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1. THE AIMS OF THE RESEARCH

Growing of rice QOryza sativa L.) has a near 100-year-long tradition in Hungarlie rice
production area reached its maximum of 50 000 ithermiddle of 1950’s following a very
steep increase. After that time the sowing areaedsed gradually - with fluctuations - to the
today’s 2000-2500 ha. The economic-political reasglayed an important role in these huge
changes. However, the climatic risks of Hungariae growing and its changing estimation
have also played an important role in these changes

In the field of Hungarian crop production the riseunique, because Hungarian rice
fields are at the northern border of European goewing areas. The temperature often
becomes the main yield limiting factor, becauséhaf marginal location according to the law
of ecological minimum. This phenomenon can be aapigowvell expressed if high level
agrotechnology is applied when the other yielddestare near optimal (weeds, water and
nutrient supply, crop protection). Therefore, a krimaprovement in utilization of climatic
conditions and in reducing unfavourable effectavefither can result in significant increase of
rice yield.

The aim of my research is to study various agroaretegical aspects of Hungarian rice
production. The temperature (its temporal and apatiaracteristics in rice canopies and its
effect on rice) is the main field of my study, besa of its overriding importance. The main
theme and the main questions of my study weredh@fing:

- How does the weather (temperature) influence tiveldpement rate (the length of the
phenophases) of rice?

- What are the main meteorological elements and tpeeiods (month, decade)
determining rice yield?

- Were there any changes in the thermal charactarisfithe vegetation period of rice in
the last 32 years, which may be considered in agnical recommendations?

- What differences exist between the thermal chanatitss of flooding water and air in
flooded and non-flooded rice canopy?

- How to reduce the risk of cold stress by modifyihg level of flooding water?

- How to minimize the climatic risk of rice growingyboptimal timing of sensitive

phenological phases (sowing time, cultivars)?



These topics were choosen to have numerous conggmiints and to create a complex
unit. Above all the last topic is based on the tand synthetizes a lot of partial results.
Our aim was to offer useful, new or newish inforimator methods for the stakeholders

of rice cultivation even if they are only partiakults.

2. BACKGROUND

In Hungary the research rice began with the domwegstn experiments. Already at that time
one of the main questions was the suitability afate for rice production. However, the
problem was discussed from the viewpoint of cuilBvand agrotechnology. Researches
focusing on the agrometeorology of rice were cdraet only from the 1950’s to the 1970’s.

The conclusions on temperature requirement of geatiwn and emergence as well as
on optimal sowing time are also valid and used Yo@®ZELENY| and FRANK, 1940; E.
KISS and HADNAGY, 1965; LAJTOS, 1967; SIMONNE, 1979%ut their actualisation is
neccessery especially because of the new cultidaditionally there is a lack of information
about the detailed temperature-emergence timeatey relationship.

The thermal time requirement from sowing to flowmgrand/or maturity was calculated
mainly for the varieties, which have not been pamlyet (E. KISS, 1980; SIMONNE,
1983).

The effect of meteorological elements on yield wasmated from data averaged for
months or phenological stages (mainly from tempeeatradiation, precipitation data or
derived indices). The relationships found variedoading to the years involved into the
examinations (SZASZ, 1961; DUNAY, 1974; E. KISS80R

The potential rice production areas in Hungary wedecated and classified on the basis
of climatic data (monthly mean temperature, hedtsumelative sunshine duration, etc.)
(OBERMAYER and SOMORJAI, 1937; BACSO, 1963; DUNAY974; SIMONNE, 1983).
However, the detailed statistical examinations hbgen only partly carried out from the
point of view of rice growing.

The microclimate of rice was studied by severaleaeshers mainly empirically
(BERENYI, 1951; WAGNER, 1957; BERENYI, 1958; PETRASITS, 1958; WAGNER,
1966).



Despite the improvement of scientitic methods aodlst there was only a limited
number of research dealing with agrometeorologgicaf in the last 20-30 years in Hungary.
On the contrary, international scientific activibas become more intensive recently. My
examinations have been based on the results whechadid in climatic conditions similar to
the Hungarian ones (for example cold stress infJapa South-Australia). In some research
the geographic location has no importance (methdsis)ilar examinations of other crops

could also be adapted for rice.

3. MATERIALS AND METHODS

The materials and methods of my research were difigrent, because of complex structure
of my work.

A separate experiment was carried oustiody the emergence of riceThe emergence
time of five Hungarian cultivars (Augusta, BioryZaama, Ringola, Risabell) was measured
at different constant temperature values (in grostthmber), using optimal water supply and
sowing depth of 2 cm. The parameters of the thetma model were estimated by linear
regression (base temperature: x-intercept of tis¢ fiteline, thermal time requirement: from
the slope of the regression line). The model \aatfon was carried out with independent data
got from our field experiment (nine different sogidates) and pot experiments (three, near

constant temperatures).

The microclimate studies of rice fields were based also almost exclusivatyown
measurements. The measurements were conductepr@seatative flooded and non-flooded
rice canopy in the vegetation (mainly reproductipeyiod of rice using 23 thermologgers
(sensors). In 2005 the measuring program was linitaut in 2006 it was enlarged.
Temperature data were logged in every 5, 10 or 2@Qutes in the soil, water and air,
respectively.

Most of our studies on microclimate were of empikidescribing character. In general
the examinations were carried out with relativeig@e methods (calculations of extreem and
average values, correlation- and regression arglysgng Microsoft Excel software, but

based on a huge database.



A new dynamic-empiricainodel was developetb describe water temperature(daily
maximum and minimum). Our model has a physical gemknd, and it uses natural time
steps for calculations of changes. The changesadecalated based on empirical relationships.
It improves the value of the model that only ,nofmaasy to get meteorological data are
needed as input values. The parameterization ariicagon were done using measurement
data of 2006 and 2005 (independent data set), cteply.

The termal effect on flowering time was examined based on a 9-year-long
phenological data set of experiments of IrrigatResearch Institute. Own experiments were
not carried out for that purpose, because at Bast a long period is neccessary for getting
statistically reliable results. As a new methodHangarian rice research, bilinear models
(three different functions) have been created tonese time from sowing to flowering. The
parameters of the models were determined by mimgithe coefficient of variation (CV)
using Microsoft Excel program. As a kind of sengij+analyses of parameters a new,
graphical method was developed.

The analysis of the weather-yield relationshipneeded a longer time series data
(average rice yield in Bekes County from statistieaords, meteorological data of Hungarian
Meteorological Service, Szarvas Agrometeorologi€diservatory, 26 years). The main

methods used were correlation analyses, multipali regression (Systat 9) and verification.

The daily temperature data from Szarvas (Hungakieeorological Service: 1976-
2000, Tessedik Samuel College: 2001-2007) gavedhsibility tocalculate growing degree
days and cooling degree daygo indicate climatic trends and to makestatistical analysis
of critical periods andrisk analysis with different sowing dates The risk analysis was the
most complex task, and it also needed the useradheunal time models.

The bilinear thermal time models of flowering tiraied the dynamic-empirical model of

water temperature — our most sophisticated toalse-have an own methodological value.



4. RESULTS

4.1. Effect of temperature on the phenological del@ment of rice

= The median emergence timesdE of the five Hungarian rice cultivars gradually
decreased in the interval between 14 antiC34rhe average emergence time is 23.9 days
(unfavourable) at I and 13.4 days (acceptable) at@gTable 1). That means an increase
of 2°C causes ,qualitative” change in emergence charatits. Comparing the rice cultivars
in that temperature interval provides the mostulsaformation from practical point of view.
The Eo values have significant, but small (less tha@)ldifferences between 26 and°G4

This interval is ideal for the emergence, the needs only 3.3 to 4.4 days to emerge.

Table 1. Time from sowing to median (50%) emergeatadifferent temperature values as an
average of five cultivars

Temperature°C) Average ko (days)
14 23,9
16 13,41
18 10,6 h
20 7.3
22 6,6 f
24 51e
26 4,4d
28 4,3d
30 3,7¢C
32 35b
34 3,3a

Means within a column followed by the same letterrzot significantly different
based on Tukey test at P = 0.05.

= A close relationship was found between temperaamek development rate. The linear
thermal time model is able for an accurate preaiic{R= 0.98-0.99) of the emergence time.
The base temperature varies between 9.8 (Bioryze)18.9°C (Risabell) while the thermal
time requirement is between 69 and 88°Cday (Tahlel'2e base temperature of cultivars
does not differ significantly from each other arsdai little bit lower than IZ (generally
accepted for all cultivars and phenophases). Tattiegheterogenety of the soil temperature
into consideration the model parameters can beldietp(base temperature = 1D, thermal

time requirement = 7Cday).



Table 2. Base temperature (Th) and thermal timeiregpent (TU) of five rice cultivars

Cultivar Tb (°C) TU (°Cday)

Augusta 10,1 70
Bioryza 9,8 88
Dama 10,6 73
Ringola 10,9 70
Risabell 10,8 69

= The flowering time of an early flowering rice cwlir was successfully described with
three different bilinear thermal time models. Fumts representing the different bilinear
methods with optimal parameters can be seen in FidAll of these methods predict the
length of the phenophase more accurate than tkearlithermal time model. It is so, because
above a certain temperature the rate of emergeoes ot increase, but can decrease as a
function of temperature. The optimal temperaturdafering (got as a model parameter) is
relatively low (23.5-24.1°C). Therefore, furthesearch to study unfavourable effect of high
temperature is needed in the future.
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Figure 1. Thermal units to sum as a function ofgerature for our three

bilinear models

The base temperature values in models (8.0-9.6%Clpaer then generally admitted by
Hungarian rice researchers and growers (12°C). fidsslt hints to possibilities of various
interpretations of base temperature.



= The construction of bilinear models shows a propay how to create a sophisticated
thermal time model valid for various species, ®altj phenophase and ecological
circumstances from phenological data. The modelarpaters can be calculated by
minimizing the coefficients of variations of theriteme. To collect phenological data from
own experiments or crop production can be usetulfat purpose.

Our new graphical method is a very simple, new wetto study how sensitive the
bilinear models are for uncertainity of parametalues. The example of a model version
shows the distribution of CV values of thermal timg a function of base and optimum
temperatures (Fig. 2). With the help of the figuetatively stable parameter values can be

choosen, even if uncertainity in phenological datists.
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Figure 2. Coefficient of variations of the thermiale as a function of base and

optimal temperatures (method 2)

4.2. Agrometeorological study of critical developmet stages of rice

The temperature in the first decade of April is mvaenough in some years to urge rice
growers to make the sowing. To sow so early caseguoblems, because there is a high
probability that the weather changes to cool (egfigcin the middle of April), and the
emergence time will be unfavourably long. After &0ril there is not a significant break in

warming process in the average of many years @jig.
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Figure 3. Probability (%) of the lower than°®25-day-average temperature in Szarvas

The risk of unfavourably long emergence time watemained in case of various
sowing dates using our linear thermal time modéisTquantitative information is new for

Hungarian rice growers (Table 3).

Table 3. Number of cases during 32 years (1976-2@0@én the emergence time (ET)
exceeded 3 weeks and 1 month, in case of diffe@ming dates

1 April 10 April 15 April 20 April 25 April 30 Apitl

ET =21 days 30 22 16 11 5 3

ET =30 days 14 8 6 2 1 0

According to these results the earliest sowing dat®mmended is usually 20 April.
Sowing can be done maximum one week earlier if woiiperature is at least IS and a
persisting warm weather period is forcasted. To dtw rice earlier is not advised
(independently from the actual soil- and air terap@es), because it has a too big

climatological risk. The probability of emergena®ae longer than 3 weeks is above 50%.

» Regarding the sterile-type cold stress, the prdivatif unfavourably cool periods (5-
day-average of minimum temperature values 2C)4s the lowest at the end of July and at
the beginning of August. The most sensitive phegioll phases are recommended to be
timed to this period with appropriate sowing timadeacultivar to minimize risk of panicle
sterility (Fig. 4.).
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Figure 4. Probability (%) of 5-day-average of lowlean 14C minimum temperatures in

Szarvas

By the use of our bilinear model it was found ttie flowering time of early flowering
rice varieties is not later than the first decaflé@ogust (44% in the 1st decade of August,
56% in July) if sown in the middle of May. Thatvigthin the optimal interval. Varieties with
a 10-15 days later flowering time can be affectg@iincreased level of cold stress.

Sowing of early varieties is not advised as easdy2@ April, because in that case the
flowering time would be before the most risky pdr{the beginning of July instead of the end

of July). If rice can be sown early, it is advidedise longer maturity cultivars.

= Regarding the maturity, the probability of unfavahlly cool periods (5-day-average of
maximum temperature values <°2)) increases nearly linearly from the end of Aug@86)
till 20th of October (100%) (Fig. 5).

The sowing of rice can be only slightly delayedcdese it has to reach the maturity
before 10 October. Based on our calculations ithmstated that rice will not ripe in time in
one of 5 years (20%) if early flowering rice cultré are sown on 25 May (cv. with rapid
water loss at maturity, maturity type I., TU=500dCand 20 May (cv. with slower water loss
at maturity, maturity type Il., TU=560°C d) (Tabi® This level of risk is acceptable, because
the troublesome cases can be handeled with soma easts. For the late maturity type
cultivars the latest advised sowing dates are @tle af May (maturity type I:) and the 5th of
May (maturity type II.).
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Figure 5. Probability (%) of 5-day-average of lovleein 20C maximum temperatures in

Szarvas

Table 4. Relative probability (%) of unfavourabétd maturity time (rice does not ripe before
10 October) in case of various sowing dates, baseal
32-year-long period (1976-2007)

1May | 5May| 10May 15May 20 May 25 Mdy
Early flowering, maturity type I. 0 3 6 6 6 16
Early flowering, maturity type Il 6 6 6 6 22 28
Late flowering, maturity type . 6 6 12 31 43 59
Late flowering, maturity type II. 12 19 31 43 66 81

The adviced dates refer to direct sowing (into ¢b#) and full maturity. If sown into
water, on soil surface or using soaked seeds,alveng time can be shifted a few days later.
However, in case of late sowings the early vargesieould be preferred.

4.3. The effect of weather on rice yield

The relationship between the meteorological elemand rice yield is valid always only for

the studied area. This is shown by an example gham island of Japan, where the yield is
by 1 to 2 t/ha higher than in Hungary where therdess sunshine and generally lower
temperatures. This hints to hidden extra poss#sliof Hungarian rice production, too (Fig.

6).
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Figure 6. Monthly averages of sunshine duratioBzarvas (1) and Sapporo (2), monthly
means of air temperature in Szarvas (3) and Safgdro

= The average rice yield of Bekes County was estihatg¢h monthly mean air
temperature and sunshine duration using multipleali regression. The standard error was
0.5 to 0.6 t/ha according to the number of pararedtaonths) (Fig. 7).
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Figure 7. Measured and estimated (by regressioa)yield in Bekes County

= Partly differently from the earlier results it wamind that the monthly averages of air
temperature and duration of sunshine have sinmiagortance in determining the yield of rice.
There is a closer correlation of yield of rice lte@ imaximum temperature than to the minimum
temperature. Yield is affected mostly by the weathfeAugust, followed by the weather of
May and July (Table 5). Differently from the preus researches it was found that the

weather of emergence period was more importanttameveather of July less important. The

11



yield loss is caused more by pests connected th clmudy and foggy weather in August
than by low temperature in the early reproductitage of rice. That has been explained by
the higher correlation values of August than thaiséuly.

Table 5. Correlation between meteorological elesiant rice yield of Bekes County

April May June July  August September
Precipitation -0.04 -0.32 -0.16 0.05 -0.14 0.08
Sunshine duration 0.57 0.54% 0.23 0.5 0.64% 0.39
Temperature 0.30 049 0.23 0.39 0.63* 0.32

Maximum temperature| 0.24 0.40 0.18 0.36 0.51 0.14
Minimum temperatur¢ 0.32 0.5% 0.30 041 0.62* 041
Significance’: P=5%,: P=1%,"*: P=0.1%

= The calculations based on the 10-day-average teyses resulted in detailed
information about the effect of temperature on djief rice. The periods with significant
effects of temperature are: middle of August (hgjlsegnificance), end of April, middle and

end of May as well as end of July (Fig. 8).
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Figure 8. Correlation between yield of rice anddHy-average of minimum and of maximum

temperature during the vegetation period (1976-2000
The vyield correlates more with cooling degree ddlyan with the temperature

(minimum, maximum or average) only in August. Tisisrue only if cooling degree days are

calculated starting from a high temperature. Thaams the irreversible effect of short-time
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cool periods could not be shown. The results lnat the effect of high temperatures must be
filtered from monthly data.

= The temperature trends observed in the last 3% yaat that the warming in spring and
the cooling in autumn happens more and more ragiding a sharper beginning and end for
the vegetation period. Parallel to it, the vegetatperiod becomes warmer than before,
resulting in more favourable circumstances for gyaece and less probability of sterile type

cold-stress (Fig. 9).

average

Figure 9. Changes (linear trend in °C/10 yeard)(tlay-average temperatures in Szarvas
between 1976 and 2007. The colour of the colummesents the level of significance.
White: not significant, dotted: P=5%, gray: P=1%dk: P=0.1%.

According to this tendency, the early (from15 toA%&il) and late (till 25 May) sowing
dates, and the production of cultivars with longegetation period may become more

acceptable.

4.4. Microclimate of rice

= During the coolest period of the nights the flogdiwater has a °&® advantage
compared to the air, and it can protect the coftisige developing panicle under the water
level. The daily control of the height of panicteadvised. In some cases (sensitive period of
rice, large temperature drop is forecasted) theomu@te increase of water level is also
advised to reduce panicle sterility. A few centimastincrease sometimes can mean an extra

protection of 2-8C. For practical purposes additional informationuldobe very important
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concerning the exact effects of various (duratitavel) temperature drops on yield of
Hungarian rice cultivars. This information would Ifneto estimate the advance of

microclimatical modification.

* A model has been constructed to predict the daigximum and minimum of
temperatures in flooding water of rice. The modsdaustandard meteorological data as input
parameter, which are:

* Daily maximum and minimum of air temperature (Versi);
e Daily maximum and minimum of air temperature, dalym of global radiation, daily
average of relative air humidity, daily averagewridspeed (Version 2).

The root mean square error (RMSE) in predictindydaxtremes of water temperature
was 0.78-1.31 and 0.43-1.20°C in case of versioasid 2, respectively. These errors are
proper for practical purposes, especially if comepato differences of water and air
temperatures (Fig. 10).

Both versions of the model can be built in weathheg-models (simulation model, cold
stress model), but this is beyond the topic of regearch. The simple version is an effective
tool for rice growers to calculate water tempemttor the next 5-10 days using data of
weather forecasts. This new information can hegpglanning of water management, i.e. it
can hint to the advantages of modifying the wageel.

e The air in flooded and non-flooded rice canopiesclsaracterised by different
temperature conditions at nighttime. A differendeloto 3 (4JyC developes between air
temperature in the canopies of flooded and norgftdorice as a function of water
temperature and weather parameters. Our empiricademis utilizable to predict the

difference with a standard error less tharfO.g-ig. 11).
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* Our examinations resulted in detailed informatidiowt the nighttime course and the
vertical profiles of temperature in non-flooded ocpy. The canopy of non-flooded rice can be
much cooler than air at 2m already in the evenmgrér The temperature difference can reach

6 to ¥C in cloudless, calm evenings. The difference desge gradually during the night, but

it persists (Table 6).

Table 6. Typical differences between temperatureasured in weather shelter at 2 meters

height and temperatures of the coldest level & canopy: (1) cloudless, calm night,

intensive long wave outgoing radiation, (2) modetahg wave

outgoing radiation

19 20 21 22 23 0 1 2 3 4 5 min
hours | hours | hours | hours | hours | hour | hour | hours | hours | hours | hours
1 i i ) 3.5- ) ) i 2.5- i ) i Sk
6-9 5-7 4-6 55 3-5.5| 35 2.5-5 45 2-4 2-3.5| 1-2.5 2-2.5
2 ) ) ) ) ) ) 1.5- 1.5- ) ) ) b
3-7 3-5 2-4 2-3 2-3 2-3 55 55 15-2| 1-2| 05-1 1.5-p

The risk of panicle sterility caused by low tempera is probably higher in non-flooded
rice than in flooded rice, because the night teapees are significantly lower in the non-
flooded canopy. The cold tolerance of Hungariae kaltivars is relatively high. Therefore
sterily type cold stress becomes usually not tha piald-limiting factor. The agrotechnical
problems often lead to such a huge yield lossttieeffect of cold stress can not be observed

(also in case if it exists). However, the impor&ot temperature will increase in the future at

a higher level of agrotechnology.

1. The relationship between the temperature and thergance of five Hungarian rice
cultivars (optimal water supply, sowing depth ofcéh) was explored in details. The

parameters (base temperature, thermal time regengnof a thermal time model suitable

5. NEW SCIENTIFIC RESULTS

for calculation of emergence time was determined.

2. Construction and parameterization of bilinear thartme models which describe the

length of the emergence-flowering phenophase adaaty maturity rice cultivar (Ringola)

16



were carried out. The base temperature of rice statsstically interpreted and calculated
differently from the usual calculation describedhe Hungarian literature.

3. The analyses of weather-yield relationship resulitedparameters and time periods
different from the previous results. The studieried out according to 10-day-averages
supplied additional details about the effect of penature on yield. The examination with
cooling degree days did not show the irreversilifece of short time temperature drops.
The results hint that the eliminating of too warmysl (max> 30°C) from data set can

improve the prediction of yield.

4. Complex risk-analyses of (1) unfavourably long egeerce time, (2) irreversible panicle-
sterility caused by cold stress and (3) delay peming were conducted. Daily temperature
data of Szarvas in the period of 1976-2007, vargmyging dates and cultivars were applied.
The previous recommendations concerning the sodags were slightly modified.

5. Detailed examination of nighttime temperature ctads in non-flooded rice canopy
(vertical profile, course of temperature) was @rout according to weather types. The
nighttime extra heat in the air of the canopy cdusg flooding water was analysed and
modelled using water temperature and standard moébgcal data (temperature at 2 m

height in weather shelter, wind speed).

6. The temperature of flooding water and air was camegbaby the analyses of daily
minimum, maximum and average temperatures. Twdoresof a dynamic-empirical water
temperature model were constructed. Both modelsaitable for the predicting of daily
minimum and maximum water temperature using stahdaeteorological data as input

variables.

7. The flooding water can reduce the harmful effect unffavourable meteorological

conditions lasting relatively short time (a few day

17



6. PRACTICAL UTILITY OF THE RESULTS

The limits and possibilities of Hungarian rice puotion are mainly determined by the
climate, especially by the temperature. There is empecially high importance of
agrometeorological examinations because of the nihlermarginality of rice fields
(northernmost fields in Europe). The weather coondg can not be improved, only the
microclimate can be a little bit modified. Howevarcording to our results it is possible to
utilize the climatic potential better and to lirttie unfavourable effects of weather.

Reliable and long-term weather forecasts do naotteso the uncertainity can not be
neglected. However, the statistical probabilitfafourable and unfavourable weather can be

determined for different parts of the vegetatiorique

Proper choosing of sowing date can be an effedibgg without extra costs. Our
research resulted in quantitative information abth& climatic risk during the sensitive
phenological stages of rice in case of differenvisg dates. This information helps the
growers to maximize the yield, i.e. to minimize tisk that unfavourable weather conditions
meet the sensitive phenological stages with ap@tprsowing time. The complex risk
analysis is especially important when early and $mwing is planned (or is only possible).

The suggested optimal sowing intervals for différeraturity time cultivars are good
guidelines. Additionally, the actual weather and tieather forecasts (1 week) can also be
considered with the help of our thermal time modelmergence time). This can give extra

information to choose the best/earliest/latest tiihgowing.

The rice is the only crop where an effective toalsts for modification of the
microclimate in the canopy, and it is the floodimgter. On the contrary the flooding water is
not used for this purpose directly, because ohigh expenses of water supply. However, in
planning the water management (timing, water leie$) worth to consider the thermal effect
of the water as well. Without (or with a little) tex costs the harmful effects of cool weather
can be reduced in some cases. To do this our nliiia@te research gives the neccessary base
in form of quantitative information about directdaimdirect effects of flooding water.

The knowledge of general thermal characteristicgnigortant, but our models (about
water temperature and cooling of canopies) estirttegehermal conditions more accurately
from the actual and forecasted meteorological dékee model calculations are relatively
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simple. The identification of microclimatic effeats rice yield (Hungarian cultivars) would

increase the value of our results.

The importance of weather related to yield was rdeteed in 10-day-intervals. The
results hint to the critical periods of the ricegetation period in Hungary. The effects of the
possible climate change can be evaluated basedioresults (especially, if more detailed

data will be available about the manifestationlwhate change in Hungary).

The breeding is also an important area where thatseof our examinations can be put
into the practice. The critical temperature valt@semergence demonstrate the criteria for
selection and evaluation of cultivars. The detadiahatic statistics focussing on the demands
of rice is important for the breeders, too. It wbbke a meaningful practical result if the more
sophisticated bilinear thermal time models (and Wey of parameterization) were used
instead of simple linear methods.
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