sao imprescindiveis para a sustentabilidade do planeta. A obra, vem a materializar o anseio da Editora
Pantanal na divulga¢ao de resultados, que contribuem de modo direto no desenvolvimento humano.

O e-book “Pesquisas Agrarias e Ambientais Volume V” ¢ a continuagao de uma série de volumes
de e-books com trabalhos que visam otimizar a produ¢ao de alimentos, o meio ambiente e promogao de
maior sustentabilidade nas técnicas aplicadas nos sistemas de producio das plantas e animais. Ao longo
dos capitulos sao abordados os seguintes temas: constru¢ao de habitacdo popular para pessoas de baixa
renda, modelos baseados em processos aplicados a ciéncia florestal, efeito alelopatico de Ateleia glazioveana
Baill na germinac¢ao de picao-preto e soja, analise da viabilidade econémica de reconstitui¢ao de pastagens
no sistema tradicional e consorciado, utilizacao do residuo do mamao em processos biotecnologicos para
producao de rag¢ao animal, valorizacao do coproduto do melao para a racdo animal, seletividade de
inseticidas a Trichogramma Pretiosum em ovos de Helicoverpa Armigera, efeito da temperatura base para
emissdao de nds e soma térmica do feijao-de-porco, efeito da temperatura no trigo, analise multitemporal
da cobertura vegetal no municipio de Paracambi, caracterizaciao e modelos estatisticos para estimativa do
volume de frutos de babacu, desempenho agronémico de cultivares de alface crespa em duas épocas de
cultivo, marcadores moleculares utilizados para estudo da diversidade genética de plantas ameagadas de
extin¢ao no Brasil, analise de transi¢ao do uso e cobertura do solo em area de preservacao permanente,
coinoculagao de Bradyrbizobium e Azospirillum associada a aplicagdo de estimulantes na soja, sistema de
tratamento de esgoto doméstico de baixo custo para residéncias familiares. Portanto, esses
conhecimentos irdo agregar muito aos seus leitores que procuram promover melhorias quantitativas e
qualitativas na produgao de alimentos e do ambiente, ou melhorar a qualidade de vida da sociedade.
Sempre em busca da sustentabilidade do planeta.

Aos autores dos capitulos, pela dedicagdo e esforgos sem limites, que viabilizaram esta obra que
retrata os recentes avangos cientificos e tecnologicos na area de Ciéncia Agrarias e Ciéncias Ambientais
Volume V, os agradecimentos dos Organizadores e da Pantanal Editora. Por fim, esperamos que este e-
book possa colaborar e instigar mais estudantes e pesquisadores na constante busca de novas tecnologias
e avancos para as areas de Ciéncias Agrarias e Ciéncias Ambientais. Assim, garantir uma difusio de
conhecimento facil, rapido para a sociedade.

Alan Mario Zuffo
Jorge Gonzalez Aguilera
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Capitulo VIII

Heatwave implications in wheat during heading
phenophase

Recebido em: 02/05/2021 Leandris Argentel Martinez'
Aceito em: 04/05/2021 Ofelda Pefiuelas Rubio!
€ 10.46420,/9786588319703cap8 José Aurelio Leyva Ponce!

Enrico Yepez-Gonzalez”
Jaime Garatuza Payan™
Jorge Gonzélez Aguilera’

INTRODUCTION

Among the adverse conditions of the agricultural systems worldwide, high temperatures have
been the abiotic factor of greatest impact on the agronomic performance for crops (Siebert et al., 2017).
Every year, thousands of hectares of crop lands are impacted by changes in temperature patterns and its
combination with some other stressing factors (Gouache et al., 2017), these lands are abandoned because
the plants do not overcome the stress condition and cannot, therefore, express their genetic-productive
potential (Trnka et al., 2017). The Intergovernmental Panel on Climate Change reported that significant
increases in the frequency and magnitude of heat stress and the occurrence of heat waves for different
latitudes are predicted, which may affect crop production (IPCC, 2014).

Some studies confirm that wheat will be one of the most affected crops due to warming (Asseng
et al., 2017) because of the reduction of heat units (cold hours) necessary to complete its normal
phenological cycle (Arshad et al., 2017). Research has been carried on the effect of canopy warming
during the tillering phenophase (Solanki et al., 2017), but there are critical wheat phenophases that can
significantly be affected by heatwaves, which may cause considerable grain yield reduction. A single
heatwave during a short period of time may cause irreversible damages mainly in the floral development
and pollen fertilization affecting grain filling (Stratonovitch et al., 2015).

Heading phenophase, which takes place in wheat about 8-14 days after anthesis, depending on

the species and variety (Jaiswal et al., 2017), could be affected by a heatwave, and may cause a significant
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decrease in grain yield (Zampieri et al., 2017). That is why, an experimental evaluation of the possible
impacts of a heatwave during this phenophase, in high yield varieties and highly productive regions, offers
information on the possible impacts of a sudden climate variation in this crop and its effect on grain
yield.

The present assay, was carried out in the Yaqui Valley in northwestern México, which has a hot
semiarid climate and where wheat is the most important crop (Lares et al., 2016). In this region, recent
climate change predictions have pointed out a temperature increase of about 2°C for the next 50 years
(Cavazos et al., 2012) and a considerable variability of heatwaves occurrence (Navarro et al., 2018). The
present work aims to evaluate the agronomical effects of an experimental heatwave during the heading
phenophase on wheat, using as experimental model CIRNO C2008 which is still the most extensively

cropped variety in this region since 2008 (Argentel et al., 2018).

MATERIAL AND METHODS

The experiment was carried out during the growing seasons of 2016—2017 and 2018-2019
(December- April), under field conditions at the Experimental Technology Transfer Center (CETT-910)
of the Instituto Tecnoldgico de Sonora (ITSON), located in the Yaqui Valley at: 27°22'0.4" N and
109°54'50.6" W (UTM: 607393.24 m E; 3027508.34 m N). The CIRNO C2008 wheat variety was used
as experimental model, this variety was released in Mexico in 2018 and normally reaches between 5.6 t
ha-1 to 6.3 t ha-1 when two or three doses of flood irrigation are applied over a cropping cycle respectively
(Figueroa et al., 2010). This variety, nowadays, has shown the highest yield in the Yaqui Valley while
maintaining its genetic stability of grain yield (Argentel et al., 2018).

Crop management was done as described in Garatuza et al. (2018) with sowing dates in mid-
December, over two cropping cycles, 2016-2017 and 2018-2019, in both years three irrigation events of
about 14 cm were applied at 45, 60 and 85 days after sowing. To assess the response to heat we established
two treatments: 1) Heatwave; four plots with imposed heat to get 2 °C above ambient canopy temperature
for five consecutive days during the heading phenophase (about 72 and 66 days after sowing for the
2016-2017 and 2018-2019 respectively), and 2) Control: four plots at ambient canopy temperature,
distributed following a randomized design.

In the Heatwave treatment crop canopy temperature was raised by 2 °C using six thermal
radiators per plot (FTE-1000 model, 1000W, 240 V, 245 mm long x 60 mm wide, built by Mor Electric
Company Heating Association Inc.) (Kimbal, 2015). Temperature control was achieved with infrared
temperature sensors (IRTS Apogee Instruments Inc.) installed on both Control, Warming and Heatwave
treatments with an inclination degree of 45° from the soil surface to cover a circle of r=1.5 m at the
center of the plot as explained Garatuza et al. (2018). The electronic system was programmed to keep a

constant temperature of 2°C in the Heatwave and Warming treatments, through the proportional,
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integrative and derivative routine described in Kimbal, (2015) and programed in a datalogger (CR1000,
Campbell Sci.).

To evaluate crop responses to treatments, spike length (cm) was measured from the base to the
terminal grain with a caliper just before harvesting. A total of 40 randomized spikes were taken by
treatment. Spike mass (g) was measured on 30 spikes by treatment with a digital balance. The number of
full and vain grains by spike (#) was counted after each panicle was carefully minced. A total of 25
panicles were used by treatment. Grain mass (g) on individual grains was measured with a balance taking
a total of 90 randomized grains in each repetition for the three treatments. In the same way, thousand
grains mass (g) was determined in 10 groups of 1,000 grains by treatment. Total biomass and grain yield
(t ha™') were determined in the three treatments by harvesting three square meters from each plot.
Statistical analysis

Theoretical assumptions of normality and homogeneity were verified in the collected data, and
the mean and its standard deviation were determined in the three treatments. For all evaluated variables,
means were compared through the theoretical distribution of probability t-student for continuous
quantitative variables for p<0.05 and p<0.01 (Gosset, 1917). For vain grains variable, a two-way analysis
of variance with factorial arrangement was done (Fisher, 1937) and, when there were significant
differences between the means, the Tukey pos-hoc for p<0.05 and p<0.01 was used (Tukey, 1960).

For the statistical processing the STATISTICA professional statistical package, version 8.4 for
Windows was used (StatSoft, 2008).

RESULTS AND DISCUSSION

The majority of yield components showed significant differences among treatments, in both crop
cycles, except in the grains mass (Table 1). The spike length did not decrease under the Heatwave
treatment. A Similar response was observed for spike mass. The number of full grains per spike showed
a significant reduction among treatments. The Heatwave treatment presented a 10.1% of affectation with
respect to the Control treatment.

One of the first reports of a heatwave effect in wheat was done by Wheeler et al., (1996) where
full grain number decreased by 20% when the crop experienced a heatwave of 1.5°C with respect to
environmental canopy temperature immediately before anthesis. However, for CIRNO C2008 in our
study the affectation percentage did not exceed 12%. It has been also found that the vein grain number
of wheat can significantly increase to 5 vain grains per spike when temperature during mid-anthesis

increases by 2 °C during 10 days (Yang et al., 2017).
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Table 1. Grain yield components comparison in established treatments during 2016-2017 and 2018-2019
crop cycles. [(SL: panicle length (cm); SM: spike mass (g); FG/S: full grains per spikes; VG/S: vain grains
by spike; MTG: mass of one thousand grains (g)].

Grain yield components (2016-2017 crop cycle)

Treatments

SL (cm) SM (g) FG/S VG/S MTG (g)
Control 7,61£0,02 5,95£0.07" 51,00+0,3* 3,74£0,31* 53,2£0,70s
Heatwave 7,33%0,01 5,72£0,02 45.88+0,2 9,35£0,8 53,4%1,2

Grain yield components (2018-2019 crop cycle)

SL (cm) SM (g) FG/S VG/S MTG (g)
Control 6,9£0,40s 5,4£0,32" 53,12+0,9* 2,3£0,9* 53,0410,60
Heat wave 6,52%0,1 4,81£0,04 45,33%0,6 10,00£0,9 53,1£1,5

* and ** represent differences for p <0.05 and p<0.01, respectively. ns: non-significant.

In the present study, vain grains increased in the Heatwave treatment to 9.35 and 10.00

respectively for the 2016-17 and 2018-19 cropping cycles (Table 1). In agreement with Dwivedi et al.

(2017), the higher effects of heat stress on grain yield in wheat, in general, is a reduction in the number

of full grains, and also to an increase in vain grains and not due to their individual grain mass decrease.

In our study the largest presence of vain grains, in both crop cycles, was obtained at the distal part (Figure
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Figure 1. Vain grains number at the basal and distal part of the spikes in Warming, Heatwave and Control
treatments during a) 2016-2017 and b) 2018-2019 crop cycles. Rectangular bars represent the standard

deviation of mean. R (rvag,spike paro,ane): Determination coefficient without adjust for treatments, spike part,
and interaction Treatment-Spike part, respectively. SD: Standard deviation from the means.
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In both crop cycles, the total variability found in the number of vain grains in the basal and distal
parts of the spike, it was explained in more than 50% due to the heatwave effect, while the spike part
contributed in a 31%. There was a significant interaction between the treatments and the spike part both
crop cycles, although in 2016-17 the interaction was highly significant. These results show that heat causes
an increase in the number of vain grains in the distal spikelets in wheat, with a greater effect when the
heat comes in a form of a heat wave. Garatuza et al. (2018) found that when a Warming treatment was
applied during all crop cycle the total variability of vain grain was explained a 43% by Warming, this
response maybe took place doe to plant adaptation to heat during growth, activating some physiological
and biochemical mechanisms (Argentel et al., 2019), then, a heatwave may cause more reductions in the
number of vain grains than a warming during all crop cycle. According to IPCC predictions for
northwestern Mexico, maybe significant heatwaves events will also take place in Yaqui Valley which may

cause a significant reduction on wheat performance.
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In contrast to the other yield components, the grain mass did not vary statistically between the
heat treatments in the present study (Table 1). This result indicates the ability of CIRNO C2008, to
support seed filling even under higher temperatures, by means of a heatwave during the heading
phenophase.

Biomass and grain yield, showed a significant decrease on Heatwave with respect to the Control
treatment and the largest reduction was obtained when warming occurred over the whole cropping cycle
(Figure 2).

The heatwave affected biomass yield more than grain yield, resulting on a yield reduction of 6.9%
and 2.1% respectively during 2016-17, while during 2018-19 crop cycle the reductions were in the order
of 6.8 % and 6.5%.

CONCLUSIONS

The occurrence of a heat wave during the heading phenophase increases the number of vain
grains at the spike, averaging 9 vain grains during the two experimental crop cycles. The major presence
of vain grains was found at the distal part of the spike.

A heat wave during heading phenophase caused a significant affectation on biomass and grain

yield of 7% and 4 %, respectively.
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