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Changes in Quantity and Quality of Winter Cereal Crops for

Forage at Different Growing Stages
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and Ki-Hun Park

ABSTRACT

This study was to optimize the harvest time of several winter cereal forage crops. Barley, rye, oat,
triticale and wheat were evaluated for the quantity and quality of hay and silage at four different
harvesting stages, including heading, 10 days after heading (DAH), 20 DAH and 30 DAH. Barley and
wheat harvested at 20 DAH, and oat and triticale at 30 DAH showed maximum dry matter yield. Crude
protein content of barley, wheat, triticale and oat decreased significantly with advancing crop maturity.
Mean crude protein content was the highest in rye and the lowest in oat. The NDF and ADF content of
barley, wheat, triticale and oat decreased with late harvest, while rye increased. Maximum total digestible
nutrients (TDN) content was recorded in barley and wheat harvested at 20 DAH, in triticale and oat at 30
DAH, and in rye at heading. The maximum TDN content of silage, 66.98%, was recorded in barley,
followed by wheat, triticale, oat and rye. However, The crude protein, NDF and ADF of silage was 1 to
4 times higher than those of hay. In this study, barley harvested at 20~25 DAH, wheat and triticale at
30 DAH, and rye at heading provided a good compromise between dry matter yield and forage quality. At
this stage, a sufficient quantity of fodder with moderate forage quality was obtained.

(Key words : Winter cereal crops, Growth stage, Forage, Yield, Nutritive value)
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Table 1. Species of winter cereal crops
used in this experiment

Species Variety
Barley Yuyeon
Rye Gogu
Oat Samhan
Triticale Shinyoung
Wheat Keumgang
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Table 2. Changes in chemical compositions of winter cereal crops for forage according to
different growing stages

Chemical composition (%)

Species Growing Hay . Silage .
TE  eewm NDFADF (MR CMS NDF ADF RN
Heading 1045  5331°  3041°  22.90° 13.32°  59.42°  36.06° 23.36°

107 9.85° 5207° 3099 21.08 1211 5034* 3262 17.72°

Barley 20 834" 4152 2385° 17.67° 9.57° 4594° 27.16° 18.78
30 8.59° 4299 2576° 17.23° 923"  46.44° 2674 19.70°
Mean 931°% 4747 2775 1972  11.06* 5054 3065 19.89"
Heading 929  58.14° 3368 2446 1292  57.15° 3827 18.88%

10 9.73* 5056 2897 21.59®  10.60° 5148 3237° 19.11°

Wheat 20 6.72° 4323 2504 18.19° 971 4431° 2860° 15.71°
30 724" 4256 2374 18.82° 930°  4549° 2899°  16.50"
Mean 825" 48.62° 27.86° 2077 10.63*® 49.61° 32.06° 17.55
Heading  827°  57.03* 3263 2440 10.42°  61.38° 4078  20.60°

10 750"  55.18° 3346 21.72% 8.62° 5974 3870° 21.04°

Triticale 20 7.06® 5041°  29.65° 20.76™ 8.15" 58.03° 3838  19.65b°
30 6.56° 4573 2777  17.96¢ 7748 4817  31.79° 1638
Mean 735%  52.09*® 30.88°C 21.21 8.73° 56.83*® 37.41** 19.42
Heading  8.12° 59.66° 34.53° 25.13° 1039° 6248  37.69° 24.79°

10 717 5724%  3599° 2225 8.87° 60.72*° 3799*° 22.73*

Oat 20 6.50°  56.82® 3425 2257 832" 5380° 34.12® 1968
30 6.13">  55.08° 3323° 21.85° 774" 4933°  3060° 18.73°
Mean 6.98° 57.20* 34.25® 2295 8.83° 56.58° 3510° 21.48
Heading 14.39° 5447° 33.13° 2134  1246° 5512 3806° 17.06™

10 1221%  5875°  37.83° 2092 10.09°  6243° 4374 18.69

Rye 20 966"  61.74° 4051 21.23 10.94°  61.63° 4423 1740
30 737°  63.15° 4207 21.08 9.50° 64.46° 4596  18.50
Mean  1091* 59.53* 3839* 2114 10.75*® 60.91* 43.00* 17.91

* Day after heading (DAH). NDF=neutral detergent fiber, ADF=acid detergent fiber.
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Table 3. Changes in feed value of winter cereal crops for forage at different growing stages

Feed value
Species Growing Hay Silage
Stage  TDN** DMD** DMI** gpy#* DN DMD DMl .
(%) (%) (%) (%) (%) (%)
Heading 64.88° 6521°  225° 113.79°  6041° 60.81° 202  9520°
10 64.42° 6476  230° 11569°  63.13%  6349" 238° 11732
Barley 20 70.06°  70.32° 2.89° 157.55° 67.44> 6774 261° 13717
30 68.55"  68.83" 279  14894®  67.78° 68070 2.58° 13635
Mean 6698 6728  256° 13399  64.69* 65.03* 240° 121.51*
Heading 6229° 62.66°  2.06° 10026  58.67° 59.09° 2.10°  96.18°
10 66.01° 6633 237  122.04®  6333" 63.68° 233" 115.08"
Wheat 20 69.12°  69.39°  2.78% 14932  6631° 66.62° 271*° 139.86
30 7015*  7041°  2.82° 153.89°  66.00° 66.32° 2.64* 13561
Mean  66.89* 67.20* 251*  131.38%  63.57"" 63.93*® 244* 121.68%
Heading 63.12° 6348  2.10°  103.55  56.68° 57.13° 196"  86.59"
10 6247° 6283 217" 105.93°  5833® 58.75® 201° 9149
Triticale 20  6548® 65.80° 238%  12143°  5858%® 59.00° 2.07°  94.58%
30 6696° 67270 262° 136.83°  63.79° 64.14° 249" 123.86
Mean  64.51"® 64.85"° 2.32*%  11693*" 59.34% 59.76°C 2.13*® 99.13*®
Heading ~ 61.62"° 62.00™ 201° 96.67°  59.12° 59.54° 1.92°  88.65°
10 6126  61.64 2.10° 100.18*  58.89° 59.31° 198"  90.86
Oat 20 61.84 6222 2.11° 101.86* 6195 6232 223* 10776
30 6265  63.01 2.18 106.42° 6473 6506 243" 122,69
Mean  61.84°C 62.22°¢ 210°  101.28°  61.17°% 61.56*® 214" 102.49*®
Heading 62.73°  63.09°  2.20° 107.75*  58.83* 5925  2.18"  100.00°
10 59.01% 5943  2.04® 94.10° 5435 548" 192°  8169"
Rye 20 5690° 5734 194 86.40°  53.96° 54.44° 195 8218
30 5566°  56.13°  1.90° 82.68° 5259 53.10° 1.86°  76.63°
Mean 5858 59.00°  2.02° 92.73° 5493 5540 1.98° 8512°

*Day after heading (DAH). ** TDN=total digestible nutrients. DMD=dry matter digestibility. DMI =dry matter
intake. RFV=relative feed value. *** Means with different superscripts in the same column differ significantly
(p<0.05). ™ Non significant.
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