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MANAGING FURROW IRRIGATION METHOD IN
CORN SMALL HOLDINGS
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ABSTRACT

A field study on corn using furrow irrigation was carried out in northern
Egypt on a clay loam soil with 1.2 g cm™, average soil bulk during 2015
season in Shibin EI-Kom area, Egypt. The main aim of this work is to
study the changing of irrigation rate (10.71 and 5.35 m* h™%) and fertilizer
application (in complete irrigation time and half wave) on two different
slopes (0.05 and 0.1%) of corn field in order to improve furrow irrigation
method in small holdings. Corn seeds (Hi-Tech 2031) were planted on
May 13, 2015 and received eight irrigations during the growing season.
Application efficiency (E,) was highly achieved by applying 10.71 m® h™
and improved by all treatments in second irrigation due to increasing
initial soil moisture content compared to first irrigation. Storage
efficiency (Es) was properly achieved by applying all treatments except
10.71 m*® h* inflow rate under 0.05% furrow slope because 7% deficit
was occurred. The results showed that, average of corn yield, green
forage yield, 100-grain weight, number of rows per ear and number of
grains per row increased by decreasing furrow slope, decreasing inlet
flow rate, and nitrogen application after offering half wave. Nitrogen
application after offering half wave was achieved high nitrogen (N)
concentration in corn root zone. The results indicated that corn yield
increased by 8.90, 0.39 and 5.74% by applying furrow slope 0.05%
relative to 0.1%, 5.35 m® h™* inlet flow rate relative to 10.71 m* h™* and
nitrogen application after offering half wave along furrow relative to
nitrogen application with the beginning of irrigation, respectively.
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1. INTRODUCTION

urface irrigation systems are the most popular methods for

irrigating crops in Egypt and worldwide (Amer, 2009; EI Awady et

al., 2009; Koech et al., 2010). Surface irrigation efficiency is
generally low in comparison to sprinkler and trickle irrigation systems.
Using gated irrigation pipe to flow water from field upstream towards
downstream ends improves the performance of surface irrigation system.
Gated pipes provide a good control technique over the irrigation stream
size. In gated pipes system, irrigation water flows from orifices (gates)
which are regularly spaced along the pipeline (Smith et al., 1986). Furrow
irrigation, is one of the oldest known techniques of surface irrigation,
water is conveyed through small channels with a gentle slope towards the
downstream end. The spacing of these channels generally correspond to
the spacing of the crop to be established (Koech et al., 2010). The water
infiltrates the soil both vertically and horizontally (Amer, 2009). Furrow
irrigation requires lower capital investment, less technical knowledge and
greater labor than most sprinkle and trickle irrigation systems (DL
Bjorneberg, 2013).Surface irrigation process includes four phases:
advance, storage, depletion, and recession (Holzapfel et al., 1984; Walker
and Skogerboe, 1987; Alazba, 1999). The opportunity time for water to
infiltrate at any point along the field is equal to the time interval between
the advance and recession curves (Merriam and Keller (1978); Holzapfel
et al., 1984; Foroud et al., 1996; Rodriguez, 2003).

Corn (Zea Mays) is one of the most important cereals both for human and
animal consumption and grown for grain and forage. Corn crop response
to water deficit was reported by Dooronbos and Kassam (1979). They
concluded that corn is tolerant to water deficit during vegetative and
ripping stages. But, great grain yield reduction is caused by water deficit
during flowering period. Musick and Duseek (1980) reported that
seasonal corn evapotranspiration (ET) values were between 667 mm and
789 mm under fully-irrigated at Bushland, USA from level-basin studies
for 3 years with corresponding grain yields of 9.5 to 10.9 Mg ha™,
respectively. They also reported that fully-irrigated seasonal of water use
efficiency (grain yield per unit ET) values were 1.25 to 1.46 kg m™. Eck
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(1984) reported that the ET of corn at Bushland varied from 783 mm to
1003 mm over 4 years of study conducted in both graded furrow and level
basin plots, with maximum yield levels from 8.4 to 13.2 Mg ha™,
respectively. Undersander et al., (1985) conducted sprinkler irrigation
studies with corn at Bushland and Texas under similar conditions. They
reported that a grain yield of 5.54 Mg ha™ obtained under 791 mm water
use. Howell et al., (1997) working on corn (Zea Mays L. cv. PIO 3245) at
Bushland, Texas, on clay loam soil, in semi-arid environment, found that
corn yields exceeding 1.4 kg m™ at 15.5% water content, were achieved
in 1994, and yields exceeding 1.3 kg m™ were even achieved with the late
planting date and the late insect problems in 1993 under microirrigation
systems. They recorded a linear relation between grain yield and water
use in deficit irrigation condition (r>=0.929) for both seasons.

Precision land leveling and irrigation water discharge are the main factors
affecting directly irrigation efficiency of surface irrigation system. Laser
leveling increases field irrigation efficiency, saves water, increases yield
and consequently increases crop-water use efficiency (Awad and Gomaa,
2004). There are many engineering factors affecting the water infiltrated
depth along furrow and the uniformity in surface irrigation systems such
as inlet flow and furrow slope (Mohammed, 2008).

Excessive application of nitrogen and unreasonable management of water
and nitrogen lead to nitrate pollution of groundwater and surface water in
this region (Zhu and Chen 2002). Nitrogen is a mobile nutrient in soil-
plant systems. Improvement of crop management practices can increase
nitrogen (N) use efficiency in crops. These improved practices include
creating favorable environmental conditions for crops, which lead to
higher nitrogen (N) uptake and utilization and consequently higher yields.
Appropriate sources, efficient methods of application and application
timing when crops absorb maximum amounts are important nitrogen (N)
management strategies (Fageria and Baligar, 2005). The general practice
of nitrogen application in Egypt is through broadcasting of urea. Under
the uneven soil surface conditions, the applied nitrogen is washed away
from higher levels to lower levels with irrigation water and is leached
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down to low lying depressions, resulting in low fertilizer-use efficiency
(Jat et al., 2006).The absorption of nitrogen by plants plays an important
role in their growth. Consequently, nitrogen fertilization has been a
powerful tool for increasing the yield of cultivated plants, such as
cereals(Gallais and Hirel, 2004).The optimum fertilizer increases grain
yield and improves grain quality in terms of protein and starch
contents(Abdul Rehman et al., 2011). Nitrogen must be used in balance
with other potential limitations for yield production, particularly water
(Cetin and Akinci, 2015).

The objective of this research is to study corn production related to
furrow inlet flow rate, slope and nitrogen application method and their
interactions. Besides that is to study irrigation water and nitrogen
distributions along furrow.

2. MATERIALS AND METHODS

Field experiment was conducted at an arid site in northern Egypt (Shibin
El-Kom area, 17.9 m above sea level, 30°32/N, 31°03/E). The soil of the
experimental site was classified as clay loam with 1.2 g cm™, average soil
bulk density for 0.6 m soil depth. Some physical and mechanical analysis
of the soil was determined according to (Black, 1982). The soil samples
were collected until 60 cm soil depth to determine mechanical analysis,
field capacity, permanent wilting point, density and organic matter for
each depth and the results are shown in Table 1. Some chemical
properties of soil located in the experimental site are shown in Table 2.

Table 1: Soil field capacity, soil permanent wilting point, soil bulk density
and organic matter percent with soil depth

Soil Particles size Bulk Organic
o . *F.C **p W.P
depth distribution % density matter
. | (@mgm?) | (gmgm™)
cm Sand Silt Clay | (gmcm?) percent (%)
0-20 | 25.00 | 30.20 | 44.80 1.18 0.326 0.176 2.60
20-40 | 17.79 | 31.14 | 51.07 1.21 0.356 0.178 1.80
40-60 | 15.68 | 27.42 | 56.90 1.22 0.350 0.174 1.40
Average | 19.49 | 29.59 | 50.90 1.20 0.344 0.176 1.93

*F.C is field capacity and **P.W.P is permanent wilting point.
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Table 2: Some chemical properties of the experimental field soil

Depth pH EC Soluble cations, meq.I™* Soluble anions, meq.I™*
cm dsm’ | Na* | K* | ca? | Mg™? | CI' | HCos? | So,?

0-20 8.64 0.29 |3.23|0.07 | 0.30 0.10 | 1.10 1.50 1.10

20 - 40 8.70 0.30 | 3.37 | 0.06 | 0.20 0.20 | 1.10 1.60 1.13

40 - 60 8.74 0.33 | 3.68 | 0.02 | 0.10 0.20 | 1.20 1.70 1.10

Experimental plot was plowed twice orthogonally using chisel plow then
the field leveling was conducted using laser leveling machine. Two levels
of field were chosen as subplots design. 0.05% leveling as a first subplot
and 0.1% leveling as second subplot. Every sub plot was divided into
eight parts. Each part contains 4 furrows. The dimensions of each furrow
were 60 m length and 0.70 m width, with a distance of 0.70 m between
every two consecutive parts as belted area. The experimental treatments
were randomized arranged as shown in Fig.1.

Corn seeds (Hi-Tech 2031) were planted on May 13, 2015 using row corn
planter and terminated on August 31, 2015. Distance between furrows

was 70 cm and between seeds in furrow was 20 cm. Super phosphate
calcium and potassium fertilizers were applied by strewing manually after
plowing and leveling of experimental soil. The nitrogen fertilizers
(Calcium Nitrate 33.5%) were added over three stages in a rate of 852 kg
ha by venturi injector. The first stage (20% of total amount) was applied
with planting, the second stage (40% of total amount) was applied with
the first irrigation and the third stage (40% of total amount) was applied
with the second irrigation. Venturi injector was fitted to inject fertilizer
into irrigation water.

Experimental area was irrigated using modified surface irrigation system
by gated pipes at upstream of each furrow. The distance between two
consecutive gates was 0.70 m. The gated pipes were fitted together by
their couplers. The last one of the gated pipe was equipped with a plug at
its end. Gate pipe orifices were manually controlled to be full and half
openings. Full and half openings of the gate delivered a discharge of
10.71 and 5.35 m® h, respectively. In the field, the discharge was
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measured by using catch cans. Velocity of water flow in a pipe line
ranged between 1.5 and 2.4 m/s (Hastings, Co. 1986).
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S = Furrow slope (S, =0.05% & S,=0.10%).

Q-=Inflowrate (Q;=10.71m’h* & Q,=5.35m>h™).

F = Nitrogen application methods (F; = Nitrogen application with the beginning
of irrigation & F, = Nitrogen application after offering half wave).

R = Replicate (R, = First replicate & R, =Second replicate).

Fig. 1: Schematic diagram of the experimental layout
Corn crop was irrigated eight times along the growing season. The first

irrigation was called Mahaya and which was applied 15 days after
sowing. The 2" 3 4™ 5™ 6™ 7™ and 8" irrigations were 29, 43, 56, 67,

Misr J. Ag. Eng., January 2017 -142 -



IRRIGATION AND DRAINAGE

78, 89 and 99 days after planting, respectively. Water flow was left 10
and 5 min as storage at 0.05% and 0.1% furrow slope, respectively.
Harvesting of corn crop was started 111 days after planting when the
grains were fully mature. Corn samples were collected at a rate of 1.4 m?
from each 10 m of furrow length (10 sticks from the central lines). After
that the samples were left exposed to the open-air dry.

Soil samples were collected just day before irrigation. Also, soil samples
were collected two days after irrigation. The samples were collected every
15 m of furrow length at each length point; three samples were collected
at 0-20, 20-40, and 40-60 cm of soil depths. The soil samples collecting
were done with first, second, and third irrigations. Soil samples were
taken using a stainless steel auger (Estefan, et al., 2013).

Soil moisture content was found by collecting soil samples and putting
them in drying oven with 105°C for 24 hours. Nitrogen content ratio was
determined using collecting soil samples after air-dried. Soil samples
were gently crushed and sieved to digest the samples, then nitrogen
content ratio was measured. Total soil (N) (mainly organic) is generally
measured after wet digestion using the well-known Kjeldahl procedure
(Estefan et al., 2013).

The schedule irrigation depth (d) to be applied was determined in
millimeters per irrigation interval based on the average of volumetric
moisture content of soil root depth before and after irrigation as follows:

d=(6--6)D- ——- (1)
Where (d) is scheduling irrigation depth in mm, (6g) is volumetric water
content at field capacity m® m, (6;) volumetric water content before
irrigation in m®* m, and (D) is wetted soil root depth in mm.

The schedule parameter (o) determined from the following equation

(Amer, 2007):
1(d
“:c—v(z‘J e
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Where (CV) is the coefficient of variation in decimal and (u) is average
infiltrated irrigation depth in mm.

Application efficiency (E;) was determined as the ratio of water stored in
the root zone to the total water applied when no runoff occurred in
blocked furrow. In non uniformity condition, (E,) can be determined
according to (Amer, 2010) as follows:

1.725-a ) CV

( e g
6.9

The storage efficiency (Es) can be expressed in the distribution according

to (Amer, 2010) as follows:
2
ES=1—(1'725+“) CcV w
6.9(1+aCV)

The uniformity coefficient (UC) can be expressed in power distribution
for water infiltrated depth which determined according to (Amer, 2009) as
follows:

E, =1-

UC=1-0.86CV ————(5)
The distribution uniformity (DU) can be expressed for 100% data

determined from three empirical foregoing functions according to (Amer,
2009) as follows:

DU =1-1.33CV ————(6)
The coefficient of variation (CV) can be expressed according to (Amer,
2009) as follows:

=\2
cv =i V=2 ———(7)
Z\ N-1
Where (CV) is coefficient of variation, (Z) is infiltrated depth in mm, (Z)

is average of infiltrated depth in mm, and (N) is total number of stations.

3. RESULTS AND DISCUSSION
3.1. Irrigation depth along furrow and efficiency
Irrigation depth along furrow and its evaluation parameters for first and
second irrigations with two different inflow rates and slopes was
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measured and illustrated in Table 3. The results showed that irrigation
depth was significantly, affected by furrow slope and inlet flow rate. The
minimum infiltrated depth (Zmin) was occurred at the upstream end
because most of water was accumulated at the downstream end of the
furrow which had more infiltrated opportunity time in relative to
upstream end. Infiltrated irrigation depth, except 10.71 m*® h™* treatment
under 0.05% furrow slope, was increased in first irrigation after corn
seeding, relative to second irrigation which was represented the
consecutive other irrigations, because all corn irrigations except first one
were applied with higher initial soil moisture content. Infiltrated irrigation
depth increased significantly by decreasing inlet flow rate due to
increasing advance time. It increased as furrow slope increased due to
increasing water recession time along furrow, except for 10.71 m*® h™ in
second irrigation. The results of 10.71 m*® h* inflow rate treatment during
second irrigation showed that irrigation depth were decreased by
increasing of furrow slope due to rapid water movement of water during
advance and recession stages. These results are in agreements of Amer,
(2009) and Hassan et al., (2013). Using 0.05% furrow slope, evaluation
parameters were significantly improved using 10.71 and 5.35 m® h™* inlet
flow rate for first and second irrigations, respectively. Results concluded
that the 10.71 and 5.35 m® h™ inflow rate was suitable to apply in second
irrigation when initial soil moisture content increased from 50 to 65% of
available water. Uniformity coefficient (UC) as well as distribution
uniformity (DU ) as related to coefficient of variation (CV ) affected
when slope and inflow rate change and achieved acceptable value for all
treatments. As irrigation schedule depth was 60 mm, application
efficiency (E.) was highly achieved by applying 10.71 m*® h™ in first
irrigation and improved by all treatments in second irrigation due to
increasing initial soil moisture content compared to first irrigation.
Storage efficiency (Es) was properly achieved by applying all treatments
except 10.71 m® h™ inflow rates under 0.05% furrow slope at first
irrigation and 0.10% at second irrigation because almost 7% water deficit
was occurred.
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Table 3: Infiltrated irrigation depth along furrow and its evaluation parameters.

Irrigation First Irrigation Second Irrigation
Furrow Slope, % 0.05 0.10 0.05 0.10
Inflow rate, m*h™ 1071 535 1071 535 1071 535 10.71 5.35
Furrow length, m Infiltrated irrigation depth (mm)

0 528 645 50.2 62.9 46.9 57.4 499 539

5 537 66.9 515 69.2 53.3 58.9 50.8 56.8
10 542 720 549 74.3 60.8 62.3 52.1 60.8
15 552 749 578 76.4 63.2 62.9 53.1 62.0
20 56.7 789 600 810 639 626 537 643
25 572 81.0 60.1 83.8 64.2 62.1 549 65.1
30 577 806 617 8.0 639 617 571 664
35 583 805 626 869 638 625 589 66.8
40 575 794 625 866 632 626 594 67.3
45 56.2 776 62.2 86.0 62.6 62.8 59.1 67.8
50 55.1 752 618 84.4 62.1 62.0 589 675
55 55.0 73.0 61.2 82.9 61.4 61.9 58.6 66.7
60 542 725 58.7 81.8 60.7 60.9 58.7 65.8
*H, mm 55.7 75.2 58.9 80.2 60.8 61.6 55.8 63.9
cv, % 29 67 638 8.92 7.9 25 6.0 6.6
DU, % 96.3 915 914 88.7 89.9 96.8 923 916
ucC, % 975 942 942 92.3 93.2 97.8 948 943
E, % 99.7 785 978 735 958 972 998 932
Es, % 925 983 96.0 98.3 96.9 99.8 92.7 993

*U is average infiltrated depth, CV is coefficient of variation, DU is distribution uniformity, UC is

uniformity coefficient, E, is application efficiency, and E; is storage efficiency.

3.2. Nitrogen distribution along furrow

Nitrogen (N) content as applied in irrigation stream using two different
ways were illustrated in Figs. 2 and 3. Uniformity of (N) was affected by
furrow slope (S), inflow rate (Q) and nitrogen application method (F).
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Results indicated that (N) content in root zone decreased as furrow slope
increased. Increase of furrow slope maximized infiltrated depth in which
decreased (N) concentration in root zone because of increasing (N) with
irrigation leaching. Applying 10.71 m® h™* inflow rate (Q1) and (N) from
the beginning of irrigation (F1), minimum (N) content was 0.134 and
0.127% at 0.05% and 0.1% furrow slope, respectively; the maximum (N)
content was 0.144 and 0.134%, respectively. On the other hand applying
(Q1) with (N) when water advanced to the middle of the furrow (F2),
minimum (N) content was 0.149 and 0.148% at 0.05% and 0.1% furrow
slope, respectively, the maximum (N) content was 0.163 and 0.159%,
respectively. Applying 5.35 m® h inflow rate (Q2) and (N) from the
beginning of irrigation (F1), minimum (N) content was 0.147 and 0.131%
at 0.05% and 0.1% furrow slope, respectively; the maximum (N) content
was 0.167 and 0.138%, respectively. On the other hand applying (Q2)
with (N) when water advanced to the middle of the furrow (F2), minimum
(N) content was 0.148 and 0.137% at 0.05% and 0.1% furrow slope,
respectively, the maximum (N) content was 0.168 and 0.146%,
respectively. For a given inflow rate and field slope, the acceptable
uniformly (N) distribution along furrow was occurred for (F2) due to
remaining most of (N) in the plant root zone with less (N) leaching.
Results of 0.05% furrow slope, relative to 0.10% furrow slope, showed
that nitrogen content was highly increased by applying the two inlet flow
rates because fertilizer was more efficiently concentrated and distributed
in the upper soil layer which most of plant roots existed.
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Fig. 2: Soil nitrogen content distribution along furrow under 0.05% furrow slope.
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Fig. 3: Soil nitrogen content distribution along furrow under 0.10% furrow slope.

3.3. Corn Productivity

Grain yields by applying inflow rate and (N) application for 0.05 and
0.1% furrow slope are shown in Figs. 4 and 5. Green forage yield are,
respectively, shown in Figs. 6 and 7. Grain and green forage yield were
significantly affected by furrow slope, inflow rate and nitrogen
application method. Corn grain yield along furrow was maximized in
between 35 to 45 m furrow length due to optimizing water use. On the
other hand, green forage yield was maximized at 45 m furrow length
because infiltrated irrigation depth was higher at furrow downstream end.
Corn grain and green forage yields were significantly higher for 0.05%
furrow slope and by applying 5.35 followed by 10.71 m*® h™ inflow rates
under (N) added when water advanced to the middle of the furrow
treatment. It seemed that corn production was minimized at furrow
upstream because of water deficit.
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Fig. 4: Productivity of grain under 0.05% furrow slope.
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Fig. 6: Productivity of green forage under 0.05% furrow slope.
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Fig. 7: Productivity of green forage under 0.1% furrow slope.
Corn yield, green forage yield, 100-grain weight, number of rows per ear

and number of grains per row were statistically analyzed as shown in
Table 4. Considering the effect of furrow slope, results were significantly
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affected by furrow slope. Results showed that corn yield, green forage
yield, 100-grain weight, number of rows per ear and number of grains per
row decreased by increasing furrow slope. Yield was generally increased
by improving water uniformity and application. These results are in
agreements of Amer (2009). Increasing of furrow slope from 0.05 to
0.10%, used water was decreased as 6.51 and 0.11% at 10.71 and 5.35 m*
h'! inflow rates, respectively. Based on the obtained results of this study,
0.05% furrow slope is recommended for the cultivation of corn crop. For
a given slope and fertilizer method, results of corn were insignificantly
affected by inlet flow rate. Results showed that corn yield, green forage
yield, 100-grain weight, number of rows per ear and number of grains per
row increased by decreasing inlet flow rate.

Table 4: Mean square, F value, and probability for grain and green forage yield, 100-
grain weight, number of rows per ear and number of grains per row.

o Green forage | 100-grain No. of No. of
Grain yield . . .
Item 1 yield weight rows per grains per
Mg ha N
Mg ha g ear row
Mean square
S 66.87 3386.5 320.8 30.2 44,734
Q 0.138 8.72 0.036 0.39 0.389
F 28.70 237.1 122.42 5.06 10.1
S*Q 3.51 8.19 0.76 6.89 10.5
S*F 5.85 764.1 65.71 1.56 11.8
Q*F 0.61 18.8 0.036 1.27 3.1
S*Q*F 10.59 194.9 4.99 1.27 43.9
F value and probability
S 36.9* 75.63* 142.98* 305.7* 8.33 *
0.076 0.195 0.016 3.95* 0.072
F 15.8* 5.294* 54.56* 51.16* 1.88
S*Q 1.94 0.183 0.339 69.63* 1.96
S*F 3.221 17.1* 29.3* 15.79* 2.2
Q*F 0.336 0.419 0.016 12.79* 0.57
S*Q*F 5.84* 4.35* 2.225 12.79* 8.18*
* Significant at 5%, and ns is not significant.
S is furrow slope, Q is inflow rate, and F is nitrogen application.
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Decreasing of inflow rate from 10.71 to 5.35 m® h™', used water was
decreased as 15.82 and 10.06% at 0.05 and 0.1% furrow slope,
respectively. Based on the obtained results of this study, 5.35 m* h inlet
flow rate is recommended for the cultivation of corn crop. These results
are in agreement of those obtained by (Kassem and El-Khatib, 2000).

Considering the effect of nitrogen application method, results of corn
were significantly affected by nitrogen application method, except green
forage yield and number of grains per row. Results also showed that corn
and green forage yields, 100-grain weight, number of rows per ear and
number of grains per row increased when nitrogen was applied after
offering half wave. Based on the obtained results of this study, nitrogen
application after offering half wave is recommended for the cultivation of
corn crop irrigated by furrow method.

4. CONCLUSION

The obtained results pointed out the following conclusions:

1- Increasing of furrow slope led to increase water recession time and
irrigation depth.

2- Decreasing of inflow rate led to increase water advance time, water
recession time and irrigation depth.

3- lrrigation uniformity and efficiency were improved for lower furrow
slope 0.05%.

4- Uniformity and efficiency increased by decreasing inflow rate at
0.05% furrow slope; in contrary at 0.10% furrow slope.

5- Nitrogen content in plant root zone decreased by increasing of furrow
slope and improved by (N) added after offering half wave.

6- Grain, green forage yields, 100-grain weight, number of rows per ear
and number of grains per row significantly decreased by increasing
furrow slope; insignificantly increased by decreasing inlet flow rate;
and significantly increased by nitrogen application after offering half
wave, except number of grains per row.

7- 0.05% furrow slope, 5.35 m® h™ inlet flow rate and nitrogen
application after offering half wave are recommended for corn
cultivation.
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