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The subsurface drip irrigation technique is introduced in many agricultural areas of Morocco, particularly in
the forage production systems. This study aims to determine the optimal sowing pattern of forage corn
equipped with a subsurface drip irrigation system. A field experiment was carried out on sandy soil. Five
rows spacing were evaluated: 40 cm, 55 cm, 70 ¢cm, 85 c¢cm, and 100 cm. The sowing rate was around 120000

plants hal. The subsurface irrigation system consisted of drip lines buried at 30 cm and separated by 100 cm
with 1 L h'! emitters and 50 cm as emitters spacing. The results revealed that the fraction of PARi and the
accumulated PARi were not influenced by the sowing pattern. The highest corn dry biomass was recorded at
40 cm, 70 cm, and 85 cm row spacing. The biomass increase was mainly attributed to grain yield. The lowest
irrigation water use efficiency was recorded at 100 cm row spacing (4.3 kg m-3). Concerning the forage
quality, the sowing pattern did not influence the net energy for lactation and other forage quality parameters.
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1. INTRODUCTION

Corn is one of the most produced cereal species in the world (Wrigley,
2017). It is a major forage for ruminants due to its high dry matter yields
and low-cost production (Allen et al, 2003). The optimization of corn
yielding was related to reasonable irrigation using an efficient technic
(Henry and Krutz, 2016). In Morocco, the program of economy and
valorization of irrigation water launched in 2009 resulted in large-scale
use of the drip irrigation techniques. Therefore, surface drip irrigation
became commonly used for corn production. Also, some producers are
introducing subsurface drip irrigation for corn silage. Many authors
reported that subsurface water supply enhances crop yield and water use
efficiency (Miguel et al.,, 2003; Najafi and Tabatabaei, 2007; Vories et al.,
2009). The yield increase due to subsurface drip irrigation was mainly
related to the adequate nutrient supply around the root system (Badr,
2007; Elhindi et al., 2016). Also, the in-depth development of roots limits
crop exposure to water and mineral stresses (Bar-Yosef, 1999).

However, subsurface drip irrigation requires optimization of specific
agronomic factors such as sowing rate and sowing pattern according to
driplines spacing (Lamm, 2016). Indeed, the effects of row spacing on corn
yield, silage quality, and radiation use efficiency have been reported by
many authors (Cox and Cherney, 2001; Gobeze et al., 2012; Sharratt and
McWilliams, 2005). The efficiency of the light conversion into biomass can
be improved by the canopy architecture (Long et al., 2006). The optimal
sowing pattern for subsurface drip irrigation was mainly related to the soil
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type. On clay loam soil, 76 cm between planting rows for subsurface drip
lines of 152 cm was reported as an adequate sowing pattern for corn
(Murley et al., 2018). However, sowing rows of 38 cm for drip lines spaced
100 or 200 cm was suggested for corn grown on a loam sandy soil (Stone
etal, 2008).

In sandy soil of the Loukkos area (Northern Morocco), corn is usually sown
in twin lines (90*45 cm) at a density of 120000 plants ha! (Ait Houssa et
al.,, 2008). For the subsurface drip irrigation, the driplines are buried at 30
cm as suggested by Douh et al. (2013) with a lateral spacing of 100 cm.
However, the adequate sowing pattern is still not yet determined for this
southern Mediterranean area. The objective of this study was to determine
the appropriate planting row spacing for corn silage equipped with
subsurface drip irrigation. This study will investigate the effect of the
sowing structure on the forage quality and the uses efficiencies of
radiation and irrigation water in the sandy soil.

2. MATERIALS AND METHODS
2.1 Experimental Site

Field experiment of corn silage was conducted in 2017 (July to October).
The experimental site was located in the Loukkos area (Northern Morocco,
35°00'N, 6°12'W, 30 m from the sea level). The soil was sandy (86.4%
sand). It contains a low organic matter level (1.1%). The other soil
properties are reported in Table 1.
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Table 1: Soil properties (0-30 cm)

Soil properties
Sand (%) 86.40
Silt (%) 4.20
Clay (%) 9.20
pHa 8.00
Cation exchangeable capacity (meq 100 g1)b 8.30
Electrical conductivity (ds m1)? 0.25
Organic matter (%)° 1.10
P20s (mg kg1)d 186.00
K20 (mg kg1)e 405.00
Zinc (mg kg1)f 2.13
Copper (mg kg1)f 0.64
Manganese (mg kg1)f 3.69
Iron (mg kg 1)f 18.16

a. Determined in a soil: water ratio of 1/5.

b. Determined using Cobaltihexamine Chloride method.

c. Determined using Walkey-Black method.

d. Olsen extraction method.

e.  Ammonium acetate extraction.

f.  DTPA extraction.

2.2 Crop management and Experimental Design

The land was prepared for planting by cultivator tillage. A subsurface drip
irrigation system was installed before sowing. The driplines were
separated by 100 cm with 1 L h-! emitters and 50 cm as emitters spacing.
The drip lines were buried at 30 cm depth. The sprinklers were installed
to ensure an adequate plant emergence. The sowing was done manually.
The common sowing rate was 120000 seeds ha-'. Five rows spacing were
tested: 40 cm, 55 cm, 70 cm, 85 cm, and 100 cm. The experimental design
was arandomized complete block with five replications. The experimental
plot size was 56 m? (8 m*7 m). The number of sowing rows was 18 for the
40 cm row spacing and 8 for the 100 cm row spacing. For each plot, the
first sowing line was close to the subsurface drip line (Figure 1). The
distribution of crop rows and subsurface drip lines according to different
sowing patterns was reported in Figure 1.
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Figure 1: Studied sowing patterns on the experimental plot (7 m*8 m).
For all the sowing patterns, the subsurface driplines are separated by
100 cm.

The soil was supplied with 220 kg ha! of N, 60 kg ha! of P;0s, and
240 kg ha'! of K20. Ammonitrate, diammonium phosphorus, and sulfate of
potassium were used as sources of nutrients. 34% of nutrients were
applied at sowing and 66% was applied by fertigation using the subsurface
drip irrigation system. Concerning micronutrients, 35 kg ha of zinc
sulfate, 5 kg ha! manganese sulfate, and 1 kg ha! copper sulfate were
applied. Weeds were controlled using a mixture of pre-emergence
herbicides. Also, the fungal disease (Setosphaeria turcica) was controlled
with Epoxiconazole. During the growing season (July to October), the
average minimum and maximum temperatures were around 16.7 °C and
28.9 °C. From emergence to harvest, the accumulated global radiation was
1874 M] m2. The rainfall amount was around 62.2 mm (Figure 2) and the
irrigation amount was 423 mm.
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Figure 2: Temperatures, rainfall, and accumulated global radiation of the
studied area.
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2.3 Measurements

2.3.1 Solar Radiation

Global radiation (Rg) was measured each 10 days using a pyranometer
(Solar Radiation Sensor, SN. 8519). Measurements were made between
12h and 14h GMT at the ground level. On each plot, solar radiation was
recorded outside canopy and under canopy between 3 successive crop
rows spacing. Thereafter, photosynthetically active radiation (PAR) was
calculated using formula (1) (Szeicz, 1974).

FPARi (%) = (PAR — PARs)/PAR
(1)

The fraction of PARi was calculated using formula (2) (Monteith, 1981).

Fraction of PARi (%) = (PAR — PARs)/PAR
(2)

Where PARs is the photosynthetically active radiation at the ground level
of canopy.
The accumulated PARi was calculated using formula (3).

Accumulated PARi (M] m™2) = FPARI = (accumulated PAR)
(3)

Where the accumulated PAR was recorded from a weather station (iMetos
3.3).

2.3.2  Growth Parameters and Forage Biomass Production

The harvest was done at 37% of dry biomass. 10 plants per experimental
plot were cut to determine biomass production. These plants were
separated into leaves, stem, and ears to determine the biomass allocation.
At harvest, the stem height, the stem diameter, and leaf area were
determined on 10 plants for each plot. The leaf area was determined using
formula (4) (Mokhtarpour et al,, 2010).

Leaf area (m? plant™) = ¥ (I; * w; * 0.75)

(4

Where [, w, and i are, respectively, leaf length, leaf greatest width, and leaf
number.
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2.3.3 Forage Quality Analysis

At harvest, plants were cut and shopped to determine forage quality for
each experimental plot. Then, the samples were chemically analyzed for
mineral matter and fat content. The mineral matter was determined after
calcination at 550 °C of the dry sample. The fat content was determined
using a Soxhlet extractor. Crude protein, cellulose, starch, dry matter
digestibility (DMD), neutral detergent fiber (NDF), acid detergent fiber
(ADF), and acid detergent lignin (ADL) were analyzed using a near-
infrared reflectance spectrophotometer (NIRS). Thereafter, the net energy
lactation was determined using formula (5) (Harlan et al., 1991).

NE,(Mcal kg~ DM) = 2.196 — 0.0278 + ADF (% DM)
(5)

2.3.4  Uses Efficiencies of Radiation and Irrigation Water

The radiation use efficiency (RUE) was calculated for each plot as the slope
of the linear regression between the accumulated biomass and the
accumulated PARi determined using formula (3). Irrigation water use
efficiency (IWUE) was calculated using formula (6).

IWUE (kgm™3) =
Aerial dry biomass (kg)/Irrigation water amount (m?®) (6)

2.4 Statistical Analysis

The experimental data were subjected to analysis of variance (ANOVA).
The comparison of means was carried out at a 5 % level of significance
using the Student-Newman-Keuls test. The statistical analyses were
performed using the program SPSS (Version 20.0).

3. RESULTS AND DISCUSSION
3.1 Solar Radiation Interception and Growth Parameters

The plant emergence rate (88%) was similar for all tested sowing patterns.
The final population was around 107000 plants ha. The fraction of PARi
was not significantly affected by the sowing pattern (Figure 3a). Similarly,
the accumulated PARi was not affected by the cropping architecture
(Figure 3b). Therefore, the light interception does not seem to be
improved by reducing row spacing. In contrast, Sharratt and McWilliams
(2005) reported more light interception for reduced row spacing (38 cm)
than 76 cm at a plant density of 75000 plant hal. At harvest, the
accumulated PARi intercepted by corn was around 1703 M]J.
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Figure 3: Evolution of the fraction of intercepted PAR and accumulated
PARI at harvest. Values with the same letters are not significantly
different. Vertical bars are standard deviation (n=15)

Table 2: Plant height, stem diameter, and leaf area at harvest for
different row spacing.

Row  spacing | Stem height | Stem diameter | Leaf area (m?
(cm) (cm) (cm) plant?)

40 266.8+16.3a | 1.98+0.24a 0.35+0.07a

55 262.3+10.2ab [ 1.96+0.20a 0.34+0.05a

70 2582+109b |191+0.19a 0.36+0.08a

85 263.1+10.5ab [ 1.94+0.19a 0.35+0.08a

100 261.1+11.8ab [ 1.82+0.17b 0.31+0.07a

Values are mean * standard deviation. For each column and studied
season, values with the same letters are not significantly different (n=50)

The stem height and the stem diameter were significantly influenced by
the sowing pattern (Table 2). Overall, the height and diameter of the stem
at harvest were enhanced by reducing crop row spacing. The highest levels
were recorded at 40 cm row spacing. A similar result was reported for corn

at a row spacing of 50 cm compared to 75 cm (Goziibenli, 2010). In
contrast, the leaf area at harvest was not significantly affected by the
cropping arrangement. The leaf area was around 0.34 m? plant! for all
tested sowing patterns.

3.2 Biomass Production and Forage Quality

The biomass yield was significantly influenced by the sowing pattern
(Figure 4a). 40 cm, 70 cm, and 85 cm as row spacing resulted in the highest
dry biomass production (around 24 T ha). At 100 cm, the dry biomass
showed a decline of 24% compared to the other crop rows spacing. The
biomass increase at reduced row spacing was attributed to the ear
biomass enhancement, particularly the kernels’ dry weight
(Figure 4b and Figure 5a). Indeed, the kernels biomass was significantly
increased by 27% for 40 cm and 70 cm row spacing. This kernels biomass
increase was mainly attributed to the enhancement of the kernel number
per ear (Figure 5b). The low kernel number per ear at 100 cm can be
explained by the negative effect of competition, between plants of a crop
row, in the pollination rate (Zhang et al, 2018). Concerning the 1000-
kernel weight, it was around 240 g for all tested sowing patterns (Figure
5c). The positive impact of narrow row spacing in grain yield was reported
by many authors (Baron et al,, 2006; Cox and Cherney, 2001; Shapiro and
Wortmann, 2006). This advantage can be explained by the high root
density and limited soil evaporation at narrow row spacing
(Sharratt and McWilliams, 2005). Moreover, the results revealed that the
subsurface driplines, separated by 100 cm, did not limit forage corn
production, particularly at not adjusted crop rows to driplines (Figure 1).
Indeed, for 100 cm row spacing, the reduced distance between plants
(8 cm) may increase the intra-row competition, thereby reducing the
silage yield even the crop rows followed the driplines.
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Figure 4: Dry aerial biomass yield and its allocation on stem, leaves, and
ear at different row spacing. Values with the same letters are not
significantly different. Vertical bars are standard deviation (n=50).
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On the other side, the radiation use efficiency was not affected by the
sowing pattern (Table 3). It was around 2.1 g MJ-.. Such a result can be
explained by the absence of a sowing pattern effect on the fraction of
intercepted PAR and accumulated PAR as reported above (Figure 3).
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Table 3: Uses efficiencies of radiation and irrigation water at different
rOW.
Row spacing (cm) Ra.diation user Irriga.tion water 7
efficiency (g MJ-1) use efficiency (kg m-3)
40 2.3+048a 57+1.06a
55 20%+0.19a 4.7 +0.57 ab
70 20+049a 56+040a
85 2.1+047a 55+0.63a
100 20%0.15a 43+0.51b

Values are mean # standard deviation. For each column and studied
growing season, values with the same letters are not significantly different
(n=5)

Concerning the irrigation water use efficiency, it was enhanced by around
20% at 40 cm, 70 cm, and 85 cm row spacing compared to 100 cm. For the
spring corn (2018), no significant enhancement was observed. The
increase of the irrigation water use efficiency was related to the high aerial
dry biomass yield recorded at narrow crop row spacing.

Concerning the response of forage quality to sowing patterns, the net
energy for lactation was similar for all tested sowing patterns. It was
around 6.6 M] kg! DM-1. The mineral matter, the fat content, and the crude
protein were, respectively, around 3.7 %, 2.9 %, and 6.7 % of dry biomass
(Figure 6). On the contrary, other studies reported a decrease of crude
protein with reducing row spacing (Baron et al,, 2006; Iptas and Acar,
2011). The content of cellulose and starch in the forage were, respectively,
189 % and 36.4 %. Similarly, Skonieski et al. (2014) reported no
significant effect of row spacing on the mineral matter, the cellulose, the
starch, and the fat content of corn forage. Concerning the dry matter
digestibility, it was around 67.1 %. The neutral detergent fiber (NDF), the
acid detergent fiber (ADF), and the acid detergent lignin (ADL) were,
respectively, around 42.4 %, 22.5 %, and 2.1 %. Likewise, no significant
effect of row spacing on NDF and ADF of corn forage was reported by
Baron et al. (2006). From these results, the forage quality of corn,
equipped with a subsurface drip irrigation system, does not seem to be
influenced by the sowing pattern.
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Figure 6: Forage quality parameters at different row. Vertical bars are
standard deviation (n = 5)

4. CONCLUSION

The results of this study have revealed that the production of corn silage,
grown in the sandy Mediterranean soil and equipped with 100 cm
subsurface driplines spacing, requires an appropriate sowing pattern. The
highest biomass yield was achieved at crop row spacing lower than or
equal to 85 cm. However, the forage quality parameters were not affected
by the sowing pattern. It would be interesting to confirm these results for
the spring corn in this region. Also, more research is needed to identify the
appropriate sowing pattern for other crops commonly sown in rotation
with forage corn, particularly soybean and fodder beet.
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