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Abstract. High temperature HT), considered a dailyvarage temperatur¢Tae O3 0 A @ daityr
maximum temperature (k) O3 5 C, during the headinlowering period affects singlseason rice
production inJiangxi Provincesoutheast Chinand the temporal and spatial changesi®fare not yet
clear inthis province. Here, the meteorological dafa85 national weather stations frah881to 2017
were used to explore the temporal and spatial clsoigelT. In addition, the effects ofiT during the
headingflowering period on yield and spikelet fertilitgf singleseason rice were investigateQur
results showed thadT in singleseason rice occurred every yéam 1981t0 2017 Tave Tmax andHT
hazard eventsHT for Othree consecutive days) increasater 2003, with severeHT (HT for Oeight
consecutive days) increasing significantltyaddition, agreater number dfiT hazard eventaeremainly
distributed in the middle and northeasta of JiangxiHT mainly occured from July 11 to AugustQl
and severélT occurred more frequently from July 21 to July Rls worth noting thathere were strong
negative correlations between spikelet fertility ang, Tays of T.eO3 0C, @d dgs of TnaxO3 5C. A
Thus, theseaesultsshould be considered for establishing effective strategies to mitigatédfideazard
under global climate change.
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Int roduction

Rice (Oryzasatival.) is the staple foodource for more than half of the waad
population. Recently extreme high temperaturédT) eventsfrequently affect rice
production (Kim et al., 2013 Espe et al.2017. HT beyond the critical threshold
(TaeO3 0 A Gux®@3r5 TAC) d urH pergd, dspedallyguriogntiie heading
flowering period, leads to poor fertilization and reduced spikelet fertility, which
drastically reduces rice yiel@agadistet al.,201Q Madanet al.,2012 Chaturvediet
al., 2017 Zhaoet al.,2018 StuerzandAsch, 2019. Rice grain yield could decline by
10% for each 1 AC i ncr e gemetal.R004.lIGwballyi ght t i m
the average surface temper d880to20120RCE, i ncr e a
2013). The frequency or intensity oHT events will likely continue to increase, which
could lead tothe higher vulnerability of rice(Van Oortet al.,2018. Thus, current
researchshouldbe focusel on redudng the loss of rice yield undefT events(Ray et
al., 2015 Wanget al.,2016.

Jiangxi is one of the most important tveeason rice producing provinces in
southeast China, as it can deliver rice to the country-rgesnd. In recent years, due to
urbanization and the shortage of the rural labor faheeproductio area of tweseason
rice has beerdecreasing, whereas the production area of s@ghson rice in Jiangxi
has exceeded 8800 hectares and is expected to increase in the future. HowENer,
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caused by the Pacific sutopical high during te headingflowering period from July
to August every year in Jiangxi tend to occur frequently, which can easily l¢4d to
hazard causing a huge loss of sirgason rice yiel§Huanget al.,2017). Therefore,
improvingHT resistance of singleeason ricéas receivethcreasing attention.

HT is not conducive to rice productiohut taking effective defense measures can
reduceHT hazard(Khanet al.,2019. Previous studies have shown that the selection of
heatresistant varietiefPrasacet al.,2006 Jagdishet al.,2010, improvement ofield
managemen{Yang et al., 2015 Tang et al., 2019, and application ofexogenous
substance@Mohammecdet al.,2009 Fahadet al.,2016 Wu et al.,2017) can effectively
mitigate thenegative effects of HT on rice gowth and devepment. In addition,
avoiding HT during the headinfjowering period, by varying flowering times, is
another effective method againdil hazard. Rice with an earlyjorning flowering
(EMF) trait could avoidHT-induced sterility during anthesksy flowering at a cooler
temperature in the early mornifighimaruet al.,2010. It has been reported thaMF
rice with a quantitative trait locu®{L) namedgEMF3 mitigated heatnduced spikelet
sterility under elevated temperature by completing dovopening bire the air
temperature r each@iab®d&shetaC20t5ur i ng t he day

Previous studies have been conducted on IH&ehazard in Jiangxi. By investigating
the temperature data of 74 meteorological stations in Jiangxi from JungustAtom
1961 to 2010,Yang et al(2012 showed that the annual frequency of occurrence of rice
heat stress decreased frdii61 to 1982, while increased significantly fromh983to
2010 Moreover, Huang et al2017 indicated that the changes of intepsdf HT
hazad events were significant, the higher hazard events for rice heat stress were mainly
detected in the middle and northeast area of Jiangxi. However, the temporal and spatial
changes ofHT hazard affecting singleseason rice in Jiangxi were ktihot well
amalyzed.

In the present study, we used meteorological @at85 national weather stations
from July to Augustl981to 2017 to (1) comprehensively investigate temporal and
spatial changes diT hazardaffectingsingleseason riceluring the heding-flowering
periodin Jiangxi Province, (2) study the effectstdt on yield and spikelet fertility of
single-season rice, and (3) find théghestrisk periodto avoidHT hazard. Thus, the
overall objective of this study is to provide the scientifipmurt for tre high- and
stableyield cultivation andHT resistance of singleeason rice under global warming.

Material and methods
Data collection

Jangxi Province (| atNitond@i t LR2ded:2 9 BljA NA SJONBP B |
located in southeast Chimadominated I a humid subtropical monsoon climate; thus,
the climate is mild with abundant sunshine and rainfall. Moreover, the four seasons are
evident and there is a long frefsee period (201 307 days), making Jiangxi conducive
to the cultivation of aps. The avege annual temperature, average annual
precipitation, and average annual illumination time ar&ill8. . 8, 1,486i 1,956 mm,
and 1,371 1,927 h, respectivelyHuanget al.,2017. In Jiangxi, rice can be grown as
either double cropping (earlyr ¢ate rice)or single cropping (singteeason rice)The
HTs in summer (from June to August) are likely to trigger heat stress response of early
rice during the grain filling period and singdeason rice during the headifigwering
period.
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The meteorolgical data 6 daily average temperature o(d and daily maximum
temperature (fay Of 85 national weather statio(sig. 1) from July 11, 1981to August
31,2017,in Jiangxi Provincevere provided by the Jiangxi Meteorological Bureau. The
agricultural daa of singleseason rice yield in seven representative regional trial sites
(Fuliang, Anyi, Nanchang, Fuzhou, Pingxiangéadi and Huichang)Fg. 1) over
13years 2004 2016 were collected from the Department of Agriculture of Jiangxi
Province
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Figure 1. Distribution of 85 national weather stations in Jiangxi Province, southeast China

Analytical methods
Tenperature anomalies

The daily Tave and Tmaxdata from July 1, 1981to August 3, 2017,were compiled
to analyze the temporal and spatial chandesmperatue, temperature anomaly (the
difference between an observed temperature and the average temperature), and
accumulative anomaly (sum of the anomalies). Within the calculated temperature
anomalies, the low, medium, and high anomalies were sepanateere a ow
tempeature anomaly was consider®d0 . 50)a nfedium temperature anomaly was
05i 0. 5C,aAd a high anomalyw#30 . 50 AC.

HT hazard

Tae03 0 AGuax®¥5 TAC were consi dHTrJaghdistethae, t hr es h
2010 Madanet al.,2012, andHT for three to four consecutive daygs defined as
slight HT hazardfive to seven consecutive dafer moderateHT hazard, an@®eight
consecutive days for severl hazard. Furthermore, the temporal and spatial changes
of the number of stations recording thewtence ofHT hazard; the nmber of slight,
moderate, and sevek¢T hazard; the number ¢iT days; and the greatest number of
consecutiveHT days at 85 national weather stations fro®81to 2017were analyzed.

Measures of singleseason rice yield

Basd on the changes in temperaturine changes in the annual yield of single
season rice (effective panicles, total grains per panicle, filled grains per panicle, spikelet
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fertility, 1000-grain weight, and yieldjPrasacet al.,2006 were analyzed to screearf
effective traits for thedentification ofHT hazard during the headitilpwering period.

Stdtistical analysis

Excel2010,Matlab2010a and Arcs1S10.2 softwar€Huanget al.,2017) were used
to analyze data and draw graphs. The correlations betweenmlegical parameters
and rce yield were conducted by usiBPSS170 (Yanget al.,2015. The significance
was determinedsing the least significant differendeSD) test at < 0.05 or P< 0.01,
which was calculated usir§PSSL7.0.

Reallts
Temporal changes of temperature anomals

Thetemporal changes ofak and Tmax @anomalies show a consistent trerify(2a and
b). The temperature anomalies and accumulative anomalies could be divided into three
periods: normal temperaturel981 1992, low temperaire (1993 2003, and HT
(2003 2017. During the normal temperature period, the temperature anomalies and
accumulative momalies were relatively stable with 11 medium anomal@si0. 5 AC) o f
Taveand six medium anomalies ofd During this period, the axege anomaly of deand
Texwer e 0. 04 £&Qespeatively. Duririg&he lw temperature period, the
accumuhtive anomalies showed a downward trend with six low anon(@i€s. 50 AC) of
Tave and seven low anomalies of.k the average anomaly @kve and Tmax during this
period was-0 . 6 0  ACC. 9&lnrebfectively. DuringHT period, the accumulative
anomales showed an upward trend with six high anom&&s. 5 0 TAveand seven
high anomalies of Fax and the average anomaly afcBndTmaxwe r e 0. 37 ACAC and O
respectively. The increasing occurrence of temperature anomalies during the tdlirrent

period indicated that thexkand Tmaxhave generally risenree2003f °~ 0. 05) .
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Figure 2. Temporalchange®f Tave (8), and Tmax(b) anomaliesrom 1981 to 2017 *Tave daily
average temperata; Tmax daily maximum temperature. Accumulative anomaly is the
accumulation of anomalies

Spatialdistribution of temperatureanomalies

The spatial distribution of sle anomalies is consistent with that of thesdanomalies
(Fig. 3a andb). The tempeature anomalies were spatially divided into low anomaly zone,
medium anomaly zone, and high anomaly zone. The medium anomali@&he.5A C )
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covered most of the province with 45 stations gtdnd 49 stations oflx The average
anomaly of Teand Tnaxi N t his zone were O0.47 AC and O
stations of Tve and 19 stations of 1k« belonged to the low anmaly zone Q-0 . 50 AC) ,

and the average anomaly ofidand Tmax in this zone werel . 2 1 AGC. 8a7n dA C,
respectively. The higanomaly zone0 . 50 AC) was primarily | oca
northeast of the province with 25 stations efe&nd 17 stabns of Tma, and the average
anomaly of leand Tnaxi N t hi s zone were 0.74 AC and 0.7
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Figure 3. Spatal distribution ofTave (), and Tmax (b) anomaliesrom 1981 to 2017 *Tave daily
average temperature;nkx daily maximum teperature

Changesof daily temperature

The changes afaily Taveand Tmaxare similar, showing a trend of increasing first and
then decreasing~{g. 4). The Tweand Tnxwer e 29. 3 AC and 34.5 AC
August 10, and 28.0 ushClteamgust3. ®1 ACr d mo in9 Al
indicating that Fve and Tmaxin mid-July to earlyAugust were higher than that in mid
to lateAugust. The data presentedrigure 4 also indicate that the temperatures of four
consecutive days on July 25 were the ighest (5029 . 6 mA@3,4.D® AC) ,
especially the fhax of three consecutive days from Julyi 235 which exceeded
Thus, it is necessary to attend to the effects of HT on heading and flowering in single
season rice from July 22 to July 25 eaelry

Temporalchanges of the number of stations recording the occurrencél®fhazard

Many stations showed record of slight anddarate HT hazards each year, but no
severe HT hazard events occurred in 1997 and 1999. In 1997, the number of stations
recordng the occurrence of HT hazard events was the lowest, with only 31 stations
recording HT hazard events. In contrast, the sligidderate, and severe HT hazard
events occurred at all 85 stations in 200§ (5). During the normal temperature period
(1981 1992) , the average number of stations
moderate, and severe HT hazard events was 80.92 stafii75 stations, and 56.50
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stations, respectively. The average number of stations recording HT hazard events was

73.80 statns showing slight HT, 60.10 stations with moderate HT, 31.50 stations
showing severe HT during t0B2, and 8467 statianp er at u i
showing slight, 81.13 stations recording moderate, 62.80 stations recording severe

during the HT peod (2003 2017) . The above results
stations recording the occurrence of slight, moderate, and sevdrazdid events have
increased since 2003 (P °~ 0.05).
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Figure 5. Temporalchange®f the number of stations recording the occurrence of slight,
moderate, and severe HT hazard evémts 1981 to 2017 "HT: high temperature. 4s daily
average temperature;mk: daily maximum temperatureoFO3 0 A Gax@3r5 TAC f or t hr e
to four days is considered a slight HT hazard, five to seven consecutive days for moderate HT
hazard,Oeight consecutive days for severe HT hazard

Tempoal changes of the numbeof HT hazard eents

Overthepast37year (1981 2017) , HT hazard occurred
The number of slight HT hazards was the highest (95.59), followed by moderate HT
hazards (79.19), and severe HT hazards (72143997, the total number of HT hazard
events was the lowest, thionly 33 recorded HT hazard events. In contrast, the number
of HT hazard events in 2006 was the highest, reachingF§56). During the normal
temperature peri odge umbBed df HL Ba2aPd)eyentd di glighta v er a
moderate, and severe HT Zaads was 84.08, 82.17, and 68.23, respectively. The
average number of HT hazard events for slight, moderate, and severe HT hazard events
was 89.40, 65.70, and 41.90 during the low temperae peri od (1993 20
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108.93, 85.80, and 93.73 during the HTer i od (2003 2017) , res
indicates that the number of slight, moderate, and severe HT hazard events has
increased since 2003, with severe HT hazard events increasing significay (P °~ 0. 05
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Figure 6. Temporalchangef the number of Hfiazard eventirom 1981 to 2017 “HT: high
temperature. & daily average temperatureyk: daily maximum temperature, 803 0 AC o
TmaxO3 5 A C fodaur dayb is eomsidared a slight HT hazard, five to seven consecutive
days for moderate Hitazard,Oeight consecutive days for severe HT hazard

Temporaldistribution of thenumberof HT hazard events

Figure 7 shows that slight, moderate, and severehdZard events occurred in every
time period (i.e., every ten days) from July 11 to Augusin3the past 37 years. The
overall number of slight HT hazard events was the highest (128.97), followed by
moderate HT hazards (96.35), and severe HT hazards4)J6HT hazard events
primarily occurred from July 11 to August 10, and the number of HT Haxaents
during the time period was 211.70, accounting for 73.65% of the total number of events.
Therefore, during the headkuflpwering period of rice, which fadl from July 11 to
August 10, the hot weather should be attended to avoid HT hazard. The degles
moderate, and severe HT hazard events (33.95) occurred from August 11 to August 20,
and the greatest number of HT hazard events (74.32) appeared fyo2i dalJuly 31.

The number of severe HT hazard events from July 21 to July 31 was 28 déntaug
for 45.32% of the total severe HT hazard events, indicating that this area is prone to
severe HT hazard events from July 21 to July 31.
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Figure 7. Distribution of the number of HT hazard events of temporal periods (every terf‘.days)
MT: high temperature. 1. daily average temperature;mki daily maximum temperature.
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Spatialdistribution of the number of HT hazard eents

The east, south, and west of Jiangxi Province are surrounded by msuatairthe
north is flat, forming a large open basin that is tilted to the north. The spatial
distribution of the numbesf HT hazard events is closely related to the topography, with
more HT hazard events in plains and basins and fewer in mourftan8)( The spatial
distribution of the total number of HT hazard events and the number of slight, moderate,
and severe HT lzards Fig. 8aid) are similar, meaning that the area with a high
frequency of HT hazard events is mainly distributechi hiddle and northeast of this
province. The total number of HT hazard events in the high frequency area was
155 174. T h éght, modatate, and adveresHT hazard events in the middle

and northeast of the pr ovi pecteelywaus,espeda8 8 6,

attention should be paid to areas with a greater tendency to have HT hazard events
during the headinfjowering period from July 11 to August 10 in singleason rice.
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Figure 8. Spatial distribution of the number slight (a), moderate (b)severe (¢)andtotal (d)
HT hazard eventsom 1981 to 2017 AHT: _high temperatureTavs daily average temperature
Tmax daily maximum temperature,fO3 0 A Gax@B8r5 TAC for three to
considered a slight HT hazard, five to seven consecutive days for moderate HT Gaigind,
consecutive days for severe HT hazard
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Temporalchanges of the numbeof HT days and the greatest number of conaéve
HT days

The temporathangesf the number of HT days ofaeO3 0 AC is consiste
that of TmaxO3 5 A1Q. 94 and b). During the normal temperature period
(1981 1992), t he aver agand finkk méree ¥6.140odf andHT day
21.3% d, respectively. The average number of HT days was 11.74.¢ @hd 15.08 d
(Tmay during the | ow temperatursameserdd (199
(Tmay during the HT period (2003caldiidxin) . The
1997 waghe lowest, with only 1.35 d and 3.78 d, and the number of HT days in 2003
was the highest, reaching 32.31 d and 36.44 d, respectively. After 2003, the number of
HT days showed an overall increase (P °~ 0.0
The temporathange®f the greatest number obrsecutive days of 103 0 AC and
TmaxO3 5 AC i sFig.s% arid b)a buring the normal temperature period
(1981 1992), the great es iean Inneeer7.88dfandc o n's e c L
9.70 d on average, respectively. The average nunfbdays was 5.18 d (¢ and
6.38d (Tmay during the | ow temperatura.ameri od (
1098d (hay during the HT period ( Figwweda017). T
shows that the greatest number of consecutive daysveaid Tnaxin 1997 was the
lowest, with only 0.71 d and 1.80 d, and the greatest number of consecutive days in
2003 was the highest, reaching 18.22 d and 20.94 d, respectively. Overall, the number
of HT days showed an increase since 2003 (F

-—3--Tave —&— Tmax --5--Tave —@&— Tmax

(b)
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O

Greatest number of consecutive days (d)
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Figure 9. Temporalchangeof the number of HT daya), and the greatest number of
consecutive HT day) from 1981 to 2017 “"HT: high temperature. Js daily average
temperature; fax daily maximum tengrature. The number of HT days is the number of days
of TaeO3 0 AGax@3r5 TAC. The greatest number of consec
consecutive days o FO3 0 A Gax@Br5 TAC

Spatialdistribution of the numberof HT days and the greatest number of consecutive
HT days

Figure 10 shows that the patial distribution of the number of HT days of
TaeO30AC apd33 AC is consistent with that
consecutive HT days. The number of HT days and the greatest number of consecutive
days of e O30AC wer e 16 . 6rdspedtively igl 104andb)2 Thelnumber
of HT days and the greatest number of consecutive days9OB 5 AC were 21. 4
and 9.35, respectively Fig. 10c and d). The number of HT daysO21 days of
TaeO30A C O24 days of FaxO3 5 A Cthe gaatest number of consecutive days
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(Onine days of eO3 0 A@10.9days of fxO3 5 AC) were mainly
the middle and northeast area of this province.
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Figure 10. Spatial distribution ofthe number of days ofJe O3 0 (&),&hegreatest number of
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Relationship betweespikelet fertility and temperature, numbef HT days

To screen for rice agricultural traits related (data collected from 0P@16) to the
identification of HT hazard, the changes of temperature and measuieglefseason
rice yieldwere investigate(Table ). A correlation was identified between measures of
yield and temperature as well as measures of yield and the number of HT days. The
relationships between spikelet fertility, temperature, and number ofd&yE were
analyzed. As shown ifigure 11ai d, there were strong negative correlations between
spikelet fertility and Fve (P = 0.033;Fig. 11a), spikelet fertility and the number of days
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of TaeO3 0  A<€0.020FFig. 11c), and spikelet fetity and the nurber of days of
TmaxO3 5 A£0.005FFig. 11d). However, spikelet fertility was not correlated with
Tmax (P=0.303;Fig. 11b), and the number of consecutive HT ddgst listedin this
table. Thus, in addition to meteorological factdtemperature, umber of HT days),
spikelet fertility can also be used as an effective trait for the identification of HT hazard
in singleseason rice.

Discussion

Because of its geographickication and climate, Jiangxs prone toHT hazard
events. In this studywe found that HT hazard during the headithgwering period in
singleseason rice occurred every year from 1981 to 2017 irgxXiiaMoreover, air
temperature (de and Tmay has generally increased since 2003, and the number of
slight, moderate, and seeeHT haard events has increased since 2003, with severe HT
showing a significant i ncr eanbeof HPhazascd 0. 05)
events of singleseason rice was primarily distributed in the middle and northeast area
of Jiangxi, which ionsistat with the results of Huang et §2017)
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Figure 11. Correlations between spikelet fertility anglel(@), Tmax(b), number of days of
T2eO3 0  (&,@ndnumber of days ofhO3 5 (dy'CHT: high temperature. Js daily
average temperaturd nax daily maximuntemperature
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Table 1.Changes of temperature data and measures of sgggson rice yield from 2004
2016

Number of Number of Effective| Total Filled |Spikelet .| Actual

Year | Tave| Tmax days of days of Varieties | panicles|grains pergrains per| fertility 1000grain yield
ARART 030AC T35 A (m?) | panicle | panicle | (6) |VEIINQ@)| g @)

2004(29.5(38.1 14.3 17.9 Shanyou 63 16.9 129.6 99.8 77.0 28.3 75360
2005(29.6(38.1 16.4 19.0 Shanyou 63 15.5 140.2 107.7 76.8 29.1 70655
2006(29.6(37.7 15.0 16.9 Il you 838 14.7 133.9 112.4 83.9 28.1 71511
2007(30.7/38.8 215 25.6 Il you 838 14.7 152.3 117.1 76.9 29.6 70371
2008(29.7/38.6 14.9 17.1 Il you 838 14.9 144.5 124.6 86.2 30.6 52333
2009|29.7|38.6 15.6 16.1 Il you 838 15.9 123.0 108.1 87.9 30.7 79416
2010(30.1/39.5 16.9 20.2 Iyoul308| 15.0 175.7 139.8 79.6 27.5 82496
2011|29.6|38.5 14.0 17.5 Ilyoul308| 15.4 170.4 143.5 84.2 28.1 8672.6
2012|29.4/37.8 14.4 16.4 Y liangyou 1| 16.4 158.3 136.9 86.5 26.1 55129
2013|30.6|39.8 21.5 21.4 Y liangyou 1| 17.5 156.4 125.4 80.2 25.6 83879
2014|29.2|38.3 12.4 18.8 Y liangyou 1| 17.4 1554 133.8 86.1 26.0 87189
2015|29.0|38.0 10.1 14.0 Y liangyou 1| 17.6 157.9 138.9 88.0 26.3 89243
2016|30.0|39.3 16.7 18.8 Y liangyou 1| 16.5 158.5 129.2 81.5 25.9 87654

HT: high temperature. JJe¢ average temperature;nd maximum temperaturerice data of single
season rice yield in sevaepresentative reghal trials, and temperature data were recorded by 15
national weather statiomear the trials in Jiangxi Provindhe data in 2017 is not available

Rice spikelets are highly susceptible to HT exposure during the heémivaying
period. HTsgrat er t han 35 AC | eads to poor anther
and pollen viability, and reducedlten germination rate on the rice stigma, which
dramatically reduces spikelet fertili{yagadistet al.,2010;Zhaoet al.,2018; Shiet al.,
2018. There was no significant relationship between maximum temperature and
spikelets per m(Penget al.,2004. Spi kel et fertility*was red
above a thr e ¢hgadslket ab, 20073 8 coAl@lled rice expement
conducted duringnei osi s, with six temperatures (
three durations (1, 3, and 5d), showet hat t emper atures bel ow
effect on spikelet fertility, but with the increase of temperature and ietiony the
spikelet ertility decreased gradually; the daily relative spikelet fertility could be
expressed in terms of tempena (Shi et al.,2008) In our study, spikelet fertility was
negatively correlated toale ( P 0. 05) mab(B>0.05) untler nataral T
condiions in Jiangxi. Spikelet fertility was negatively correlated to the number of days
of TweO3 0 A C .06)Rnd the fumber of days 0fkO35 AC (P °~ 0.01) .
turn, spikelet fertility en be regarded as a morphologicaltttaievaluate HT hazd
during the headinflowering period(Prasackt al.,2006;Jagadistet al.,2010)

HT is not conducived rice heading and flowering; therefore, measures to protect
rice from HT stress should laken. For example, hesgsistant rie varieties can be
sdected and/or exogenous substances can be sprayed on foliage to effectively protect
rice against HT hazardased on decreases in spikelet fertility under HT, previous
studies have shown that theltovars dN226 (O. sativassp.indica rice from India) and
dR646 (0. sativaindicarice from the Philippines) are heaterant cultivargPrasacet
al., 2006; Jagalish et al.,2010) The exogenous application of plant growth regulators
(ascorbic acid, phatocopherol, brassinosteroids, mgtfasmonates, andi&izoles), 6
benzylaminopurine, boron, and abscisic acid during the flowering period of rice affected
by HT has also been shown to have a substantial effect on cell membrane stability,
sugar metab@m, pollen viability, and spikelet fielity (Fahadet al, 2016;Wu et al.,

31,
3 3
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2017; Shahidet al., 2018; Islam et al., 2018) In addition, avoiding HT is another

effective method to reduce HT hazard. Rice with an eadyning flowering trait could

allow for rice to avoid the hottest timesthie day by bloomingtaa cooler temperature

in the early mornindIshimaruet al.,2010) Earlymorning flowering rice exposeib

el evated temperature could complete fl ower:|
during the day, which can effectively itgate heainduced spikelet sterility
(Hirabayashiet al., 2015) In accordance with the characteristics of historical HT,
optimization of sowing date can enhance rice production by avoiding HT stress during

the crifical period (Khan et al., 20190 our results, HT hazardvents mainly occurred

from July 11 to August 10, and severe HT hazard events occurred more frequently fro

July 21 to July 31 in Jiangxi Province. Furthermore, our data highlight that the
temperatres of four consecutive days on Jagi 25 were the highéegTae02 9. 6 AC,
TmaxO3 4. 9 AC) . Thus, It i's necessary to cons
HT, selecting heatesistant varieties, or spraying rice foliage with exogenous
substancegjuring the hadingflowering period ofrice.

Conclusions

In this paer, we show thatiT hazard events (HT fddthree consecutiveays)in
singleseason rice occumeevery year from 1981 to 201while increased after 2003
HT mainly occurred from July 1tb August 10, and occurred more fregtly from July
21 toJuly 31 In addition, agreater number of HT hazard events was mainly distributed
in the middle and nor#ast area of Jiangxit is worth notingthat there were strong
negative correlations beter spikelet fertility and Fe days 6 TaeO3 0 ACaysand d
of TmaxO3 5  AMuis, the results of this study highlight the need for a greater
understanding of howo mitigate rice HT hazard. Future studies should be considered to
establish a refined regional plan for the optimal sowingsdatedfferent matury rice
varietiesunder global warming

Acknowledgements.This research was funded by the National Nat@eience Foundation of China
(41965008), the Jiangxi Key Research and Development Program (20192BBFL60040; 20165ABC28008;
20171BB-60032) the Jiangxilndustral Technology System Fund for Rice Field Comprehensive
Breeding (JXARSL2), the Jiangxi Key Fountan (20152ACF6009), and the Jiangxi Meteorological
Technology Foundation (JMTF20170221)

REFERENCES

[1] Chaturvedi, A. K., Bahugun&. N.,Shah, D., PaM., Jayadish, S. V. K. (2017): High
temperature stress during flowering and grain filling offsets l@akimpact of elevated
CO, on assimilate partitioning and shskrength in ricel Scientific Reports 7: 8227.

[2] Espe, M. B., Hi, J. E, Hijmans, R.J., McKenzie, K., Mutters, R., Espino, L. A.,
LeinfelderMiles, M., van Kessel, C., Linquist, B. A. (2017Point stresses during
reproductive stage rather than warming seasonal temperature determine yield in
temperate ricd. GlobalChange Blogy 23: 486-4395.

[3] Fahad, S., Hussain, S., Saud, S., Hassan, S., Ihsan, Z., Shah, A. N., Wu, C., Yousaf, M.,
Nasim, W., Alharby, H., Alghabari, F., Huang, J. (2016): Exogenously applied plant
growth regulators enhance the morgittysiological gowth andyield of rice under igh
temperaturei. Frontiers in Plant Science 7: 1250.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH.8(4):5591-5605
http://www.aloki.hudé ISSN 1589 1623 (Print) ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/ac&804_5591605
42020, AL¥KI KebttHunganBu d ap



