DATA CONCERNING MAXIMUM TEMPERATURES
IN VARIOUSLY FERTILIZED RICE CROPS

by

J. Boros and llona Bdrany

Osszefoglalas: (Adatok kiilonbizé kezelésii rizsdallomdnyok maximum hémérsékletéhez). A bo-
ven tragyazott és a miitragyazas nélkili rizsalloméanyok kiilonb6z0o szintjeiben mért maximum hémér-
sékleteket Osszehasonlitottuk a teriileten m{ikodd makroklima dllomas maximumaival, Az alloma-
nyok zarorétege alatt a relativ maximum szoros dsszefiiggésben van az dllomany fejlodésével, siir{isé-
gével. A relativ maximum segitségével kozelit6leg megallapithaté az dlloményok killénbdzd szint-
jeinek maximum hdmérséklete, s ez az allomanyokban végbemend biolbgiai folyamatok elorejelze-
séhez adhat segitséget.

Zusammenfassung: ( Beitrdge zu den Maximaltemperaturen in auf verschiedener Weise behandel-
ten Reisbestéinden). Maximaltemperaturen, welche in verschiedenen Hohen iiber dem Boden in reich-
lich mit Kunstdiinger versehenen und kunstdiingerlosen Reisbestdnden gemessen worden sind, wur-
den mit den Angaben der zustdndigen makroklimatischen Beobachtungsstation verglichen. Die rela-
. tiven Maxima weisen unterhalb der Sperrschicht der Bestdnde einen engen Zusammenhang mit der
Entwicklung und der Dichte des Reisbestandes auf. Mit Hilfe des relativen Maximums konnen die
Maximaltemperaturen der verschiedenen Hohenlagen des Bestandes abgeschitzt werden, welche dann
zu einer Vorhersage der biologischen Vorginge, die sich im Bestande abspielen, verwertet werden
konnen. . .

Summary: We compared maximum temperatures measured at various levels of abundantly
fertilized and non-fertilized rice crops to the maximum temperatures observed on a macrometeoro-
logical station which has been erected on the experimental site. The so-called relative maxima are
exhibiting, below the crop canopy, a close connection to the development and the density of the
crop. By using the concept of relative maxima, there is a possibility of estimating the maximum

- temperatures existing at various levels of the crop, the knowledge of which may yield some support
for the forecasting of the biological phenomena occurring within the crops.

In research work concerning rice production and the plant breeding of rice, as
well as in the producing practice, the requirement arises of investigating crop deve-
fopment and the changes of the qualitative and quantitative indices of crop yield in
connection to the meteorological elements.

Many problems may be solved by using data of a macroclimatic station or by
the knowledge of the synoptic weather situation. However, the biological phonemena,
which are largely depending on crop climate (such.as the multiplication of animal
or plant pests, the chemical and biological processes occurring in the soil, the deve-
lopment and fertilization of the plant, etc.) could be elucided only in the knowledge of
- the crop climate. Average values of the meteorological elements, calculated for various
phenological phases, ten-day or five-day periods, or some occassionally executed
measurements of the crop climate are unable to yield an answer on the processes
occurring within the crops. This is the reason, why M. Dzapvasbaev (1969), P. C.
Owen (1969), D. Berényi (1962, 1958), N. Bacsé (1962) and R. Wagner (1966) empha--
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sized in their respective papers the importance of a continuous and detailed measure-
ment of crop climate.

This work is based on microclimatological measurements carried out by the
stafl of the Chair of Climatology of the Jozsef Attila University at Szeged, during
the years 1971 and 1972, the execution of these measurement being the result of an
excellent co-operation with the Rice Research Programme of the Irrigation Research
Institute at Szarvas. ' -

In the course of these investigations, we carried out in both years microclimatical
measurements during the period July 1—August 31, a period which is enclosing the
most important part of the generative phase of the rice plant.

The measurements were taken-in the rice plantation Kaka I at Szarvas on a
solonietz meadow soil, on the variety ,,Kakai 203" in fertilized and non-fertilized
crops as well as on an adjacent submerged, but plant-free site which will be referred
as ,,free water”. The fertilized crop has been treated with ammonium sulphate ferti-
lizer corresponding to a dose of

170 kg/hectare
of sodium and further with a super-phosphate fertilizer corresponding to

85 kg/hectare

of P,O,. These amounts of fertilizer were applied before seeding, after. several years
of previous rice culture.

In spite of the fact, that the fertilized crop and thé control crop received both the
same amount of seed-grain and the same kind of agrotechnics, in the course of the
growing season, rather important differences occurred in the crop development and in
crop density, having their repercussion also on the crop yield. The two crops may be
characterized by the data contained in Table 1 and Fig. 1.

Table 1 _
Yield of fertilized and non-fertilized rice crops (variety Kdkai 203) at Szarvas, 1971, 1972.

. . Number of a. L
Year Fertilized Planén}:elght I\;ur.n:)esr/ ofz‘ grains on a Stero/lllty Gral;lhyleld
: ; panicles/m panicle ° arha
76 .637 37 11 29.94
1971 .
N%+P 94 799 57 12 47.6
80 534 43 19 29.4
1972 . ,
N+P 102 648. - 60 16 50.0

The measurements were taken with electrical resistance thermometers at the

following levels: 200 cm above the water surface; in the actual leaf canopy zone;
10 cm above the water surface; below the water surface at a depth of 1 ¢m; and on
the water bottom. All the observations were carried out hourly ‘during the whole

62



€9

‘cm

120 : . .

100 A

— — — —=non-fertilized crop, —————= fertilized crop
Phenophases: I=sprouting, 11= panicling-flowering, 11I1=maturation

1. dbra. Az dllomdnyzdrdé szint (A) és az drasztdviz ( B) magassdga a két rizsallomdnyban (Szarvas, 1971)
— — — —=rrdgydzds;nélkiili, ————= trdgydzott dllomdny -
Fenofdzisok: [=szdrba indulds, I1=bugdzds-virdgzas, 111= érés



24-hour period. On the research site, also a macroclimatological station was installed,
equiped with recording and direct-reading instruments. We measured the duration of
insolation as well as global radiation.

In the course of an earlier investigation on the vertical cross-section (/. Bdrdny,
J. Boros, 1972, 1973) we found that the effective surface is, with the development of
the plant, transferred into the canopy zone, and below this zone the diurnal amplitude
of air temperature is diminishing. In the case of the fertilized crop, the closed consi-
tence of the crop is strongly influencing the water temperature and the soil tempera-
ture as well. Among the various components of the thermal balance, radiation effects
are overshadowed by thermal conduction and by mixing, a circumstance which is
increasing the phase shift of temperature maxima.

According to D. Berényi (1962) it is imperative to determine, on the basis of
crop climate data, the connection existing with the macroclimate and the local clima-
. te, as crop climate is a close function of these. '

In this paper, the extreme temperatures observed at the various levels of the rice
crops were compared to the extreme values observed at the macroclimatic station and
we expressed the values as percentages of the extreme temperatures observed in the
thermometer screen, all values being taken in centigrades, and in this way we searched
for the connection existing between crop climate and macroclimate. However, from
the two kinds of extreme values (maxima and minima) we considered only the maxima,
for, in the different crops, the maxima are determining the temperature differences
existing, while the differences of the minima, at identical levels, are comporting only

-some tenths of a degree (centrigrade), these differences having varying signs. The slight-
ness of the differences between the minima may be explained by the peculiar radia-

Table 2

Difference of tempgrature maxima between fertilized and non-fertilized rice crops on some clear and
overcast days (centigrade), Szarvas 1971

Dat Relative Crop 10cm 1cm Water
¢ insolation canopy over water | below water bottom
14.7 .15 0.8 0.0 0.0 0.4
27.7 15 1.0 0.7 08 0.9
Overcast
17.8 . 2 0.4 1.3 0.5 1.1
24.8 30 -05 2.5 1.8 1.3
12.7 83 =05 1.7 .28 ©2.7
27.7 91 —-0.4 1.9 1.3 1.3
Clear 3
’ 20.8 84 0.4 4.2 1.4 1.7
29.8 88 0.1 4.8 1.3 1.6
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tion balance of the crops and by the complex effect of the other factors of the thermal
balance (Fig. 2). The percentage values obtained will be referred to as ,,relative maxi-
ma’’. ' R ,
On Fig. 2, which is containing the maximum and minimum temperatures obtai-
ned in the course of the reiterated experiment in 1972 for the whole measuring period,
it appears, that largest differences between the maxima are occurring on clear days
with a radiation type of weather, as these differences are indeed the results of the
different radiation balances of the two crops. On the other hand, on cloudy or over-
cast days, the differences are lower (Fig. 2, Table 2).

Our investigations were limited to clear days with a radiation weather type i.e.
to days, on which the duration of insolation was higher than 70% of the astronomically
possible duration. The total number of such days was of 34, and they are well distri-
buted over the whole observation period.

Plotting the so-called relative maxima in a co-ordinate system, we traced for

every observation level a smoothed curve, and these curves are exhibiting .a close

" connection (mamly asa consequence of the leaf canopy) to the growth of the crop
(Fig. 3). - -

Temperature at the 200 cm level is, durmg the whole period, a uniform one, it is
independent from the crop and its development, and the same conditions hold for the
maxima of the leaf canopy level as well. In both crops, it'is at this level that is found
the largest diurnal amplitude. This is indeed the effective surface, however the masses
and the developments of the crops are not influencing the values of the maximum
temperature occurring at this level.

Within the crops, ot the 10 cm level, the differences are already important ones
and even they reach here their highest values and a clear-cut relation exists to the
‘various phases of crop development. On Fig. 1, which is illustrating the development
of the crop, the following phenophases may be distinguished: sproutlng, pamclmg—
ﬂowermg and maturation. Correspondingly, the curve of relative maxima is posse-

" ssing equally three segments. At the time of sprouting, there are no important .
-differences, and the values of the relative maxima are higher than 100%. The two
curves are parting from each other during the phenophase of panicling and flowe-

. ring, namely, in the fertilized crop, the relative maximum is decreasing in the
course of 10 days by 10 to 15%, a decrease which is decelerated during the phase
of maturation, the whole decrease throughout this phase being equal to 2 to 3%
only. In the fertilizer-less crops, the relative maxima are not falling below 100%.

The temperature of the submersion water is equally changing with the crop deve-

. lopment. The upper layers of the free water are, during the whole. measurement

period, warmer than the air above. Within the crops, however, this condition holds

only until the intensive development b'egins In the lower layers of the free water, an

important temperature increase is occurrmg as a consequence of a strong prohﬁca-
tion of algae.

It can be stated, that the presence of the rice crop is not causing any important
change in the maximum temperatures within the air space above the crops, however,
there are rather important differences below the canopy layer. At the beginning of
maturation, the relative maximum is reaching a nearly constant value, which is
characteristic for the peculiar crop. The relative maxima of this phenophase were
further investigated. We determined the mean values and standard deviations of the
relative maxima, and carried out a statistical ,,t”’-test for values of the free water and
-both crops as well as for the values of the two crops (Table 3).
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Fig. 2. Maximum and minimum temperatures of the ( —)‘ fertilized and the non-fertilized
(— — — —) crop (Szarvas, 1972) :

a=canopy layer, b= 10 cm above the water surface, c=at 1 cm depth below the water surface, d=water bottom

2. dbra. A tragydzott (————) és a trdgydzds nélkiili dllomdny (— — — —) maximum és minimum értékei (Szarvas, 1972)
a=dllomdnyzdrd réteg, b=vizszint felett 10 cm, c=vizfelszin alatt 1 cm, d=vizfenék



M*

[ i

]

-
©

25.

10

8.1972.

7.4972.

67



89

ce

10

71972,

20.

25.

314
8.1972.

20.



69

ce

10

10.

20.

25.

20:



0L

Q.
V4
120 q
110 ,
D0 et e e e e e e
90 T T T 0 T LI T T T L LI Ll
1 10 20 .4 10 20. 3,
74974 B497H,
Fig. 3. Smoothed curves of the so-called relative maxima in the fertilized (————) crop, in the non
Sertilized crop (— — — —) and in the free water (. ...). (Szarvas, 1971)
a=200cm level, b=canopy level, c=10 cm above the water surface, d=at | cm depth below the .
. water surface, e=water bottom
3. dbra. A relativ maximum kiegyenlitett gorbéi a trdgydzott (—————), a tragydzds nélkiili (— — —)
: dllomdnyban és a szabad vizen (.. ..) (Szarvas, 1971)
a=200cm, b=allomanyzard réteg, c=vizfelszin felett 10 cm, d=vizfelszin alatt 1 cm, e= vizfenék
o b.
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Table 3

Statzsncal mvesttgatzon of the maximum temperatures of the two rice crops and the free water
during the phenophase of maturation :
(Szarvas, 1971)

! n=24
Level : T e : ' ' Significance
_ crop X% o Crops ot level
a | 1004 | 198 a—c 4.035 +++
200 cm b 98.1 168 ‘a—b 4.356 o+
c 98.1 2.01 - b— o -
“a 1026 | 234 1 a—c . 0.361 -
Crop canopy | b 101.5 3.05 a—b 1.406 -
c - 1023 | - 334 |  b—c. 0.869 P
a | 1030 224 | a— | Ttns | =
10 cm over ' Cegr - ' ; .
watan S b %03 5.81 a—b 10.023 NRNIE
c 1021 | 328 b—c . | 8.695 | 4+
a | 1058 '5.54" a—c 8383 | 4+
lembelow |© b | 887 . 5.80 a—b | 10477 +++
water surface - ' . .
c 93.3 4.79 . b—c ©3.005 ++
a - 904 7.32 a—c | 3928 | 4+
Water =~ . : o .
bortor b 77.1 575 a—b 7.022 + 4+
. 83.0° 5.67 b 3.588 4+

a = free water
b = fertilized crop
¢ = non-fertilized crop
" — = no significant difference
- + <4 = significant on the 1% probability level
+ + + = significant on the 0.1% probability level

It
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In terms of mean values, it appears, that in the free water, the surface is the
warmest layer, its maximum being nearly by-6% ,,higher’”” than the maximum observed
at the climatological station. In the crops, the warmest layer is transferred to the
canopy level. The insolation of the inner space of the crop depends on a complex
effect of the following factors: incidence angle of the solar rays, their azimuth, the
“diurnal variation of insolation as a consequence of cloudiness, and the degree of
closedness of the drops. Accordingly, at the 10 cm level of the fertilized crop, the
standard deviation of the relative maxima is the highest. The fertilizer-less crop is
rather an open one, there, the double effective layers at 10 cm and at canopy leve! are
very probably exerting their influence during the whole day, and the vertical maximum
is appearing at one time on the lower and at one time on the higher level, according
to the insolation, and, consequently, these two levels are exhibiting nearly identical

_mean values and standard deviations, and there is no significant dlﬁ”erence to the
conditions prevailing at the 10 cni level of free water.

At the 200 cm level, there is a difference among the free water and the two crops
of at most 2-to 3%, however because of the low value of the standard devnatlon the

t”-test y1elds a significancy of the difference. )

In our opinion, the mean values are (within the limits determmed by the standard
dev1at10n) suitable during the generative phase of the crop for yielding, by using-the
maximum temperatures observed on a near-by macroclimatological station, a know-
ledge of the maximum temperatures at various levels of the crops and for preparing,
on this basis, a forecast on the biological phenomena of the rice crops.
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