Assiut Vet. Med. J_ Vol 51 No. 106 July 2005

Dept. of Hygiene and Preventive Medicine,
Faculty of Veterinary Medicine, Tanta University

IMPACT OF STALK CUT HEIGHT AT DIFFERENT
STAGES OF KERNELS MATURITY ON NUTRITIVE
VALUE OF WHOLE PLANT CORN SILAGE

FOR SHEEP
(With 2 Tables)

By
A.A. BAKR
(Received at 4/6/2005)

gl gdall AABALY Jai jall die 3 A (i aykadl plis ) il
LS 3,1 gl 00 Aagdl) o

S cidhllye ualilsc

o hanl ve s line ki g ghee plig il Al A d pdll a2 <y
Bagay uadY) Joemoddl (e dlall 83l 260 o cogiadl gl dilidll Jad
oo Al ada cad G b decas CDldlasy (SlesSl 1S iy miall Yol
Vo) il Sl (Vi sadt gt AaY1 Jad jall Mo aleaall Sy 5 i (538 Cpaa
O 40 e o u.ll d‘JLa _)';Y\_,Qﬁﬁlpl\ u.u.a.l) “.i‘.pa.“ _)_,L.“ (\‘ ¢( a.c.‘_)_jlhu.g Py
Sasll 8 .(:\.CJ_)_')“ Capg VYO ¢ 4l wﬁ) o gaall ol JLas) ( ¥ ;(3&'_}_}]‘
Jshl Cuil€ Ay Al mdace e igadiion P o) s VY pliiy o dujee Aa e J8 3
‘.95 - d.h.a-j) Ol ‘_Jﬁu*‘ﬁ ‘}&L&AJSC”\.;SVO- Ll-l-d‘n:l «, 4y &ml
?.u\"\"s AR CM!&LISJ‘m%ﬁu&f&‘,juhﬂidlnnoﬁﬁ‘ﬁ(i)&eﬁdg
Jalail ol e e 30 5 eddll e pg £ any Adlad salal e ol Aalad sl
2053 Oa N e aaan Gajlad T elal @ Dl age il tasl Jesy  SleH
Ge ol Al saby (B dl slaadl Al o aay s cDlalua sl Jl2Y)
Sooall jali of Jaa lesslisd 3 ool agdeil gl ) Jiamd cpa B Allad sald)
S NDF (6 sina atiad g NFC 2 35 (Y 53 pae YY) askaill (5 giana 1) f
Dshall e dlaall Al LIS gl e aliss) Jaa )l p i A sl y ADF
¥ 5 oYY Y aaalill £ ) el g (b sl el JLES) s e )l
wada alisily pH Aad 3355 Y a9 dasll ol of hagd ol giae b glis )
siann o PH Aad 3 55 ol pus Y7 3 bt gl cm b Sl b iU
223 ¥ ADF 3 NDFy gl y 8lall 3ol puzan Julea of 3y S5O0 Gaala
Joad g NFC auama Jalea galisd ) o8 shasdl a6 Ly sbas) alage

54



Assiut Vet. Med J Vol 51 No. 106 July 2005

ADF s NDF 5 A8l taldll acan Jaleo (3 3ysine 330 () s ¥V ) aalalill o Lis f
Apad a3 N s ¥Y A aakalill pli ] Joad o A NFC mma il o Laiy
ol Y slmall als of A0 el oda 2l e gl A guiagall AE3R ol gall & pana
(Al ouf) anli o S 4 (0 b AV cpae dad Cual) sl
Z ol LH0N el Opmant Y o A dae (e i YV A el gl ) el

: o)

SUMMARY

This work was conducted to evaluate the impact of raising height of
cutting at harvest (from 11 cm for normal cut to 33 c¢cm for high cut) at
three stages of kernels maturity just denting (JD), %2 milk line (%2 ML),
and Black layer (BL) on DM vyield, composition and digestibility of
whole-plant corn silage (WPCS) for sheep. One type of corn hybrid was
harvested either at JD (early WPC), 2 ML (mid WPC) or BL (late
WPQC). The cutting height at harvest was altered to leave 11 cm or 33 ¢cm
of the stalk in the field. Dry matter yield was determined at harvest. After
40 days of ensiling, WPCS were analyzed to determine silage quality
{pH and lactic acid) and chemical composition. Digestion coefficients of
the different nutrients was measured in 6 rams. Dry matter yield
increased as maturity progressed and decreased by alteration of cutting
height. Advancing stage of maturity and increasing the height of cutting
raised the concentrations of DM and NFC and reduced contents of NDF,
ADF and lignin. Crude protein content decreased with maturity, but not
affected by alteration of cutting height. As to the quality of silage,
maturity increased the pH value and decreased lactic acid concentration,
while alteration of cufting height did not have any effect. Digestion
coefficient of DM, CP, NDF and ADF were not affected by maturity.
While, that of NFC decreased as the stage of maturity progressed from
JD to BL. Height of cutting increased (P < 0.05) the digestibility of NDF
and ADF. So delaying maturity of com and increasing the height of
cutting improves nufritive value of its silage.

Key words: Corn, silage, Kernels, nutritive value

INTRODUCTION

Whole-plant corn harvested as silage (WPCS) is widely used
worldwide in rations of ruminants. Today in Egypt, comn silage is one of
the most popular forages fed to ruminants because it has a2 good
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agronomic characteristics (yield high concentration of nutrients, and

rapid harvest) and ensile well with low cost storage. It is a palatable and
consistent feed which easily incorporated into mixes. Therefore, it has
been of importance to determine the characteristics of WPCS that affect
its feeding value, including variety, location, mechanical processing and
maturity at time of harvest (Johnson et al., 1999; Cammell et al., 2000;
Phipps ef al., 2000; Sutton et al., 2000).

Maturity at harvest may affect WPCS nutritive value because it
influences grain and moisture content as well as stalk digestibility.
Maturity of WPCS can best be determined by the milk line position. The
milk line is the interface between the liquid and solid portion of the
kernel. The milk line will not appear until the corn is at the dent stage of
maturity (Wiersma et al., 1993). Harvesting when the kernels are just
denting (JD) can be detrimental to the produced silage because of
excessive losses of valuable nutrients from silo runoff and poor starch
development in the kemel. In contrast, mature corn silage harvested at
the black-layer stage (BL) of maturity is low in nutritive value because of
reduced the digestibility of highly lignified stalk NDF (Wiersma et al,
1993 and Van Soest, 1994); and kernels starch (Harrison et al,, 1996 and
Bal et al., 1997). Also, low moisture WPCS will increase harvest loss
and the risk of more unstable silages as compaction is more difficult,
thus increasing storage losses.

Receritly, several studies have suggested that increasing the
height of cutting, leaving a larger portion of less digestible stalk in the
field) may improve the nutritive value of WPCS (Tolera and Sundstol,
1999; Curran and Posch, 2000). As Verbic et al. (1995), reported, highly
digestible leaves and kemels (kernels representing 40 to 50% of plant
dry matter) represent a larger proportion of the total dry matter in the
high cut silage. Increasing the cutting height of WPCS from 12.7 to 45.7
decreased the concentration of NDF, ADF, and lignin but increasing the
concentration of starch and NDF digestibility by 4.86% {(Neylon and
Kung, 2003). According to a statistical analysis on NDF digestibility of
forage (Oba and Allen, 1999), a one-unit increase in forage NDF
digestibility, in vitro or in situ, was associated with 0.17 kg increase in
dry matter intake and 0.25 kg increase in 4% fat corrected milk yield.

This work was conducted to evaluate the impact of stalk cutting
height (11 vs. 33 cm) at different stages of kernels maturity (1-prior to
milk line formation (JD); 2- when the milk line descended to about half
the length of the kernels (1/2 ML); and 3- when a black layer (BL)
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appears at the base of kernels) on dry matter yield, composition and
digestibility of WPCS for sheep.

MATERIALS and METHODS

Whole plant corn and silage making:

A comn hybrid of a type single cross-10, SC-10 was planted at
beginning of May 2003 at a private farm in Kafr El-Sheikh Province.
Early WPC was harvested prior to milk line formation when the kernels
are just denting (JD), milk stage maturity, at 70 days after planting.
Normal WPC was harvested when the milk line has descended to about
half the length of the kernels (% ML), at 95 days after planting. Late
WPC was harvested when a black layer, (BL) appears at the base of the
kernels where they attach to the cob at 115 days after planting.

The cutting height was altered to either leave approximately 11
e¢m (normal-cut WPCS), or 33 em (high-cut WPCS) of the stalk in the
field. About 750 kg of chopped whole corn (0.93 cm theoretical length
of cut), at each stage of maturity was tightly packed into double
polyethylene plastic bags (60 x 120 cm of 50 kg each). Bags were tightly
closed to maintain anaerobic condition for proper fermentation. After 40
days of ensiling, one handful of silage in each treatment was sampled
from all bags, thoroughly mixed, and kept frozen in the refrigerator till
analyses.

Animals and digestibility trials:

Six apparently healthy mature rams (weighting on average 50 kg)
were kept in a separate stalls individually, fastened by a head collier with
a separate manger. Rams had free access to water and a mixture of
limestone-calcium sulphate and sodium bicarbonate on the ratio of
50:30:20. Each digestibility trail was conducted on three rams. In the
preliminary period, 10 days, the rams were fed WPCS ad libitum twice
daily at 7 am and 5 pm and in the collection period (5 days) each ram
was fed 90% of the minimum ad libitum intake with the application of
water proof bag for fecal collection. Before offering the morning meal,
fecal matter was weighed, mixed and sampled (one-tenth) for each ram.
Analyses:

Quality analyses:

Ten grams of WPCS samples were finely homogenized and used
for determination of pH according to AQAC (1980). Fifteen grams of
WPCS was processed according to ACAC {1980} and used to determine
concentrations of lactic acid spectrophotometrically.
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Chemical anaiyses:

After quartering, fresh chopped whole plant corn were dried at
60°C for 48 h, then temperature raised to 105°C for 3 hours to determine
DM at harvest. Also, after quartering; WPCS and fecal matter samples
were dried at 60°C for 48 hours, ground to pass through 1-mm screen.
Dry ground daily fecal sampies were composted for each ram and
subsampled to be analyzed for DM (105°C), CP, EE, CF, ash (AOAC,
1995), NDF, ADF and lignin (Van Soest et al, 1991). Nitrogen free
extract (NFE) and non fibrous carbohydrates (NFC) were calculated by
difference: NFE = 100-[CF% + CP% + EE% + ash%], according to
AOAC (1980); while NFC = 100-[NDF% + CP% + EE% + ash%],
according to NRC (2001).

Statistical analysis:

Data were subjected to analysis of variance using general models
(GLM) procedure of SAS, 1995. Duncan's multiple range test was used
to test the significancy among the different treatments using the principal
procedure of SAS, 1995.

RESULTS

The nutrients composition of WPCS cut at 11 ¢m (normal} or 33
cm (high) and harvested when kernels at early; mid-; or late stages of
maturity are presented in Table 1. Dry matter yield increased as maturity
of kernels progressed from JD to BL stage of maturity while, increasing
height of cutting of WPCS tended to decrease the DM yield (average of
8.7 ton/feddan for normal cut vs. 8.04 ton. for height cut). Advancing
stage of maturity and increasing height of cutting raised the
concentration of dry matter in the corn silage (average of 32.76% for
high cut vs. 31.13% for normal cut). Height of cutting has the greatest
effect on DM with WPCS harvested late. The concentration of CF
tended to be lower when height of cutting was increased (average of
25.07% for high cut vs. 28.47% for normal cut). The concentration of
NDF declined with advancing stage of maturity and increasing height of
cutting. The density of NDF in high cut average 56.06% while in normal
cut average 59.67% and the greatest reduction in NDF density was
recorded with silage harvested at early stage of kernels maturity. Also,
the concentration of ADF reduced with advancing stage of maturity and
increasing cut height from 11 to 33 cm. Height of cutting has the greatest
effect on ADF of WPCS harvested at mid-stage of kernels maturity.
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Harvesting at high cut caused a reduction in the concentration of lignin
(average of 4.02 vs. 3.18%) and the highest reduction was observed at
early, and mid-stage of kernels maturity. The contents of NFE or NFC
increased with advancing stage of kernels maturity and increasing height
of cut and the greatest increase observed with WPCS harvested at early
stage of maturity.

Also, Table 1 displays the pH wvalues and lactic acid
concentrations (% of DM) of WPCS. The values of pH increased with
advancing stage of maturity but not altered by alteration of cutting
height. Lactic acid concentrations decreased with progress of WPSC
maturity but not affected by height of cutting. In general, the WPCS used
in the present experiment was judged to be good quality.

Table 1: Effect of stalk cut height and kernels maturity on dry matter
yield (at harvest), chemical composition {on DM basis) and

quality of corn silage.
Ttem Normal cut! High cut®
Barly® | Mid* | Late® [Average| Early® | Mid* | Late® |Average
DM ton/feddan 6.58 8.68 10.83 8.7 6.10 8.00 10.03 8.04
Composition (% of DM}

DM 23.50 | 31.00 | 38.90 | 31.13 | 24.56 | 32.55 | 41.16 | 32.76

CP 8.96 8.40 829 8.55 9.180 8.46 830 8.65
CF 31.00 ; 2750 | 2690 | 2847 | 27.66 234 24.15 | 2507
NDF 66.13 | 5691 5597 | 59.67 | 61.50 | 53.61 53.06 | 56.06
ADF 36.11 3338 | 3240 | 3396 : 3286 | 2940 | 2915 | 3047

Lignin 4.46 3.51 4.08 4.02 312 2.58 # 3.84 3.18

EE 1.58 2.09 2.09 1.92 1.60 2.10 ! 2.11 1.94

Ash 6.96 6.24 5935 6.38 6.01 6.03 5.67 59
NFC® 1637 2636 ) 27.70 | 2348 | 21.71 2580 | 3086 | 2746
NFE? 5150 | 5577 | 5677 | 54.68 | 3555 60.01 59.77 | 58.44

Quality characteristics

pH 3.47 3.65 3.75 3.63 3.47 3.65 3.79 3.64

Lactic acid® 9.00 8.71 7.94 B33 5.10 8.80 7.60 8.5

0 ) gt W A W N

Corn silage cut to leave 11 cm in the feld.
Corn silage cut o leave 33 em in the fieid.
Prior to milk [ine formation in the kernels just denting.
When the milk line is 1/2 of the way down the kemels.
Wher & black layer appears at the base of the kernels.

NFC=100- (NDF %+ CP % + EE %+ ash %).

NFE = 100- {CF% + CP % + 5E% + ash %),

Percentage of DM
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Table 2: Effect of stalk cut height and kernels maturity on dry matter intake,
digestible nutrients of corn silage for rams.

digestion coefficient and total

Normal cut High cut
7 ”Item Enrly 'Mid Late Average Early Mid Late Average

ory matter intake (kg) | 0915001 | 1061003 | 1074001 | 10120.05 | 09850026 | 11240021 | 1112002 | 1.0750.05
Diy nkter 60.7712.1% |62.89+1.69™| 61.66+1.78" | 61.7740.61° | 63.30:1.9% | 65994189 | 62594200® | 63.96+1.04"
ce 68.00£1.5" | 67.88+1.69" | 67.714149" | 67.86:0.08° | 68.30+187 | 67.97+41.9" 6114177 | 67.79+0.36°
BB 60.30:2.01° |67.7011.95 | 6BBILL62™ | 65.60:2.67 | 61.58¢1.59° | 70.10+251° | 7190422 | 67.88+3.00°
CF 53.10+19° |59.85:1.61°| 57.80%1.61° | 5692+200° | 61.43013° | 62004127 | 59.05+1.55° | 60.82+0.90°
NIE 63.2041.98™ 64214149 | 60.31%1.94° | 6251117 | 65.65+137" | 67.04+137 61.42.01° 64.56+1.83"
NDE S02742.1% | S1.7941.76" | 49.0811.69° | 50.8330.78" | SS.TM1.00° | 5640+137° | 53.91%16% | 55361075
ADF 44.2132.25° | 47.60+1.9° | 44.408177° | 4540¢1.1" | S281+1.56® | 54.66+149° | s044+1.64" | 52641122
NEG 8733+1.2" | 82.49414" | 80.89+1.6° | 83.57+1.94" | 88214107 | 8180+1.5° | 80.03+145° | 8334+2.48"
TR % 57.24 61.15 58.63 59.00 61.84 63.80 59.75 61.8

Meuns followed by the same letter are not significantly different according to Duncan multiple range test at U.03 level of probability.

SO0Z AL 9GT ON IS 104 T PV 124 ISy
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Dry matter intake, digestion coefficient and fota! digestible
nuirients of WPCS cut at 11 ¢m or 23 cm ang harvested at early; mid; or
late stages of kerneis maturity are shown in Table 2. Dry matter intake
increased as maturity of kernels progressed from JD tc BL stage of
maturity and with increasing height of cutting. Dry matter digestibility of
WPCS not affected as the stage of maturity advanced from early to late.
Increasing height of cutting increased dry matter digestibility (average of
63.96% for high cut vs. 61.77% for low cut). The highest improvement
in dry matter digestibility was recorded with silage harvested at ¥ ML
stage of kernels maturity. No difference (P < 0.05) in CP digestibility
due to height of cutting and stage of kernels maturity. Digestion
coefficient of CF; NDF and ADF not affected by stage of maturity but
tended to be higher (P < 0.05) when height of cutting was increased. CF
(average of 60.82 of high cut vs. 56.92 for normal cut); NDF (average of
55.36 for high cut vs. 50.38% of normal cut); ADF (average of 52.64%
for high cut vs. 45.4% for normal cut). Digestibility of NFE and NFC
decreased (P < 0.05) as the stage of maturity advanced from JD to BL.
Altering height of cutting does not affect in NFE or NFC digestibility.
Increasing the height of cutting increased TDN% (average of 61.80% for
high cut vs. 59.00% for normal cut). '

DISCUSSION

There were clear effects of the silage maturity at harvest on
nutrient composition. As maturity progressed from JD to BL the DM
content increased from 23.5 to 31.00 and 38.9% in early, mid and late
maturity stage silage. This was accompanied by a decrease in percentage
of CP; CF; NDF; ADF; lignin and an increase in NFE and NFC contents
{Table 1). These variations in the nutrient composition of WPCS were
due to an increase in grain proportion with advancing maturity stage
(Hunt et al., 1989; Harrison ef al., 1996; Bal et al., 1997; Fernandez et
al., 2004; and Jensen et al., 2005).

Increasing height of cutting numerically decreased DM yield by
7.48% (Table 1). Curran and Posch (2000) and Neylon and Kung (2003)
each compared DM yields at cut heights and reported about a 12%
decline in DM yield between cut heights that left 19.2 vs. 50 ¢m but only
a 7% decline comparing cut heights of 20.4 vs. 50 cm, and about 5-10%
when height of cutting was increased from 12.7 cm vs. 45.7 cm.

61



Assiut Vet Med. J. Vol. 51 No. 106 July 2005

Increasing the cutting height of WPCS at harvest could be a
method to improve its nutritive value, by reducing the concentrations
(average) of CF (11.94%); NDF (6.05%); ADF (10.28%) and lignin
(20.9%), but increasing the concentrations -of (average) DM (5.24%);
NFE (6.88%) and NFC (16.95%) Dominguez et al. (2002); Neylon and
Kung (2003) reported that increasing the cut height from 23 to 71 cm or
from 12.7 to 45.7 cm increased whole-plant DM and reduced
concentration of NDF; ADF and lignin.

The concentrations of lactic acid were reduced in more mature
silage (Table 1) and is most likely due to a combination of lower water
soluble carbohydrates (sugars) and a reduction in growth of lactic acid
bacteria because of a lowered water activity in the dried more matiire
crop. In general, the fermentation processes of the silages were
satisfactory. :

Dry matter intake significantly increased with maturity
progressed and with increasing height of cutting (Table 2). This may be
attributed to the lowering of NDF values with advancing of maturity and
increasing height of cutting (Table 1). As NDF has been shown to be
negatively correlated with dry matter intake. In other words, as the DNF
in forages increases, animals: will be able to consume less forage. Dry
matter digestibility was not significantly (P < 0.05) affected by the stage
of maturity (Table 2). Previous studies demonstrated that the increase in
WPCS maturity only poorly affects DM total tract digestibility (Bal et
al., 1997, St Pierre et al, 1987 and Johnson et al, 2002) due to the
increased proportion of grain concomitant to decrease digestibility of the
stalk. Also, digestibility of NDF and ADF was not significantly (P <
0.05) affected by stage of maturity. These results were in consistent to
previously reported by Di Marco et al. (2002) and opposite to results
reported by Bal ef al. (2000), Fernandez et al. (2004) and Jensen et al.
(2005). Variations in NDF and ADF digestibility could be associated
with climate; hybrids; crop management and animal factors. These
factors may affect grain/stalk and also the complex structure of the cell
wall, which finally influence the magnitude of microbial attack and the
rate of passage through the digestive tract. Cone and Engels (1990)
observed that sub-epidermal tissue of corn-stalk were poorly digested
when plants were grown at low temperature, but they were highly
digested when grown at high temperature. Crude fiber digestibility not
follow the same pattern of NDF and ADF digestibility. As crude fiber
did not differentiate the components of the cell wall and often
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underestimate good gquality forage and cverestimate poor quality forage
(Van Soest, 1983}. In this experiment crude fiber was analyzed to
estimate NFE by difference. Values -of CF and NFE were used to
estimate TDN value. Digestibility values of NFC were higher than those
of NFE. This may be attributed to NFC mainly composed of starch,
lactic and acetic acid. Whereas, NFE includes starch, some of
hemicellulose, and alkali insoluble lignin. In general, digestibility of
NFC was reduced (P < 0.05) with increasing kernels maturity. Bal et al.
(1997) reported reduced total tract starch digestion for BL silage versus
the JD and 1/2 ML silages. This could be related to harder texture
kernels for BL (Philippeau and Michalet-Doreau, 1997).

Increasing cutting height of WPCS at harvest could be a method
to improve of its quality. As, their were clear affects for increasing
height of cutting on nutrients digestibility. Digestion coefficient
(average) of DM increased by 2.26%; CF increased by 3.9%; NDF by
4.98%; ADF by 4.98%; NFE by 2.02%; and TDN by 2.83%. These
finding were similar to those reported by Oba and Allen (1999); Sutton
et al. (2000); Neylon and Kung (2003). Most changes that have observed
due to increased height of cut have been consistent with the fact that
more fibrous and highly lignified stalks {Tolera and Sundstol, 1999) are
left in the field. In addition, highly digestible leaves and kerneis which
representing 40% to 50% of DM weight (Verbic et al., 1995) represent a
larger proportion of the total DM in the high cut silage.

To make a decision on the optimal harvest time and cutting
height of WPCS depends on many factors. Harvest of more mature corn
at a late harvest time will generally increase DM yield per feddan, but it
also increase the risk of more unstable silage as compaction is more
difficult when DM content is higher. The increase in NFC, and decrease
in NDF concentration, with increase maturity and cutting height can be
advantage in situation where other fiber-rich forages make up a large
proportion of the ration. In situation where the corn silage is the only, or
nearly the only forage a lower proportion of NFC, and a higher
proportion of NDF will be an advantage to assure- proper physical
structure of the ration. -

Results of this work suggest that delaying maturity at harvest of
comn silage to %2 ML or BL stage and increasing of cutting height
improve nutritive value of the produced silage.
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