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Abstract

The relationship between standard weather data and the microclimate of wheat and barley
during harvesting time has been determined. The moisture content of wheat and barley to-
gether with the weather elements have been measured at 3 different experimental sites in the
Netherlands in the harvesting seasons of 1990 and 1991. The difference in the dew point
temperature in the screen and in the field is small. However, the differences between air tem-
perature in the screen and those at different heights in wheat as well as in barley are conside-
rable, In daytime the surface temperature of barley is higher than that of wheat under the
same weather conditions as a result of a higher absorbtion coefficient. Both for wheat and
barley, the maximum difference between the calculated moisture content is 0.5 %, using the
air temperature at 1.5 m height from the nearest standard weather station and the surface
temperature of the cars. Barley has a greater daily cycle in the moisture content of the grains
than wheat as a result of a high equilibrium moisture content during the night and a low one
in daytime, '
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Introduction

The weather has a great influence on the moisture content of the grains of cereals
during harvesting time. The prediction of the moisture content of the grains of cere-
als through the input of standard weather elements into 2 model has been described
by Atzema (1993), In literature little is known about the relationship between stan-
dard weather data and the microclimate of cereals. Van Eimern (1964) described the
relationship between temperatures at different heights within immature cereals
(barley and wheat) and screen temperature. In mature wheat differences between sur-
face temperature of the ear at 1.2 m and air temperature at 1.2 m are described.
Beinhauer (1975) shows the relationship between the mean values of air temperature
within immature wheat crop and screen temperature. Both Van Eimern and Bein-
haver, showed in daytime the measured temperatures in the stands of wheat and bar-
ley are higher than the screen temperatures.
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The difference in temperatures of the ears in wheat and in barley can be great. The
reflection coefficient for wheat and barley is 26 and 23, respectively (Monteith,
1990). The transmission of radiation in barley is 50 % (Monteith, 1969). The ears of
barley bent downward which provides the surface of the crop is more closed. Also
the leaves of barley are more horizontal than that of wheat (Ross, 1975). Therefore
the transmission of radiation in wheat is more than 50 %. So the absorbtion coeffi-
cient is less than 24 for wheat and 27 for barley. This is the reason in daytime the
temperature of the ears of barley is higher than that of wheat under the same weather
conditions,

The aim of the present research program is to forecast the moisture content of the
grains of cereals at harvesting time by a weather-driven model. This paper only
describes the response of the moisture content of wheat and barley to the weather
elements, The moisture content is influenced by the temperature of the grains, which
has to be estimated from the air temperature at 1.5 m height as measured at standard
weather stations. Only then the moisture content of cereals can be calculated by a
model using the input of realtime weather data. The model uses six meteorological
elements, namely air temperature, dew point temperature, both at screen height,
wind speed at 10 m height, amount of rain, global radiation and cloud cover. All
weather elements are taken hourly, except the quantity of rain which is taken every
6 hours (Atzema, 1993),

In practice farmers are only interested in the moisture content of cereals at thres-
hing, During harvesting, the straw moisture content influences the moisture content
of the grains, Usually the grains are ripe earlier than the straw and the lower part of
the straw is wetter than the upper part of the straw. Also (green) weeds can increase
the moisture content of the grains at harvesting, because moisture is pressed out of
the weeds and moisten the grains (Van Kampen, 1969). Therefore the differences of
the moisture content of the grains are also compared before and after threshing.

Material and methods

During the harvesting season of 1990 and 1991 the moisture content of mature
barley and wheat (from stadia DC 91) together with weather elements have been
measured at 3 different experimental sites in the Netherlands: in the South-East
(Kessel), in the South-West (Haamstede) and in the North-East {Weiwerd). The
meteorological data of the experimental sites are compared with those of the near-
est standard weather stations (Volkel, Vlissingen and Eelde, respectively). Table 1
shows the locations of the experimental sites and the standard weather stations.

. Table 2 shows the periods of time the experiments were carried out. In the
Netherlands the harvesting time of cereals always start in the South-East, continuing
in the South-West (some days till one week later) and finishes in the North-East (on
average 3 weeks later than in the South-East). During the harvesting time of wheat in
1990, it was very hot. This is the reason why the differences in the harvesting time
between the different regions were very small, In 1991 on the other hand the harves-
ting time started late as a consequence of cold weather during the growing season.

The size of the experimental sites were at least 1 ha and those in Weiwerd were
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Table 1. The locations of the experimental sites and the standard weather stations.

Type of site Site Geographic position
Experimental site ' Kessel S5I°I8'N 6"04'E
Haamstede 51°42'N  3™5'E
Weiwerd 53°19'N  G6°56°E
Standard Volkel S1°39°N  5%42°E
wealher Vlissingen 51%27'N  3"36’E
station Eelde SI0E'N  6°35'E

Table 2, The periods of time the experiments were carried out.

Year Site Crop Time

1990 Kesscl barley 11-13 July
Haamstede barley 26-30 July
Kessel . wheat 24 July-2 August
Haamstede wheat 1-4 August
Weiwerd wheat 4-12 August

1991 Weiwerd barley 28-30 July
Weiwerd barley 21-23 August

situated in an area with a lot of cereals. The measurements were performed each
hour from dawn till dusk. A sample of ears was taken in the field at random. After
threshing by hand with the help of sandpaper, the moisture content of the grains was
determined (six-fold samples) by a cereal moisture content meter (type Protimeter
Digital Grainmaster). In this machine the grains were ground before measuring. The
gir temperature and dew point temperature were measured with an Assmann psy-
chrometer, The surface temperature of the ears has been determined by a infrared ra-
diation thermometer (type CHINO Portable Radiation Thermometer Comet 8000).
The global radiation has been measured by a pyranometer (type Kipp CM3).

To compare the moisture content of the grains before and after threshing, a sample
of cars in the field just before combining and a sample of grains just after combining
were taken, ;

At drying the moisture content of the grains of cereals can be calculated using the
formula of Penman-Monteith (Monteith, 1965):

o p. 4 Dioles—€d)
[ rﬂ

LE= : O
‘e
g4yl + =
The net radiation can be calculated {Hu]fslag & Van Ulden, 1983) by:
aR, +c, Té—oT*+ el
Ro= & | :
o 1+ Cq {2}
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The height of the crop is set at 0.8 m and the wind speed (10 m height) is taken 2
m s, Therefore r, is 62 s m™ and at a moisture content of 16 % r, is 21875 s m™
(Atzema, 1993).

The equilibrium moisture content M, is calculated by the Henderson equation
(Henderson, 1952). The modified version of the Henderson equation is (Anon.,
1982);

Eﬂ
In (1-=2)

Ca
M, = [w] (3)

Results and discussion

Both in wheat as well as in barley there is no significant difference in the dew point
temperature (1.5 m height) between the experimental plot and the nearest weather
station, The difference in the dew point temperature in the screen and in the field is
0,7 1.7 °C (n=260) and 0.1 £ 1.4 °C (n = 114) for wheat and barley, respectively.
However, the differences in the air temperatures are considerable.

Figure 1 shows the mean hourly temperatures in wheat of 3 successive days within
the same air mass (Haamstede; 1 until 3 August 1990): the air temperature at 1.5 m
height at the nearest standard weather station, the surface temperature of the ears,
the air temperature at the height of the ears (1.0 m height) and above the canopy (1.5
m height), The surface temperature has the largest daily cycle. The maximum air
temperature is reached late in the afternoon, since this temperature is dependent on
the heat flux from the underlying surface. At daytime, the air temperature above the
canopy (1.5 m height) is greater than that in the screen above short grass. The air is
heated from the surface of the crop and the distance above the wheat is small compa-
red to that above grass. Also the air temperature in the neighbourhood of the ears
(1.0 m height) is higher than that above the canopy (1.5 m height).

Figure 2 shows the mean hourly temperatures in barley of 4 successive days within
the same air mass (Haamstede; 26 until 29 Tuly 1990): the air temperature at 1.5 m
height at the nearest standard weather station, the surface temperature of the ears,
the air temperature at the height of the ears (0.7 m height) and above the canopy (1.5
m height). In barley the difference between the surface temperature and the other
temperatures is greater than that in wheat. Barley absorbs more heat than wheat un-
der the same weather conditions.

In Table 3 and 4 the theoretical maximum differences in moisture content has been
caleulated for wheat and barley, respectively, when using the air temperature from
the nearest standard weather station and the surface temperature of the grains, at
daytime, The input of the weather elements are the mean values of the experiments
in 1990 and 1991 (for wheat 18 days and for barley 10 days) under dry weather con-
ditions only. The mean dew point temperature is 14 °C and the sky is cloudless. The
yield of the wheat and barley is estimated at 7000 and 5500 kg ha™, respectively. So
at & moisture content of 16 % only 1120 and 880 kg ha™! water is present for wheat
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Flg. 1, Mean hourly temperatures in wheat at Haamstede and the corresponding screen temperature at
Vlissingen of 3 successive days (1-3 August 1990). <> surface temperature of the ears; 7 air temperatu-
re in wheat at 1.0 m height; X air temperature in wheat at 1.5 m height; L] screen temperature at
Vlissingen.

and barley, respectively. Despite in these experiments the maximum difference in
temperature is 7 °C, the maximum difference in grain moisture content is only
0.5 %, both for wheat and barley. Because under the same weather conditions barley
absorbs more heat than wheat, the difference in moisture content of barley appears
carly in the day. -

To have a constant crop resistance, every hour the moisture content was reset at
16 %. So the differences in moisture content can not be added. In reality the differ-
ences between the calculated moisture content and the moisture content in the field
is smaller. Firstly, the temperature of the grains is lower than the surface temperature
of the grains. Secondly, a higher temperature decreases the moisture content of the
cereals with the consequence the crop resistance increases considerable.
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Fig. 2, Mean hourly temperatures in barley at Haamstede and the corresponding screen temperature at
Vlissingen of 4 successive days (26-29 July 1990). > surface temperature of the ears; ¥ air temperatu-
re in barley at 0,7 m height; X air temperature in barley at 1.5 m height; L] screen temperature at

Vlissingen.

. Figure 3 shows the course of the average moisture content of wheat (18 days) and
barley (10 days) during the day. Compared to wheat, in the morning the moisture
content of barley decreases rapidly and in the evening the moisture content of barley
increases rapidly, These results agree with those of Van Kampen (1969).

The minimum quantity of absorbed water of the grains depend on the temperature
and the dew point temperature. of the surrounding air. This moisture content is the
equilibrium moisture content. Water left in the grains is bound too strongly. Figure 4
shows the calenlated equilibrium moisture content of wheat and barley with varying
air temperature. The dew point temperature is set at 14 °C. From Tables 3 and 4 1t
can be seen that during the wheat experiments the average air temperature was hig-
her than that during the barley experiments, With an equal dew point temperature
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Table 3, Percentage difference in moisture content (A) in wheat calculated using the air temperature
from the nearest weather station (T, ) or the surface temperature of the ears (T,). Every hour {local
time) the temperatures and the global radiation (R;) are the mean values during 18 experimental days
under dry weather conditions,

Time T T, R, A
(h) o) (°C) (7 em™2hh) (%)
8 16.2 18.5 57 0.05
9 18.9 224 sl 0.11
10 21.2 26.2 156 0.23
1 22.5 28.5 179 0.31
12 234 30.0 202 0.38
13 24.2 30.5 252 0.42
14 24.6 34 258 0.49
15 25,5 30.5 235 0.34
16 26,0 20.8 221 0.24
17 25.5 28.2 181 0.16
18 24.3 26.8 141 0.11
19 23,6 25.5 96 0.07
20 22.4 23.0 35 0.02

Table 4, Percentage difference in moisture content (A) in barley calculated using the air temperature
from the nearest weather station (T, ;) or the surface temperature of the ears (T,). Every hour (local
time) the lemperatures and the global radiation (R,) ar¢ the mean values during 10 experimental days
under dry weather conditions,

Time Tast T, A
(h) (°C) (°C) E'cm"h": (%)
8 17.0 20.3 48 0.11
9 18.4 22.9 99 0.16
10 19.9 25.7 156 0.29
1 21,2 27.3 187 0.39
12 21.5 27.3 219 0.42
13 222 28.1 269 0.45
14 22.6 29,3 267 0.51
15 229 30,0 248 0.54
16 23.1 28.8 241 0.40
17 23.0 27.8 197 0.29
I8 23.1 27.1 152 0.24
19 22.8 25.7 117 0.15
20 - 21,9 24.1 70 0.09
2] 20.4 21.5 33 0.03

(14 °C), an air temperature of 26 °C sets the equilibrium moisture content of wheat
at 11,8 % and an air temperature of 23 °C sets the equilibrium moisture content of
barley at 12.4 %. Since most of the time the air temperature is lower than given abo-
ve, the moisture contents of wheat and barley have higher values.

In Fig. 4 the equilibrium moisture content of wheat is equal to that of barley if the
air temperature and dew point temperature is 17 °C and 14 °C, respectively. If the air
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Fig, 3, Course of the average moisture content during the day. O wheat; + barley.

temperature decreases (and the dew point temperature remains 14 °C) the equili-
brium moisture content of barley is higher than that of wheat. Usually in the night,
when the relative humidity is high, the moisture content of barley is higher than that
of wheat under the same weather conditions. The line marked with = in Fig. 5, calcu-
lated with equation 3, represents an equal equilibrium moisture content of wheat and
barley, The mark * represents the example of Fig. 4. In low temperatures with a high
humidity the equilibrium moisture content of barley is higher than that of wheat. In a
high temperature or a low humidity the equilibrium moisture content of barley is lo-
wer than that of wheat. :

At combining the grains come into close contact with the straw. In many cases
moisture is transferred from straw to grains. If the moisture content (m.c.) of wheat
is less than 17.2:%, the straw is ripe and no green weeds are present, the differences
between the moisture content before and after threshing is small (Van Kampen,
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Fig. 4. Equilibrium moisture content versus the air temperature. Dew point temperature is 14 °C.
L] wheat; + barley.

1969). In our measurements in wheat the mean moisture content before and after

glrcs}hing was 15.0.% and 15.2 %, respectively (n = 21; m.c. < 17.2; 8 different
ays}. -

Quite different were the results of our measurements in barley. The mean moisture

content of barley before and after threshing was 13.1 % and 14.7 %, respectively (n

= | 1; 4 different days). Despite a low moisture content the rise in moisture content is

1.6 %. The outside of the straw of barley is more smooth than that of wheat.

Conclusions

Both in wheat and in barley no significant difference is present in the dew point tem-
perature (1.5 m height) between the experimental plot and the nearest weather sta-
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Fig, 5. Bquilibrium moisture content (eme) of wheat and barley in relation to dew point temperature and
alr temperature, The grid () is also given.

tion. However the air temperature above wheat and barley is higher than that in the
screen, Both for wheat and barley, in daytime the maximum difference between the
calculated moisture content is 0.5 %, using the air temperature at 1.5 m height from
the nearest standard weather station and the surface temperature of the ears. Because
under the same weather conditions barley absorbs more heat than wheat, the diffe-
rence in moisture content of barley appears early on the day. Barley has a greater
daily cycle in the moisture content of the grains than wheat. In low temperatures
with a high humidity the equilibrium moisture content of barley is higher than that
of wheat. In a high temperature or in a low humidity the equilibrium moisture con-
tent of barley is lower than that of wheat. In wheat the differences between the mois-
ture content before and after threshing is small if the moisture content of wheat is

low, the straw is ripe and no green weeds are present.
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Notation

E mass flux of water vapour kgm™2 s
L latent heat of evaporation J kg

M, equilibrivm moisture content % wh

N cloud cover in octas

R,  global radiation W m™

R, net radiation W m™

T iemperature K

i fraction absorbed global radiation (0.67)

ey specific heat of air at constant pressure (1010) Thg ' K
e constant (5.31-10°1) WmlKS
1 constant (60) Wm

£y heating coefficient [0.32 (barley); 0.12 (wheat)]
&y constant [0,229 (barley); 1.23 (wheat)]

e constant [195 (barley); 64 (wheat)]

(.13 constant [2.01 (barley); 2.56 (wheat)]
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o actual vapour pressure Pa
&, salurated vapour pressure Pa

o acrodynamic resistance of air sm™

re erop resistance ' : sm™!

£ slope of saturation humidity v& temperature curve PaK™

¥ psychrometric constant Pa K™

P density of air m?

o Stefan-Boltzmann constant (5.67 - 10°%) Wm K
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