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ABSTRACT

Present experiment was conducted at the field of Gyeongnam Agricultural Research and Extension
Services in lJinju city for two continuous cropping seasons to develop several adaptable and valuable
year-round forage-producing system for elevating self-sufficiency and dollar-saving by reduced importing of
crude forage. Twenty cropping systems were tested in experiment using whole crop barley (WCB), oat, rye,
Italian ryegrass (IRG), and triticale in winter season and corn, sorghum, sorghum x sudangrass hybrid, and
oat in summer time. Sorghum x sudangrass hybrid showed highest fresh forage yield among experimented
summer season crops, and followed comn. Com produced the most dry matter yield, and followed
sorghumxsudangrass hybrid, sorghum and oat in order. There was no significant effect of former winter
crops on fresh and dry matter production succeeding summer time crops. Among Wwinter season forage
crops tested, oat showed the highest fresh and dry matter when clipped on mid-May, and followed
triticale, IRG, rye and WCB. Winter-time cultivated crops showed no clear effect on the growth and
forage (fresh and dry matter) producing ability of following summer crops. There was the most protein
content in oat plant among summer season planted crops, and in sorghum for acid detergent fiber (ADF)
and in sorghum x sudangrass hybrid for neutral detergent fiber (NDF), respectively. While, com showed
highest value of relative feed value (RFV) and total digestive nutrients (TDN) among those crops. Among
winter crops, the highest crude protein was in oat plant showing no significant differences of ADF and
NDF, while, relatively higher value of RFV was recognized with rye and triticale. Also, triticale contained
more TDN as compare to other forage crops. The cropping combinations such as com followed by (fb) rye
and maize fb triticale were regarded as promising systems having higher dry matter producing ability
among tested combinations. Considering TDN producing potential, the combinations with sorghum x
sudangrass hybrid fb triticale and/or rye were would be suitable ones, coincidently. There was a tendency
which elevating pH, electric conductivity (EC) and organic matter (OM) contents in soil afler experiment
comparing to before planting. More crude protein content in plant was shown at mid-May clipping as
compared to the forage at April cut in all winter season grown crops. ADF and NDF contents were
increased by delayed clipping showing decreased tendency of RFV and TDN in plant. In conclusion, many
cropping systems would be available using above mentioned forage crops according to farmer’s conditions
and scale, etc.
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Table 1. Chemical properties of experimented upland soil

Ttem pH EC OM P,0s Ex.Cat.(cmolc/kg)
(1:5) (dS/m) (gke)  (me/kg) K Ca Mg
Measurement value 6.8 0.39 23.8 570 0.99 6.91 3.05
Optimal range 6.5~7.0 0.30-100 20~30 150~250 0.45~0.55 6.0~7.0 2.0~25
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Table 2. Comparison of growing characteristics and yield of each summer seasonal crops
after cultivation of winter forage crops

Summer crop Plant height No. of plant Yield (kg/ha)
(cm) (per M) Fresh Dry matter
Corn 259" 10° 80,090" 14,130°
Oat 66" 891° 14,590° 3,240°
Sorghum 205° 35° 48,160° 7,080°
SorghumxSG* 299* 33 84,420° 10,570°

* sudangrass.
** Duncan’s Multiple Range Test (5%).

Table 3. Comparison of growing characteristics and yield of each summer seasonal crops
after cultivation according to former winter forage crops

Former winter Plant height No. of plant Yield (kg/ha)
crop (cm) (per m’) Fresh Dry matter
Barley 205+ 222° 53,450° 8,390
Oat 207" 287° 54,310° 8,440
IRG™ 202° 229° 53,780° 8,400
Triticale 212* 229° 60,140° 9,700"
Rye 206° 245° 62,420° 8,840°

* Italian ryegrass.
** Duncan’s Multiple Range Test (5%).
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Table 4. Comparison df growing characteristics and fresh and dry matter yield of each winter
forage crops after cultivation of summer seasonal crops

Winter crop Plant height No. of panicle Yield (kg/ha)
(cm) (/m’) Fresh Dry matter
Barley 730 1,208° 34,210° 9,660%
Oat 79° 2,437° 68,030° 12,930
IRG* 64° 3,119° 58,510° 10,430™
Triticale 110° 1,133¢ 62,810 16,290°
Rye 119° 1,699° 54,240° 15,610°

* Italian ryegrass.
** Duncan’s Multiple Range Test (5%).
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Table 5. Comparison of CP, ADF, NDF, DDM, DM

different seasons

sasigion A, 24 27
2 83.8~

A% OM)L AR FAFER ot
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I, RFV and TDN contents according to

Cultivation Contents (%)
. Crops
time CP ADF NDF DDM DMI RFV  TDN
Comn 9.7 355 54.0 60.3 2.2 102.8 60.8
Oat 10.0 38.5 58.6 58.0 2.0 89.9 584
Summer
Sorghum 9.6 40.7 59.5 56.2 20 87.1 56.7
Sorghum x SG’ 8.0 399 60.5 56.9 1.9 83.8 573
Barley 6.1 384 62.6 58.0 1.9 854 58.5
Oat 7.7 383 66.4 58.1 1.8 81.0 58.6
Winter IRG® 6.8 352 63.9 60.5 1.8 84.4 61.0
Triticale 6.3 33.0 63.2 62.2 1.8 86.7 62.8
Rye 5.1 37.0 60.7 59.1 1.9 87.0 59.6
* sudangrass.

** Ttalian ryegrass.

CP = crude protein, ADF =acid detergent fiber, NDF = neutral detergent fiber, DDM = digestible dry matter, DMI
=dry matter intake, RFV=relative feed value, TDN = total digestible nutrients.
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Table 6. Comparison of the dry matter yield as affected by different cropping combination
between winter and summer seasonal crops

Dry matter yield (kg/ha)

Winter crop Corn Oat Sorghum Sorghum x SG* Mean
Barley 25,080%* 14,1508 14,5608 18,400° 18,050
Oat 26,060°° 16,920% 19,1307 23,380 21,372
IRG™ 24,160° 13,980° 16,250 20,730% 18,780
Triticale 29,390° 20,580 25,290 28,420™ 25,920
Rye 29,410° 19,560 23,870% 28,810 25,412

Mean 26,820 17,038 19,820 23,950 21,910
* sudangrass.

** Jtalian ryegrass.
*** Duncan’s Multiple Range Test (5%).
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Table 7. Promising cropping systems based on the year-round dry matter production among
20 experimented combinations by Duncan's Multiple Range Test (5%)

C C S§SS8S C S € C S 8888 O O S sS8

CS* fb*
R T R T OT B 1

b b fb fb fb b b b b B fb b
R O

0O 8 § O O
b o H fH b b
1 T R O B O I B B I

* C.S.=cropping system, * fb=followed by.

C=Com, S.S=sorghumxsudangrass, S=sorghum, O=oat, R=rye, T=triticale, B=barley, I=Italian ryegrass.
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Table 8. Comparison of total digestible nutrients(TDN) yield by introduction of summer crops

after winter forage production

TDN yield (kg/ha)

Former crop

Com Oat Sorghum  Sorghum x SG** Mean
Barley 11,060 2,180 3,180 6,230 5,662°
Oat 10,520 2,460 4,240 6,730 5,987
IRG* 9,950 1,850 4,140 6,720 5,313.33°
Triticale 10,680 2,380. 5,510 8,040 6,190.00°
Rye 9,880 2,300 5,270 9,270 5,816.67°

Mean 10,420 #+% 2230 4,470° 7,400° -

* sudangrass. ** Italian ryegrass.

*** Duncan’s Multiple Range Test (5%).
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Table 9. Comparison of the total digestible nutrients (TDN) vield of winter forage crops
cultivated after production of summer forage

TDN vyield (kg/ha)

Former crop
Barley Oat IRG** Triticale Rye Mean
Corn 6,540 7,360 7,250 8,630 8,810 7,1?81’
Oat 7,240 7,970 7,590 9,710 9,330 8,368"
Sorghum 6,180 7,350 6,420 9,250 9,270 7,694%
Sorghum x SG* 5,520 8,340 6,710 9,550 8,180 7,660™
Mean 6,370"* 7,555 6,992° 9,285 8,900 -
* sudangrass.

** Jtalian ryegrass.
**#* Duncan’s Multiple Range Test (5%).

Table 10. Comparison of the total digestible nutrients (TDN) yield of summer and winter
forage crops as affected by the different year-round cropping systems

Summer crop (k8/ha)

Wint
mier crop Com Oat Sorghum SorghumxSG** Mean

Barley 17,600%x* 9,420 9,360 11,750" 9,388
Oat 17,880° 10,430° 11,590™ 15,0708 13,742
IRG* 17,200 9,440 10,560 13,430 12,657
Triticale 19,310° 12,090 14,760 17,590 15,937
Rye 18,690 11,630"™ 14,540' 17,450° 15,577
Mean 18,136 10,602 12,162 12,943 -

* sudangrass.

** Jtalian ryegrass.
**+ Duncan’s Multiple Range Test (5%).
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Table 11. Promising cropping systems for the year-round forage production regarding total
digestible nutrients (TDN) yield by Duncan's multiple range test (5%)

C C C €CSSSS CSS S S SS OSSO S s O 0 O s
Cs*fb** b b fb b b b H H H H b H H H H b H H b
T R O B TR I OT R I T B R O I O I B B

* C.S.=cropping system, ** fb=followed by.

C=Com, S.S = sorghumxsudangrass, S = sorghum, O =oat, R=rye, T = triticale, B = barley, ] =Italian ryegrass.
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1931, 009

3 Summercrop WR Winter crop == Total

L)

1 15?1745

WCB Oat IR TriticabeRys

Maize fb Oat b

WCB Oat IR TriticaleRye

Cropping systems

WCB Oat IR TriticalaRyo
Sorghum fb

WCEB Oat IR TriticaleRys

Sorghum*SG

Fig. 1. Comparison of the total digestible nutrients (TDN) yield as affected by different year-

round cropping systems.
*fb =followed by.
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Table 12. Changes in soil chemical properties according to cultivation of winter forage crops

before seeding and after harvest

Winter pH(1:5) EC(dS/m) OM(g/kg)
crop BS** AH*** Difference BS AH  Difference BS AH  Difference
Barley 6.5 6.6 0.1 0245 031 0.07 24.1 249 0.8
Oat 6.4 6.5 0.1 0225 0.29 0.07 23.0 243 13
IRG* 6.3 6.5 0.2 0.24 0.35 0.11 233 25.1 1.8
Triticale 6.5 6.7 0.15 0.21 0.36 0.15 225 233 0.8
Rye 6.5 6.7 0.2 0215 036 0.15 23.0 25.2 22
Mean 645 6.6 0.15 0227 0334 0.11 232 24.5 1.4
* Italian ryegrass.
** before seeding.
**% after harvest.
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Table 13. Effect of clipping times on dry matter percentage of winter forage crops cultivated

after summer crops

Dry matter (%)

Summer crop Winter crop

Mar. L.**** Apr. M. May E. May M.

Barley 19, 1%k 18.7°¢ 22.2% 28.3°

Oat 18.4™¢ 15.9" 15.2° 18.0%

IRG ** 18.2"¢ 16.5" 13.4° 19.5%

Comn . ’ cd b
Triticale 21.2° 18.8°% 23.0 254

Rye 18.6¢ 22.1*¢ 27.8% 29.6*

Mean 19.1 18.4 20.3 242

Barley 18.7* 19.5% 20.7° 29.2°

Oat 19.1%¢ 15.9" 14.6° 19.2%

IRG 17.4% 16.1" 13.9° 18.0%

Oat " ac bd cd b
Triticale 20.3 21.2 23.2 252

Rye 16.9° 23.4° 23.1¢ 28.5°

Mean 18.2 19.2 19.1 24.0

Barley 19.1%¢ 19.2% 24.4%¢ 27.6%

Oat 20.0*¢ 16.9% 13.7° 18.4%

Sorghum IRG 17.7“2 15.5" 13'9; 17.4:
Triticale 19.9° 203 222 253

Rye 17.3% 222 28.3° 29.6°

Mean 189 18.8 20.5 237

Barley 19.8*¢ 19.2%f 250" 276"

Oat 19.5° 17.2% 15.0° 20.3°

SorghumxsG* RO 18.4> 149 14.1¢ 16.5°

Triticale 20.5% 226" 22.8% 27.9%

Rye 17.7°¢ 21.7%¢ 24 3% 27.5%

Mean 19.4 19.1 19.4 24.0

* sudangrass, ** Italian ryegrass, *** Duncan's Multiple Range Test(5%), **** L=ate, M=middle, E=early.
p
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Table 14. Effect of clipping times on dry matter yield of winter forage crops cultivated after

summer crops

Dry matter yield (kg/10a)

Summer crop Winter crop

Mar. L.” Apr. M.’ May E. May M.
Barley 266.5°" 658.7%F 777.5" 991.3¥"
Oat 146.55 614.0°" 849.0e-i 1,227.3¢
com IRG ** 114.2 401.3gh 556.6' 1,081.8°"
Triticale 488.5° 1,071.8° 1,374.9" 1,513.7
Rye 684.7° 1,331.0° 1,135.5"¢ 1,545.5*¢
Mean 340.1 815.4 938.7 1,271.9
Barley 224.5 6707 862.1% 1,097.3
Oat 197.5°% 691.7% 963.8%% 1,328.8%
Out IRG 118.2" 437.7% 631.4" 1,132.5fg
Triticale 495.8° 1,350.8" 1,466.3a 1,702.8°
Rye 717.5° 1,608.2° 1,268.1°° 1,637.0%°
Mean 350.7 951.8 1,038.3 1,379.7
Barley 193.2°" 540.8% 701.65* 937.0"
Oat 180.5" 740.7° 892.9°" 1,224.5
Sorghurn IRG 123.2% 406.3% 588.9" 957.8%"
Triticale 429.7% 1,242.5 1,198.4™ 1,622.5%
Rye 640.0° 1,385.5° 1,143.0b-¢ 1,625.8%
Mean 3133 863.2 905.0 1,273.5
Barley 212.0¢ 579.7 721.07 836.7
Oat 171.8" 703.5% 853.05 1,390.0°
SorghumxSG’ 106.0° 383.8" 605.2" 1,000.8g-i
Triticale 362.7¢ 1,252.8° 1,215.4% 1,675.0°
Rye 693.3% 1,347.0° 1,024.1F 1,435.0%
Mean 309.2 853.4 883.7 1,267.5

* sudangrass, ** Italian ryegrass, *** Duncan's Multiple Range Test(5%), **** L=ate, M=middle, E=early.
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Table 15. Comparison of the CP, ADF, NDF, DDM, DM, RFV and TDN contents of
winter forage crops as affected by clipping times

Clipping , Contents (%)
. Winter crop
time CcP’ ADF NDF DDM DMI RFV TDN
Barley 15.8 25.0 52.8 68.5 2.2 116.8 69.1
) Oat 16.1 22.9 51.5 70.1 2.3 1249 70.8
Middle
) IRG * 15.5 204 435 72.1 2.7 150.9 72.7
of April
Triticale 16.4 213 47.0 714 2.5 138.3 72.0
Rye 9.8 379 64.5 58.4 1.8 814 58.9
Barley 6.1 384 62.6 58.0 19 854 58.5
Oat 7.7 383 66.4 58.1 1.8 81.0 58.6
Middle of
M IRG 6.8 35.2 63.9 60.5 1.8 844 61.0
E)
y Triticale 6.3 33.0 63.2 62.2 1.8 86.7 62.8
Rye 5.1 37.0 60.7 59.1 1.9 87.0 59.6

* Italian ryegrass

** CP=crude protein, ADF=acid detergent fiber, NDF=neutral detergent fiber, DDM=digestible dry matte,
DMI=dry matter intake, RFV=relative feed value, TDN=total digestible nutrients.
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