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Cold stress reduces rice grain yield in temperate conditions’

Estresse por baixas temperaturas reduz as produtividades
do arroz em condigdes de clima temperado
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HIGHLIGHTS:
Cold stress causes grain yield losses of up to 38.6%.
Cold stress is more damaging at the germination and seedling stages than at the booting stage in temperate regions.
For economical grain yield, minimum of 60.8-79.6 plants m and optimum of 132.3 plants m are required.

ABSTRACT: This study aimed to evaluate the cold stress effect in natural field conditions by employing different rice
sowing timings over three years, to identify national varieties tolerant to cold stress at the vegetative and generative
stages, and to propose a data-derived solution regarding termination and resowing due to cold stress conditions. Early,
regular, and late sowing dates were employed to capture natural cold stress conditions in a 3-year-long experiment.
Sowing dates resulting in the greatest yields fluctuated from regular to late sowing dates, according to the stress
duration in cold stress years. Yield losses resulting from cold stress ranged from 0.810 to 2.740 t ha’ and reached
38.6%. ‘Halilbey, ‘Pasali, and ‘Mevlutbey’ were found to be most cold-tolerant varieties. Grain yield was correlated
with plant number; the critical minimum level was between 60.8 and 79.6 plants m? and the optimum was 132.3
plants m™ for economical yield. Cold stress negatively affected rice plant density, and plant densities below the critical
minimum plant warranted crop termination and resowing, depending on application costs. Cold stress had a far
more devastating effect on germination and seedling stages than on later development stages in temperate conditions.
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RESUMO: O arroz ¢ origindrio de climas tropicais e, quando cultivado em regides temperadas, pode ter sua
produtividade reduzida por exposi¢do ao estresse por frio. Este estudo buscou avaliar as perdas produtivas associadas
ao frio em diversas variedades de arroz e a tomada de decisio pela resemeadura da lavoura. A semeadura foi realizada
em época precoce, regular ou tardia visando capturar a condi¢do natural de ocorréncia de estresse pelo frio em
experimento com duragdo de trés anos. As datas de semeadura que obtiveram os maiores rendimentos variaram entre
data normal a tardia de acordo com a dura¢io do estresse por frio nos anos com sua ocorréncia. Perdas produtivas
ocasionadas por condi¢des de estresse por frio variaram entre 0.81 a 2.74 t ha'', atingindo até 38.6%; Halilbey, Pasali
e Mevlutbey foram as variedades mais tolerantes ao frio. O rendimento de graos correlacionou-se ao nimero de
plantas; uma densidade minimo 60.8-79.6, e 6timo 132.3 plantas m™ foi necessdria para se atingir o rendimento
econdmico. Estresse por frio afetou a densidade de plantas de arroz negativamente, e densidades < 60.8-79.6 plantas m™
indicariam necessidade de eliminagio da cultura e sua resemeadura dependendo dos custos de aplica¢io. O estresse
pelo frio ocasionou maiores perdas nos estadios de germinacéio e plantula em relacio a sua ocorréncia em estadios
mais avan¢ados de desenvolvimento.

Palavras-chave: tolerincia ao frio, aplicagdo pelo agricultor, época de semeadura
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INTRODUCTION

Rice (Oryza sativa L.) is a major staple food and feeds
almost 4 billion people daily. This crop originated in warm
tropical climates; thus, when grown in temperate regions, rice
can experience negative effects from cold stress. Even though
reports in the literature suggest that the booting stage is rice’s
most sensitive period for cold stress occurrence (Xiao et al.,
2018), the effects of early cold damage on rice yields are also
pronounced, as determined in studies conducted in Turkey
(Unan, 2016). One of the main reasons is the high probability
of exposure to cold stress in May, which corresponds to rice’s
sowing period, but the chances for exposure to damaging cold
conditions are lower in July-August, which is when the booting
stage typically occurs.

The optimum temperature for rice farming ranges between
25 and 35°C (Biswas et al., 2019a). Seed germination is
significantly impaired at temperatures below 10°C, and vital
activities in the seedling stage are negatively affected at 13-18°C
(Bodapati et al., 2005; Biswas et al., 2019b). Cold stress causes
poor germination at the germination growth stage; the stress
factor lead to seedling injury or poor stand establishment at
the seedling growth stage (Sharma et al., 2021). It can also lead
to pollen cell sterility, causing self-pollination failures in the
booting growth stage in rice (Shakiba et al., 2017; Alemayehu
etal., 2021).

To evaluate cold stress occurring throughout the year,
sowing in different periods, such as early and late sowing dates,
is a frequently used method. In addition, it is known that the
reactions of varieties to cold stress differ (Cruz et al., 2010).

This study aimed to (i) evaluate the cold stress effect in natural
field conditions by employing different rice sowing timings over
three years to experience cold stress; (ii) to identify national
varieties tolerant to cold stress at the vegetative and reproductive
stages; (iii) and to propose a data-derived solution regarding
termination and resowing due to cold stress conditions.

MATERIAL AND METHODS

In this study, 13 rice varieties with different properties were
used as materials: ‘Kiziltan, ‘Pasali; “Tosyagunesi, ‘Duragan,
‘Halilbey, ‘Edirne; ‘Osmancik-97, ‘Tunca, ‘Aromatik-1,
‘Hamzadere, ‘Mevlutbey, IR50’ (cold-sensitive check), and
‘HSC55 (cold-tolerant check). The varieties are of japonica
origin from Turkey, except for the check varieties. The varieties
widely cultivated in the ecological zone were utilized as certified
seeds with uniform characteristics, and the seeds had a moisture
content of 14% at sowing. The experiment was carried out in the
experimental field of the Thrace Agricultural Research Institute
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located in the center of Edirne province in 2013, 2014, and 2015.
The soil type was clay and had a neutral pH (pH 7.25-7.53). The
nutrient values were as follows: 5.0-16.8 g kg™ organic C, P,O,
8.9-27.8 mg kg (Olsen P), and 550.0-720.0 mg kg™ extractable
K. The soil had a sandy loam texture, with the following physical
characteristics: sand 468-604 g kg; silt 202-271 g kg''; clay
125-315 g kg'; CaCO, 9-10 g kg™'; and electrical conductivity
of saturation extract 0.10-0.18 dS m"!

Climate data (i.e., minimum, average, and maximum
temperature) were recorded at the meteorology regional
directorate. Low temperatures are a major factor affecting the
growth, development, and productivity of rice in its geographical
distribution. Cold stress mediates a series of physiological and
metabolite changes (Liu et al., 2018). The research location had
a daily average temperature between 13.3 and 27.0°C, relative air
humidity of 46.4-79.7%, and rainfall of 0-105.4 mm m? during
the rice-growing period from May to October from 2013 to 2015
(Table 1). When the temperature data were analyzed, cold stress
was not experienced in 2013. However, it was experienced in
early and regular sowing periods in 2014 and in the early sowing
period in 2015. Therefore, to better capture the effects of cold
stress on the yields of 13 rice varieties, only experimental data
from 2014 and 2015 (cold stress years) were evaluated.

The experiment had a randomized block design with three
replicates. To better capture cold stress effects under natural
conditions, three sowing dates were utilized: early (30 April),
regular (20 May), and late (10 June) between 2013 and 2015.
The plot sowing size was 4 x 5 = 20 m? and the harvest area
corresponded to 15.75 m? upon removal of the border area.
Typically, 500 seeds m2are sown. The seeds were soaked in water
for 48 hours for pre-germination (Unan et al., 2022), and seeding
was performed in wet soil conditions. Pre-germinated seeds
were directly sown by hand in the flooded field. Maintenance,
fertilization, and irrigation operations were carried out as
standard rice production systems, such as with 0.18 tha' N and
continuous flooding (Surek, 2002). Harvest was done by hand,
and the material was threshed with a plot threshing machine.
The yield data were calculated and corrected for 14% grain
moisture content.

The number of plants (crop density) was counted on a 0.25
m?*area by employing a hoop with an inside diameter of 0.56 m,
and presented on a per square meter basis. Empty (blank) and
filled spikelets were separated and counted to determine spikelet
sterility percentages, which were calculated by dividing the
number of sterile spikelets by the total spikelets and expressed
as percentages (IRRI, 2002).

The experiments were conducted over three years. Data from
the second and third experimental years were evaluated as cold
stress-inducing years, since cold stress was not experienced in

Table 1. Minimum, maximum, and average temperatures in 2013, 2014, 2015, and long term
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the first year, which allowed for the highest yields to be obtained
in the early sowing date treatment.

Data were analyzed using analysis of variance (SAS Institute,
1992), and the means of treatment were compared based on the
least significant difference test (LSD) at a 0.05 probability level.

RESULTS AND DI1SCUSSION

Climate data analysis indicated that cold stress conditions did
not occur in the first year (2013); therefore, only data collected
in the second and third experimental years (2014 and 2015,
respectively) were evaluated to uncover the impacts of cold stress
conditions on rice growth and development. Furthermore, the
early sowing date in 2013, the late sowing date in 2014, and the
regular sowing date in 2015 had the highest grain yields.

In 2014, the average daily temperatures of early, regular, and
late sowing dates were 22.5, 22.8, 23.8°C, and rice grain yields
were 4.216,4.471, and 5.285 t ha', respectively. The increase in
grain yields was accompanied by an increase in temperature.
Early sowing dates led to yields that were 5.7 and 20.2% lower
than those recorded for regular and late rice sowing, respectively.
When the early sowing date was preferred, ithad 0.255 and 1.069
tha! lower grain yields compared to the regular and late sowing
dates, respectively (Table 2).

Rice yield equaled 4.346, 7.083, and 5.985 t ha! grain
when rice was seeded on early, regular, and late sowing dates,
respectively, in 2015. The early sowing date yield, which was the
lowest, was 38.6 and 27.4% lower compared to the regular and
late sowing date yields, respectively. When the early sowing date
was preferred, it was 2.737 and 1.639 t ha! lower compared to
the regular and late sowing dates, respectively.

In the three-year study, grain yields ranged between 3.248
and 9.610 t ha''. Early, regular, and late sowing date yields were
between 4.216 and 8.021, 4.471 and 7.083, and 5.285 and 5.985
tha’, respectively. When the country-wide yield was examined,
the yields in 2014 were very low, while 2013 entered statistical
records for its high yields. Country statistics and research data
showed similarities. Late sowing has a stable yield, but it usually
has a lower yield than other dates (Sharifi, 2010; Stout et al.,
2011; Van Oort et al., 2016). Yield losses depend on cold stress,
which is correlated with the number of plants per square meter
rather than spikelet sterility.

When considering long-term regional climatic conditions,
regular sowing dates, such as May, have less risk in terms of cold
stress and mean yield than other sowing times in temperate
regions. An early sowing date might be favorable in years when
cold stress is not experienced. A regular sowing date is effective
in normal seasonal conditions. Late sowing might be suitable
when extreme and long cold stress conditions occur. The most
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stable yields were calculated in late sowing periods, but the yields
were lower in late sowing periods than in normal conditions due
to the shortening of the vegetation period.

Early, regular, and late sowing dates displayed plant density
average numbers of 32.4, 67.0, and 110.6 plants m? in 2014
(Tables 2 and 3). Compared to early sowing dates, plant survival
rate was two-fold higher in regular sowing dates and 3.5-fold
higher in late sowing dates. The number of plants per square
meter had a significant correlation with climatic conditions, given
that sowing was carried out in the same norm. After exposure
to cold stress, the non-germinated seeds or non-vital seedlings
had significantly lower productivity. The minimum germination
temperature of rice is 13°C, and the optimum temperature for
rice cultivation is between 25 and 35°C in temperate regions
(Ghadirnezhad & Fallah, 2014). Rice plant density was below
the critical 60.8 plants m? in early and late plantings, the greatest
impact of which is thought to be cold damage. Cold damage was
seen only in the early sowing period, but the regular and late
sowing dates were not affected by the cold in 2013. Cold damage
affected the number of plants per square meter, and it decreased
below the critical number of 60.8 plants in the early sowing date.
There was a significant correlation between yield and the number
of plants per square meter. The increase in the number of plants
per square meter led to increased productivity. One of the most
important factors causing a decrease in yield and the number of
plants per square meter was cold stress.

Regression analysis revealed a quadratic relationship
between the number of plants per m (crop density) and grain
yield (Figure 1).

The mean yield (5.743 t ha') was calculated at a crop density
of 79.6 plants m™ Yields were significantly affected by plant
density. Based on the field removal and resowing limits, 60.8
plants m?was calculated.

Counce (1987) stated that the results obtained should be
120-150 plants m™ for high yield. Baloch et al. (2002) found an
average number of plants per square meter of 114-169 plants.
Hamid et al. (2015) reported the number of plants per square
meter as 149-156 plants, but beyond these results, our study
indicated a minimum of 60.8-79.6 plants m, and maximum of
132.3 plant m?required for economical grain yield to be attained
according to the equation in Figure 1.

Early, regular, and late sowing dates had a spikelet sterility
0f 9.6, 10.7, and 12.7, respectively, in 2014. The results are very
similar across sowing dates and next year’s average result. Early,
regular, and late sowing dates had a spikelet sterility of 8.0, 14.0,
and 15.6, respectively, in 2015 (Table 3). Sterility was lowest
at the early date, but yield was not positively affected at this
sowing date. The correlation between spikelet sterility and yield
was positive and had a high correlation coefficient; however, a

Table 2. Effect of sowing date on rice grain yield (t ha'), plant number (number m™), and spikelet sterility (%) in different years

", ** - not significant and significant at p < 0.01. The values followed by the same letter indicate no significant difference at 0.05 level of probability. LSD (p < 0.05) - Least significant difference
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Table 3. Effect of sowing dates and varieties on plant number per square meter (plant m?)

T - Significant at p < 0.05. The values followed by the same letter indicate no significant difference at 0.05 level of probability; uppercase letters compare in the columns, and lowercase
letters compare in the rows for each years; ™ - Non-significant at p < 0.05; CV (%) - Coeflicient of variation; LSD (p < 0.05) - Least significant difference

y =0.1959 + 0.0668**x - 0.000026**x*
R*=0.64

** - Significant at p < 0.01
Figure 1. Rice grain yield (kg ha') as a function of plant
density

negative correlation was expected (Osman et al., 2015). This
might have caused the plant number coefficient to repress the
yield and sterility. Spikelet sterility has been reported as the
main result of cold stress in many papers (Zeng et al.,, 2017;
Unan, 2021), but the sterility effect might also appear during
booting if cold damage occurs due to weather conditions in
temperate regions.

Cold tolerance evaluations across 13 rice cultivars were
discussed in this study. Among these, there were 11 national
rice varieties, all of which were of the japonica type, except
Aromatic-1. IR50 was employed as a susceptible control, whereas
HSC55 was used as a cold-tolerant control. HSC55 had the
lowest score, although tolerant, it had a very limited maturity
time and lodging problems. IR50 is an indica-type variety, and
their yield was low compared to national varieties. Experimental
average yield scores ranked between 452.6 and 667.7 t ha! in
all experiment years and sowing dates (Table 4). As there was
an interaction effect between variety and year, the years were
evaluated separately.

Most countries, such as the USA, Korea, Australia, and
Turkey, have screened for cold-tolerant varieties. A national

Rev. Bras. Eng. Agric. Ambiental, v.26, n.12, p.947-952, 2022.

genetic stock with 237 germplasm resources has been screened
in Turkey at vegetative and generative stages (Unan, 2016),
revealing that 5-11% of the germplasm was nightly susceptible
to cold stress.

In 2013, no cold stress occurred. Tunca had the highest yield
of 7.596 t ha! and HSC55 had the lowest yield of 5.23 t ha™.
Variety and sowing time interactions revealed that Tunca had
the highest yield at the early sowing date at 9.616 t ha' with no
cold stress in 2013. HSC55 had the lowest grain yield at the late
sowing date of 3.248 t ha'’.

In 2014, excessive cold stress was experienced. Mevlutbey
had the highest yield (5.766 t ha), and HSC55 had the lowest
yield (3.733 tha™). Variety and sowing date interactions revealed
that Mevlutbey had the highest yield at the early sowing date at
726.7 tha'. HSC55 had the lowest grain yield at the early sowing
date, at 358.2 t ha’.

In terms of the 2015 cold stress year, Mevlutbey had the
highest yield of 6.900 t ha, and HSC55 had the lowest yield
of 4.630 t ha!. Variety and sowing date interactions were
insignificant in 2015.

According to the evaluation of variety and variety x sowing
time interaction, Halilbey, Pasali, and Mevlutbey were the most
cold tolerant; Edirne and Kiziltan were the most cold susceptible
national rice varieties in all experimental years. The selection and
development of cold-tolerant varieties and cultural management
are important requirements for maintaining consistently high
yields under low-temperature stress in temperate regions
(Glaszmann et al., 1990). The cultural practice of using cold-
tolerant varieties is an effective method (Biswas et al., 2019a).

Farmers use cold-tolerant varieties to protect against
cold damage, as this causes the termination of plants in the
germination or seedling stages, and seeds have to be resown
due to the lack of germination, low germination, or late
germination. In some locations, farmers can sow rice seeds
in very early periods, such as April 15, to be able to offer
crops to the market early and to avoid precipitation at harvest
time, depending on changing rainfall trends (Dinh & Dang,
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Table 4. Effect of sowing dates and varieties on rice grain yield (t ha™)

T - Significant at p < 0.05. The values followed by the same letter indicate no significant difference at 0.05 level of probability; uppercase letters compare in the columns, and lowercase
letters compare in the rows for each years; ns - Non-significant at p < 0.05; CV% - Coefficient of variation; LSD (p < 0.05) - Least significant difference

2022). These farmers tend to terminate and resow their fields
if the conditions are not good. Although it is rare, exposure
to cold stress can occur during the normal sowing periods
of May. The last time cold conditions were experienced, they
caused extensive damage and warranted the resowing of
1000 ha in the Bafra plain between 15 and 30 May in 2020.
Termination and resowing processes include one or two
rotavator applications, irrigation, seed purchase, and sowing.
The cost of the operations is, on average, equivalent to 0.50-0.70
t ha! rice product. In the following section, the suitability of
comparing the sowing periods based on cold stress and average
conditions is discussed. The year and sowing periods when
stress conditions did not occur were not considered.

The termination and resowing applications were beneficial
to late sowing instead of early and regular sowing dates because
of cold stress, but the regular sowing period was not profitable
compared to early sowing because both sowing dates had cold
stress in 2014. When 0.60 t ha! of crop was calculated as the
cost of field termination and resowing, the late sowing date used
more product compared to the early and normal sowing periods
(0.47 and 0.21 t ha'', respectively; Table 4).

The termination and resowing applications were profitable
for regular and late sowing dates instead of early sowing dates
due to cold stress in 2015. The regular sowing date used more
product (2.14 tha) compared to the early sowing date, and the
late sowing date used more product (1.04 t ha') compared to
the early sowing date.

The evaluations revealed that it is suitable to choose the
sowing date according to long-term climatic conditions.
Termination and resowing applications were affected by the
cold. Cold stress damage in the early growth stages in rice
fields causes delayed germination, in some cases up to 20
days; in other cases, germination is reduced, is not uniform,
or occurs with excessive weeds. In this case, the farmers
have to decide whether to continue with the existing field
or terminate and resow the field. The existing plant number
per square meter is one of the most important factors that

can affect this decision. It might be a sufficient reason for
termination and resowing application in the field if the cold
stress effect is maintained 20-30 days after sowing, and in the
case of uneven germination, it was calculated as 60.8 plants
m™2. A uniform rice field has 100-150 plants m (Counce,
1987; Baloch et al., 2002). A minimum of 79.6 plants m~ was
found in this study to achieve an average yield. Since densities
below this threshold are expected to result in massive yield
losses, farmers should evaluate termination and resowing
costs between 60.8 and 79.6 plants m? within their own
conditions. In cases where it is under the limit, terminating
the crop and resowing it are expected to be more beneficial
than allowing the crop to produce due to low yields.

CONCLUSIONS

1. Rice yield was significantly affected by the sowing date,
and yield losses of up to 38.6% were measured due to cold
stress conditions. Moreover, the yield fluctuations result was
experienced at different sowing dates, even in the same growing
season.

2. Periodic cold stress most affected the early development
stage of plants in a temperate climate. Cold stress occurring
during the germination and seedling stages had a far more
devastating effect than when it occurred at the booting stage.

3. A minimum of 60.8-79.6 plants and an optimum of 132.3
plants per square meter are required for effective grain yield. If
there is less than the minimum threshold of plants per square
meter in the field due to cold stress occurring in the early and
regular sowing periods, effective termination and resowing is
recommended.
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