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Abstract

Extensive proteolysis during fermentation of high-
protein legumes reduces dietary N-use efficiency in
ruminants. Research has demonstrated that enhancing
the level of fermentable carbohydrates in crops enter-
ing the silo may reduce protein degradation by increas-
ing the rate of decline in pH. The objective was to
evaluate whether delaying cutting time during the day,
to allow accumulation of total non-structural carbohy-
drates (TNC), would inhibit proteolysis in the silo. Red
clover (Trifolium pratense L.) and alfalfa (Medicago sativa
L.) were harvested at 06.00, 10.00, 14.00 and
18.00 hours in 1993, 1994 and 1995, and ensiled
without wilting. TNC accumulated in fresh forage
during the day, with starch accounting for more than
0-50 of the daily change in TNC in fresh herbage of both
species, except in red clover in 1995. The level of TNC in
fresh forage did not consistently affect the extent of
protein degradation in either species and, in all
instances, alfalfa underwent more extensive proteolysis
than red clover. Silage pH typically decreased and starch
concentration increased as cutting time was delayed
from 06.00 to 18.00 hours. Although the extent of
proteolysis was largely unaffected by inherent increases
in TNC, harvesting in the afternoon did provide several
benefits including increased dry-matter content, lower
silage pH and higher starch concentrations. Effluent
production is a concern in any unwilted silage system;
there was therefore an added advantage of lower
moisture content from cutting in the afternoon.
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Introduction

Fresh forage is occasionally ensiled directly to avoid
inclement weather, accelerate the harvesting process
and improve uniformity of regrowth by eliminating
windrows on the ground. Extensive protein degrada-
tion during fermentation has been documented in
many legumes (McKersie, 1985; Charmley and
Thomas, 1987; Albrecht and Muck, 1991). This may
reduce the efficiency with which N is utilized by
ruminants (Waldo, 1985) and increases the risk of
environmental contamination, as excess N is excreted
in urine (Tamminga, 1992).

The extent of protein degradation in the silo is
influenced by forage species (Papadopoulos and
McKersie, 1983; Albrecht and Muck, 1991), pH
(Brady, 1961; Finley et al., 1980; Scalet et al., 1984;
McKersie, 1985), dry-matter (DM) content of the crop
at ensiling (Carpintero et al., 1979; Muck, 1987) and
temperature (Brady, 1961; Muck and Dickerson,
1988). Using alfalfa, Muck (1987) found that proteo-
lysis was negatively correlated with DM content,
particularly when the DM content exceeded
500 g kg™'. Tannin-containing species, such as birds-
foot trefoil (Lotus corniculatus L.), undergo less protein
degradation in the silo than species, such as alfalfa,
that do not contain tannins (Albrecht and Muck,
1991). Red clover and cicer milkvetch (Astragalus cicer
L.) were consistently found to undergo less pro-
tein degradation than alfalfa during fermentation,
although neither species contains measurable levels of
tannin (Albrecht and Muck, 1991). Others have also
noted more extensive proteolysis during fermentation
of alfalfa compared with red clover (Papadopoulos and
McKersie, 1983; McKersie, 1985; Jones et al., 1995c;
Owens et al., 1999a;b).
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A rapid decline in pH helps limit the extent of
protein degradation in the silo by reducing the activity
of plant proteases. Although a pH of 6:0 is optimum
for most plant proteolytic enzymes, most will main-
tain 0-15-0-35 of their activity at a pH of 4-0 (Brady,
1961; Finley et al., 1980; McKersie, 1985). Physically,
silos must be filled rapidly and packed and sealed
thoroughly to promote a rapid drop in pH. Biochem-
ically, anaerobic conditions should be attained as
quickly as possible and sufficient substrate must be
available for fermentation by lactic acid bacteria. The
amount of substrate required depends primarily on
butfering capacity (defined as the amount of acid per
unit DM needed to reduce forage pH from 60 to 4-0)
and DM content of the crop at ensiling (Muck, 1988).
Legumes typically have a higher buffering capacity
than grasses (Pitt, 1990) and, among legumes, alfalfa
is usually more highly buffered (McDonald et al.,
1991; p.31) and has less fermentable substrate (Rag-
use and Smith, 1966) than red clover. Consequently,
pH values tend to be lower in red clover than alfalfa
silage.

The amount of fermentable substrate in forage crops
varies seasonally and diurnally. Starch tends to accu-
mulate more in second- than first-growth alfalfa,
probably as a result of higher light intensities and
temperatures during midsummer (Lechtenberg ef al.,
1971). Holt and Hilst (1969) and Lechtenberg et al.
(1971) determined that total non-structural carbohy-
drates (TNC), comprising sugar and starch in legumes,
were lowest early in the morning and increased
through the mid to late afternoon. Our objective was
to determine whether protein degradation during fer-
mentation was lower in unwilted red clover and alfalfa
when forage was harvested later in the day, thus
allowing TNC to accumulate and promote a rapid pH
decline in the silo.

Materials and methods

Plant material used in this research was harvested in
1993, 1994 and 1995 at the University of Wisconsin,
Arlington Agricultural Research Station, Arlington, WI
(43°18’N, 89°21'W). ‘Marathon’ red clover (Trifolium
pratense L.) and ‘Dart’ alfalfa (Medicago sativa L.) were
established in the spring of 1993 on a well drained to
moderately-well-drained Plano silt-loam soil (fine-
silty, mixed, mesic, Typic Argiudoll). Soil nutrients
and pH were maintained at recommended levels for
alfalfa throughout the experiment (Kelling et al.,
1999). Eptam (S-ethyl dipropylcarbamothioate; Syn-
genta Crop Protection, Greensboro, NC, USA) was
applied to the seedbed before sowing to control weeds
during establishment, and malathion (O,0-dime-
thyldithiophosphate of diethyl mercaptosuccinate;

United Agri-Products, Platte Chemical, Greeley, CO,
USA) was used as needed to control alfalfa weevil
(Hypera postica Gyll.) and potato leathopper (Empoasca
fabae Harris).

Harvesting and sample preparation

Forage for unwilted silage was harvested with hand
clippers on 11 August 1993 (growth cycle succeeding
new seeding growth), 30 June 1994 (second growth
cycle) and 26 June 1995 (second growth cycle). Plants
were cut to a 5-cm stubble height at 06.00, 10.00,
14.00 and 18.00 hours in 1993 and 1994. In 1995,
forage was harvested at 06.00, 10.00, and 14.00 hours
on 26 June, and the 18.00 hours cut was harvested
the next day (27 June) because of inclement weather
from approximately 16.00-20.00 hours on 26 June.
Environmental conditions on 27 June were similar to
the preceding harvest day; therefore, it was decided
that samples from the 18.00 hours harvest should be
used for analysis. With this exception, harvest days
were sunny. Fresh forage from each species and
cutting-time was bulked, conditioned by crimping
the stem at approximately 2-5-cm intervals, and
thoroughly mixed for sampling. Four samples (500 g
wet weight) in 1993 and 1994 and three samples
(500 g wet weight) in 1995 (each representing a
replicate for statistical analyses) were randomly taken
from the bulk forage of each species at each cutting
time.

The 500 g fresh plant portions were immediately
placed on ice and taken into the laboratory where
they were chopped into l-cm pieces with a paper
cutter and thoroughly mixed. Approximately 100 g of
fresh forage from each sample was placed in a forced
air oven for 48 h at 60 °C for DM determination. Two
50-g subsamples were placed in separate 530-ml
sterile sampling bags and immediately placed on dry
ice. One of these subsamples was later used for
determination of total nitrogen (TN) and non-protein
nitrogen (NPN) and the other was used for sugar
(primarily glucose, fructose and sucrose) (Lechtenberg
et al., 1971) and starch analysis. The subsample used
to determine N fractions was kept at =70 °C, and the
subsample used for determination of sugar and starch
was lyophilized and stored at —20 °C until analyses
could be completed.

Ensiling

Duplicate 50-g subsamples from the 500-g fresh forage
were ensiled using methods described previously
(Owens et al., 1999a). Briefly, forage was ensiled in
100-ml polypropylene centrifuge tubes after inocula-
ting with 3-3 x 107 lactic acid bacteria (Lactobacillus
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plantarum and Pediococcus cerevisiae; Chr. Hansen
Biosystems, Milwaukee, WI, USA). Silos, with gas
traps attached, were placed in a 30 °C water bath for
35 days, after which they were placed in storage at
—20 °C  until further chemical analyses were
performed.

Characterization of fresh forage
and unwilted silage

First, 10 g of the frozen fresh forage and unwilted silage
were diluted to 100 g with distilled water and macer-
ated for 30 s at high speed in a Waring™ blender. The
pH of the homogenate was measured immediately after
blending and then prepared for analysis of NPN and
fermentation products (Owens et al., 1999a). Two 20-
ml aliquots were dispensed into separate 50-ml poly-
propylene centrifuge tubes. Five ml of 25% (w/v)
trichloroacetic acid (TCA) was added to one of the tubes
to precipitate protein from the solution. Tubes with and
without TCA were centrifuged and the supernatant
decanted into 20-ml scintillation vials and stored at
—20 °C. The solution to which TCA had been added
(TCA extract) was evaluated for NPN concentration
using the micro-Kjeldahl procedure of Bremner and
Breitenbeck (1983). The solution to which TCA had not
been added (water extract) was used for determination
of fermentation products using high pressure liquid
chromatography according to the method of Muck and
Dickerson (1988).

The remaining unmacerated material was weighed
and dried in a forced-air oven at 60 °C for DM
determination in 1993. In 1994 and 1995, unmacer-
ated fresh forage and unwilted silage were lyophilized
for DM determination owing to concerns about
potential loss or transformation of carbohydrate or N
components during drying at 60 °C (Raguse and
Smith, 1965). It is suspected that some NHs was lost
from several of the silage samples during drying at
60 °C in 1993. To correct the data from these samples,
values for TN used in statistical analyses were calcu-
lated by combining the measurements for TN (meas-
ured from oven-dried silage) and NH3-N (determined
from the aqueous extract). In 1994 and 1995, this
problem was avoided by lyophilizing the remainder of
the frozen material. Oven-dried samples from 1993
and lyophilized samples from 1994 and 1995 were
ground to pass a 0-85-mm (20-mesh) screen. Total N
was measured on these samples using the micro-
Kjeldahl method of Bremner and Breitenbeck (1983).
The oven-dried or lyophilized silage samples were also
used for sugar and starch analysis. Sugar and starch
concentrations in fresh forage were determined using
the subsamples that had been lyophilized and stored
at —20 °C.
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TNC analysis

Sugar extraction and measurement

Sugar and starch were determined using the methods
described by Rong et al. (1996). Approximately 45-mg
lyophilized and ground tissue was rinsed four times
with 80% (v /v) ethanol (10 ml ethanol per rinse) and
centrifuged at 16 000 g for 10 min. The supernatants
from each rinse were combined and diluted with 80%
(v/v) ethanol to a final volume of 10 ml. Anthrone
reagent was added to an aliquot containing up to
200-pg free sugar, boiled for 8 min, and then cooled to
room temperature in a cold water bath. Absorbance at
625 nm was determined using a Shimadzu UV-1201
spectrophotometer attached to a ASC-5 auto sample
changer (Shimadzu Corporation, Kyoto, Japan). Total
sugars were expressed as glucose equivalents based on
standards containing 0, 5, 10, 50, 100, 150 and
200 pg glucose ml™! 80% ethanol.

Starch hydrolysis and measurement

The tube containing the ethanol-insoluble pellet was
placed in a 55 °C oven for 24 h to evaporate any
residual ethanol before starch hydrolysis. Distilled
deionized water (0-5 ml) was added to each tube and
starch gelatinized by boiling samples for 10 min. After
cooling to room temperature, 0-4 ml of 0-2 mol 1! Na
acetate buffer was added to each tube and starch
hydrolysed by adding 1 U amyloglucosidase (Sigma
Chemical product A3514) and 40 U a-amylase (Sigma
Chemical product A2643) in 0-1 ml of 0-2 mol 1! Na
acetate buffer. Tubes were incubated at 55 °C for 24 h.
At the conclusion of the incubation period, the
samples were centrifuged at 16 000 g for 10 min.
Glucose released from starch hydrolysis was deter-
mined using glucose Trinder reagent (Sigma Chemical
Diagnostic kit no. 315). Absorbance was read at
505 nm and the results compared with glucose stand-
ards containing 0, 5, 10, 20, 40, 60 and 80 pg
glucose ml™! of distilled deionized water. Starch was
calculated by multiplying the glucose concentration
by 09.

Statistical analysis

When duplicate samples were evaluated, the average of
the two values was used for statistical analysis. The
experiment was conducted as a 2 X 4 factorial, with two
levels of species and four levels of cutting time, in a
completely randomized design with four replicates in
1993 and 1994, and three replicates in 1995. Numerous
year X treatment interactions and other higher order
interactions were detected when data were analysed
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across years. Some of these interactions resulted in
changes in order of treatments; therefore, data were
analysed by individual years. Analysis of variance was
used to test statistical significance of species, cutting
time of day (CT), and species X CT interactions using
the general linear model (GLM) of SAS (SAS Insti-
tute, 1985). Species and cutting time were treated as
fixed effects in the analysis of variance model.
Means were separated using Fisher’s protected least
significant difference (LSD P = 0-05) when F-tests
were determined to be significant. The CORR proce-
dure of SAS (SAS Institute, 1985) was used to
generate Pearson correlation coefficients to evaluate
the relationship of DM, sugar and TNC concentra-
tions of fresh forage with silage NPN levels and silage
pH values, and silage pH values with silage NPN
concentrations.

Results and discussion

General characteristics of fresh forage and
unwilted silage

Forage was cut when the stage of maturity was typical
of what would be harvested and preserved as silage on
most farms. Red clover was harvested at first flower in
1993 and 1994, and about 0-33 bloom in 1995. Alfalfa
was harvested at late bud in 1993 and first flower in
1994 and 1995. The concentration of TN in fresh red
clover averaged 35-4-37-0 g kg”! DM and alfalfa 37-8—
412 gkg™' DM in 1993 (Table 1). Total N concentra-
tion was lower in 1994 (Table 2) and 1995 (Table 3)
because both species were harvested at more advanced
stages of maturity. The concentration of TN in both
species tended to decrease slightly throughout each
harvest day, in agreement with findings by Youngberg
et al. (1972) with alfalfa. The decrease in TN concen-
tration throughout the day is likely to be due to the
dilution of N compounds by daily increases in non-
structural carbohydrates. Total N concentration was
slightly higher in silage compared with fresh forage and
is the result of dry-matter losses associated with
respiration and fermentation. The observed changes
are comparable to those reported by Albrecht and Muck
(1991) for unwilted red clover and alfalfa silage and by
Owens et al. (1999b) for wilted red clover and alfalfa
silage.

The DM content of fresh forage of both species tended
to increase to a maximum by early afternoon, except in
1995, when DM contents were similar throughout the
day (Table 3). High temperatures and minimal precipi-
tation for several weeks preceding the 1995 harvest
were the most likely reasons for the lack of change in
DM content. Clostridial activity, and the associated
production of butyrate, is a concern with unwilted

silages. Harvesting in the afternoon, to maximize daily
DM levels, may help alleviate this problem when fresh
forage is ensiled.

The pH of fresh red clover and alfalfa was similar from
year to year and across cutting times, ranging from 6-01
to 6:42 (Tables 1-3). The pH dropped by 1:62-2-03 units
in red clover and 1:05-2-00 units in alfalfa during
ensiling. All silages were well preserved with the
exception of three silos in 1993. The presence of mould
and accompanying high pH in silage from these silos
were indicators of a poor seal and data from these silos
were discarded.

Non-protein N concentration in fresh forage
and unwilted silage

Non-protein N concentration in fresh forage, on a TN
basis, varied little within a species from year to year,
ranging from 100 to 130 g kg”' TN in red clover and
112-150 gkg™' TN in alfalfa. Albrecht and Muck
(1991) and Owens et al. (1999b) reported similar values
for NPN concentration in fresh herbage from these
species. Averaged across cutting times, fresh alfalfa
contained higher (P < 0-05) concentrations of NPN than
fresh red clover in 1994 (Table 2) and 1995 (Table 3),
and lower (P > 0-:05) concentrations in 1993 (Table 1).
Cutting time did not consistently affect concentration of
NPN in fresh red clover or alfalfa, although NPN
concentration usually increased slightly as cutting time
was delayed from 06.00 to 18.00 hours, particularly in
alfalfa in 1994 and 1995.

Protein hydrolysis in the silo resulted in large
increases in NPN concentration in the silage of both
species. The extent of protein degradation was species-
dependent, however, with red clover silage containing
0-31, 0-:30 and 0-37 less NPN than alfalfa silage in the
three respective harvest years. Although it is generally
accepted that plant enzymes are responsible for the
hydrolysis of protein to peptides and amino acids before
and during the initial stages of ensiling (Oshima and
McDonald, 1978), the reasons for differences between
species are not fully understood. Jones et al. (1995b)
concluded that, as inherent proteolytic activity of red
clover and alfalfa was not different, other factors were
involved in protein protection in red clover. K. A.
Albrecht (unpublished observations) observed some
protein precipitation associated with red clover extracts
and speculated that this would contribute to the
mechanism of protein protection during ensiling. Jones
et al. (1995a) provided evidence that polyphenol oxid-
ase may be involved in the mechanism of protein
protection in red clover during ensiling. Polyphenol
oxidase oxidizes plant phenols which may then bind to
proteins, thus protecting them from degradation by
proteolytic enzymes.

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341



Effect of cutting time of day on unwilted red clover and alfalfa silage -

Juedyrudis jou = SN

'sapads uaamiaq

pue urgum sown Sunind oml Aue woij elep aredwod 01 pasn st “quedyrudis uaym ‘(¢0-0) dST UondLIAUI ‘suedwt awn Junind pue sanads Surredwod 10§ (50-0) ST pa3a3o1d s,19ysiit
‘siseq Jud[eAlnba-asodn[3 e uo passardxa siedns ayqnjos-joueyig+

L8T-0 SN SN €L50 SN SN o1 SN SN €89 SN SN SN 801 LD XS
0s¥ 6C¥ 78T SN SN 159 9¥ SN 89-1 swn sumny
81 SN 661 9z-1 1€0-0  09% SI€ SN 611 (S) saads
tast
69¥ 8% L-0¥ 9L €99 SLE 191  S¢9 LTEl 8-8¥ 6-¢8 (381 L9€ €Ll 00°81
s 6-€€ 8:9T 91-L 679 9-L€ 8ST  T€9 P-011 1€ T6L 611 0-L€ 891 00%1
8LY €91 $-6 00-L 759 1-6€ 9% 0€9 (<] 8¥1 8-0L 381 L-8€ 651 0001
S6% LTl 8-S 689 LL9 S-6€ €1 1¢9 8L 601 S-L9 601 6-8€ 71 00'90
suvaw w1} buny
0r1-S 867 0-1¢ 788 9LL 6-6€ TLT 8¢9 668 LTE TLS LT P-6¢ 981 uedW
80-S €S L€¥ 896 98L 8-8¢ 681  TH9 8Tl 0-79 879 48 6-LE $0¢ 00°81
VLY 8¢ 0-9¢ $8-8 LEL L-8€ P81 6€9 0-66 €LE L-19 LTI 8-LE 961 00%1
€TS 81 86 6¢-8 8LL 9-0% 891  ¥¢9 €L 61 6-€S (281 S-0F 981 0001
43 6CI 4 9¢-8 108 ¥ vl LE9 9-79 (4 €05 SIl1 (A8 091 0090
vjifiv
0% 86T $-0C s cgs 0-LE LTl 929 911 1-0¢C $€6 011 €9¢ Pl UeIW
0¢¥ [-¢¥ 8-LE STS 1§49 79¢ PEL 6T9 S-0¥1 9-6¢ 601 PII PG 341 0081
LTV I-€¢ 9:LT 8¢ 0zTs $9¢ €1 979 6171 1-6¢C 8:96 481 79¢ 6€1 00%1
454 ¥l 68 $S-S 97s LLE $C1 929 L-L6 101 9-L8 [381 0-LE 431 00°01
8¢¥ (4 I-L § A9 [439 LLE 811  ST9 6 9:6 98 201 $9¢ 11 0090
AoN0[D pay]
Hd (Wa ,_83 8) (wa ,_8% 3) (wa 83 8) (NL 8% 8) (Wa 8% 8) (.81 8) ud (wa ,_8% 3) (wa ,_84 8) (wa ,_8% 3) (NI 84 8) (wa ,_8% 8) (,_83 8) ()
DNL yPoIels regng NdN NL Wa DNL yorels +1esng NdN NL wa (1D) swn
Sumn)

3ge[1s pajmun 3adero0j ysaag

€661 1NNy || UO parsaniey 23e|ls pSYIMUN pue 2340} Ysad) Ul Hd pu ‘SUOIB.IUSOUOD
(DNL) 91eJpAYOGUED [BJINIONUIS-UOU B3O} PUB Y2JE)S “(95040NS pUB ‘95039Nnd} ‘950N3 Ajueuld) Jedns ‘(NdN) N uteroad-uou ‘(N[ 1) N [B30} WU23U0d () Jonew-Ap uedl | a|qeL

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341



V. N. Owens et al.

Juedyrudis jou = SN

‘saads usamiaq

pue urgim sawn 3unind oml Aue wodj ejep aredwod 01 pasn sI “quedyrusdIs uaym ‘(g0-0) dST UONdeIdu] ‘suedawr awn 3unind pue sanads Surredwod 105 (¢0-0) ST paidatoad s 1aystif
's1seq Jua[eAINDI-9500N[3 € U0 passardxa siedns aqnios-joueigt

SN SN SN SN SN SN SN T90-0 SN SN SN SN SN SN LD XS
960-0 9LV S L0 L-GT (44 89 SL-L TS vev 0-01 SO-1 L owmn Sumny
890-0 LE-€ P1i-¢ 15-0 81 SN LR% 0S-S 69-¢ 12-¢ 0-L SN (49 (S) sawadg

fasi
vy 6-¢S 0-¢¥ 6-:01 S6S 0-6¢ 961 cT9 1921 ¢ 1S YL i44t (49 661 00°81
oc-¥ V- 1v 6-0¢ S-01 965 €-6¢ 681 Y9 0-¥I1 6-6€ I-vL vl L-CE col 00°vI1
ov-¥ I-cc 9-C1 S-6 809 6-S¢ SLI 9 0-88 661 -89 [48! [-€¢ P81 0001
1404 6-¢l 6 1-6 0€9 L-9¢ (374! <T9 SvL 011 G€9 STt 1549 991 00790
suvowl w1y buiny
0S¥ ¥-9¢ 0-6¢C G-Il VIL G-6¢ 10T  €¢€9 <96 C-LE €65 LT1 €€ L0T UeoW
LEY VLS 0S¥ ¥-Cl 11L ¢-S¢ 81T L¢9 c1cl 9-09 9-09 9¢1 ¢ee 1cc 00°81
14’474 1-9% 0-¥¢ I-C1 60L 6-7¢ cIc  T¢9 011 9-LY <79 8TI 8-C¢ 81T 001
1s¥ 6-SC 0-S1 O-11 ¢0L 6-S¢ 0T 679 8-¥8 ¥-9T €8S izt 0-€€ 0lc 0001
69-¥ V91 6-S G0l qelL 6-S¢ 0LT 9¢-9 8-:69 (D41 9-6§ 611 6-¢€ LLT 00790
vfivfiy
vy 6T L-0T <8 00¢s 6-S¢ Sl <19 8-¥01 8-¢C 0-18 IIT I-¢¢ 6S1 UeoW
4874 ¢-0¢ 6-0¥% V-6 SLY 9¥¢ SLT 909 6-0¢1 6 17 0-68 eIl 9-1¢ LLT 00°81
LIV L-9¢ L-LT 0-6 (4174 L-S¢ <91 L1-9 8-LT1 (443 9-68 0cI 9-C¢ L91 0071
6C¥ ¢-81 ¢-0l 0-8 1489 8-6¢ s ¥19 16 a9t 8-LL 001 €€ 8G1 0001
8¢¥ G111 6-¢ 9-L i449 V-LE 8CI1 vi-9 6L L-L V1L [48! 8¢ cel 00790
124010 pay
Hd (Wa ,_8Y 3) (Wwa ,_8y 8) (Wwa ,_83 3) (NL ,_8Y 8) (Wa 83 8) (;_8 8) Hd (Wwa ,_8Y 3) (Wwa ,_8y 8) (wa ,_8y 3) (NL ,_8¥ 8) (Wwa ,_8Y 8) (,_8y 8) ()
DNL yoaels Iegng NdN NL Wa DNL yoarels +regng NdN NL wWa (ID) swn
Suninp

adeis pajmun a8ero0j ysarg

b66| dUN[ O UO pa1saAIry 33B|IS PaYfimMun pue 33eJo) ysa) Ul Hd pue ‘SuoneIuSIu0d
(DNLL) 91BJIpAYOQUED [BUNIONIIS-UOU [B10} PUB UDJBIS ‘(35042NS puB 95019Nn.) 950N8 Ajueudiud) Je3ns ‘(NdN) N uiezodd-uou ‘(N1) N [B103 qua1uod (Q) Jonew-Ap ues|. g dqelL

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341



Effect of cutting time of day on unwilted red clover and alfalfa silage

“uedyrudis jou = SN

‘sapads uaamiaq

pue urgim sown Sunind omi Aue woij eyep areduwod 031 pasn st “quedyrusdis uaym ‘(g0-0) @ST uondeIaiu ‘suedwr awn Sunind pue sapads Jurredwod 10§ (50-0) ST paidatoid s,19ysigt
'siseq 1ud[eAInba-asoon[3 e uo passardxa siedns dyqnios-joueyig+

£60-0 SN ey SN 1€ SN SN SN SN $9-€ SN SN SN SN LD XS
LY-S SN SN €6 SN 901 00-01 6Tl SN 9-6  dwn Jumnd
L8 SN zet <9 SN 0%L LO-L 16 9%-1 89 (S) sopads
tast
Ty 9:-LY 0-¢¢€ 971 19 9-6C zie <09 LLTT 0-¢€ L-T8 0¥l 6:LT 91T 00'81
3874 [gS7 €8T L91 €9¢ 0-0¢ 07T €09 ¥-TCl 6-$C $96 9z1 $-8C 344 00'%1
61¥ (5743 B-L1 891 999 9-0¢ $TT S0-9 L-101 91 $-68 (441 $-6¢ LTT 0001
LEY (%4 <6 9-¢1 8¢ 9-1¢ <0T 709 676 901 €78 441 $0€ 01c 0090
SUDIUL 2141] m:.EH:U
I¥ 8¥v S-0¢ (241 80L 1€ 62T S09 $-66 S 1€ 6-L9 LeT zo¢ €€t ueaw
944 9:9¢ |37 el 94) Tl1¢ €T L09 SHIT €% 799 0sT1 1-6C 9¢T 00'81
ey 9¥¢ 6-6€ Ly1 LL9 S 1€ €T S09 €601 6:L€ AV 9¢1 $-6¢ 194 00'%1
LEY 8-1¥ 1-9¢ LST 069 8-1¢ 8¢C 909 9-€6 1294 T-89 o€l 9-0¢ 6€C 0001
ULy $-9¢ 8-C1 9-¢1 8¢L 8-€¢ I 209 <08 9¥1 659 (431 9-1¢ 0cT 0090
vfivfiv
0¥ z0¢ Ly1 S-Sl 6v¥ 8-8C 20T 709 8-LIIT €Tl $-S01 SII 6:-LT 90C ueow
<O¥ <8¢ 8:9C LT €0¢ 0-8¢ 61 €09 0121 L1T €66 0¢l1 L:9T L61 00°81
86-€ (93 891 L-81 544 9-8C <0T 109 gl 81 9121 911 €LT 11e 00'%1T
0¥ 8:9C 88 0-81 61¥ ¥-6¢C €1C €09 8-601 I-L L-201 S1t $-8¢ 984 0001
0¥ 661 9 L€l 344 €6T 861 709 <01 L9 9-86 011 162 10z 0090
Aanopy pay
Hd (Wa , 8y 8) (wa , 8% 3) (wa ,_8y 8) (NL ,_83 8) (Wwa , 8% 8) (,_83 8) Hd (wa ,_8% 8) (Wa ,_83 3) (Wa , 8 8) (NL ,_8% 8) (Wa ,_8 3) (,_83 8) ()
DNL yorels Ie3ng NdN NL wa DNL orels +regng NdN NL wWda (LD) swm
Suninp

ade[1s pajmun 3ger0j ysarg

‘Ge6| dUN[ L7 PUB 97 UO pa)saAtey a3e|IS PaYjimun pue 93eJo} ysadj Ul Hd pue ‘SUONEIUSOUOD
(DNLL) 91BJIPAYOQUED [BINIINIIS-UOU [B10} PUB 2JBIS (950J0NS PUB ‘95039NU) ‘9500N(3 Ajueudiud) Je3ns ‘(NdN) N utsoad-uou ‘(N1) N [B10} ‘1Uua1u0d (]\Q) Jo1ew-Aip uesl € ajqel

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341



V. N. Owens et al.

There was a significant (P < 0-05) cutting time
effect on NPN concentrations in unwilted silage in
1993 (Table 1) and 1994 (Table 2) and a spe-
cies x cutting time interaction in 1995 (Table 3), but
the magnitude and nature of these effects were
variable. In 1993, silage NPN concentrations decreased
as cutting time was delayed from 06.00 to
14.00 hours, then increased in silage from the
18.00 hours cutting to levels similar to the early
morning (Table 1). Although the NPN concentration
of silage from both species tended to decrease at each
successive cutting time in 1994, the concentration of
NPN in silage from the 10.00, 14.00 and 18.00 hours
harvests was not significantly different (Table 2). In
1995, red clover silage harvested at 18.00 hours
contained a greater concentration of NPN than other
cutting times, while alfalfa silage from the 06.00 and
18.00 hours cutting times had similar levels of NPN
resulting in a species X cutting time interaction
(Table 3). It is speculated that a more rapid decline
in pH would have occurred in forage harvested later
in the day by increasing the level of TNC, especially
sugars, going into the silo, thus inhibiting the extent
of protein degradation during fermentation. Even
though delaying cutting time did not result in large
increases in sugar concentration in either species, the
possibility is not excluded that addition of a rapidly
fermentable substrate could increase the rate of
decline in pH and reduce proteolysis in the silo.
Similar to work by Owens et al. (1999b) with wilted
red clover and alfalfa silage, the data here indicate
that the effect of harvesting later in the day, to
achieve higher concentrations of TNC, on silage NPN
concentrations is not consistent or great enough by

itself to warrant its use as a management tool for
decreasing proteolysis during fermentation of unwilt-
ed red clover and alfalfa.

Generally non-significant correlations (P > 0-05)
between silage NPN concentration and sugar or TNC
concentrations of fresh forage provide further evidence
that inherent increases in TNC concentration during the
day will not consistently inhibit protein degradation in
the silo (Table 4). In 1994, when the sugar concentra-
tion of fresh forage was at the lowest level of the three
harvest years, a significant (P < 0-05) negative correla-
tion was detected. This indicates that management
practices to maintain or increase sugar concentrations
of fresh forage, or addition of readily fermentable
substrate at the silo, may affect the decline in pH and
subsequently reduce proteolysis when the sugar con-
centration of fresh forage is low. The relationship
between silage NPN concentration and sugar or TNC
concentration of fresh forage tended to be stronger for
alfalfa than red clover because of higher sugar con-
centrations (Tables 1-3) and lower buffering capacity of
red clover (McDonald et al., 1991). Therefore, addition
of fermentable substrate may have a greater beneficial
impact on proteolysis in fresh ensiled alfalfa by effecting
a more rapid and extensive decline in pH, particularly at
low DM contents associated with unwilted alfalfa.

Although the DM content at initiation of ensiling is
known to affect proteolysis in the silo (Muck, 1987), the
relationship between silage NPN concentration and DM
content at ensiling was not consistent (Table 4). This
relationship was significant (P < 0-05) in red clover in
1993 (DM content of 121-143 g kg™') and 1994 (DM
content of 133-177 g kg™') when DM levels were very
low, but not (P > 0-05) in 1995 when the DM content

Table 4 Simple correlation (r) of dry-matter (DM) content, concentrations of sugars and total non-structural carbohydrates (TNC)
of fresh forage with non-protein N (NPN) concentration and pH of unwilted silage, and silage pH with silage NPN concentration.

Red clover Alfalfa
Independent Dependent
variable variable 1993 1994 1995 1993 1994 1995
DM+ NPNt —0-65** -0-68** -0-48 -0-40 -045 -0-61*
DM pH —0-84%%+ —0-88%*+ ~0-80%* -0-59* 071 ~0-88%*
Sugar NPN -0-12 —-0-55* -0-01 -0.49 —0-73** -0-49
Sugar pH -0-47 —0-86%*** -0-48 -0.66** —0-54* -0-47
TNC NPN -0-10 -0-60* -038 -0-18 -046 =030
TNC pH —-0-53* —0-89%** -0-35 —-0-48 —0-73** —-0-65*
pH NPN 0-64** 0-81%*** 0-26 0-66** 0-61* 0-83#***

*Significant at 0-05 level of probability; **significant at 0-01; ***significant at 0-001. Values followed by no indication of significance

are not significant.
tData for DM, sugar and TNC are taken from fresh forage.
fData for NPN and pH are taken from unwilted silage.
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did not fall below 197 g kg™'. Silage pH was positively
correlated with NPN concentration, with the exception
of red clover in 1995 (Table 4). Consequently, NPN and
pH levels tended to be lower in silage from forage
harvested later in the day when the sugar and TNC
concentrations were greatest, despite the fact that the
opposite trend occurred for NPN concentration in fresh
forage. The effect of pH on protein degradation agrees
with other research on alfalfa and red clover silage
(Brady, 1961; McKersie, 1985; Jones et al., 1995b), and
demonstrates the complexity and interactive effects of
DM and fermentable substrate on pH decline and
protein hydrolysis during the fermentation process.

Total non-structural carbohydrates, sugar and
starch in fresh forage and unwilted silage

The concentration of TNC in freshly cut forage increased
throughout the day, particularly during peak solar
radiation of midday (Tables 1-3). Lechtenberg et al.
(1971) observed a linear increase in TNC from 06.00 to
18.00 hours in first and second growth alfalfa. The TNC
concentration of fresh red clover was consistently greater
than alfalfa as a result of higher sugar concentrations.
Higher sugar concentrations in red clover compared with
alfalfa were observed by Raguse and Smith (1966),
especially when forage was harvested at the early bud to
green pod stages of maturity. Our results concur with
those of Raguse and Smith (1966) as forage was harves-
ted within the range of maturity stages they evaluated.

In contrast with sugar concentrations, quantitative
increases in starch concentrations were greater in alfalfa
than red clover from 06.00 to 18.00 hours. Close
examination of the data in Tables 1-3 reveals that starch
accounted for 0-79-0-92 of the total increase in TNC
concentration in alfalfa and 0-:39-0-57 in red clover. In
other research with alfalfa, Lechtenberg et al. (1971)
reported that starch accounted for 0-65 of the daily
increase in TNC concentration. As starch is the primary
storage carbohydrate of both species, it is reasonable that
at peak periods of photosynthesis (mid-morning to late
afternoon) excess photosynthate production would
result in increased starch synthesis and storage in leaves.

Total non-structural carbohydrates decreased by 0-62—
0-86 in red clover and 0-50-0-79 in alfalfa during
fermentation, and in silage from both species the
concentration of TNC increased as cutting time was
delayed from 06.00 to 18.00 hours (Tables 1-3). A
reduction in sugar concentration was primarily respon-
sible for the decline in TNC concentration in both species.

The majority of starch is degraded when forages are
wilted in the field before ensiling (Owens et al., 1999b).
Starch concentrations are less likely to decline during
fermentation because most lactic acid bacteria are not
able to utilize it directly (McDonald et al., 1991; p. 251).

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341

Some starch (Melvin, 1965) or other complex carbo-
hydrates (Dewar et al., 1963), however, may be hydro-
lysed for use by lactic acid bacteria. In several cases (red
clover harvested at 14.00 and 18.00 hours in 1993 and
10.00, 14.00 and 18.00 hours in 1995 and alfalfa
harvested at 10.00 and 14.00 hours in 1995) starch
concentration increased slightly during ensiling, sug-
gesting that little or no hydrolysis occurred. Muck
(1990) noted that the rate of starch hydrolysis in the
silo was proportional to the starch concentration at the
beginning of ensiling and decreased linearly with time.
Consequently, the amount of starch used for fermen-
tation was probably greater in alfalfa harvested in the
afternoon, except in 1995 when little change in starch
concentration was observed in alfalfa silage from all
cuttings (Table 3). Muck (1990) also found that adding
glucose to alfalfa reduced starch hydrolysis in the silo.
Similarly, owing to lower sugar concentrations in fresh
forage, a greater quantity of starch was utilized in alfalfa
compared with red clover during the fermentation
process. In two instances (alfalfa harvested at
06.00 hours in 1993 and 1994) starch concentration
decreased by more than 0-50 during ensiling. Declines
of this magnitude can be attributed primarily to two
factors: (i) the low concentrations of sugar and starch in
fresh alfalfa harvested at 06.00 hours; and (ii) the low
DM content of fresh forage harvested early in the
morning (160 g kg™' in 1993 and 177 g kg™' in 1994
compared with 220 g kg™' in 1995).

Higher concentrations of starch in fresh-ensiled alfalfa
and red clover harvested in the afternoon could prove
useful in balancing the ration, if a significant portion of
the diet comes from forages. In the USA, rations for high
producing dairy cows typically contain approximately
0-50 forage with the remainder as cereals, such as corn
grain (=0-72 starch). Averaged over the 3 years of the
current experiment, starch concentrations in unwilted
silage from the 18.00 hours harvest were 29-5 g kg™!
DM higher in red clover and 362 g kg~' DM higher in
alfalfa than the respective silage made from herbage
harvested early in the morning. From these results, we
can calculate that by ensiling fresh red clover and alfalfa
later in the afternoon, a producer could replace approxi-
mately 0-04-0-05 of the starch in corn with starch from
unwilted red clover and alfalfa silage. High moisture
contents and subsequent effluent production may be a
problem with direct-cut silage, but in dry regions where
standing alfalfa often contains greater than 25 g kg™
DM, direct-cut silage could be a viable option.

pH and fermentation products of fresh forage
and unwilted silage

Silage pH ranged from 3-98 to 4-58 in red clover and
4-33-5-32 in alfalfa and was usually highest in forage
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harvested at 06.00 hours and lowest in forage harvested
in the afternoon (Tables 1-3). A species X cutting time
interaction for silage pH was detected in 1993 (Table 1)
and 1995 (Table 3). In both instances, the pH of alfalfa
silage decreased as cutting time went from 06.00 to
14.00 hours and then increased between 14.00 and
18.00 hours, whereas the pH of red clover silage
remained low at the 18.00 hours harvest.

Higher sugar concentrations in fresh forage were
associated with larger pH reductions in red clover than
alfalfa during ensiling in all 3 years, regardless of time
of day at harvest (Tables 1-3). For this reason, cutting
time appeared to have a greater impact on the decline
in pH in alfalfa than red clover. The relationship
between fresh herbage TNC concentration and silage
pH resulted in similar correlation values for both
species, particularly in forage with low DM contents
harvested in 1993 and 1994 (Table 4). Although a
greater decline in pH of silage harvested in the after-
noon did not consistently reduce proteolysis in the silo,
a lower pH will help maintain forage quality and extend
the life of unwilted silage in the silo by inhibiting the
activity of other detrimental micro-organisms.

A significant (P < 0:05) negative relationship was
detected between silage pH and DM content of fresh
forage (Table 4). Silage pH wusually increases with
increasing DM content because lactic acid bacterial
activity ceases at a higher pH (Muck, 1988). However,
in this research the level of fermentable substrate
increased concurrently with DM content throughout
the day, resulting in a greater decline in pH in the drier
forage harvested in the afternoon.

Lactate and acetate are the predominant end-products
of a successful fermentation, and the concentrations of
these two acids were greater than other fermentation
products in all silages. As lactate is a stronger acid than
acetate, a desirable fermentation is one in which the
lactate:acetate ratio (LAR) is 2-0 or greater (Pitt, 1990). A
LAR less than 2:0 can be an indicator of insufficient
sugars for fermentation, although this is not the only
evidence of improperly preserved silage.

Lactate generally increased and acetate decreased as
cutting time in the day was delayed (Table 5). There-
fore, the LAR of silage from both species also tended to
increase at later cutting times (Table 6). Red clover
silage consistently attained an LAR greater than 2 and
was consistently higher than that of alfalfa silage,
regardless of cutting time. The LAR of alfalfa silage
from the 06.00 hours harvest was always 2-0 or less as a
result of low sugar concentration, high buffering capa-
city (McDonald et al., 1991) and low DM content. In
1993, alfalfa silage from both morning harvests was
particularly low in lactate and high in acetate resulting
in LAR values <10 and pH values >50. Silage from
these samples was extremely pungent due to the high

© 2002 Blackwell Science Ltd, Grass and Forage Science, 57, 329-341

acetate content. These results, in conjunction with
silage data from other years, demonstrate that fresh
alfalfa harvested early in the morning in humid
environments does not contain sufficient DM and
sugars for adequate fermentation.

Cutting time had a greater and more consistent
enhancing effect on lactate production in alfalfa than
red clover silage. This is not surprising as alfalfa is more
likely than red clover to be deficient in fermentable
substrate. At the start of ensiling, bacteria produce a
substantial quantity of acetate, but as the pH decreases
there are changes in the population of silage microor-
ganisms, and a shift to the predominant production of
lactate occurs (Muck, 1990). Under conditions of low
sugar availability, such as in alfalfa harvested early in
the morning, a smaller fraction of lactate would be
produced, as much of the sugar would be used to
generate acetate. In 1993 and 1994, alfalfa silage from
the afternoon harvests contained a greater concentra-
tion of lactate and lower level of acetate as a direct
result of higher TNC concentration and DM content in
fresh forage.

Table 6 Lactate:acetate ratio in unwilted red clover and alfalfa
silage. Forage was harvested at 06.00, 10.00, 14.00 and
18.00 hours and ensiled without wilting.

Cutting time (CT) 1993 1994 1995
Red clover

06.00 2:18 2-89 9-08
10.00 4:26 3-44 1321
14.00 521 516 12-:07
18.00 4-46 5-27 7-00
Mean 403 419 10-34
Alfalfa

06.00 055 1-78 200
10.00 0-79 3-02 522
14-00 2:54 3-40 5-85
18.00 159 5-00 4-05
Mean 136 3-30 428
Cutting time means

06.00 137 233 5-54
10.00 2:52 323 9:22
14.00 3-87 428 896
18.00 3-03 5-14 5:53
LSDt

Species (S) 0-46 0-84 1-40
Cutting time 0-65 1-18 1-98
SxCT NS NS NS

tFisher’s protected LSD (0-05) for comparing species and
cutting time means. Interaction LSD (0-05), when significant,
is used to compare data from any two cutting times within and
between species.

NS = not significant.
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Delaying harvest of alfalfa or red clover from
morning to the afternoon to produce a forage with
higher TNC concentration provided no major or
consistent benefit in terms of protein protection in
the silo; however, silage pH tended to decrease and
starch levels were higher as cutting time was delayed
from 06.00 to 18.00 hours. The pH of alfalfa silage was
consistently higher than red clover silage as a result of
lower sugar levels available for fermentation and a
greater buffering capacity in alfalfa (McDonald et al.,
1991; p. 31). Extensive protein degradation resulted in
significantly higher NPN levels in alfalfa compared
with red clover regardless of cutting time. Although
delaying harvest did not greatly improve protein
protection in the silo, forage harvested in the after-
noon may be better preserved and of increased quality
because of lower silage pH and higher starch concen-
trations.
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