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ABSTRACT

A field experiment was conducted in 2008 and 2009 summer seasons to evaluate six maize hybrids; namel y, SC124,
8C155, TWC310, TWC324, TWC327 and TWC352, under three nitrogen rates; viz., 90, 135 and 180 kg N fa”, for their
silage yield and quality. The results showed that nitrogen had a significant effect on mean squates for fresh and dry silage
yields, crude protein and digestible crude protein. Also, hybrids had a significant effect on mean squares for all studied
traits, except for crude fiber and tota] digestible nutrient, Hybrids significantly yielded more fresh silage of 2.86 and 4.81
tons fa”’ at 135 and 180 kg N fa!, compared with 90 kg N fa’l. Silage dry matter yield, under 135 and 180 kg N fa’, gave
0.94 and 1.56 tons fa”’ more than that under 90 kg N fa’l. Nitrogen rates of 135 and 180 kg fa™' produced crude protein of
0.49 and 1.4 % more than 90 kg N fa’'. Hybrids significantly differed for all studied traits, except for crude fiber and total
digestible nutrients. Fresh silage yield ranged from 23.21 to 28.34 ton fa”', where, hybrid ranks were TWC324 > TWC327
= TWC310 > TWC352 > 8C124 > SC1535, Silage dry matter yield mnged from 8.09 to 9.74 ton fa''. Hybrids significantly
varied for their dry matter yield, where TWC324 > TWC310 > TWC327 > SC155 = TWC352 > SC124. For crude
protein, TWC327 was the best, followed by TWC324, then, TWC310. Mean of crude fiber ranged from 21.71 to 23.38 %,
where TWC310 had the lowest mean. Significant positive cotrelation was found for FSY with DMY (0.90), CP and DCP
(0.83), Significant positive correlation was detected for CP with DCP (0.99). Crude fiber (CF) had a negative correlation
with FSY, DM, CP, DCP and TDN. Also, ASH had a negative correlation with FSY, DM, CP, DCP and TDN., Finally,
nitrogen affected fresh silage yield, silage dry matier yield, crude protein and digestible crude protein. TWC324, TWC327
and TWC310 hybrids had the highest fresh stlage yield, silage dry matter yield, crude protein and digestible crude protein.

Accordingly, these hybrids might be used for high silage production.
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Abbreviation: SC, Single-cross hybrid; TWC, Three-way cross hybrid; FSY, Fresh silage yield; DMY, Silage dry matter
ield; CP, Crude protein; DCP, Digestible crude protein; CF, Crude fiber; TDN, Total digestible nutrient..

INTRODUCTION

Whole-plant maize silage continues to be a
major forage in the world dairy industry (Johnson et
al,, 1999). Until recently, it was, generally, accepted
that the characteristics of a good silage hybrid were
those of a good grain hybrid, based on the
assumption that silage nutritive value was
determined by the grain component (Andrews ef al,
2000; Bagg, 2001). The favor characters of dual-
purpose hybrids were summarized to be leafy, lower
ear placement, greater total leaf area and areas
above the ear node (Subedi and Ma, 2005), which
contributed to a large amount of the silage dry
matter with greater total digestability (Dwyer et al.,
1998).

Nitrogen fertilization affects maize dry matter
(DM) production by influencing leaf area
development, leaf area maintenance and
photosynthetic efficiency of the leaf area (Muchow
and Davis, 1988). O’Leary and Rehm (1990)
reported that corn DM yields linearly increased, at
three sites, and curvinearly at five sites with
nconsistent corn silage quality responses to N rates.

Cox et al, (1993) reported that maximum economic
DM y1elds for com occurred at a rate of about 150
kg N ha’. Corn silage quality, however, increased
as N rates increased from zero to 200 kg ha™ (Cox,
1994). Unfortunately, higher N rates resulted in
increased residual soil NO;-N concentrations. Cox
et al. (1993) found that corn silage producers might
balance potential benefits of high DM yield and
improved comn silage quality with the potential risk
of increased residual soil NO;-N concentrations
when considering N management.

Hybrid selection is a key for improving forage
quality for optimum animal output. Historically,
there has been a significant genetic variability for
forage quality among maize hybrids. Most
differences in maize silage and digestibility were
considered to be related to hybrids maturity
differences (Kuehn et al,, 1999). Several studies had
identified differences among hybrids as whole plant
yield and grain yieid. Laboratory analyses of whole
maize plants showed that maize hybrids differed in
crude protein (CP) and crude fiber (CF).

The objectives of the present study were to: (@)
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determine the effect of nitrogen rates on maize
sifage vield and quality, (%) evaluvate six maize
hybrids under three nitrogen rates and (§if) describe
the relationship among different traits.

MATERIALS AND METHODS

A field experiment was conducted in 2008 and
2009 summer secasons on calcareous soil and surface
irrigation at Nubaria Agricultural Research Station,
FCRI, ARC, Egypt. The experimental design was a
randomized complete block in a split-plot
arrangement with four replicates. Main plots were
three nitrogen levels; i.e., 90, 135 and 180 kg fa
! While, the sub-plots were six maize hybrids; i.e.,
S§C124, SC155, TWC310, TWC324, TWC327 and
TWC352. Nitrogen fertilizer was ammonium
nitrate, surface applied at 25 and 40 days after
planting. All other cultural practices were carried
out as commonly followed in Nubaria region.Soil
main physical and chemical characteristics had
determined, according to the methods described by
Page et al., (1982) and were presented in Table (1).

Sub-plots (four rows) were thinned to final
plant densities of 26000 plants fa™' at about 25 days
after sowing. The two center row planis were cut at
soil surface in both years at the one-third to one-half
of milk-ripe stage, which corresponded to about 350
kg' DM in all sub-plots to determine fresh silage
and dry matter yields. Five plants were randomty
selected at cut time from each sub-plot to estimate
DM concentration and forage guality characteristics.
The remaining plants, in the harvest area, were
weighed and discarded. Samples were dried at 60°¢
in a forced-air dryer to a constant moisture. Samples
were, then, passed through a splitter, reduced to 50 g
in weight. Samples (0.5g) were analyzed by wet
chemistry for whole-plant crude fiber (CF),
according to procedures, described by Van Soest et
al. (1991) and Kjeldahl N (x 6.25 = CP). Digestible
crude protein (DCP) and total digestible nutrients
(TDN) were calculated, according to the equations
of Church (1979), as follows:

DCP = CP x 0.929 — 348; TDN = 72,1 — (CF x
0.34). Organic matter (OM %) was calculated as:
OM = 100 — ash.

Data were analyzed for fresh silage yield
(weight of whole green plants, in tons fal), dry
matter yield (weight of whole dry plants, in tons fa”
1, crude protein (%), digestible crude protein (%),
crude fiber (%), total digestible nutrients (%a),
organic matter (%) and total ash (%).

Since, hybrids were considered fixed, whereas,
replicates and years were considered random, a
mixed model was used to analyze the data with
general linear model (GLM) procedures, using the
SAS Statistical Softiware Package (SAS Program,
release 9.1, 2003). Homogeneity of error variances
was tested for the two years, using Bartlett’s test,
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according to Steel and Torrie (1980). Homogeneity
variances were detected. Hence, a combined
analysis was run for the studied traits across the two
vears. Because significant year x treatment
interactions were not observed for most
measurements, a combined analysis was performed
across both years. Mean separation among
treatments and interactions, involving hybrids and
nitrogen rates, were obtained by using the LSD test
when significant F-test (P> 0.05) were observed.
Regression analysis examined the relationship
among dependent variables and nitrogen rates, using
PROC GLM model of SAS Statistical Software
Package. Correlation relationships among variables
were calculated, using PROC CORR procedures of
SAS Statistical software. Effects were considered
significant in al statistical calculations for p-values
<0.05.

RESULTS AND DISCUSSION

Analysis of variance:

Years had insignificant mean squares for crude
fiber, total digestible nutrients, organic matter and
total ash (Table 2). On the other hand, years had
significant mean squares for the other studied traits,
Nitrogen rates significantly affected fresh silage
yield, silage dry matter yield, crude protein and
digestible crude protein (Table 2). Hybrids gave
significant values of mean squares for all studied
traits, except for crude fiber and total digestible
nutrients. Hybrids interaction effects, with both
years and nitrogen rates, were not significant for the
studied traits. The Y x N x H interaction
significantly affected all studied traits, except for
organic matter (%) and total ash (%) (Table 2).

Table 1: The main chemical and physical
characteristics of the experimental soil at
Nubaria Agriculture Research Station in
2008 and 2009 seasons.

Characters Value
Soil pH’ 8.2
EC.dSm""" 2.44
Water soluble anions (meg/1):

CO* 0.0
HCOy 5.0
CaCO; (%) 274
Organic matter (%6) 0.4
Mechanical analysis:

Sand (%) 64.6
Silt (%) 12.5
Clay (%) 22.9
Soil texture Sandy clay loam

* Measured in 1:2.5 soil suspension.
** Measured in water extracted from saturated soil past
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Table 2: Mean squares from the combined analysis of the studied characters for three nitrogen rates
and six maize hybrids evaluated at Nubaria during 2008 and 2009 seasons.

Source of variance DF F‘resh silage S.ilage dry matter Crude protein Digestible .
yield yield crude protein
(Ton fa™h (%)
Years (Y) 1 434,30 100.17" 1.197 102"
Reps / Years 6 10.73 1.23 0.05 0.04
Nitrogen rates (N) 2 280.60° 29.72 24.12" 20.81"
YxN 2 7.94 0.48 0.24 0.21
Error (a) 12 2.79 0.66 0.17 0.14
Hybrids (H) 5 99.67™ 12.79" 7.27" 6.27"
YxH 5 2.77 1.01 1.01 0.87
NxH 10 3.79 1.62 0.52 0.45
YXxNxH 10 7.70™ 1.36° 1.53™ 132"
Error (b) 90 2.75 0.58 0.17 0.15
CVv. 6.44 863 535 1027
Source of variance DF  Crud fiber Total digestible o nic matter ~ Total ash
nutrients
(%)
Years (Y) i 7.56 0.87 1.33 1.34
Reps / Years 6 9.96 1.15 0.44 0.44
Nitrogen rates (N) 2 1.66 0.19 1.07 1.07
YxN 2 2248 259" 0.56 0.56
Error (a) 12 4.76 0.55 0.32 0.32
Hybrids (H) 5 7.69 0.89 12.1" 1z.11™
YxH 5 16.90 1.95 0.43 0.43
NxH 10 14.13 1.63 0.11 0.11
YxNxH 10 12.05™ 1.39™ 0.53 0.53
Error (b) 90 3.70 0.42 0.29 0.29
CV. 8.45 1.01 1.00 9.19

*** Significant at 0.05 and 0.01levels of probability respectively.

1. Effect of nitrogen rates:

When averaged across years and hybrids,
nitrogen applied at 90 kg fa' gave a significant
lower fresh silage yield (23.23 tons fa’'), while,
nitrogen rates of 135 or 180 kg fa' gave a
significantly higher value of 26.9 or 28.04 tons fa™'.
Generally, hybrids significantly yielded more 2.86
or 4.81 tons fa" at 135 and 180 kg N fa™', compared
to 90 kg N fa™* (Table 3).

As for dry matter yield, nitrogen rates at 135
and 180 kg fa' gave 8.95 and 9.57 tons fa’!,
compared with 8.01ton fa’ at 90 kg N fa’l. Dry
matter yield under 135 and 180 kg N fa”, had a
significant value of 0,94 and 1.56 tons fa' more
than that at 90 kg fa'. These results are in a good
agreement with findings reported by Fransen
(2004). Some studies reported that dry matter yield
would level off after 650 g kg™ moisture (Wiersma
ef al., 1993).

Crude protein had previously been shown to
decline with increasing maturities (Sheperd and

Kung, Jr. 1996). Crude protein percentage was
significantly affected by nitrogen and ¥ x H x H
interaction (Table 2). Mean of crude protein, at 90
kg N fa, was 7.18 and 7.67 %, for 135 kg N fa'!,
while, 180 kg N fa” gave 8.58 % crude protein
(Table 3). Nitrogen rates of 135 and 180 kg fa™' had
0.49 and 1.4 % more crude protein than 90 kg N fa
!, Also, 180 kg N fa™" had 0.91 % more than 135 kg
N fa! (Table 3).

Nitrogen rates significantly affected digestible
crude protein, as shown by Y x N x H interactions
{Table 2). The same trend of nitrogen rates on crude
protein was observed on digestible crude protein,
where the 180 kg N fa-1 ha gave the highest mean
of DCP (4.49), followed by 3.65 of 135 kg N fa”,
then, 3.19 for 90 kg N fa™' (Table 3).

Nitrogen rates affected crude fibers and total
digestible nutrients, as given by YxNxH interactions
(Table 2). Nitrogen rates did not significantly affect
organic matter and total ash (Table 2). Also, the
interaction of nitrogen did not exist.
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II. Effect of hybrids:

Hybrids were significantly different for all
studied traits, except for crude fibers, total digestible
nutrients and plant height (Table 2). Hybrid
interactions with years and nitrogen rates varied for
the studied traits, where, H x N and H x Y were
insignificant, except for N x H, for plant height.
Many studies had reported differences among
hybrids for whole-plant silage yield and quality
{Denium, 1988; Cox, 1994).

Mean of fresh silage yield ranged from 23.21
(SC.155) to 28.34 (TWC.324) tons fa”'. Generally,
three-way cross hybrids had fresh silage yield that
was significantly more than single-cross hybrids.
The rank of the tested hybrids, for fresh silage yield,
was TWC324 > TWC327 =2 TWC310 =TWC352 =
SC124 > SC155 (Table 3).

Silage dry matter yield, across two years,
ranged from 8.09 (8C124) to 9.74 (TWC324) tons
fa? (Table 3). Hybrids significantly varied for their
dry matter yield and were arranged as follows:
TWC324 > TWC310 > TWC327 > S8C155 >
TWC352 > SC124 (Table 3). Differences in fresh
silage and silage dry matter yiekd, among hybrids,
might be attributed to genetic variability. These
results agreed with those obtained by Joanning et al.
(1981). Bendary ef af,, (2001) and Kravchenko et ai,
(2005) who mentioned that crop yield was highly
variable across field as a result of complex
interactions among different, factors such as
topography, soil properties and the prevailing
weather conditions during the growing season and
management practices.

Table 3;: Means of the studied characters for three nitrogen rates and six maize hybrids across 2008 and

2009 years.
Fresh silage yield Sf'lage dry matter Crude protein Diges.tible crude
yield protein
(Ton fa') (%)
Nitrogen rates: 90 23.23 b 801¢ 7.18¢ 3.19¢
135 26.09 a 895b 7670 3.65b
180 28.04a 957a 8.58a 44%9a
LSDy505) 2.40 0.60 0.43 0.40
Hybrids:
5C.124 23.83d 8.09b 729¢ 3.29¢
SC.155 23.21d 8.32% 733¢ 333¢
TWC.310 26.83b 953a 7.94 abc 3.89abc
TWC.324 2834a 9.74a 8.19 ab 4.13 ab
TWC.327 2697 b 9.20a 8.67a 457a
TWC.352 2531¢ 8.19b 7.47 be 3.46 be
LSDg.05) 1,23 0.74 0.75 0.69
Crude fiber Tota} digestible Organic matter Total ash
nutrients
(%)
Nitrogen rates: 90 2299 64.28 93.90 6.09
135 22.64 64.39 94.05 5.94
180 22.69 64.38 94.20 5.79
LSDqg.053 ns ns ns ns
Hybrids:
SC.124 22.72 6437 94.39a 5.60 b
SC.155 23.38 64.15 93.07b 6.92a
TWC310 2tn 64.32 9447 a 5.52b
TWC.324 22.86 64.72 94.59 a 540t
TWC.327 22,95 64.29 94.57 a 542b
TWC.352 23.03 64.27 93.21b 678 a
LSD .95y ns ns 0.48 0.48

(1) Means had the same letter {s) did not significantly differ.
ns: Not significant,
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Year x nitrogen x hybrid interaction was
significantly different for all studied traits, except
for organic matter and total ash. These results
reflected that performance of hybrids was different
from year to year and from nitrogen rate to another.
Fresh silage yield of hybrids ranged from 23.21 to
28.34 ton fa' over years. In 2008, TW(324 had the
highest fresh silage yield, followed by TWC310 and
TWC327 at 135 kg N ha™', while, at 180 kg N ha’,
TWC324 was the best, followed by TWC327 and
TWC310 (Fig 1A). In addition, TWC310 was the
highest hybrid, followed by TWC324 and TWC327
at 135 kg N ha™' in 20009, although TWC324 was the
best at 180 kg N ha', then, TWC310 and TWC327
{Fig 1B).

TWC324 was the highest for dry matter yield at
135 kg N ha™', followed by TWC310 and TWC327,
in 2008 (Fig 1A), while, at 180 kg N ha™', TWC324
ranked first, then, TWC327 and TWC310. In 2009,
the same trend was detected at 135 and 180 kg N ha’
!, where, TWC310 had the highest mean dry matter
yield, followed by TWC324 and TWC327,

o0 w
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140
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~—TWC310

- respectively (Fig 1B).

For crude protein, TWC327 ranked first and
had the highest mean (8.67 g kg™), followed by
TWC324, then TWC310. TWC352, SC155 and
SCI124 Hybrids had the lowest values of crude
protein (7.47, 7.33 and 7.29 g kg™), respectively
(Table 3).

The same trend of hybrid crude protein was
observed for digestible crude protein (DCP), where,
TWC327 ranked first (4.57 g kg™"), followed by
TWC324 (4.13 g kg'™), TWC310 (3.89 g kg"), then,
TWC352, SC155 and SCl124 (Table 3). The
differences in DCP might be due to differences in
quantity and quality of crude protein in the tested
hybrids. Although maize is mainly considered a
source of carbohydrate, it is, also, an important
protein source because of its considerable total
protein yield per faddan, which may produce higher
yield potential due to the continued high crop
growth rate around flowering (Uribelarrea et al.,
2004).
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Fig. 1: Effect of nitrogen rates on fresh silage and dry matter yields of six maize hybrids evaluated at

2008 (A) and 2009 (B) seasons.
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Table 4: Phenotypic correlation coefficients for the studied traits (n=18) of three nitrogen rates and six

maize hybrids over 2008 and 2069,

FSY DMY CP DCP CF TDN ASH oM

DMY 0.90" 1.00

CP 0.83" 0.79" 1.00

DCP 0.83" 0.79" 099" £.00

c¥F -0.40 -0.50 0.19 -0.19 1.60

TDN 0.70" 0.61" 0.37 037 -0.16 1.00

ASH 0.66" -0.68" 065" -0.65" 0.56" 062" 1.00

oM 0.66™ 0.68" 0.657 0.65" -0.56" 0.62" -1.00 1.00
™™ significant at 0.05 and 0.01 level of probability, respectively

Mean of crude fiber, for the evaluated hybrids, CONCLUSIONS

ranged from 21.71 to 23.38 % (Table 3). Alt the
tested hybrids were located in one group (high
value), except for TWC310, which was in another
group and had the lowest crude fiber (21.71%).
Hybrids with inherently different concentrations of
fiber may not always perform the same in different
environments. Cox et al. (1994) and Denium (1988)
reported that the relative performance of individual
hybrids could change with environmental
conditions, whereas other experiments reported that
hybrids consistently acted across years (Allen et al.,
1990).

For total digestible nutrients, differences among
hybrids were small, although TWC324 had the
highest value and SC155 had the lowest mean
(Table 3).

Small differences were observed among hybrids
for organic matter, where ail hybrids were located at
one group, except for SC155 and TWC352 (Table
3). This result agreed with those obtained by Abdel-
Gawad ef @/ (2009) who found that no significant
differences were observed among maize hybrids for
organic matter. The same trend of hybrids was
detected for total ash, where, SC155 and TWC352
hybrids had the highest values of ash and
significantly differed from the other hybrids (Table
3).

Phenotypic correlation among traits:

Highly significant positive correlations were
found for FSY with the other studied traits, except
for ASH and CF (negative response, Table 4). The
same relationship was observed for DMY.
Significant positive correlations were detected for
CP with DCP and OM. Significant negative values
were found for ASH with FSY, DMY, CP, DCP and
TDN. The relationships of OM with the other traits
were detected for ASH, but in the opposite
direction.

14

Nitrogen affected fresh silage yield, silage dry
matter yield, crude protein and digestible crude
protein. TWC324, TWC327 and TWC310 hybrids
had the highest fresh silage yield, silage dry matter
yield, crude protein and digestible crude protein.
Hence, these hybrids might be used for silage
production.
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