Turk J Agric For

(2014) 38: 159-168

© TUBITAK
doi:10.3906/tar-1302-36

Turkish Journal of Agriculture and Forestry

http://journals.tubitak.gov.tr/agriculture/

Research Article

TUBITAK

Effects of different irrigation methods and plant density on silage
yield and yield components of PR 31Y43 hybrid corn cultivar

Muhammet KARASAHIN*
Department of Plant and Animal Production, Karabiik University Eskipazar Vocational School, Karabiik, Turkey

Received: 11.02.2013 ®  Accepted: 04.09.2013 e  Published Online: 27.01.2014 ®  Printed: 24.02.2014

Abstract: This study was conducted to determine the effects of different irrigation methods (drip I1, subsoil drip 12, and subsoil
capillary I3) and different plant densities (102,040 plants ha', D1; 119,040 plants ha', D2; and 142,850 plants ha™', D3) on the silage
yield and yield components of PR 31Y43 hybrid corn cultivar (Zea mays L. indentata S.) in the years 2011 and 2012 under the ecological
conditions of Eskipazar-Karabiik. In both research years, the plant densities were statistically significant for stem diameter, fresh ear
ratio, fresh plant weight, silage, and dry matter yield. The highest stem diameter, fresh ear ratio, and fresh plant weight values were
obtained from D1 and D2 plant densities, and the highest silage and dry matter yields were obtained from D3 and D2 plant densities.
Irrigation methods were statistically significant for fresh and dry plant weight in the second research year, and the highest values were
obtained from drip irrigation. The I x D interactions were statistically significant for plant height in both research years, while they
were statistically significant for number of leaves, stem diameter, fresh leaf ratio, fresh ear ratio, fresh plant weight, and silage yield in
the second research year. The highest silage yield was obtained from I3 x D3 interaction. D3 and D2 plant densities in all 3 irrigation
methods could be recommended for corn silage farmers. However, when water conservation is taken into consideration (12, 7%; I3,
11%), subsoil irrigation becomes more important.
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1. Introduction

Nutrition is the most important need of humans. The
nutrition problem increases day by day, in parallel with the
increase in world population. Although there is no shortage
of food in Turkey, a nutritional imbalance exists based
on grains. Animal-based food is of high importance for
sufficient and balanced human nutrition. Turkey has high
potential in livestock, but the desired animal production
has not yet been reached (Tiikel and Hatipoglu, 1997).
Corn is the most important silage plant that is capable
of satisfying the demand for both concentrate feed and
fodder. Concentrate feed requirements decrease by 33%-
50% in animals that are fed with corn silage (Sade and
Soylu, 2008). Corn is the most important plant grown for
silage production both in Turkey and worldwide (Turgut,
2002).

The number of plants grown in each unit field is high
in soils containing a sufficient amount of useful nutrients.
An increase in the amount of nitrogen delivered with
fertilizer allows more plants in each unit field and higher
yield (Sencar, 1988). Most research detected that distances
of the rows affected yield, and high and low plant densities
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limit corn yield. As climate and soil properties are different
from region to region, determining factors such as
selection of a suitable variety, nitrogen dose, and planting
density are very important for growing corn. A suitable
plant density must be provided in order to obtain a high
yield in corn production. Determining the optimum plant
density in a manner that enables the plants to benefit from
the available water, nutrients in the soil, and light energy is
highly important for decreasing production costs (Kirtok,
1998). The yield and the quality of corn silage is related
to the genotype, as well as factors such as climate and soil
conditions, altitude, planting time, plant density, irrigation,
and harvesting time (Cusicanqui and Lauer, 1999).

Today, there are no further opportunities to expand
agricultural fields; thus, increasing the yield per unit field
is the only way to increase agricultural production. It is
possible to increase production 5-fold with irrigation;
however, the decrease in water resources and the distortion
of water quality due to rapid development limits irrigation
in agriculture. The use of irrigation methods that conserve
water, selection of drought resistant cultivars, and
protection of water resources are important strategies for
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supplying the food demand of an increasing population.
Seventy-two percent of the water resources in Turkey are
used in agriculture, 18% are used domestically, and 10%
are used in the industrial sector. Turkey does not have a
shortage of water, but it is one of the countries with limited
water consumption. In order to supply the growing food
needs of developed countries between the years 2000 and
2030, agricultural production must be increased by 67%
and water consumption in agriculture must be decreased
to 14% (TMMOB, 2009). Today, irrigation methods and
systems that mitigate drainage and salinity problems in
soil by decreasing irrigation water usage through more
economic applications have become important (Aras,
2006). Arranging precise irrigation programs and using
more effective irrigation methods are the best ways to
increase yield while decreasing the amount of irrigation
water used in agriculture. These problems have been
partially solved with subsoil drip irrigation. However, in
this method the emitters are plugged by the plant roots,
and thus the use of chemical weed controllers becomes a
necessity to prevent this problem. Asaresult, plant roots are
damaged. A system called subsoil capillary irrigation was
developed to prevent all these undesirable circumstances.
This new irrigation system was used as a third irrigation
method in our research. The aim of this study was to

determine the effects of different irrigation methods and
plant densities on silage yield and yield components of the
PR 31Y43 hybrid corn cultivar.

2. Materials and methods

2.1. Experimental site

The research was conducted in the research fields of
Eskipazar Vocational High School in the years 2011 and
2012 under the ecological conditions of the district of
Eskipazar in the province of Karabiik, Turkey. The quality
of the irrigation water that was used in the research
was good (EC = 0.65 dS m™, pH = 7.2). The Eskipazar
district has a transition climate between the Black Sea and
continental climates. Some of the climate data recorded
in the Eskipazar district during the corn growing periods
of the study years (2011-2012) and the long-term means
(1985-2006) of these data are given in Table 1. It can be
seen in Table 1 that the total rain and temperature means
in 2011 and 2012 were slightly lower and slightly higher
than the long-term means, respectively. Soil samples were
taken from depths of 0-30 and 30-60 cm and analyzed
to determine the physical and chemical properties of the
research soils (Table 2). As seen in Table 2, the soils are
clay-loam textured and the organic matter content is low
(1.49%).

Table 1. Climatic data of the research location in the years 2011 and 2012 with long-term means (1985-2006) at Eskipazar, Turkey.

Precipitation (mm)

Mean temperature (°C)

Relative humidity (%)

Months
2011 2012 Long-term 2011 2012 Long-term 2011 2012 Long-term

May 68.4 68.2 57.1 13.4 15.4 14.3 73.9 66.7 60.2
Jun 54.8 21.8 54.8 16.9 20.2 17.9 72.3 58.7 60.8
Jul 8.2 51.4 24.8 21.6 22.6 20.9 63.1 57.7 55.4
Aug 17.0 48.0 229 19.9 19.9 21.1 62.0 59.9 53.9
Sep 4.4 6.0 21.6 17.1 18.7 16.3 57.4 54.7 57.5
Total/mean 152.8 195.4 181.2 17.8 19.4 18.1 65.7 59.5 57.6

Table 2. Physical and chemical soil properties of the research location, Eskipazar, Turkey.

Properties Depth (0-30 cm) Depth (30-60 cm) Properties Depth (0-30 cm) Depth (30-60 cm)
Sand (%) 38.0 36.0 pH 7.60 7.68

Silt (%) 20.0 21.0 Salt (%) 0.04 0.04

Clay (%) 42.0 43.0 Lime (%) 37.59 35.51

Texture class Clay-loam Clay-loam Field capacity (%), (v v™) 3237 30.97

Total N (kg ha™) 0.34 0.32 Wilting point (%), (v v™') 19.98 19.96

P,0, (kgha™) 23.60 20.4 Bulk density (g cm™) 1.23 1.22

K,0 (kg ha™) 170.10 120.5 Organic matter (%) 1.49 1.54
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2.2. Experimental method

The hybrid corn cultivar PR 31Y43 (Zea mays L. indentata
S.) was used in this study. Three different irrigation
methods [drip (I1), subsoil drip (I12), and subsoil capillary
(I3)] and 3 different plant densities [102,040 plants ha™!
(D1), 119,040 plants ha™' (D2), and 142,850 plants ha™
(D3)] were investigated. The experimental design was a
randomized complete block in a split plot arrangement
with 3 replications. The irrigation methods (I1, 12, and
I3) to be placed on the main plots and the plant densities
(D1, D2, and D3) to be placed in split plots were selected
randomly. The split plot size was 2.8 x 5 m with 4 rows per
plot.

2.3. Irrigation system design and applications

The Hydro PCND drip lines of the John Deere Company
with 50 cm emitter spacing, 16 mm diameter, and a flow
rate of 2.35 L h™! for each emitter were used in the drip,
subsoil drip, and subsoil capillary irrigation methods.
When plants were 4-5-leafed, 3 different irrigation
methods were applied to the plots. The drip lines were
placed 1.4 m apart, and each drip line was centered
between 2 corn rows spaced at 70 cm in the 3 irrigation
methods. The drip lines were buried with an installation
depth of 20 cm for the subsoil drip irrigation method.
Capillary drip lines were buried as in the subsoil drip
irrigation method. In the subsoil capillary irrigation
system, drip lines were coated with dispersion material
to allow uniform irrigation. This dispersion material
consists of microfibers such as polypropylene, and its
water holding and transmission capacity is very high
compared to soil (Figure 1). Flowing water from drip
line emitters contacts the dispersion material, and
water is distributed uniformly via coated polyethylene
film. Water transfer is provided from the surface of
2 united ends of this dispersion material to the soil by
the principle of capillarity (Figure 2). Thus, uniform
irrigation can be provided without using herbicides to
prevent the clogging of emitters by plant roots. A time

Figure 1. Dispersion-material-coated drip lines.

Figure 2. Uniform water transfer in the subsoil capillary
irrigation method.

domain reflectometry (TDR) device was used to measure
soil moisture to determine the irrigation program during
the research. This method is based on measuring the
travel time between 2 points of the electromagnetic waves
sent from a voltage source through metal bars buried
in soil that are parallel to each other. To determine the
relationship between volumetric soil moisture and TDR
readings, a 40 x 70 x 25 cm plastic case was placed, and an
undisturbed soil sample was taken from the research field
and completely saturated with water. Later, undisturbed
soil samples were taken periodically, and gravimetrical
moisture estimates were made using an oven; these
estimates were transformed into volumetric values and
the related TDR readings were recorded (Figure 3). The
irrigation began when consumption of 30% (25%-35%)
of the readily available soil moisture versus TDR reading
of 42 (39-45) was obtained. Water was supplied by the
system by calculating the water amount in a manner
designed to bring a 25-cm soil profile to field capacity
before the stem elongation period and a 50-cm soil
profile to field capacity after the stem elongation period.
A TDR value of 55 was read against the field capacity
(32.37%, v v), 42 (39-45) against 30% (25%-35%)
consumption of readily available soil water (28.65% v
v1), and 25 against the permanent wilting point (19.98%,

£ 40

Z y=0.463x + 8.33

£330 R?=0.98 *

e

2E 20

53

£

2 10

S TH 30 10 50 60

TDR values

Figure 3. Relationship between volumetric soil moisture and
TDR values.
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v v!). TDR readings were made from a distance of 10
and 20 cm from the center of irrigation laterals and soil
depths of 20 and 40 cm in all irrigation methods and
plant density applications. The accuracy of the irrigation
amount was controlled by TDR readings made 24 h after

irrigation. The irrigation amounts measured with water
counters were recorded, and the total amounts used at
the end of the season were defined. Although the number
of irrigation sessions was equal, the amount of irrigation
was different in all irrigation methods (Table 3).

Table 3. The dates and amounts of irrigation in 2011 and 2012 (mm).

2011

2012

Dates 11 12 13

Dates 11 12 13

D1 D2 D3 D1 D2 D3 D1 D2 D3

D1 D2 D3 D1 D2 D3 D1 D2 D3

256 7.7 8.4 9.5 7.1 7.8 8.8 6.9 7.4 8.4

1.7 7.1 7.4 8.5 6.3 6.9 8.0 6.1 6.6 7.5

3.7 7.0 7.6 8.7 6.5 7.1 8.1 6.3 6.8 7.7

8.7 7.2 7.8 8.9 6.7 7.3 8.3 6.5 7.0 7.9

11.7 7.0 7.6 8.7 6.5 7.1 8.1 6.3 6.8 7.7

13.7 75 8.1 9.3 6.9 7.5 8.6 6.7 7.2 8.2

157 7.2 7.9 9.0 6.7 7.3 8.3 6.5 7.0 8.0

187 7.7 8.4 9.5 7.1 7.8 8.8 6.9 7.4 8.4

207 75 8.3 9.5 7.1 7.8 8.6 6.9 7.4 8.4

22,7 75 8.1 9.3 6.9 7.5 8.6 6.7 7.2 8.2

257 145 157 180 134 146 166 13.0 140 159
27.7 147 158 182 136 148 169 132 142 161
29.7 148 161 184 138 150 170 133 143 163
1.8 154 167 191 143 155 17.7 138 149 16.9
3.8 157 171 195 144 157 178 139 150 17.0
5.8 158 172 196 147 160 182 142 153 174
8.8 157 171 195 146 159 180 141 152 173
10.8 154 169 191 145 157 179 140 151 17.1
128 154 167 191 143 155 178 138 149 169
158 152 166 189 142 154 175 137 148 16.8
178 153 168 191 144 156 17.6 139 150 17.0
198 152 166 189 142 154 175 137 148 1638
228 151 165 188 141 153 174 136 146 16.6
258 151 162 186 139 151 172 134 144 164
27.8 151 165 188 141 153 174 13.6 146 16.6
308 149 162 185 138 151 172 134 144 164
2.9 148 159 184 135 150 171 131 141 16.1
59 144 157 180 134 146 166 13.0 140 159
7.9 145 159 181 135 147 168 131 141 16.0
9.9 146 158 179 133 145 167 13.1 141 158
129 146 160 183 136 149 169 132 142 162
159 147 161 184 137 150 170 133 143 163
179 143 155 179 134 146 164 128 138 159
219 144 158 180 135 147 166 13.0 141 159

146 79 8.5 9.7 7.4 7.9 9.1 7.1 7.6 8.7

186 7.5 8.1 9.4 7.0 7.5 8.6 6.7 7.2 8.2

206 7.7 8.3 9.5 7.2 7.7 8.8 6.9 7.4 8.5

226 7.9 8.5 9.5 7.4 7.9 9.0 7.1 7.6 8.7

256 7.9 8.5 9.7 7.4 7.9 9.1 7.1 7.6 8.7

27.6 8.1 8.8 10.0 7.6 8.1 9.3 7.3 7.8 8.9

296 83 8.8 102 7.8 8.3 9.4 7.5 7.8 9.0

2.7 8.5 9.1 104 79 8.5 9.7 7.6 8.1 9.3

4.7 8.3 9.1 102 7.7 8.2 9.7 7.4 8.1 9.3

6.7 8.6 9.2 105 8.0 8.6 9.8 7.7 8.2 9.4

11.7 171 185 21.0 159 171 195 153 164 18.7
13.7 169 182 208 158 169 194 152 162 18.6
16.7 167 180 20.6 156 167 192 150 160 184
187 168 181 207 157 168 193 151 161 185
20.7 168 182 207 157 168 193 151 162 185
23.7 171 184 21.0 159 170 195 153 164 18.7
257 174 187 214 162 174 199 156 167 19.1
277 177 191 217 165 177 203 159 170 19.5
307 175 189 215 163 175 200 157 168 192
1.8 173 186 212 161 172 198 155 16,6 19.0
3.8 17.1 184 21.0 159 170 196 153 164 1838
6.8 169 183 208 158 169 194 152 163 18.6
8.8 16.8 181 20.7 157 168 193 151 16.1 185
10.8 172 185 21.1 158 171 196 154 165 18.8
13.8 169 183 208 158 169 194 152 163 186
158 167 180 206 156 167 192 150 16.0 184
178 164 177 202 155 164 188 147 157 18.0
208 163 175 200 152 162 186 146 156 179
228 164 17.7 201 153 164 189 147 157 18.0
248 166 179 204 155 166 190 149 159 182
27.8 164 175 200 151 162 186 146 156 179
298 162 174 199 150 161 185 145 155 17.8
31.8 157 170 194 147 157 180 141 151 173
39 159 172 196 148 159 183 143 153 176
7.9 158 171 195 147 158 181 142 152 174
109 157 168 192 145 156 180 141 150 173

Total 433 471 538 402 438 498 389 419 476

515 555 633 480 514 590 462 494 566

I mean 481 446 428 567 528 507
D mean 408 443 504 486 521 596
Overall mean 452 534
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2.4. Agricultural applications

The planting was done by hand on 25 May in the first
year of the research and on 10 May in the second year.
Two seeds were sown in each plant density and thinned
by hand after emergence. After the plants emerged and
the rows became clear, the first hoeing was completed.
Composite fertilizer 13.24.12.10.1.1 (13% N, 24% P,O,,
12% K,0, 10% SO,, 1% Zn, 1% Fe) was applied as the base-
fertilizer and ammonium nitrate (33% N) was used as a
top-dressing fertilizer. When the plants grew to a height
of about 40 cm, secondary hoeing was completed. In all
plant densities, fertilization was conducted by calculating
the dose as follows: 3 g plant™, N; 1.4 g plant™, P,O,;and
0.7 g plant™, K,O. A part of the nitrogen and the entire
phosphorus and potassium measurements were applied
with the base fertilizer (0.75 g plant™, N; 1.4 g plant’,
P O,;and 0.7 g plant™, K,O). The rest of the nitrogen (2.25
g plant™) was applied with each irrigation session in the
form of ammonium nitrate (33% N).

2.5. Evaluation and statistical analysis

After removing border effects, 2 center rows of each split
plot were harvested. Harvesting was made at the milk-
line, which was between 50% and 75%. The plant-based
measurements were made on 5 randomly selected plants
from 2 center rows of each split plot. The plant height (cm),
plant leaf number (plant™), leaf area (cm?), stem diameter
(mm), fresh ears, stem and leaf ratios (%), green and dry
plant weight (g), dry matter (%), and silage and dry matter
yield (t ha™') were examined (TUGEM, 2010). All data
were analyzed using an analysis of variance according to
a randomized complete block in a split plot experimental
design. The least significant difference (LSD) procedure
was used to separate mean values when the F-test was
significant (MSTAT-C, 1980).

3. Results

3.1. Irrigation water amounts

The amounts of irrigation water used are presented in Table
3. Overall mean irrigation water amounts and numbers in
the 2012 growing season were higher than in 2011. This
may be attributed to differences in the climatic conditions
in the growing seasons. The average temperatures in 2012
were higher than in 2011 (Table 1). Under the mean I1, 12,
and I3 irrigation treatments, the amounts of irrigation water
used were 481, 446, and 428 mm in 2011 and 567, 528, and
507 mm in 2012, respectively. The first and second study
year records showed that the 12 and I3 irrigation methods
led to 7% and 11% water savings, respectively, compared
to the I1 irrigation method. Under the mean D1, D2, and
D3 density treatments, the amounts of irrigation water used
were 408, 443, and 504 mm in 2011 and 486, 521, and 596
mm in 2012, respectively (Table 3). The results obtained
during the 2 study years show that the D3 and D2 plant

densities used more water than the D1 treatment (23% and
8%, respectively). The applied irrigation water amounts in
all irrigation and plant density treatments were recorded
separately. There were 34 irrigation applications during the
first study year, and 433 mm (I1 x D1), 471 mm (I1 x D2),
538 mm (I1 x D3), 402 mm (I2 x D1), 438 mm (12 x D2),
498 mm (12 x D3), 389 mm (I3 x D1), 419 mm (I3 x D2),
and 476 mm (I3 x D3) of irrigation water were applied in
total. In the second study year, irrigation was conducted 36
times, and 515 mm (I1 x D1), 555 mm (I1 x D2), 633 mm
(I1 x D3),480 mm (I2 x D1), 514 mm (I2 x D2), 590 mm (I2
x D3), 462 mm (I3 x D1), 494 mm (I3 x D2), and 566 mm
(I3 x D3) of irrigation water were applied in total (Table 3).

3.2. Dry matter and silage yields

In both research years, the dry matter yields (P < 0.05)
among plant densities were statistically significant. In the
first year, the highest dry matter yield values (24.9 and
23.6, respectively) were obtained from the D3 and D2 plant
densities, and in the second year the highest dry matter
yield (22.4) was obtained from the D3 plant density and
occurred in the first group (a) (Table 4). In both research
years, the silage yields (P < 0.01) among plant densities
were statistically significant. In the first year, the highest
silage yield values (88.4 and 82.2, respectively) were
obtained from the D3 and D2 plant densities, and in the
second year, the highest silage yield (85.9) was obtained
from the D3 plant density and occurred in the first group
(a) (Table 4). In the second research year, the silage yields
(P < 0.05) among I x D interactions were statistically
significant, and the highest silage yield (90.0) was obtained
from I3 x D1 interaction and took place in the first group
(a) (Table 4).

3.3. Dry and fresh plant weight

In the first research year, dry plant weight values among
irrigation methods and plant densities were not significant
(Table 4). In the second research year, the dry plant weight
values (P < 0.01) among plant densities were statistically
significant. The highest dry plant weight (211.9) was
obtained from the D1 plant density and occurred in the
first group (a) (Table 4). In the second research year, the
dry plant weight values among irrigation methods (P <
0.05) were statistically significant. The highest dry plant
weight (206.0) was obtained from drip irrigation and
occurred in the first group (a) (Table 4). In the first and
second research years, the fresh plant weight values among
plant densities (P < 0.05 and P < 0.01, respectively) were
statistically significant. In the first year, the highest fresh
plant weight (749.8) was obtained from the D2 plant
density applications, and in the second year the highest
fresh plant weight value (778.8) was obtained from the D1
plant density application and occurred in the first group
(a) (Table 4). In the second research year, the fresh plant
weight values (P < 0.05) among irrigation methods were
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Irrigation  Plant density Dry matter yield (t ha™) Silage yield (t ha™) Dry plant weight (g) Fresh plant weight (g)
@ (plantha™) (D) 2011 2012 2011 2012 2011 2012 2011 2012
D1 17.9 214 66.2 76.6 cd 195.1 243.2 724.0 867.0a
11 D2 25.4 22.0 85.4 81.4 bc 226.3 217.6 760.3 805.3 ab
D3 25.2 20.5 85.4 80.5 bc 206.9 157.2 702.7 613.3d
D1 21.3 19.6 70.1 74.5 cd 223.8 183.8 736.7 697.7 bed
12 D2 21.5 18.2 83.2 74.2 cd 183.2 148.5 707.0 601.3d
D3 23.2 23.5 88.5 87.1 ab 170.8 174.8 650.3 647.0d
D1 21.7 19.9 71.3 73.5 cd 199.2 208.6 653.7 771.7 abc
13 D2 23.9 18.3 77.9 71.9d 240.3 169.9 782.0 663.0 cd
D3 26.3 23.2 91.2 90.0 a 191.5 170.7 663.3 662.0 cd
I 11 22.8 21.3 79.0 79.5 209.4 206.0 a 729.0 7619 a
Average 12 22.0 20.4 80.6 78.6 192.6 169.0 b 698.0 648.7 b
13 24.0 20.5 80.1 78.5 210.3 183.1b 699.7 698.9 b
LSD ns ns ns ns ns 21.11* ns 62.71*
EMS - - - - - 260.1 - 2295.3
D D1 20.3b 20.3 ab 69.2b 74.9b 206.0 2119a 704.8 ab 778.8 a
Average D2 23.6a 19.5b 82.2a 75.8b 216.6 178.7 ab 749.8 a 689.9 ab
D3 249 a 22.4a 88.4a 859a 189.7 167.6 b 672.1b 640.8 b
LSD 2.98* 2.10* 7.41%* 6.68%* ns 35.44** 59.33* 92.48**
EMS 8.47 4.2 26.52 21.53 - 605.79 3336.8 4124.9
Ix D int. LSD ns ns ns 8.25* ns ns ns 114.3%
EMS - - - 21.53 - - - 41249

*, **: significant at 0.05 and 0.01 probability levels, respectively; ns: not significant; EMS: error mean square. Values followed by the same letters

are not significantly different.

statistically significant. The highest fresh plant weight
(761.2) was obtained from drip irrigation and occurred
in the first group (a) (Table 4). In the second research
year, the fresh plant weight values (P < 0.05) among I x D
interactions were statistically significant, and the highest
fresh plant weight (867.0) was obtained from I1 x D1
interaction and occurred in the first group (a) (Table 4).

3.4. Fresh leaf, ear, and stem ratios

In the first study year, the fresh leaf ratio values (P < 0.01)
among plant densities were statistically significant. The
highest green leaf ratio (19.2) was obtained from the D3
plant density and occurred in the first group (a) (Table
5). In the second research year, the fresh leaf ratio values
(P < 0.05) among I x D interactions were statistically
significant, and the highest fresh leaf ratio values (21.2
and 20.6, respectively) were obtained from the I3 x D3
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and I1 x D2 interactions and occurred in the first group
(a) (Table 5). In the first and second research years, the ear
ratio values (P < 0.05 and P < 0.01, respectively) among
plant densities were statistically significant. In the first
year, the highest fresh ear ratio (42.5) was obtained from
the D1 plant density and occurred in the first group (a).
In the second year the highest fresh ear ratio values (40.4
and 40.3, respectively) were obtained from the D1 and D2
plant densities and occurred in the first group (a) (Table
5). In the second research year, the fresh ear ratio values
(P < 0.01) among I x D interactions were statistically
significant, and the highest fresh ear ratio values (41.7
and 41.6, respectively) were obtained from the I3 x D2
and I1 x D2 interactions and occurred in the first group
(a) (Table 5). In both research years, the fresh stem ratio
values among irrigation methods and plant densities were
not significant (Table 5).
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Table 5. Effects of irrigation and plant density on fresh leaf, ear, and stem ratios (%).

Fresh leaf ratio (%)

Fresh ear ratio (%) Fresh stem ratio (%)

Irrigation Plant density
) (plantha™) (D) 591 2012 2011 2012 2011 2012
D1 17.4 19.6 ab 42.8 39.1 abed 39.8 41.3
I1 D2 18.6 20.6 a 40.9 41.6 a 40.4 37.8
D3 19.1 20.3 ab 39.1 38.9 abed 41.8 40.8
D1 18.2 19.7 ab 42.6 41.5 ab 39.3 38.8
12 D2 18.4 20.1 ab 40.5 37.6cd 41.0 42.3
D3 19.2 19.8 ab 40.5 38.0 bed 40.3 42.2
D1 17.7 18.6 bc 42.2 40.5 abc 40.1 40.9
13 D2 17.6 174 c 43.4 41.7 a 39.0 40.9
D3 19.3 21.2a 40.2 36.1d 40.5 42.8
1 11 18.4 20.2 40.9 39.9 40.7 40.0
Average 12 18.6 19.9 41.2 39.0 40.2 41.1
13 18.2 19.1 419 39.4 399 41.5
LSD ns ns ns ns ns ns
EMS - - - - - -
D D1 17.8b 19.3 425a 404 a 39.7 40.3
Average D2 18.2 ab 19.4 41.6 ab 403a 40.1 40.3
D3 19.2a 20.4 399b 37.7b 40.9 419
LSD 1.04** ns 1.75* 2.05%* ns ns
EMS 0.52 - 2.92 2.03 - -
Ix D int. LSD ns 1.74* ns 3.55** ns ns
EMS - 0.96 - 2.03 - -

*,**: significant at 0.05 and 0.01 probability levels, respectively; ns: not significant; EMS: error mean square. Values followed by the same

letters are not significantly different.

3.5. Plant height and stem diameter

In the first research year, the plant height values (P <
0.01) among plant densities were statistically significant.
The greatest plant heights (288.9 and 284.3, respectively)
were obtained from the D3 and D2 plant densities
and occurred in the first group (a) (Table 6). In both
research years, the plant height values (P < 0.01) among
I x D interactions were statistically significant, and the
greatest plant height (296.9) was obtained from the I1 x
D2 interaction in the first year and occurred in the first
group (a); in the second year it was obtained in the first
group (a) and produced a plant height greater than in
all interactions except I3 x D2 (Table 6). In the first and

the second research years, the stem diameter values (P <
0.05 and P < 0.01, respectively) among the plant densities
were statistically significant. In the first year the highest
stem diameter values (20.5 and 20.4, respectively) were
obtained from the D1 and D2 plant densities and took
place in the first group (a). In the second year, the highest
stem diameter value (21.3) was obtained from D1 and
occurred in the first group (a) (Table 6). In the second
research year, the stem diameter values (P < 0.01) among
I x D interactions were statistically significant, and the
highest stem diameter values (22.1 and 21.6, respectively)
were obtained from the I1 x D1 and I3 x D1 interactions
and occurred in the first group (a) (Table 6).
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Table 6. Effects of irrigation and plant density on plant height (cm), stem diameter (mm), leaf number (plant™), and leaf area (cm?).

Irrigation Plant density Plant height (cm) Stem diameter (mm) Leaf number (plant™) Leaf area (cm?)
@ (plantha™) (D) 2011 2012 2011 2012 2011 2012 2011 2012
D1 2653 e 2823a 21.0 22.1a 15.6 13.2a 495.8 576.4
I1 D2 296.9 a 286.0a 20.3 20.5b 16.1 13.1 ab 538.7 509.0
D3 287.6 abc 279.0a 18.9 18.6d 16.1 12.0c 536.8 520.7
D1 275.5 cde 279.0a 21.1 20.1 bc 16.1 12.6 abc 543.4 533.5
12 D2 283.7bcd  282.7a 20.6 18.6d 15.4 13.1 ab 509.4 451.4
D3 290.1 ab 2823 a 19.0 19.8 bc 16.0 12.3 bc 505.9 526.3
D1 274.7 cde 275.0 ab 19.3 21.6a 15.8 12.3 bc 493.0 562.1
13 D2 272.4 de 261.3b 20.3 20.3b 14.9 12.9 ab 550.4 424.5
D3 289.0 ab 2835a 19.2 19.2cd 16.1 13.3a 497.7 520.0
I I1 283.3 282.4 20.1 20.4 159 12.8 523.8 535.4
Average 12 283.1 281.3 20.2 19.5 15.8 12.7 519.6 503.7
13 278.7 273.3 19.6 20.4 15.6 12.8 513.7 502.2
LSD ns ns ns ns ns ns ns ns
EMS - - - - - - - -
D D1 271.8b 278.8 20.5a 213 a 15.8 12.7 ab 510.7 5573 a
Average D2 2843 a 276.7 204 a 19.8b 15.5 13.0a 532.8 461.6 b
D3 2889a 281.6 19.0b 19.2 ¢ 16.1 12.5b 513.5 5223 a
LSD 7.48** ns 0.99% 0.53** ns 0.35% ns 40.91**
EMS 26.98 - 0.94 0.14 - 0.11 - 807.33
I x D int. LSD 12.95** 14.46** ns 0.93** ns 0.86** ns ns
EMS 26.98 - - 0.14 - 0.11 - -

*, **: significant at 0.05 and 0.01 probability levels, respectively; ns: not significant; EMS: error mean square. Values followed by the same

letters are not significantly different.

3.6. Leaf number and leaf area

In the second research year, the number of leaves (P <
0.05) among plant densities was statistically significant,
and the highest number of leaves (13.0) was obtained
from the D2 plant density and occurred in the first group
(a) (Table 6). In the second research year, the number of
leaves (P < 0.01) among I x D interactions was statistically
significant, and the highest number of leaves (13.3 and
13.2, respectively) was obtained from the I3 x D3 and I1 x
D1 interactions and occurred in the first group (a) (Table
6). In the second research year, the leaf area values among
plant densities (P < 0.01) were statistically significant, and
the largest leaf areas (557.3 and 522.3, respectively) were
obtained from the D1 and D3 plant densities and occurred
in the first group (a) (Table 6).
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4. Discussion

Irrigation methods had a statistically significant impact on
the fresh and dry plant weights in the second research year,
and the highest values were obtained from drip irrigation.
I x D interactions were statistically significant for the
silage yield, plant weight and height, number of leaves,
stem diameter, and fresh leaf and ear ratio in both research
years. In the second research year, the highest silage yield
was obtained from the I3 x D3 interaction (Tables 4-6).
Applying the correct amount of water is particularly critical
for crops that are sensitive to water stress. Although the
total amount of water applied to plants during the entire
growing period was important, the timing of the applied
irrigation was more critical. There was no significant yield
difference for well-watered irrigation treatments (Howell
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et al., 1997; Evett et al., 2000; Trejo et al., 2006; Kirnak et
al., 2010). This study indicates that up to 7% and 11% of
seasonally applied water might be saved by using subsoil
drip and subsoil capillary irrigation, respectively. Subsoil
irrigation treatments have the potential to save irrigation
water by reducing soil surface wetting, thus reducing
evaporation (Evett et al.,, 2000). A major advantage of a
buried line or tape is that the soil surface remains almost
completely moisture-free, greatly reducing evaporation
and ensuring that more water is available to the plant
(Trejo et al., 2006). Subsoil irrigation maintains the soil
surface structure more effectively and makes it easier to
allow for rainfall events (Harris, 2005). Using a subsurface
irrigation method may save irrigation water. Savings will
be obtained through reduction of nonbeneficial water
balance components such as soil evaporation, runoff, and
deep percolation and better usage of precipitation (Kheira,
2009). Subsoil capillary irrigation produces a wider
lateral wetting pattern and greater uniformity between
drippers, while reducing drainage beneath the root zone
(Charlesworth, 2003). The findings obtained in our
research were similar to most of the previous research into
determining the effects of different irrigation methods on
silage yield and yield components in corn cultivars (Camp
etal., 1989; Adamsen, 1992; Howell et al., 1997; Evett et al.,
2000; Trejo et al., 2006; Hassanli et al., 2009; Hammad et
al,, 2012), but the findings were also different from those of
other studies (Humphreys et al., 2005; Ramirez et al., 2006;
Kheira, 2009). Differences among the results of studies
regarding the effects of irrigation methods on silage
yield and yield components may be due to differences in
ecological conditions of study locations as well as cultural
conditions such as fertilizing, soil structure, and the
genetics of the cultivars used in these studies.

In both research years, the plant densities had a
statistically significant impact on the silage and dry matter
yield, fresh plant weight, stem diameter, and fresh ear ratio.
The highest stem diameter, fresh ear ratio, and fresh plant
weight values were obtained from the D1 plant densities,
and the highest silage and dry matter yields were obtained
from the D3 and D2 plant densities. Silage and dry matter
yields increased as plant density increased. There were also
negative relationships between plant densities and stem
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