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SUMMARY

two planting density rates of low density was 20 thousand plants per feddan (20TPF) or high

density was 30 thousand plants per feddan (30TPF) as a silage through two digestibility trials were
conducted using Rhmani rams to determine nutrients digestibility and nutritive values. The yield of corn crop
and plant parts (ears, stems and leaves) were estimated for each sub-plots and calculated per feddan. Whole
corn plants were harvested after 92 days of planting at the dough stage of maturity, chopped to 1-1.5 cm of
length and ensiled in plastic bags for 35 days.. Representative samples of corn silage were analyzed for
composition, fiber fractions and silage quality. Results revealed that high corn plant density showed
significantly higher yield of fresh corn crop and TDN (P<0.05) and dry crop and CP and DCP (P<0.01),
however, fresh and dry plant weight were lower significantly (P<0.01) compared to low plant density. The
percentage of ears was significantly higher (P<0.01), however percentages of stems and leaves were
significantly lower (P<0.05) for low plant density compared with high plant density. Low corn plant density
revealed significantly higher contents of DM, OM (P<0.05), NFE and NFC (P<0.01) and lower contents of
CP, ash (P<0.05), CF, NDF, ADF, ADL, hemicellulose and cellulose (P<0.001) with compared to high corn
plant density. The concentrations of total volatile fatty acids (TVFA’s, P<0.05), lactic, propionic, isobutyric,
isovaleric and valeric acids were higher, however, pH value and the concentrations of TVFA’s, NH;-N
(P<0.05), acetic and butyric acids were lower in low plant density compared to high plant density silage. The
DMI and digestibility coefficients of DM, OM, NFE and NFC and TDN value were significantly higher
(P<0.05), however, the digestibility coefficients of CP, CF, EE, NDF, ADF, ADL, hemicellulose and
cellulose and DCP value were significantly lower (P<0.05) for high plant density compared to low plant
density corn silage. Ruminal pH value, the concentration of NH;-N (P<0.05) were lower, however, the
concentrations of TVFA’s (P<0.05), propionic, isobutyric, isovaleric and valeric acids were higher with high
corn plant density compared to low density corn silage. While, acetic and butyric acids concentrations were
nearly similar. There were no significant differences in rent of land, cultivation cost and total cost between
low and high plant density. Whereas, high corn plant density recorded higher output of silage yield and output
improvement (P<0.01), net revenue and net revenue improvement (P<0.001) compared to low corn plant
density.

This is study was conducted to evaluate the Corn hybrid single cross 10 (S.C. 10) was cultivated at

Keywords: Corn plant density, yield, compaosition, quality, intake, digestibility, nutritive values, rumen
fermentation and economic evaluation.

INTRODUCTION

Maize (Zea mays L.) is the most important silage plants in the world because of its high yield, high
energy forage produced with lower labor and machinery requirements than other forage crops (Roth et al.,
1995). Corn silage is a major energy and fiber source in diets for dairy cattle. Corn grain producers plant
corn at relatively low densities (i.e., less than 75,000 seeds/ha), whereas dairy producers frequently plant
corn at relatively high densities (i.e., more than 95,000 seeds/ha). Planting with appropriate plant density
is one of the most important factors in corn production (Norwood, 2001). Recently, there has been
concerned among corn silage producers in raising plant density to increase dry matter (DM) yield of
silage crops. Forage from corn has high value for food, high yield capability, short-growth period, and is
suitable as forage and feed for poultry and livestock and it is gaining an essential position in the cropping
system (Saif et al., 2003). Cox and Cherney (2001) indicated effect of plant density on production and
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quality of forage corn. They assessed corn DM vyield at two plant densities, 32,000 and 47,000 plants per
acer. They found that, increasing plant density increased DM vyield, but the difference in DM yield
between the two plant densities was only 3.7%. Also they found that increased plant density had a
negative effect on CP concentrations. Averaged across years, CP concentration averaged 3 g kg™ less at
116,000 vs. 80,000 plants ha™. On the contrary, Marsalis et al. (2009) demonstrated that none of the
quality parameters of corn (e.g., CP, NDF, ADF) was affected by reducing the seeding rate from 74,200
to 55,600 plants ha™. Plant population density main effects were significant for many of the quality traits.
Concentrations of ADF increased linearly as the plant population density increased (Stanton et al., 2007).
Basically, there was no advantage or disadvantage by increasing plant density with respect to feed value.

Typical recommended plant densities for corn silage range from 30,000 to 35,000 plants/ac. With
these plant densities, a reasonable DM yield is about 8 to 10 tons/ac (Marsalis et al., 2008). Dry matter
yields were maintained at over 10.5 tons/ac and wet yields exceeded 25.0 tons/ac, even at 22,500
plants/ac (Marsalis et al., 2009). Cusicanqui and Lauer (1999) assess the effect of plant density and corn
hybrid on forage yield and nutritive value. Corn plant densities ranged from 18,000 to 42,300 plants/ac.
They found a maximum DM vyield at around 35,000 plants/ac and declining DM vyield at greater plant
densities.

For instance, Cusicanqui and Lauer (1999) observed maximum whole plant DM yields when corn was
planted at 97,300 to 102,200 plants/ha. Considering total biomass yield as the only priority, planting corn
for silage at high densities may be an attractive approach for dairy farmers to recover forage inventories.
(Subedi et al., 2006; Boomsma et al., 2009). Cusicanqui and Lauer (1999) reported that increasing corn
planting density results in whole plant corn silages with greater concentrations of fiber and, likely, less
energy containing corn silages. The negative relationship between planting density and forage quality
makes difficult to recommend high planting density based on biomass yield (Cusicanqui and Lauer,
1999).

Corn plant density did not affect the quality of whole plant corn destined for silage when precipitation
was abundant. Therefore, greater yields of silage can be obtained by increasing corn plant density. Crop
rotation and management should be considered when planning forage management strategies to obtain
great quantities of good quality forage for dairy farming systems (Ferreira et al., 2014).

The relationship between maize forage yield and plant density is not well established. Total dry matter
increases from 6 to 40 % when plant density increases from about 55 000 to 88 000 plants ha™ in some
studies (Rutger and Crowder, 1967; Karlen et al., 1985) and 79 000 to 165 000 plants ha-1 in some other
studies (Sparks, 1988; Graybill et al., 1991; Cox and Otis, 1993; Turgut et al., 2005; Yandim, 2006;
Yilmaz et al., 2007). Contents of ADF and NDF a good indicator of forage quality were reported that
their relations with plant densities were controversial. The NDF was affected by plant densities (Iptas and
Acar, 2006). Leaf percentage values were affected by plant densities (Saruhan and Sireli, 2005) or not
affected (Dogan et al., 1997; Iptas and Acar, 2003; Cuomo et al., 1998; Iptas and Acar, 2006). Stem
percentages increased as plant densities increased (Oktem and Oktem, 2005).

Dry matter yield of forage maize responded positively to high plant densities with maximum dry
matter yields occurring at 180 000 plants ha-1. Ear percentages decreased, stem percentage and ADF
increased, leaf percentage, crude protein content and NDF did not change as plant densities increased
suggest that forage maize producers must carefully balance the potential benefits of higher dry matter
yields and forage quality. 180 000 plants ha™ may be practiced (Carpici et al., 2010). Curran and Posch
(2000) reported that good forage crops must have high digestible energy, low fiber and the desired
amount of dry matter at harvest for storage. EI-Metwally et al. (2011) pointed out that optimum plant
density for high grain yield/of corn hybrid S.C. 10 was 20,000 plants per feddan. El-Hosary, et al. (2019)
stated that the best plant population density was 20000 plants/fed to maximized grain yield and 28,000
plants/fed to maximized forage crop yield.

Forage corn is an important source of high yielding and consistent feed and is the most important feed
crop for animal husbandry in many areas of world. Therefore, it is important to understand how forage
corn performance is influenced by agronomic practices, such as plant density on digestibility, rumen
fermentation during use it as silage.
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MATERIALS AND METHODS

Corn cultivation management:

Corn hybrid single cross 10 (S.C. 10) was cultivated at two planting density rates of low density was
20 thousand plants per feddan (20TPF) or high density was 30 thousand plants per feddan (30TPF) with a
split-plot design with randomized complete blocks arrangement in two plant density. Main plots were
devoted to the two plant density. Sub-plots were assigned to three replicates. Each sub-plot consisted of
four ridges, 4 m length and 0.6 m width for each ridge. Organic fertilizer was added to the soil before
plowing at 20-30 cubic meters, 150 kg super phosphate and 50 kg potassium sulphate per feddan. Maize
plants were later thinned to one plant per hill. Handing hoeings were done before the first and second
irrigations and pesticides were sprayed as necessary. The fertilization by adding 120 nitrogen units per
feddan, equivalent to 6 bags of urea, or 8 bags of nitrate per feddan, and therefore to obtain the highest
production and divide the compost in the first two steps after the haze and before the prehistoric and the
second before the next larvae of the soil and add compost below and below plants. The first irrigation was
applied after 21 days from sowing, while the following irrigations were applied at two or three week
intervals and stopping irrigation before harvesting about two weeks.

Yield determination and making silage:

The yield of corn crop and plant parts (ears, stems and leaves) were estimated for each sub-plots and
calculated per feddan. Whole corn plants were harvested after 92 days of planting at the dough stage of
maturity and chopping using Holland Chopper machine to 1-1.5 cm of length. Five hundred kg of each
density was ensiled in double plastic bags with 80 kg weight for each, pressed by hand to exclude the air
from the bags and ensiled for 35 days.

Silage quality determination:

Color and odor of each tested silage were examined and samples were taken for chemical analysis,
where silage pH was directly determined using Orian 680 digital pH meter, Concentrations of VFA
fractions in silage were analyzed using gas chromatograph equipped with a double flame ionization
detector according to Cottyn and Boucque (1968). TVFA’s concentrations was determined according to
Warner (1964), and ammonia nitrogen concentrations were determined according to Bergen et al. (1974).

Digestibility trial:

Two digestibility trials were conducted at Sakha Animal Production Research Station, Animal
Production Research Institute, Agricultural Research Center, Giza, Egypt to determine the digestion
coefficients and nutritive values of the experimental corn silages. Three Rahmany rams were used in each
trial with average body weight of 50+0.58 kg and 3 years old were used. Rams were housed individually
in digestion crates for fifteen days as preliminary period followed by seven days as collection period.
Digestion crates permitted total collection of feces. Ninety percent of ad libtum intake of maize silage was
offered for each ram in two meals at 8 a.m. and 4 p.m. during the days of collection period. The water
was available all the day round in plastic buckets. Fecal samples were collected twice daily for 7 days
during the collection period. Representative samples of silages and feces were analyzed according to the
methods of AOAC (1990). Fiber constituents including neutral detergent fiber (NDF) was determined
according to VVan Soest and Marcus (1964). Acid detergent fiber (ADF) and acid detergent lignin (ADL)
were determined according to Van Soest (1963).

Rumen samples and determination:

At the last day of the digestible trail, rumen liquor samples were taken at 3 hr. after the morning
feeding by a rubber stomach tube. The samples were filtered through a double layer of cheese cloth. The
rumen pH value was determined directly by HANNA pH meter (HI-8424 Sophisticated micro-processor,
pH meter). Total volatile fatty acids (TVFA’s) concentration was estimated by using steam distillation
method (Warner, 1964). Ammonia-N (NHs-N) concentration was determined using magnesium oxide
(MgO) as described by AOAC (1990). Concentrations of VFA fractions in rumen liquor were analyzed
using gas chromatograph equipped with a double flame ionization detector according to Cottyn and
Boucque (1968).

Statistical analysis:

For statistical analysis, independent two samples T-test were performed using IBM SPSS Statistics
(2014) for user’s Guide. A statistical significance of was checked for p value, 0.05.
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RESULTS AND DISCUSSION

Crop yield:

Yield of fresh and dry corn crops are presented in Table (1). The yield of fresh corn crop was higher
significantly (P<0.05) for high plant density compared to low plant density being 29.01 vs. 22.98 ton/fed.
Moreover, the yield of dry crop was higher significantly (P<0.01) for high plant density compared to low
plant density (8.31 vs. 6.86 ton/fed.). Fresh and dry corn crops increased by 26.24 and 21.14% for high
plant densities than for low plant densities, respectively, although fresh and dry plant weight were
significantly higher (P < 0.01) for low plant densities compared to high plant densities (1.15 and 0.34 vs.
0.97 and 0.28 kg, respectively). The fresh and dry plant weight increased by 18.56 and 21.43% for low
plant density compared to high plant density, respectively. Planting with appropriate plant density is one
of the most important factors in corn production (Norwood, 2001). Greater yields of silage can be
obtained by increasing corn plant density (Ferreira et al., 2014). Total DM vyield increased as plant density
n n bbbbb/@?0kKkokincreased (Widdicombe and Thelen, 2002). Typical recommended plant densities
for corn silage range from 30,000 to 35,000 plants/ac. With these plant densities, a reasonable DM yield
is about 8 to 10 tons/ac (Marsalis et al., 2008). Dry matter yields were maintained at over 10.5 tons/ac and
wet yields exceeded 25.0 tons/ac, even at 22,500 plants/ac (Marsalis et al., 2009). El-Hosary, et al. (2019)
stated that the best plant population density was 20000 plants/fed to maximized grain yield and 28,000
plants/fed to maximized forage crop yield.

Table (1): Yield of fresh and dry corn crop, relative plant parts and yield of digestible nutrients for
low and high density corn plants.

Item Low density High density MSE p-value Sig.
Yield (ton/fed.)

Fresh crop 22.98 29.01 1.10 0.016 *
Dry crop 6.86 8.31 0.35 0.010 fal
Plant weight (kg/plant)

Fresh plant 1.15 0.97 0.04 0.004 fal
Dry plant 0.34 0.28 0.02 0.007 fal
Relative parts %

Ears 42.36 35.64 1.68 0.004 fal
Stems 39.69 44,71 1.29 0.011 *
Leaves 17.95 19.66 0.45 0.022 *
Yield of nutrients (ton/fed.)

TDN 4.72 5.52 0.19 0.012 *
CP 0.55 0.68 0.03 0.006 *x
DCP 0.35 0.46 0.02 0.005 ol
* Significant at P<0.05. ** Significant at P<0.01.

Relative plant parts:

Relative plant parts in Table (1) revealed that the percentage of ears was significantly higher
(P<0.001), however percentages of stems and leaves were significantly lower (P<0.05) for low plant
density compared with high plant density. Ear percentage decreased, stem percentage increased and leaf
percentage did not change as plant densities increased (Carpici et al., 2010). Leaf percentage values were
affected by plant densities (Saruhan and Sireli, 2005). Stem percentages increased as plant densities
increased (Oktem and Oktem, 2005). The percentages of stover, stalks and leaves increased significantly
(P<0.05), while the percentages of ear and grain decreased significantly (P<0.05) with increasing plant
density Gaafar (2009).

Yield of nutrients:

Data of nutrients yield presented in Table (1) showed that the yield of total digestible nutrients (TDN)
was significantly higher (P<0.05), while crude protein (CP) and digestible crude protein (DCP) were
significantly higher (P<0.01) for high plant density compared to the low plant density. Yield of TDN, CP
and DCP of high plant density increased by 16.70, 23.64 and 31.43% than those of low plant density,
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respectively. High significant (P<0.01) positive correlations exist between dry crops yield and the yield of
TDN, CP and DCP were 0.90, 95 and 0.91, respectively. Also, the correlations between the yield of TDN,
CP and DCP and their contents were — 0.68, 0.97 and 0.87, respectively. Cusicanqui and Lauer (1999)
assess the effect of plant density and corn hybrid on yield of nutritive value. Wang et al. (2005) observed
better nutritive value yield of whole forage maize can be achieved through the increase of the plant
density. Gaafar (2009) found that the yield of TDN and DCP per feddan increased significantly (P<0.05)
with increasing plant density.

Chemical composition:

Results of chemical composition of corn silage are presented in Table (2). Low corn plant density
revealed significantly higher contents of DM, OM (P<0.05) and NFE (P<0.01) and lower contents of CP,
EE, ash (P<0.05) and CF (P<0.001) with compared to high corn plant density. Results of chemical
composition are confirmed with the differences the percentages of relative plant parts in Table (1). High
significant (P<0.01) positive correlation exist between both ear percentage and NFE content (r = 0.93),
stem percentage and CF content (r = 0.092) and leave percentage and CP content (r = 0.90). These results
agreed with those obtained by Pinter et al. (1994) who found that CP and fiber fractions increased, while
starch and soluble carbohydrates decreased with increasing plant density. Wang et al. (2005) found that
crude protein, ether extract, crude fiber and nitrogen free extract significantly increased with plant
density. The contents of DM, OM and NFE of whole plant corn silage decreased significantly (P<0.05),
while the contents of CP, CF, EE and ash increased significantly (P<0.05) with increasing plant density
(Gaafar, 2009). Also, he noticed that DM, OM and NFE contents increased with increasing the
percentages of ear and grain, while the contents of CP, CF, EE and ash increased with increasing the
percentages of stover, stalks and leaves. Crude protein content did not change as corn plant densities
increased (Marsalis et al., 2009; Carpici et al., 2010). Roth and Heinrichs (2001) stated the ranges of 7.2-
10.0% for crude protein (CP) contents in maize silage. Mc Donald et al. (1998) reported the values of
23.3, 5.7 and 10.0% for crude fiber (CF), ether extract (EE) and ash, respectively.

Fiber fractions:

Data of fiber fractions in Table (2) assessed that high plant density and showed higher contents of
NDF, ADF, ADL, hemicellulose and cellulose (P<0.01) and lower content of NFC (P<0.01) in compared
low corn plant density. These results are confirmed with relative plant parts presented in Table (1), which
fiber fraction increased with increasing the percentage of stems, however, NFC content increased with
increasing the percentage of ears. High significant (P<0.01) positive correlation exist between stem
percentage and NDF, ADF, ADL, hemicellulose and cellulose being 0.94, 0.95, 92, 90 and 0.96,
respectively. Also, the high significant (P<0.01) positive correlation between ear percentage and NFC
was 0.96. Contents of NDF and ADF a good indicator of forage quality were reported that their relations
with plant densities were controversial (Iptas and Acar, 2006). Marsalis et al. (2009) demonstrated that
none of the quality parameters of corn (e.g., NDF, ADF) was affected by plant density. Valdez et al.
(1989) found that NDF and ADF concentrations increased by increasing corn plant density. Roth and
Heinrichs (2001) stated the ranges of 23.6-33.2 and 41.0-54.1% for acid detergent fiber (ADF) and
neutral detergent fiber (NDF) contents, respectively in maize silage.

Table (2): Chemical composition and fiber fractions of low and high density corn silage.

Item Low density High density MSE p-value Sig.
DM % 32.86 30.65 0.61 0.046 *
Composition of DM %

oM 95.16 94.04 0.31 0.047 *
CP 7.95 8.21 0.07 0.026 *
CF 22.12 25.45 0.84 0.007 *x
EE 2.89 2.95 0.03 0.027 *
NFE 62.20 57.43 1.22 0.009 **
Ash 4.84 5.96 0.48 0.018 *
Fiber fractions %

NDF 43.78 47.87 0.97 0.005 **
ADF 25.73 28.31 0.61 0.004 *x
ADL 5.13 5.43 0.07 0.006 Fx
Hemicellulose 18.05 19.56 0.36 0.008 Fx
Cellulose 20.60 22.88 0.53 0.004 Fx
NFC 40.44 34.81 1.29 0.003 Fx
* Significant at P<0.05. ** Significant at P<0.01.
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Silage fermentation characteristics:

Fermentation characteristics of corn silage as affected by plant density are shown in Table (3). The
concentration of total volatile fatty acids (TOA) was significantly higher (P<0.05), but pH value and the
concentrations of TVFA’s and NH3-N were significantly lower (P<0.05) for low plan density compared
to high plant density silage. The concentrations of lactic, propionic, isobutyric, isovaleric and valeric
acids were higher, however, acetic and butyric acids were lower in low plant density compared to high
plant density silage. These results indicated that both low and high density corn silage have a considerable
amount of soluble carbohydrates to promote silage fermentation. Total organic and lactic acids
concentrations was highly positive correlated with both NFE and NFC being 0.97, 0.95 and 0.95, 0.92,
respectively (P<0.01). The high significant positive correlation between TVFA’s and acetic acids
concentrations and the contents of CF, NDF, ADF, hemicellulose and cellulose were 0.96, 0.96; 0.97,
0.93; 0.97, 0.95; 0.96, 0.90 and 0.96, 0.96, respectively (P<0.05). The pH values obtained in this study is
within the recommended range of 3.7 - 4.2 stated by Karsten et al. (2003). As corn plant density increases
quality is affected adversely (Widdicombe and Thelen, 2002). Individual volatile fatty acids % of total
volatile fatty acids were lactic acid 50 — 75%. Acetic acid 13.9 — 25.5%, propionic acid 0.14 — 10.40%,
isobutyric acid 0.10 — 5.46%, butyric acid 1.82 — 17.64%, isovaleric acid 0.64 — 3.53% and valeric acid
0.36 — 2.56%. (Bendary et al., 2001). Kung et al. (2018) suggested that typical concentration in corn
silage was ammonia-N 5-7% of total-N. Wang et al. (2005) found that silage quality of whole forage
maize varied with plant density. As increased plant densities have resulted in reduced maize forage
quality (Cox and Cherney 2001). Gaafar (2009) reported that pH value and the concentrations of
ammonia-N, isobutyric, butyric, isovaleric and valeric acids increased significantly (P<0.05), however the
concentrations of lactic, acetic and propionic acids decreased significantly (P<0.05) with increasing plant
density. The concentrations of individual volatile fatty acids in silages of low and high density revealed a
good quality silage as reported by McDonald et al. (1995).

Table (3): Fermentation characteristics of low and high density corn silage.

Item Low density High density MSE p-value Sig.
pH value 3.84 4.05 0.06 0.037 *
TOA % of DM 7.75 6.93 0.20 0.016 *
TVFA’s % of DM 1.92 2.13 0.04 0.21 *
NHs-N % of total-N 4.54 6.93 0.64 0.028 *
Individual organic acids % of DM

Lactic acid 5.83 4.80

Acetic acid 0.59 0.96

Propionic acid 0.16 0.11

Isobutyric acid 0.62 0.48

Butyric acid 0,20 0.35

Isovaleric acid 0.15 0.10

Valeric acid 0.20 0.13

* Significant at P<0.05.

Dry matter intake:

Dry matter intake by rams fed low and high density corn silage are shown in Table (4). Ad libtum DM
intake expressed as g/kg LBW®" was higher significantly (P<0.05) for low density silage compared to
high density corn silage (63.25 vs. 59.50 g/kg LBW®", respectively). The percentages of relative plant
parts in Table (1) as well as the contents of CF, NFE, fiber fractions and NFC in Table (2) might be affect
DMI by rams. Dry matter intake was positively correlated with NFE and NFC contents (r = 0.93 and 0.88,
respectively, P<0.01) and negatively correlated with CF, NDF, ADF, hemicellulose and cellulose (r = -
0.84 (P<0.05), - 0.77, - 0.78, - 0.74 and — 0.80, respectively). These results agreed with those illustrated
by Gaafar (2009) who found that the DM intake of different silages decreased significantly (P<0.05) with
increasing plant density. It is well known that DM intake is closely related to the rumen digesta passage
rate, and a rapid passage rate facilitates high DM intake (Campling, 1966 and Shaver et al., 1986). In the
study by Van der Linden et al. (1984) who supplemented corn stover with corn grain containing high
NFC content, the ruminal solid passage rate increased with increasing levels of NFC. Intake of dry matter
declined with increasing dietary neutral detergent fiber (West et al., 1999).
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Nutrients digestibility:

Nutrients digestibility coefficients of low and high density corn silages by rams are presented in Table
(4). The digestibility coefficients of DM, OM, NFE and NFC were significantly higher (P<0.05),
however, the digestibility coefficients of CP, CF, EE, NDF, ADF, ADL, hemicellulose and cellulose were
significantly lower (P<0.05) for high plant density compared to low plant density corn silage. Nutrients
digestibility are confirmed with nutrients contents of low and high plant density corn silage, which
carbohydrates and fiber were the most nutrients affected by plan density (Table 2). There are high
positive significant correlations between nutrients contents and digestibility, DM (r = 0.95), OM (r =
0.94), CP (r = 0.96), CF (r = 0.92), EE (r = 0.80), NFE (r = 0.94), NDF (r = 0.95), ADF (r = 0.96),
hemicellulose (r = 0.92)m cellulose (r = 0.97) and NFC (r = 0.95). Despite being positively correlated,
DMD and NDFD did not have the same relationships with other nutrients, DMD was positively correlated
with starch concentration only and negatively correlated with NDF, ADF, CP, and ADL concentrations
(Guyader et al., 2018). Gaafar (2009) found that the digestibilities of DM, OM and NFE decreased
significantly (P<0.05), while the digestibilities of CP, CF and EE increased significantly (P<0.05) with
increasing plant density. The apparent total tract digestibility of DM and gross energy decreased when
total dietary fiber increased (Zhang et al., 2013).

Table (4): Dry matter intake, nutrients digestibility and nutritive values of low and high  density

corn silage.
Item Low density High density MSE p-value Sig.
DMI (g/kg LBW®™) 63.25 59.50 0.99 0.023 *
Digestibility coefficients %
DM 66.84 64.72 0.57 0.030 *
oM 68.92 66.86 0.55 0.027 *
CcpP 64.85 66.98 0.56 0.018 *
CF 63.83 66.38 0.67 0.019 *
EE 72.80 76.49 0.98 0.028 *
NFE 72.03 67.72 1.13 0.020 *
NDF 63.49 67.08 0.93 0.014 *
ADF 58.49 61.85 0.87 0.013 *
Hemicellulose 65.12 68.80 0.95 0.014 *
Cellulose 60.74 64.06 0.86 0.015 *
NFC 73.53 69.31 1.08 0.011 *
Nutritive values %
TDN 68.81 66.36 0.66 0.034 *
DCP 5.16 5.50 0.10 0.044 *
* Significant at P<0.05.

Nutritive values:

Nutritive values of low and high corn plant density expressed as TDN and DCP are shown in Table
(4). The TDN value was higher significantly (P<0.05), but DCP significantly lower (P<0.05) in low
density than those of high density. The TDN value increased with increasing NFE content and while
DCP value increased with increasing CP content (Table 2) as well as with NFE and CP digestibilities
(Table 4). The positive correlation between TDN value and both content and digestibility of NFE (r =
0.86 and 0.94, respectively) and NFC (r = 0.80 and 0.89, respectively). Also, DCP value was positively
correlated with both CP content and digestibility (r = 0.94 and 0.90, respectively). Pinter et al. (1994)
reported that TDN value decreased, but DCP value increased with increasing plant density of corn silage.
Gaafar (2009) reported that the TDN value decreased significantly (P<0.05), while the DCP value
increased significantly (P<0.05) with increasing plant density.

Rumen fermentation parameters:

Rumen liquor parameters in Table (5) showed that lower pH value, the concentrations of NH3-N
(P<0.05) and higher concentrations of TVFA’s (P<0.05), propionic, isobutyric, isovaleric and valeric
acids in rumen fluid of rams fed low corn plant density compared to high density corn silage. While,
acetic and butyric acids concentrations were nearly similar with low and high plant density. Acetic acid
concentration increased with increasing CF and fiber fractions contents, propionic acid concentration
increased with increasing NFE and NFC contents and ammonia-N concentration increased with
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increasing CP content (Table 2). The correlation between TVFA’s and propionic acids concentration and
NFE and NFC contents were 0.97, 0.95 and 0.96, 0.94, respectively. Also, the correlations between acetic
acid concentration and the contents of CF, NDF, ADF, hemicellulose and cellulose were 0.95, 0.95, 0.98,
0.98 and 0.97, respectively. The correlation between ammonia-N concentration and CP content was 0.88
and with ammonia-N concentration in silage was 0.89. As the silo becomes anaerobic, various anaerobic
and facultative microorganisms increase in population and ferment primarily sugars and organic acids in
the crop. The principal fermentative microbial groups include lactic acid bacteria (LAB), enterobacteria,
clostridia, and yeasts (Pahlow et al., 2003). Van Soest (1994) stated that the optimum pH value for
growth of cellulolytic microorganisms was 6.7 and the range for normal condition with about +0.5 pH
degree. Moreover, Hungate (1966) and Mehrez et al. (1983) reported that the acidity of cellulolytic
bacteria during ruminal fermentation may be inhibited when pH value of rumen liquor is below 6. Russell
and Dombrowski (1980) who reported that ruminal VFA production was closely related to ruminal pH,
which can be considered an important regulator of microbial yield. Hungate (1966) demonstrated that
rumen microorganisms utilize more NH3-N when more energy sources are fermented. Values of ruminal
volatile fatty acids fractions obtained in this study were nearly similar to the values obtained with feeding
calves on corn silage alone as a sole feed (Mohsen et al., 2001).

Table (5): Rumen fermentation parameters of rams fed low and high density corn silage.

Item Low density High density MSE p-value Sig.
pH value 6.53 6.78 0.07 0.029 *
TVFA’s (meg/100 ml) 16.55 14.73 0.46 0.022 *
NHs-N (mg/100 ml) 15.11 16.60 0.21 0.024 *
Volatile fatty acids fractions (meg/100 ml)

Acetic acid 7.18 7.20

Propionic acid 5.14 3.87

Isobutyric acid 0.68 0.50

Butyric acid 2.37 242

Isovaleric acid 0.53 0.36

Valeric acid 0.65 0.38

* Significant at P<0.05.

Economical evaluation:

Results of economical evaluation of low and high density corn plant silage are shown in Table (6).
There were no significant differences in rent of land, cultivation cost and total cost between low and high
plant density. Whereas, high corn plant density recorded higher output of silage yield and output
improvement (P<0.01), net revenue and net revenue improvement (P<0.001) compared to low corn plant
density. Output of silage yield and net revenue of high density corn silage increased by 26.16 and 41.56%
compared to low density silage, respectively. These results are confirmed with the yield of fresh crop
presented in Table (1), which was higher in high density than that of low density. The correlations
between fresh crop yield and both output and net revenue were 0.99 and 0.96, respectively. Economic
production of corn silage is dependent on silage DM yield and nutritive value (Guyader et al., 2018). Cox
et al. (2006) reported that high plant density can provide an increased profit over low plant corn silage.
Rotz et al. (1999) stated that economic benefit of corn silage processing was moderately sensitive to the
length-of-cut setting of the harvester, milk price, and processing’s effect on forage digestibility and
available energy. Cox et al. (1998) found that maximum economic yields occurred at about 39,500
plants/acre.

Table (6): Economical evaluation of low and high density corn silage.

Item Low density High density MSE p-value Sig.
Rent of land (LE/fed./season) 3000 3000 0.00 1.00 NS
Cultivation cost (LE/fed.) 3000 3100 43.23 0.275 NS
Total cost (LE/fed.) 6000 6100 45.12 0.328 NS
Output of silage yield (LE/fed.)* 15626 19727 964 0.004 **
Output improvement % 100.00 126.16 6.23 0.005 *x
Net revenue (LE/fed.) 9626 13627 909 0.001 Fhx
Net revenue improvement % 100.00 141.56 9.47 0.001 Frk
NS Not significant. ** Significant at P<0.01. **%* Significant at P<0.001.

* Price of 1 ton corn silage = 680 LE according to price 2019.
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CONCLUSION

Cultivation corn crop for making silage should be planted at high plant density of 30 thousand plants
per feddan to achieve the higher yield of silage crop as well as the yield of digestible nutrients.
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