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Evapotranspiration of corn crop for silage
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Abstract. During the period of 2009–2012 in the experimental field of the Agricultural Institute, Stara Zagora on soil type meadow cinnamon soil was conducted
experiment with silage corn first crop. Corn was grown after predecessor wheat - pea mixture. Five options of irrigation regime of maize were examined. It has
been found that during the years of prolonged drought when sowing of corn is in non-irrigated evapotranspiration embodiments in the range of 301.5 to 308.4
mm, and in average wet years with uniform distribution of precipitation greater than 350 mm. Under conditions of irrigation evapotranspiration of culture was
increased to an optimal embodiment irrigated reaches values 471.4 mm, and an irregular irrigation regime - 397.2 mm and 372.3 mm, respectively, in 60% M,
and 40% M. Average for the three years of study, evapotranspiration reaches maximum average values during the second ten days of August - 6.13 mm at the
optimal option and 3.76 mm for versions without irrigation in phase tasseling-dark silks, and then at the end of the vegetation gradually decreases and reaches
values of 3.70 mm to 2.20 mm.

Keywords: corn silage, irrigation, water deficit, evapotranspiration

Introduction
Evapotranspiration is an expansive component in the water
balance of the soil, on which the number of irrigations between
irrigation period and size of irrigation in each crop depend, including
maize. Over the years, research by many domestic and foreign
authors have shown that maintaining optimum humidity and
sufficient amount of mass, evapotranspiration depends mainly on
two factors - weather conditions and vegetation (Varlev and Popova,
2003; Davidov, 1998; Zhivkov and Gaidarska, 1985). The latter is
crucial, especially in recent years when the country introduced
largely new foreign varieties with different growing season. Eneva
(1980, 1987) found that evapotranspiration (ET) of late corn hybrids
with optimum irrigation is from 468 to 586 mm, but without irrigation –
from 291 to 427 mm. Higher preliminary humidity and increase of the
distance between the irrigation furrows leads to a higher rate of flow
of water in the soil (Eneva and Todorova, 2001; Matev and Petrova,
2012) found that evapotranspiration of non-irrigated corn
significantly affected by the conditions of the year, and in years with
prolonged summer droughts is in the range from 274 to 284 mm, and
in moist and evenly distributed rainfall years - more than 400
mm.
The object of this study was to establish evapotranspiration on
corn for silage first crop grown under optimum conditions and
inadequate water provision on meadow - cinnamon soil.

found that the soil type has good soil productivity class for growing
row crops (Todorova and Popova, 2009). Maize was grown after
predecessor pea - wheat blend.
The experiment was embedded in the block method in four
replications, the size of the plots of 25 m2. Corn returning
(accumulate, gather) to their stage of wax ripeness. Irrigation was
done with gravity seasonal stationary installation. We studied the
following options: 1. Without irrigation (control) 2. Optimal irrigation 80% PP (100% irrigation rate – 60 mm) 3. In furrow irrigation with
100% irrigation rate (60 mm) 4. In each furrow irrigation with 60% of
the calculated irrigation rate (36 mm) 5. In each furrow irrigation with
40% of the estimated irrigation rate (24 mm). Water distribution in
irrigation furrows through perforated pipes mounted thereon hoses
to direct irrigation streams in their respective grooves. To achieve an
even distribution of the necessary irrigation rate water protruded??
through variable flow. Irrigations in all variants were made
simultaneously, an appropriate adjustment was made to the
irrigation rate, according to the respective option. ET in all variants of
the experiment was established by water balance calculations. The
use of rainfall was determined by the method of successive
approximations (Krafti, 1964). Groundwater wasn't included in the
balance of soil moisture as it was located at a relatively great depth
(more than 3 m). Irrigation levels for the corresponding variants were
added in calculation of the final revenue elements.

Results and discussion
Material and methods
During the period 2009 – 2012 in the experimental field of
Agricultural Institute Stara Zagora on meadow cinnamon soil type an
experiment was conducted with maize silage moderately late
hibrid.LG 34 .88 FAO group 490. The soil type was characterized by
the following water - Physical properties: PP – 26.57%, coefficient of
wither (CW) – 18.19%., porosity – 47% and density – 1.45. It was
* e-mail: toni_1219@abv.bg
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Evapotranspiration of maize depends largely on both the
weather conditions experienced during the three years, as well as
applications in various versions of irrigation regime. In Figure 1 the
amount of rainfall is represented by months, years, and for the total
study period. Regarding the provision of rainfall in 2009 it was
characterized as medium moist, but 2011 and 2012 as dry years for
provision, respectively 36.8%, 92.3% and 82.4%. Distribution of
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rainfall during the growing season of maize is relatively uniform in
2011 and unevenly in the next two years. Best - plenty of rainfall
during May – the first ten days of September were registered in 2009
and compared with the same months of the multiannual period this
amount was - 24,5 mm less. In the other two years (2011 and 2012)
the amounts of rainfall compared to the multiannual period were also
smaller, 99,9 mm and 40,9 mm, respectively. In response to specific
natural conditions of humidity and rain provision of vegetation in
2009 3-fold irrigations were carried out, and in 2011 and 2012 - 4
irrigations. The average daily air temperatures during the years of
study did not differ significantly from those of the multi-annual period.
(Figure 2).
Quantified ET on corn crop I-st culture is a reflection of the
specific features of the hybrid and meteorological conditions (Table
1). In a variant without irrigation, the impact of weather is substantial,
while the average precipitation in 2009 was 364,5 mm, and the other
two dry years 2011 and 2012, respectively 301.5 and 308,4 mm, or
respectively 63,0 and 56,1 mm more. In 2009 3 irrigations were
made. In view of the weather situation and the submitted watering
rates, evapotranspiration increases gradually, while the optimum
irrigated variant increase was 22% compared to non-irrigated. In the

experimental years 2011 and 2012, characterized by similar weather
and prolonged drought during the active growing season of maize
phase tasseling-dark silks additional watering was applied. Under
these conditions the values of the total evapotranspiration had
increased from non-irrigated variant with 56.1% for 2011 and 61.7%,
respectively, for 2012. Average for the three years the increase in
value of the total evapotranspiration was experienced for variants
with 100% applied irrigation rate was 45.1% compared to nonirrigated variant.
For the purpose of irrigation in addition to the total
evapotranspiration process the dynamics of average daily
evapotranspiration during the different periods of crop development
is also very important. Data by years and average for the
experimental period are presented in Figures 3, 4, 5 and 6.
To the realization of the first irrigation, the course of average
daily evapotranspiration for all variants is comparatively identical to
the first. Changes occurred after the completion of the irrigation
season, because the different irrigation rates have different
influence. Figure 3 illustrates the average daily changes of
evapotranspiration of maize in 2009, which was characterized by
relatively favorable distribution of rainfall. Under these conditions

Table 1. Evapotranspiration by variants and years

Variants

ЕТ mm

%
to 1

to 2

ЕТ mm

ET from 2009

%
to 1

to 2

ET from 2011

1.without irrigation
2.100% M
3.100% M across furrow
4.60% M
5.40% M

364.5
444.8
412.7
390.3
372.4

100
122.0
113.2
107.0
102.2

81.9
100
92.7
87.7
83.7

301.5
470.8
422.7
399.7
383.4

100
156.1
140.1
132.5
127.1

64.0
100
89.7
84.8
81.4

1.without irrigation
2.100% M
3.100% M across furrow
4.60% M
5.40% M

308.4
498.7
433.6
401.8
390.7

ET from 2012
100
161.7
140.6
130.2
126.6

61.8
100
86.9
80.5
78.8

324.8
471.4
423.0
397.2
372.3

Average for 2009 - 2012
100
145.1
130.2
122.2
114.6

68.9
100
89.7
84.2
78.9

M – irrigation rate
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Figure 3. Daily ET from 2009
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Figure 5. Daily ET from 2012

daily average evapotranspiration in the non-irrigated variant and
variants with small irrigation rates (60% and 40%) reaches
maximum values during the second half of August, 3,6, 4,8 and 5,0
mm, respectively. When options with optimum irrigation rate have
been increased to the maximum ET, reaching 5,9 and 5,3 mm,
respectively, for the same period (var. 2 and var. 3), and gradually
began to decrease and reached 2,5 mm at the end of vegetation (var.
1). The average daily move of evapotranspiration in 2011 in all
embodiments also reaches its maximum during the second ten days
of August (Figure 4). The same trend was observed in the third year
of the study because of the relatively uniform meteorological
conditions and realized irrigation rates. In that year most of the daily
average is focused again in August (Figure 5), and then again it
gradually begins to decline. In Figure 6 the average of the three
experimental years average 24 hours evapotranspiration values of
maize in ten days. The resulting curves are specific and give an idea
of the impact of irrigation regime on its absolute value.

Conclusion
In the years of prolonged drought during the active growing
season of maize evapotranspiration under non-irrigated variants
ranged from 301.5 to 308.4 mm. In average wet years with an even
422
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distribution of rainfall evapotranspiration is over 350 mm. In terms of
irrigation on crop evapotranspiration increases, the optimum
irrigated variant reaches values 471.4 mm. When applying an
irregular irrigation regime evapotranspiration is 397,2 mm and
372.3 mm, for 60% M and 40% M, respectively. Average for the three
years of study, evapotranspiration reaches maximum average
values during the second ten days of August – 6.13 mm at the
optimum option and 3.76 mm for versions without irrigation in phase
tasseling – dark silks, and then at the end of the vegetation it
gradually decreases and reaches values of 3.70 mm to 2.20 mm.
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