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Purpose. To transmit information on the stage at which corn silage should be harvested for optimum yield, quality, and dry matter content.
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When received.
In the past, many Utah farmers have waited until after a killing frost or until formation of the black layer to harvest corn silage. Latest studies, as enclosed, have determined that the optimum stage of harvest is between 1/2 milk and the black layer. We need to encourage Utah farmers to harvest a few days earlier than they may be accustomed to.
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Using the Kernel Milk Line to Determine When to Harvest Corn for Silage

R. Kent Crookston* and James E. Kurle

The position of the kernel milk line can be used to visually monitor grain maturation in corn (Zea mays L.). The objec​tive of this study was to determine if the kernel milk line could be used to determine when to harvest corn for silage. Four hybrids (two full seasons, and two short seasons) were grown in the field during each of three years. As plants approached maturity, ears were removed and the position of the kernel milk line was noted. Ears and stover were then chopped together and moisture content of the fodder was determined. Measurements were taken at: full-dent (every kernel on the ear dented), 1/2-milk (milk line positioned half way between the tip and base of the kernel), 1/4-milk (milk line positioned 3/4 of the way from tip to base), and no-milk (milk no longer present in the kernel). The kernel milk line was determined to be a reliable indicator of fodder moisture status.  Fodder moisture values at the four selected stages were:  full-dent, 74%; ½-milk, 69%; 1/4–milk, 65%; and no-milk, 61%.  The ideal fodder moisture for corn silage stored in upright, unsealed silos is considered to be 65%.  This fodder moisture occurred very near the 1/4-milk stage.  The recommended range in fodder moisture for silage harvest is usually between 68 and 61%.  This range was found to be coincident with the interval between the ½-milk and no-milk stages.  Under the conditions of the present study, this interval lasted an average of 13 d.
T

HE "KERNEL milk line" (Fig. 1) appears on the endo​sperm side of corn (Zea mays L.) kernels soon after denting (1). The milk line is a transitional zone, or boundary, between the solid and liquid matrices of the maturing endosperm. As the starch, or endosperm, farth​est from the cob solidifies, it turns yellow. The endosperm nearest the cob remains liquid and milky, or white. As more of the kernel solidifies, the milk line moves away from the dent and inward toward the cob. The moving boundary between the solid yellow endosperm and the liquid white endosperm is easy to see, and can be monitored over a period of 3 to 4 wk. Its relative posi​tion can thus be used as an indication of time until maturi​ty (1). When all the kernel milk disappears, the kernel is mature, or has reached its final dry weight (1, 2). At this time, the placental region also turns black (1, 3, 6).

Afuakwa and Crookston (1) reported that, in addition to being a useful indicator of corn kernel maturity, the position of the milk line was a fairly reliable indicator of grain moisture content. They found, for example, that when the milk line was positioned halfway between the tip and the base of the kernel, the grain moisture con​tent was
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consistently near 40%. We wanted to know if the position of the kernel milk line might also be a reliable indicator of above-ground fodder (whole-plant) moisture content. Our specific objective was to evaluate the posi​tion of the milk line as an indicator of when to harvest corn for silage.

MATERIALS AND METHODS

Field plots were established at St. Paul MN, in 1984, 1985, and 1986 on a well-drained Waukegan silt loam soil (fine-silty over sandy or sandy-skeletal, mixed, mesic, Typic Hapludoll). Soil preparation consisted of fall plow​ing and spring disking. Ammonium nitrate was broad​cast prior to spring disking at a rate of 150 (1984), 100 (1985), and 150 (1986) lb N/acre. Soil tests indicated ex​tractable P levels of 172 and exchangeable K levels of 334 lb/acre. The herbicide alachlor (Lasso) was preplant in​corporated at a rate of 2.0 lb a.i./acre, and cyanazine (Bladex) was applied post emergence at a rate of 2.5 lb a.i./acre. Plots were cultivated approximately 30 dafter emergence of the corn.

The study included four corn hybrids (two full season, and two short season) during each of the 3 yr. These were: 'Minhybrid 4202', and 'Minhybrid 4203' [110 d relative maturity (RM)) and 'Minhybrid 7301' and 'Pioneer Brand 3950' (90 RM). Planting occurred in early May of each year. Rows were 25 ft long. Row spacing was 30 in. There were three rows/plot. Plants were thinned at the 5- to 6-leaf stage to a stand density of 24,000 plants/acre. The study was arranged as a randomized complete block, with each hybrid replicated four times.

Sampling occurred at four stages of kernel development (Fig. 2). The earliest, or least mature stage was “full​ dent.”
Fig. 1. When an ear of corn is broken in half, the tip haIf (left) con​tains kernels with their smooth or endosperm sides exposed. If the kernels are approaching maturity, a "line," or change of color, can be seen on this smooth kernel face (see arrow). This line is called the milk line.
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Table 1. Three years of average coin fodder moisture at four vis​ible stages of kernel maturity. Each value is the average of four hybrids.

Year

	Stage
	1984
	1985
	1986
	Mean

	
	
	% Fodder moisture
	

	Full dent
	73
	73
	76
	74a'

	Half milk
	68
	68
	69
	69b

	1;.1 milk
	63
	63
	67
	65c

	No milk
	61
	64
	58
	61d


, Mean values followed by a different letter are significantly different at the 0.05 level of probability according to Duncan's new multiple range test. LSD (0.05) for comparison of mean values = 1.5. (Coefficient of


variability = 4.9.

At this stage, every kernel on the ear was fully dented. The next stage was the" 1/2-milk" stage, and it occurred when the milk line was positioned halfway be​tween the tip and base of the kernel. The "1/4-milk" stage occurred when the milk line had moved 3/4 of the way from the tip to the base of the kernel. The final stage was "no-milk," and occurred when milk or liquid endosperm could no longer be expressed from the kernel. At the no-​milk stage, the kernel is physiologically mature (1).

Sampling consisted of removing ears from five ran​domly selected plants that were at the predetermined stage of development. Ten kernels were removed from the center portion of each ear and bulked for gravimetric kernel moisture determinations. The five ears, along with their accompanying above-ground stover, were then chopped together, weighed, and sub-sampled for gravi​metric fodder moisture content determination. Data were subjected to analysis of variance, using the 5OJo prob​ability level for tests of significance.

RESULTS

The position of the kernel milk line was determined to be a reliable indicator of corn fodder moisture con​tent. Values at a given developmental stage were fairly consistent across years and hybrids (Tables 1 and 2). The frequently suggested ideal fodder moisture content for

Sampling

Stages

- kernels at- ​

◊ ◊◊◊
Full dent

□ = endosperm

            "milky";


       white color

1 /2 milk

1 /4 milk

▒ = endosperm

       solid; yellow color

No milk

Fig. 2. Diagram of com kernels at each of the four developmental stages


during which plants were sampled for fodder moisture.
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Table 2. Average corn fodder moisture of four hybrids at four vis​ible stages of kernel maturity. Each value is the average of three years.

Hybrids

Full season

Short season

	Stage
	M4202
	M4203
	M7301
	P3950
	Mean

	
	
	% fodder moisture
	

	Full dent
	73
	73
	74
	74
	74a'

	Half milk
	69
	68
	69
	69
	69b

	1;.1 milk
	65
	62
	67
	64
	65c

	No milk
	55
	--
	61
	62
	61d


, Mean values followed by a different letter are significantly different at the 0.05 level of probability according to Duncan's new multiple range test. LSD (0.05) for comparison of mean values = 1.5. Coefficient of


variability =4.9.

corn silage harvest is 65% (4, 5). In this study, a fodder moisture content of 65% occurred after the 1/2-milk stage, but before the no-milk stage. In other words, the 1/4-milk stage was close to the stage recommended by extension specialists as ideal for ensiling corn.

There was some variability in fodder moisture from year to year (Table 1). The greatest variability was at the no-milk stage. The low value in 1986 was due to failure to harvest on the exact day that milk disappeared. Although kernels were free of milk on the day sampled, they appeared to have been that way for a few days. The high value for 1985 resulted from rain that preceded the sampling of some hybrids by only a few hours.

Although there was some variability between individual hybrids, full-season and short-season hybrid groups did not differ (Table 2). The majority of the variability again occurred at the no-milk stage. In 1986, M4202 was not sampled until some time after kernel milk had disap​peared. M4203 failed to reach the no-milk stage by the time the first killing frost occurred (2 yr) and was rain​-soaked the third year. Data for the no-milk stage was therefore not included for M4203.

INTERPRETIVE SUMMARY

The position of the kernel milk line was determined to be a reliable and useful field indicator of when to harvest corn for silage (reliable because at any given milk ​line position, essentially all of the variability in fodder moisture appeared to be the result of sampling errors or rain contamination; and useful because the milk line is easy to see, and neither instruments nor record keeping are required for its implementation). The frequently ​recommended range for best silage harvest is from 68 to 61 % fodder moisture (4, 5). This interval corresponded with the movement of the kernel milk line from the half-​milk to the no-milk position, which under our conditions took an average of 13 d.
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3. Daynard, T.B., and W.G. Duncan. 1969. The black layer and grain
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Kernel Milk-line Stage and Corn Forage Yield, Quality, and Dry Matter Content

D. W. Wiersma, * P. R. Carter, K. A. Albrecht, and J. G. Coors

Determining the proper time to harvest corn (Zea mays L.) for whole plant silage is difficult for growers. The objective of this study was to determine the relationship between kernel milk-​line position and whole plant yield, quality, and dry matter (DM) content. Our goal was to develop a means to predict the opti​mum stage for harvesting corn for silage. Four early maturity (85 d) hybrids were evaluated for yield, forage quality, and DM content at five stages of kernel maturity, including: soft dough (SD) (dents first visible); early dent (ED) (dents visible on 95% of kernels); 1/2 milk-line (1/2 ML) (milk-line positioned half​way between the tip and base of the kernel); 3/4 milk-line (3/4 ML) (milk-line positioned 3/4 of the way from tip to base); and no milk-line (No ML) (milk-line no longer present in kernel) over 3 yr (1988-1990) in north central Wisconsin. Whole plants, stover, and ears were harvested before killing frosts, except in 1989 when plants were frozen shortly after 1/2 ML. Whole plant DM content was within the optimum range for silage harvest (30 to 40070) when corn plants were between the 1/2 and 3/4 ML stages. Maximum whole plant yield was reached by 1/2 ML, while grain yield reached maximum levels by 3/4 ML. Whole plant neutral detergent fiber (NDF) and acid detergent fiber (ADF) decreased an average of 7.6 and 4.4 percentage units from SD to 1/2 ML and then increased at the No ML stage. Whole plant in vitro dry matter disappearance (IVDMD) was greatest between ED and 3/4 ML. Whole plant and stover crude protein (CP) concentration declined at each successive harvest stage from SD to No ML. Early season hybrids can be harvest​ed for silage between 1/2 and 3/4 ML for maximum whole plant yield and optimum quality and DM content. Kernel milkline position was a good indicator of optimum harvest stage for this range of kernel maturities.

A

HIGH PROPORTION of corn harvested for silage is planted in the extreme northern part of the North

Central states, where adapted hybrids range from 70 to 90 d relative maturity (RM) (Carter et al., 1992). When growing corn for silage use, critical factors which in​fluence optimum harvest timing include whole plant DM content, total DM yield, and nutritional quality.

Harvesting silage at the correct DM content is impor​tant since ensiling forages that are too wet « 30% DM content) results in losses due to poor fermentation pat​terns and excessive seepage, while ensiling forages that are too dry (> 50070 DM) increases the potential for heat damage and mold problems (Vetter and VonGlan, 1978). Silage preserved between 30 and 40% DM content pro​vides acceptable fermentation, preservation, and animal performance (Lusk, 1978).

D.W. Wiersma, Marshfield Agric. Res. Stn., 8396 Yellowstone Dr., Marshfield, WI 54449; P.R. Carter, K.A. Albrecht, and J .G. Coors, Dep. of Agronomy, Univ. of Wisconsin, Madison, WI 53706. Received 3 Apr. 1992. .Corresponding author.
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Estimates of whole plant DM content in corn are fre​quently based on grain maturity. Work by Daynard and Hunter (1975) showed that grain DM content varied with whole plant DM content in a predictable manner, there​fore, grain DM content was suggested as an indicator of the proper stages of ensiling. Daynard and Duncan (1969) and Rench and Shaw (1971) found that black layer de​velopment in the placental region of the kernel indicated that grain had reached maximum DM accumulation. Since the early 1970s, a common recommendation was to harvest corn for silage when the black layer appears. Daynard (1972) reported, however, that grain DM con​tent varied from 58 to 70% at black layer appearance and that premature appearance of the black layer might oc​cur due to cool weather. This large variation of whole plant DM content often means harvesting silage with a DM content that is not optimal for proper ensiling. Afu​akwa and Crookston (1984) and Crookston and Kurle (1988) demonstrated that kernel ML position was a more reliable and useful visual indicator of grain maturity and proper DM content for ensiling.

Several investigations have evaluated corn whole plant DM accumulation and nutritive value at various stages of crop maturity or DM content (Caldwell and Perry, 1971; Daynard and Hunter, 1975; Weaver et al., 1978). Maximum whole plant yield is generally reported to oc​cur at whole plant DM contents between 30 and 35%. Cummins (1970) reported that whole plant digestibility increased with advancing plant maturity until DM con​tent levels reached 35 to 40070, but Daynard and Hunter (1975) found whole plant digestibility to be constant from 24 to 44% DM content.

Previous studies did not evaluate relationships between kernel maturity stage and all three critical factors: corn forage yield, nutritive value, and DM content. Neverthe​less, based on Minnesota work by Crookston and Kurle (1988), many dairy producers in the northern USA now harvest corn for silage when the kernel ML is between 1/2 ML and No ML stages. Hunt et al. (1989), in Idaho and California, recommended harvesting between 1/2 ML and 2/3 ML to optimize yield and quality. In Penn​sylvania, however, Ganoe and Roth (1993) found that corn plants were often drier than optimum for silage fer​mentation when corn reached the 1/2 ML stage. They also stated that the ML method was inconsistent.

Therefore, this study was conducted to determine rela​tionships among kernel ML position, yield, nutritional

Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, early dent stage; IVDMD, in vitro dry matter disap​pearance; KMS, kernel maturity stage or stages; ML, milkline; NDF, neutral detergent fiber; No ML, milkline no longer present in kernel; RM, relative maturity; SD, soft dough stage; 1/2 ML, milkline half​way between tip and base of kernel; 3/4 ML, milkline 3/4 of way be​tween tip and base of kernel.
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	Table 1. Dry matter (DM) content of four hybrids averaged across

	kernel maturity stages from 1988 to 1990.
	
	

	
	
	Whole plant
	
	
	Stover
	

	Hybrid
	1988
	1989t
	1990
	1988
	1989t
	1990

	
	
	- DM content (%)
	
	

	CMI05 x W182BN
	31.6
	34.1
	29.0
	24.9
	25.8
	21.3

	A554xCMI05
	32.0
	35.4
	30.2
	24.9
	27.0
	22.0

	LH82 x LH145
	32.2
	36.4
	31.6
	26.5
	27.1
	23.5

	Pioneer 3790
	33.3
	37.0
	31.6
	25.9
	28.5
	24.5

	LSD (0.10)
	NS
	1.5
	1.0
	NS
	1.3
	0.9


t 1989 averages include plots harvested post-frost.

quality, and whole plant OM content for short-season corn hybrids.

MATERIALS AND METHODS

Plots were established at the University of Wisconsin Agricultural Research Station in Marshfield (44 °39' N, 90 °8' W; 1240 ft elevation), on a somewhat poorly drained Withee silt loam (fine-loamy, mixed Aquic Glos​soboralf) from 1988 to 1990. Previous crops were alfal​fa (Medicago sativa L.) (1988) and corn (1989, 1990). Soil P and K levels were maintained at optimum levels based on University of Wisconsin recommendations. Plots received an annual application of 50 ton/acre of liquid dairy manure before planting and 14-35-45 lb/acre of N-P-K as row applied starter fertilizer at planting. Pre​-emergence applications of metolachlor at 2.5 lb/acre and cyanazine at 2 lb/acre were applied in 1988 for annual weed control and EPTC was pre-plant incorporated in 1989 and 1990. Terbufos (Phosphorodithioic acid S​[[(1, l-dimethylethyl)thio]methyl]0,0-diethyl ester» was applied at planting at a rate of 7 lb/acre for corn root​worm (Diabrotica spp.) control. Plots were cultivated each year to aid in annual weed control. Planting dates were 6 May 1988, 11 May 1989, and 5 May 1990. Corn was seeded at a rate of 35 000 kernels/acre and then hand thinned to 24 000 plants/acre at the V6 stage of growth (Ritchie et al., 1986).

The experimental design was a randomized complete block in a split-plot arrangement with three replicates. Main plots were four genetically diverse 85 d RM hybrids including CMI05 x WI82BN, A554 x CMI05, LH82 x LH145, and Pioneer brand 3790. Main plots were eight 2.5-ft wide by 25-ft long rows with three outside rows serving as sample areas to determine kernel maturity.

Sub plots were five harvest times based on stage of ker​nel maturity (ML progression). Kernel ML was deter​mined by periodic sampling of four to six ears per hybrid

from the border rows. Ears were broken in the middle and kernel ML was visually assessed by looking at the endosperm side of exposed kernels. The five harvest times were: SD (dents first visible on kernels); ED (dents visi​ble on 95% of kernels); 1/2 ML (ML positioned half​way between the tip and base of the kernel); 3/4 ML (ML positioned 3/4 of the way from tip to base); and No ML (ML no longer present in kernel). Sub plots were single rows 2.5-ft wide by 25-ft long.

In 1988, all hybrids were harvested at each stage of maturity before frost. In 1989, all hybrids reached the 1/2 ML stage of maturity before a killing frost. Remain-​

ing plots were harvested post-frost and will be designat​ed post-frost Id (PF Id), harvested I d after a killing frost, and post-frost 10d (PF 10d), harvested 10 dafter the frost. In 1990, plants of two hybrids were frozen be​fore the last harvest stage (No ML) and were not .har​vested.

​
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Fig. 1. Dry matter content of whole plant, stover, and kernels at soft dough (SD); early dent (ED); and 1/2, 3/4, and no milkline (ML) kernel stages. Values are averaged across four hybrids from 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (harvested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.
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At harvest time, two sub-samples of five uniform plants were hand harvested from each plot. The first sub-sample was chopped with a stationary brush chipper to < I-in. particles, and weighed. After mixing, a 2 lb sub-sample was retained for DM determination and quality analy​sis. The second sub-sample was separated into ear and stover portions before weighing, chopping, and sub-sampling. A 0.5 lb sample of kernels was taken from the central portions of each ear for grain DM determination. Sub-samples were dried in a forced air dryer at 140 of and ground to pass a 0.034-in. screen. The remaining plants were harvested from the plot and weighed. All sub-sample 
Whole Plant

11

9

Year  LSD(0.10)
+ 1988 
0.30 
* 1989 
0.36 
0 1990 
0..58

7

PF 1d

PF 10d

5

3


SD ED


Stover

3/4ML

NoML

1/2ML

6

Year      LSD(0.10)
+ 1988 
0.19 
* 1989 
0.25 
0 1990 
0.22

5

	4
	
	

	3
	
	

	2
	
	

	
	SD
	ED

	
	Grain
	

	4
	
	

	3
	
	

	2
	
	


PF 1d

PF 10d

1/2ML

3/4ML

NoML

PF 1d

PF 10d

	
	
	Year 
	LSD(0.10)
	

	
	
	+1988
	0.28
	

	
	
	*1989
	0.18
	

	
	
	01990 
	0.22
	

	O'SD
	
	
	
	

	
	ED
	1/2ML
	3/4ML
	NoML


Kernel Maturity Stage

Fig. 2. Dry matter (DM) yield of whole plant, stover, and grain at soft dough (SD); early dent (ED); and 1/2, 3/4, and no milkline (ML) kernel stages. Values are averaged across four hybrids from 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (harvested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.

96

J. Prod. Agric. , Vol. 6, no. 1, 1993

weights were combined to determine whole plant yield.

Neutral detergent fiber and ADF concentrations were determined on whole plant and separated stover samples by the sequential analysis procedure of Robertson and Van Soest (1981), with modifications. The modifications were a reduction in sample size to 0.018 oz and treating samples with 0.0034 oz of a-amylase (Sigma Chemical Co., St. Louis, MO, no. A-5426) during refluxing in neu​tral detergent solution and again during sample filtration.

In vitro dry matter disappearance was determined by a modification of the method described by Goering and Van Soest (1970). The 48 hr fermentation was performed in centrifuge tubes according to Marten and Barnes (1980) except that buffer and mineral solutions described by Goering and Van Soest were used. Undigested residue was refluxed in neutral detergent solution with the a-amylase step as described above. Rumen fluid was collected from a rumen canulated Jersey cow (Bos taurus) fed an alfal​fa hay diet.

Total N concentrations of forage samples were deter​
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Fig. 3. Crude protein concentration of whole plant and stover at soft dough (SD); early dent (ED); and 1/2, 3/4, and no milkline (ML) kernel stages. Values are averaged across four hybrids from 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (harvested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.
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mined by the micro-Kjeldahl procedure of Bremner and Breitenbeck (1983), with the salicylic acid modification

described by Bremner (1965) for recovery of nitrate. Crude protein concentration was estimated by multiply​ing total N by 6.25.

Analysis of variance was computed for data separate​ly for each year because of variable environmental con​ditions among years. Treatment mean comparisons were made using the least significant difference (LSD) test (Steel and Torrie, 1980) at the P = 0.10 level.

RESULTS AND DISCUSSION

Seasonal precipitation varied dramatically from 1988 to 1990, resulting in large differences in corn performance among years. Total seasonal (May to September) precipi​tation was 13.7, 14.9, and 21.8 in. for 1988, 1989, and 1990 respectively, compared with a 30-yr average of 20.4 in. Average air temperature for May through September was 5.1, 1.4, and 9.4 OF above normal for 1988, 1989, and 1990, respectively. In 1989 and 1990, frost occurred
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Fig. 4. Neutral detergent fiber concentration of whole plant and stover at soft dough (SO); early dent (ED); and 1/2, 3/4, and no milkline (ML) kernel stages. Values are averaged across four hybrids from 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (har​vested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.

before the No ML kernel maturity stage (KMS) was reached. Because of this year-to-year variability, com​bined analysis across years was not performed and in​dividual year data are presented. In this study, the four hybrids were selected based on diversity of genetics. Although some hybrid x KMS interactions were detect​ed statistically, they are limited, inconsistent among years, and would not change the overall conclusions of this study.

Dry Matter Content

Whole plant and stover DM content differences were found among hybrids in 1989 and 1990 (Table 1), but kernel DM content differences were not found among hybrids in any year of the study. In each year, LH82 x LH145 and Pioneer brand 3790 reached each kernel maturity stage several days later than CM 1 05 x W 182BN and A554 x CM105 and had average whole plant and stover DM contents about 2 percentage units higher than the other two hybrids. Although there were main effect

Whole Plant
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30S0

ED 1/2ML 3/4ML NoML Kernel Maturity Stage

Fig. S. Acid detergent fiber concentration of whole plant and stover at soft dough (SO); early dent (ED); and 1/2,3/4, and no milkline (ML) kernel stages. Values are averaged across four hybrids from 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (har​vested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.
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hybrid differences and hybrid x KMS differences for whole plant and stover DM content, the magnitudes of these differences were small, varying at most by 3 per​centage units within a kernel stage and year. Crookston and Kurle (1988) also found only small hybrid differences in plant DM content at kernel ML stages.

The range in DM content among years for whole plant

and stover was greater than the range between hybrids, with a range of up to 7 percentage units within some KMS (Fig. 1). This yearly variation probably was related to large seasonal precipitation differences and to frost af​ter the 1/2 ML stage in 1989. At the 1/2 ML stage, stover and whole plant DM contents were about 5 percentage units higher in the low rainfall years (1988 and 1989) than in 1990. Although variation existed among years and hybrids, the kernel ML indicated when the whole plant was at an ensilable DM content, since whole plant water content at both the 1/2 ML and 3/4 ML stages was wi​thin the acceptable 30 to 40% range (Lusk, 1978) in all years of the study.

Dry matter content of whole plant, stover, and ker​-
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Fig. 6. In vitro dry matter disappearance of whole plant and stover at soft dough (SD); early dent (ED); and 1/2,3/4, and no rnilkline (ML) kernel stages. Values are averaged across four hybrids form 1988 to 1990. Post-frost harvests in 1989 are indicated by PF 1 d (har​vested 1 d after the frost) and PF 10 d (harvested 10 d after the frost). LSD values are for comparisons of kernel maturity stages within years.
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nels increased with each successive KMS (Fig. 1). Kernel DM content increased at the highest rate, gaining nearly 1 percentage unit per day, while whole plant and stover had slower rates of about 1/2 percentage unit per day over the 30 d time period.

In 1989, corn plants were frozen shortly after the 1/2 ML stage. Harvest delay of 10 d after the frost resulted in a high whole plant DM content. Whole plant DM con​tent increases averaged 0.58 percentage units per day from 1/2 ML to No ML for unfrosted corn (1988, 1990), and 1.07 percentage units per day from 1/2 ML to PF 10 d for frosted corn (Fig. 1). This is in contrast to Major and Schaaje (1985), who found that frost did not accelerate corn whole plant drydown rates. Rates of kernel DM con​tent gain averaged 0.77 percentage units per day from 1/2 ML to No ML for unfrosted corn (1988,1990), and 0.79 percentage units per day from 1/2 ML to PF 10 d for frosted corn (Fig. 1). Hicks et al. (1976) found no differ​ences in grain drydown rates among various simulated frost treatments and normally maturing corn grain.

Kernels at 1/2 ML consistently contained 60% DM, which agrees with Afuakwa and Crookston (1984) and Hunter et al. (1991). In addition to indicating optimum DM content for whole plant silage harvest, the kernel ML position is related to kernel DM content across the opti​mum range of DM contents for ensiling shelled corn. At 3/4 ML, grain contained an average of 650/0 DM, which would be adequate for properly ensiling shelled corn (Faber et aI., 1989).

The time span between KMS averaged 5 d between SD and ED, 12 d between ED and 1/2 ML, 6 d between 1/2 ML and 3/4 ML, and 7 d between 3/4 ML and No ML. Crookston and Kurle (1988) in Minnesota also reported a span of 13 d between 1/2 ML and No ML, while Hun​ter et al. (1991) in Kentucky found 16 d between these stages.

Yield

Yields of whole plants and plant parts were largely in​fluenced by season, with average whole plant yield rang​ing from 4.1 ton DM/acre in the 1988 drought to 7.9 ton DM/acre in 1990. Grain yields at No ML ranged from 75 to 95 bu/acre among hybrids in 1988 and from 150 to 175 bu/acre in 1990.

In each year, whole plant yield (Fig. 2) reached a max​imum at approximately 1/2 ML. No further significant changes were measured after 1/2 ML except at the PF 10 d sample date in 1989, when whole plant yield decreased. Stover yield was greatest at the SD stage of maturity and only showed a significant decline between 1/2 ML and 3/4 ML in 1988 and between the PF 1 d and PF 10 d sample dates in 1989. Grain yield reached a max​imum at about 3/4 ML. These findings are similar to Cummins (1970), Caldwell and Perry (1971), Weaver et al. (1978), and Daynard and Hunter (1975), which cor​responds to 1/2 ML in this study. Hunter et al. (1991) concluded that 3/4 ML represents a useful and reliable indicator of physiological maturity as measured by 14C seed uptake, which concurs with the results of this study. Our data suggest that whole plant harvest can begin at

1/2 ML, and grain harvest for high moisture ear corn ~an begin at 3/4 ML without a reduced yield potential.

'"

Forage Quality

Corn grown under the low-yield drought conditions in 1988 generally had higher whole plant and stover forage quality than that in 1989 and 1990 (Fig. 3 to 6). Average CP concentration (Fig. 3) was highest in 1988 at 10.3070 for whole plants and 8.5% for stover, and was at more typical levels in 1989 and 1990, averaging 9.0070 for whole plants and 7.7% for stover. Both ADF and NDF were generally lower for 1988 and 1989, when whole plant and stover yields were lowest (Fig. 4 and 5). There was also considerable variation for IVDMD among years, with a tendency for increased digestibility of whole plant and stover in years with lower yields (Fig. 6). Hybrid differ​ences for forage quality were limited and no consistent trends were detected among years.

Crude protein concentration declined rapidly with in​creasing maturity, averaging a drop of 2 percentage units from SD to No ML for whole corn plants and 3 percen​tage units for stover (Fig. 3). Decreasing CP concentra​tion appears to be the result of continued carbon assimilation (as indicated by increasing yield), even though N uptake probably was completed, thereby dilut​ing plant N concentration. Stover fiber concentration in​creased an average of 3.2 NDF and 2.9 ADF percentage units during the period from SD to No ML (Fig. 4 and '5). Whole plant fiber concentration generally declined

rom SD to 1/2 ML and then plateaued after 1/2 ML (Fig. 4 and 5). Decreases in whole plant fiber levels from SD to 1/2 ML averaged 7.6 NDF and 4.4 ADF percen​tage units. In each year of the study, the highest level of whole plant digestibility occurred during the period from ED to 3/4 ML, with a tendency for lower digestibility at SD and No ML (Fig. 6). The average magnitude of whole plant digestibility differences across maturity stages ranged about 3 percentage units from minimum to max​imum. Stover digestibility differences among kernel matu​rity stages occurred only in 1988 (Fig. 6).

These data agree with findings of Cummins (1970), in which digestibility of corn whole plants increased until 35 to 40% DM content and then plateaued. Data pub​lished by Hunt et al. (1989) indicate a larger change in digestibility, especially of stover, as the ML progresses. This difference may be attributable to the length of diges​tion time since their measurement was based on a 24 h fermentation compared with the 48 h fermentation peri​od for this study. The longer digestion time may have narrowed differences in degradability, although the 3 per​centage unit change in degradability is quite important given the extensive time of incubation.
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Kernel Milk Line as a Harvest Indicator for Corn Silage in Pennsylvania

K. H. Ganoe and G. W. Roth*

A better understanding of the relationship between kernel milk line and whole-plant moisture, yield, and forage quality of corn (Zea mays L.) silage would improve producers' ability to time harvests. This study was conducted to validate the use of the milk line for predicting whole-plant moisture of corn under conditions in the northeastern USA and to evaluate the effect of harvest timing on yield and forage quality. Experi​ments were conducted in 1986 and 1987 using four cultivars that were harvested at full dent (FD), half milk (HM), and black layer (BL). Whole-plant moisture, kernel moisture, whole-plant yield, and forage quality were evaluated at each stage. Forage quality parameters, acid detergent fiber (ADF), neutral deter​gent fiber (NDF), and crude protein (CP), were measured using near infrared reflectance spectroscopy (NIRS). Whole plant moisture concentrations averaged over cultivars and years were 67.8,60.7, and 53.7% at FD, HM, and BL, respectively. Whole​plant dry matter yields increased 10070 from FD (6.1 tons/acre) to HM (6.8 tons/acre) and then remained constant through BL (6.6 tons/acre). The ADF and NDF concentrations decreased between FD and HM in both years but decreased between HM and BL only in 1987. Averaged over years, CP concentration decreased from HM to BL for all cultivars and between FD and HM for one cultivar. For a whole-plant moisture range of 63 to 68070, corn silage harvest should occur between FD and HM

1 the northeastern USA, depending on the cultivar.

M

OISTURE CONCENTRATION and dry matter yield are the two most important factors that influence harvest timing for whole-plant corn. The optimum moisture concentration, which varies for different storage structures, is critical to minimize storage and harvesting losses and to maintain forage quality (Pitt, 1990). Within the desired moisture concentration range, the timing of harvest should optimize dry matter yields and forage quality. The use of morphological characteristics of the corn plant to predict moisture concentration, dry matter yields, and forage quality would be valuable.

Plant characteristics such as leaf senescence, kernel tex​ture (Chamberlain et al., 1971), and BL formation (Dum et al., 1977) have been used to indicate the optimum time for corn silage harvest. More recently, kernel milk line has been proposed also as an indicator of grain (Afuak​wa and Crookston, 1984) and whole-plant moisture (Crookston and Kurle, 1988). Crookston and Kurle (1988) reported whole-plant moisture concentrations of 69, 65, and 61% at the HM-, one-quarter-, and no-milk stages, respectively. Based on these findings, they recommend that the timing of silage harvest be sometime between HM and BL formation. These recommendations have been

Dep. of Agronomy, The Pennsylvania State University, University Park, PA 16802. Received II Feb. 1992. *Corresponding author.

Published in J. Prod. Agric. 5:519-523 (1992).

widely quoted in popular literature but never have been evaluated under conditions in the northeastern USA.

Kernel development also relates to maximum whole​plant yield. Johnson et al. (1966) observed that dry mat​ter yield was maximized between the dent and glaze stages of kernel development. Hunt et al. (1989) reported that maximum yields occurred at the one-third-milk stage. Daynard and Hunter (1975) found that maximum whole​plant yield was achieved slightly before grain yield reached a maximum. Previous work indicated maximum grain yield coincides with BL formation (Daynard and Duncan, 1969). Tourbier and Rohweder (1983) found that whole-plant yields increased until physiological maturi​ty. These studies suggest that maximum whole-plant yield occurs sometime between FD and BL.

Montgomery et al. (1973) found that CP and ADF con​centrations decreased from the early dough to the late dough and mealy endosperm stages. Johnson and McClure (1968) reported a 1.7% decline in protein con​centration between the milk-early dough stage and the flint stage. Tourbier and Rohweder (1983) reported that ADF and NDF both declined 7.9 and 12.2%, respective​ly, as maturity advanced from early dough to physiolog​ical maturity. Protein declined by 1.3% during the same period.

The objective of this research was to develop harvest guidelines for corn silage in the north-eastern USA using the kernel milk line. The specific objectives of this research were to (i) validate and determine the accuracy of the milk line model for predicting corn silage moisture concentration in Pennsylvania, (ii) determine the relation​ship between milk line and maximum dry matter yield, and (iii) determine the relationship between milk line and forage quality.

MATERIALS AND METHODS

Field experiments were conducted during 1986 and 1987 at the Russell Larson Agronomy Research Farm at Rock Springs, P A, on a Hagerstown silt loam (fine, mixed, mesic Typic Hapludalf), and a Murrill channery silt loam (fine, loamy, mixed, mesic Typic Hapludalf) in 1986 and 1987, respectively. The experimental design was a randomized complete block arranged as a split plot with six replications. Cultivars were assigned to the whole plots. Each whole plot was 100 ft long by 4 rows wide. Two of the cultivars, Doebler's 48XE and Pioneer 3901, were rated at approximately 90 d for relative maturity; and two, Pioneer 3475 and Agway 473S, were rated near 105 d for relative maturity. Cultivars were chosen because

Abbreviations: FD, full dent; HM, half milk; BL, black layer; ADF, acid detergent fiber; NDF, neutral detergent fiber; CP, crude protein; NIRS, near infrared reflectance spectroscopy.
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Stage

0.67       0.50     0.33      0.25 

milk     milk     milk       milk 

Table 1. Mean air temperature and precipitation for the 1986 and 1987 growing seasons for Rock Springs, P A. Long-term aver​age data is from State College, Pennsylvania, approximately 7 mi from the experimental sites.

Year

	Month
	1986
	1987
	100-yr mean

	
	Air temperature. of
	

	April
	49.3
	48.0
	47.8

	May
	60.3
	58.6
	59.1

	June
	66.2
	68.2
	67.1

	July
	71.6
	72.3
	71.2

	August
	67.3
	67.9
	69.2

	September
	61.9
	60.6
	62.6

	6-mo mean
	62.8
	62.6
	62.8

	
	Precipitation. in.
	

	April
	4.4
	5.2
	3.4

	May
	4.1
	2.9
	3.9

	June
	4.4
	3.1
	4.0

	July
	5.5
	3.3t
	3.8

	August
	2.0
	4.2
	3.4

	September
	4.2
	3.3
	3.0

	6-mo total
	24.6
	22.0
	21.4


t Includes 1.0 in. supplied as irrigation.

of superior grain yield in performance tests. Eight har​vest dates were randomly assigned to subplots that were located in the center two rows of each whole plot. Each subplot consisted of one row 12 ft long.

Soil P, K, Mg, and pH were maintained at optimum levels by applying lime and fertilizer according to soil test. Grain corn was the previous crop at both sites.

Corn was planted on 14 May in 1986 and 16 May in 1987 in 30-in. rows into a moldboard-plowed and disced seedbed at rates of 30 000 seed/acre and hand-thinned to a final population of 23 000 plants/acre. A starter fer​tilizer containing 15, 20, and 121b/acre of N, P, and K, respectively, was placed in a band 2 in. to the side and below the seed by the planter. In 1986, 150 lb/acre of N was sidedressed at Growth Stage V6 (Ritchie et al., 1992). In 1987, the N application was split, with 75 lb/acre applied preplant and again at V6. Weed control was maintained with a pre-emergence application of atra​zine and metolachlor. Terbufos (S-[[(I, I-Dimethylethyl) thio]methyl]OO-di-ethyl phosphorodithioate) was banded over the row at the rate of 1.3 lb a.i./acre to control western corn rootworm larvae (Diabrotica virgifera vir​gifera LeConte). In 1987, permethrin (3-phenoxybenzyl) (1 RS)-cis, trans- 3-(2,2-dichlorovinyl)-2,2-dimethylcyclo​propane carboxylate) was applied with a hi-boy sprayer at the rate of 0.08 lb a.i./acre on 24 July to control silk feeding of corn rootworm adults. Also in 1987, the ex​periment was irrigated over 24 h with 1.0 in. of water prior to silking.

Harvests were made at 4-d intervals beginning when the ears in the border rows were at 50% dent and con​tinued every 4 d until BL. At each harvest, 10 ears were broken in the middle and the tip half was observed for stage of development. Corn was considered to have reached a particular stage of kernel development when five of the ears had the appropriate characteristics. Three harvests from each cultivar within each replication were selected from the eight harvests for data analysis. These harvests were those that coincided with three kernel de​velopment characteristics: FD, kernels dented and a small
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Table 2. Summary of the relationship between percentage whole​plant moisture and kernel stage taken from this study and four field studies reported in the literature.

Study

FD

BL

% moisture

This study

67.8

53.7

60.7

Other studies

Crookston and Kurle (1988)
74.0
69.0
65.0
61.0

GraybiU (19901
59.8

Hunt et al. (1989)
68.3
60.9
54.6

Zucula (1989)
75.4
68.6
62.3
58.3

layer of starch formed at the top of the kernel (R5 stage); HM, starch and milk interface descended halfway from the top of the kernel; and BL, black/brown abscission layer formed at the base of the kernel (R6 stage).

At each harvest, 16 consecutive plants were cut off 3

in. above the soil surface and weighed to determine whole-plant yield. Three plants were then chopped in a chipper/shredder and placed in a muslin bag. This sam​ple was weighed, placed in a dryer at 60°C for 4 d and reweighed to determine dry matter content. Dried sam​ples were ground using a two-stage grinding process. First, samples were ground to pass through a coarse (0.2-in [5-mm)) sieve. In the second stage, samples were ground using a cyclone mill with a O.04-in. (I-mm) sieve. Near infrared reflectance spectroscopy was used to de​termine CP, ADF, and NDF concentrations (Marten et al., 1985). Kjeldahl N, NDF, and ADF (Goering and Van Soest, 1970) were determined on one sample of each cul​tivar from each harvest to provide the data for calibra​tion equations. Standard errors of calibration were 0.290/0 for CP, 1.08070 for ADF and 1.78070 for NDF. Also at each harvest 10 kernels were removed from the center of each of 10 ears. These kernels were weighed, placed in a dryer at 60°C for 2 d and reweighed to determine ker​nel dry matter content.

An analysis of variance was performed using the SAS GLM procedure (SAS Inst., 1987) to determine signifi​cant main effects and interactions. If an effect was sig​nificant at the 0.05 level, the LSD was calculated for mean separation purposes.

RESULTS AND DISCUSSION

Weather conditions during both years of the study were near average, except for less-than-average precipitation in July 1987, when supplemental irrigation was applied, and August 1986 (Table 1). Temperatures during August and September during both years were near average or slightly lower than average.

Whole plant moisture concentrations averaged over cultivars and years at FD, HM, and BL were 67.8, 60.7, and 53.7%, respectively (Table 2). These moisture con​centrations were consistent over both years of the study with individual year means generally within 1070 of the mean moisture concentration. Although a significant year

x stage interaction was observed because of a difference in the change in moisture concentration between stages
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each year (Fig. 1), it was not of sufficient magnitude to be of practical significance. The moisture concentrations in this study were lower than those reported by Crook​5ton and Kurle (1988) but were comparable to levels reported by others (Table 2).

Cultivars showed differences of up to 7f1Jo in whole​plant moisture concentration when averaged over all stages. The cultivar effect increased with advancing ma​turity, as evidenced by a cultivar x stage interaction (Fig. 2). For example, at FD, the range of moisture concen​tration among cultivars was 3070. At BL, this range in​creased to nearly 14%. Similar results were reported by Zucula (1989), who measured the range of moisture con​centration of six cultivars to be 6.5% at FD and 8.5% at BL. Apparently; there is a need for calibration of the milk line method for individual cultivars, especially with advancing maturity.

A wide variation in whole-plant drydown rates existed among cultivars. For example, the change in moisture concentration between FD and BL both years averaged 21.1 % for Doebler's 48XE compared to 8.9f1Jo for Pioneer 3475. These changes occurred in 24 and 21 d, respective​ly, resulting in drydown rates of 0.9 and O.4%/d for these two cultivars during this period. Cultivars with slow drydown rates may be preferable for some growers who often encounter harvesting delays.

Neither FD nor HM was the optimum time for the har​vest of all cultivars because of cultivar differences in moisture concentration. Assuming a desired moisture concentration between 63 and 68%, Doebler's 48XE was too dry at HM and near optimum at FD. Pioneer 3901 was also below this desired moisture range at HM but above the range of FD. Agway 473S and Pioneer 3475, the two 105-d cultivars, were at or very near the desired moisture range at both FD and HM. Nevertheless, the milk line relationship should be evaluated for individual cultivars to ensure optimum moisture concentrations. Our results suggest that at the three-quarter milk stage may

70

65

60

55

- 1986


1987

""


".


'.


""". """ ""'"

LSD (0.05) for years within stage8 = 2.0 LSD (0.05) for stages within 8 year= 2.1

50

FD

BL

HM Stage


Fig. 1. Whole-plant moisture for corn harvested at FD, HM, or BL

in 1986 and 1987 at Rock Springs, PA.

be a practical compromise for harvesting the cultivars in this study within the desired moisture range. Because the HM to no-milk recommendation developed by Crook​ston and Kurle (1988) was too late in this study, environ​mental differences apparently influence the relationship between milk line and whole-plant moisture concentra​tion. Our results are consistent with those reported by Graybill (1990) in a New York study that suggests that our findings may be appropriate for much of the north​eastern USA.

Kernel moisture concentration at HM (Table 3) was comparable to the 40f1Jo kernel moisture reported by Afuakwa and Crookston (1984) and the 38070 reported by Zucula (1989) at HM. This suggests that differences in whole-plant moistures measured in our study and those reported by Crookston and Kurle (1988) in Minnesota are associated with differences in stover moisture concentra​tion. In contrast to whole-plant moisture, the range in kernel moisture concentrations among cultivars in our study was relatively consistent among the three growth stages, averaging near 5%. This again suggests that the wide cultivar differences in whole-plant moistures with advancing maturity were associated primarily with differ​ences in stover moisture concentration.

Averaged over both years and cultivars, dry matter yields increased from FD to HM and remained constant to BL (Table 4). These effects were consistent over all cultivars as the cultivar x stage and year x stage inter​actions were not significant. Bunt et al. (1989) also reported no increase in silage yield between one-third milk and BL formation. Cummins (1970) reported that yield

and quality of corn silage was maximized at a moisture concentration of 63f1Jo, which in our study would cor​respond to just prior to the HM stage, Other research​ers, such as Daynard and Hunter (1975) and Perry et al.

(1968) reported maximum yields of whole-plant corn silage to occur near 66% moisture. Our experimental

75

LSD (0.05) to compare hybrids within a stage: 5.1

'. Doebler's 48XE

B Pioneer 3901 ~ Agway 4735

EJ Pioneer 3475

BL

Fig. 2. Whole-plant moisture concentration of four corn hybrids, aver​aged over both 1986 and 1987, harvested at FD, HM, or BL at Rock Springs, PA.
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	Table 3. Kernel moisture concentration for four corn cultivars har-
	Table 4. Wbole-plant dry matter yield for four corn cultivars har-

	vested at three stages of maturity at Rock Springs, P A, in 1986
	vested at three stages of maturity at Rock Springs, P A, in 1986

	and 1987.
	
	
	
	
	and 1987.
	
	
	
	

	
	
	Stage
	
	
	
	
	Stage
	
	

	Y ear/cultivar
	FD
	HM
	BL
	Mean
	Year/cultivar
	FD
	HM
	BL
	Mean

	
	
	% moisture
	
	
	
	tons/acre
	

	Year
	
	
	
	
	Year
	
	
	
	

	1986
	52.0t
	37.3
	32.5
	40.6
	1986
	5.92*
	6.60
	6.48
	5.33t

	1987
	43.2
	36.4
	32.7
	37.4
	1987
	6.34
	6.94
	6.71
	6.67

	Cultivar
	
	
	
	
	Cultivar
	
	
	
	

	Doebler's 48XE
	50.4:1:
	34.6
	29.2
	38.1
	Doebler's 48XE
	5.49
	6.42
	6.32
	6.08:1:

	Pioneer 3901
	47.6
	36.3
	33.9
	39.3
	Pioneer 3901
	5.71
	6.54
	6.14
	6.13

	Agway 473S
	47.0
	39.2
	32.4
	39.5
	Agway 473S
	6.48
	7.31
	6.97
	6.88

	Pioneer 3475
	45.4
	37.3
	34.9
	39.2
	Pioneer 3475
	6.87
	6.90
	6.95
	6.93

	Mean
	47.6§
	36.9
	32.6
	39.0
	Mean
	6.14§
	6.77
	6.60
	6.50


t LSD (0.05) to compare years within a stage = 1.3.

:t: LSD (0.05} to compare cultivars within a stage = 1.7. § LSD (0.05) to compare stages = 0.9.

results indicate no reason to delay harvest beyond the HM stage in our environment.

Both ADF and NDF concentrations generally declined with advancing maturity although there was a significant year x stage interaction for both (Fig. 3). In 1986, both ADF and NDF did not decline after HM, as they did in 1987. These results indicate that it may be preferable to delay harvest at least until the HM stage if lower ADF and NDF are desirable. Hunt et al. (1989), however, reported declining ADF with increasing maturity was as​sociated with declining in situ digestibility. Other studies (Perry, 1988; Daynard and Hunter, 1975) have shown that digestibility remains the same with advancing ma​turity, so the implications of lower fiber levels are un​clear and should probably not be a reason for a delay in harvest beyond HM.

Protein concentration declined, on the average, from 7.6 to 7.10,10 between FD and BL, although the decline

was inconsistent among cultivars (Fig. 4). Only one of the four cultivars, Doebler's 48XE, had significantly low​er protein at HM than at FD. Thus, from the standpoint of protein concentration, harvesting at FD or HM would often result in the highest concentration.

55

50

             45

1 ::::--.

1986

]

1987

LSD (0.05) for NDF between stages within a year - 1.3

40

FD

HM Stage

BL

* Year x stage and cultivar x stage interactions were not significant at

P = 0.05.

t LSD (0.05) to compare years = 0.25.

:t: LSD (0.05) to compare cultivars = 0.37.

§ LSD (0.05) to compare stages = 0.27.

INTERPRETIVE SUMMARY

Based on the results of this study, corn silage harvests for storage in an upright silo, where the desired moisture concentration of the silage is between 63 and 68%, should occur between FD and HM stages of development in the northeastern USA. Harvest timing should be adjusted for different storage structures that may require different tar​get moisture concentrations. This recommendation is sub​stantially earlier than the previous HM to BL guideline used in our area that was based on research done in Min​nesota. Consequently, the milk line method should be calibrated for local conditions. Corn silage harvest at FD to HM will achieve near maximum dry matter yields and forage quality in Pennsylvania and usually result in an acceptable moisture concentration in the silage. Because of cultivar differences, neither FD nor HM was an ap​propriate harvest stage for all cultivars. As a compromise, corn silage harvest at three-quarter milk stage could result in silage from most cultivars close to the desired moisture concentration range. This study confirms that the milk

30

1==-​

    25

LSD (0.05) for ADF between stages within a year - 1.0

20

FD

HM Stage

BL
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Fig. 3. The ADF and NDF concentrations for corn harvested at FD, HM, or BL in 1986 and 1987 at Rock Springs, P A.



6.0


Doebler's 48XE
Pioneer 3901
Agway 473S
Pioneer 3475


Hybrid

Fig. 4. Protein concentrations of four corn hybrids harvested at FD,

HM, or BL in 1986 and 1987 at Rock Springs, PA.

line is a reasonable guideline to predict harvest timing for corn silage provided that producers are aware that there will be some variation due to cultivar and local con​ditions.
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