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Study on Cropping System and Nitrogen Fertilizers of Whole
Crop Barley and Leguminous Crop for Production of Good
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ABSTRACT

To improve the forage quality and reduce nitrogen input, trial was conducted on the effect of seeding
method, combination, and nitrogen fertilizer with WCB (whole crop barley) and leguminous plant. Present
experiment was carried out by split-split design having seeding methods for main plot, combinations for
sub-plot, and nitrogen fertilizers for sub-sub plot with three replications. When WCB and leguminous plant
were mixed-sown, WCB showed earlier heading and maturing than those of inter-sown, and the more
nitrogen delayed growth stage a little. Occurrence of BaYMV (Barley Yellow Mosaic Virus), a serious
disease caused by soil fungi and decrease barley yield, was deterred by mixed-seeding as compared to
inter-sown barley a little. Inter-sown WCB increased the number of spike per m’ as compared to
mixed-seeding showing more spikes with nitrogen increase. WCB produced much fresh and dry matter
yield at mixed-seeding than inter-seeding, and had advantage with hairy vetch (HV). Increased nitrogen
showed much forage yield, however, half application of it is considerable for environmental-friendly
farming. Electric conductivity (EC) decreased in inter-cropping or mixed-sowing soil with WCB and
leguminous crop after harvest. But, organic matter (OM) content of soil after harvesting was vice versa.
Acid detergent fiber (ADF) and Neutral detergent fiber (NDF) of WCB plant were higher at mixed-seeding
than those of inter-sown ones. It showed increased tendency with time progress.

(Key words : Forage, Inter-cropping, Mixed-Seeding, Whole crop barley, Leguminous crop)
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Table 1. Chemical properties of upland soil used in the experiment

Item pH EC OM P,0s Ex.Cat.(cmolo/kg)
(1:5) (dS/m)  (gkg)  (mgkg) K Ca Mg
Measurement value 6.8 0.39 23.8 570 0.99 6.91 3.05
Optimal range 65~7.0 03040 20~30 150-~25 045~055 60~70 20-~25
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Table 2. Changes of chemical properties of the soil at early growth stage and after harvest
according to seeding methods, seeding combinations and amount of nitrogen

fertilizer

. . Nitrogen pH EC OM

metodt compinatons 10U (L:3) (d5/m) (e/ke)
(kg/10a) BS® AHY Diff® BS AH Difff BS AH Diff.
HVY 0 73 74 0.1 043 028 015 219 231 12
+ 39 74 74 00 045 031 0.14 224 240 16
Mixed- Barley 7.8 75 76 0.1 042 035 007 215 231 16
seeding cMV? 0 74 75 0.1 051 026 025 228 243 15
+ 3.9 73 75 02 0.55 027 028 232 243 1.1
Barley 7.8 72 74 02 043 029 0.14 222 223 0.1
HV 0 74 74 00 036 026 01 223 235 12
+ 3.9 73 74 0.1 041 030 0.1 229 236 07
Inter- Barley 7.8 73 74 0.1 042 032 .01 232 242 1.0
seeding CMV 0 74 76 02 041 035 006 224 226 02
+ 3.9 73 74 0.1 047 031 0.16 229 247 1.8
Barley 7.8 74 75 0.1 0.63 028 035 230 233 03
Barley single cropping 7.8 74 75 0.1 047 031 0.17 223 235 1.2

Y HV : hairy vetch.

“ AH : After harvest. % Diff. : difference.

? CMV : Chinese milk vetch.

% BS : Before seeding.

—199—



Kim et al.: Forage Production with Whole Crop Barley and Legumes

oF A 8 Fo| o 54 WHIdE
Z3tolct pH| W= HF A 739 w4
8 ¥ 742 oA wolE A¥E RYY §
3], A-d3 2elE Eudt A9 7] £
9] pH7} EobA= ZA¥Felglch EF] EC #%
< ZE AYA sF ARYE 8 Fo @
otzich. oA oiE AlEAE A wHek= o
& gE AE 2P+, ol 2HAE &9
of g Aa Au|Fe] o)A 7]|QldE A
22 AASUG. {F715RdAY AadFE
TAAES ALuAH FEEeY 7S Hy]
2] Agow FE3] IRE 4 Yoy
(& 5, 1995; dtit2t P4, 1971; Whitehead,
1970; Wana % Miller, 1978), )23t o]
o 739 U157l Rz =z
E2 493%E Afstz  glch(Chalk, 1996;
Cummins, 1981). 77]& ¥ Evhe} 7ML
P& o {272} 87 2ol AF
+ B30 53|, THEH e E9E @

=2
ArgE

gheko.

" o

73

A

ol s kel 1% o}
EC 3te WolAlE A%E Yshygich

ko

i

N
=]

. IEEUHHY Eabzxgel wE HE2l 4]

Eopi, 23 9 A Al BE 27)
RSS2 (Table 3), slojevx|s} 2
£ E9sigE o, Bee £do] oa £33}
Ao}, g (EE)E AR Aoz Yepgo
Eujel Hrele] £3o] tha EFIPM,
ol slojelw|x| st EejA Al &3 A
o2 34k meldA A dske B
AdAael vy a4y AL Evxil
Aiglol EalollA wAo] Azt o] 7] o
& A5 23 Aoz nyrt v 345
W (BaYMV)2 Polymixa grammisth= 33l
23 wiAEE vlo]g 2z Bejold ARt 4
P4 adle] Hm glow, dabal I ihAe]
Azl=lEd, ol dRFEHE ¥ HEIHY

Table 3. Comparison of agronomic characteristics of the early growth stage and BaYMV
occurrence according to seeding methods, seeding combinations and amount of

nitrogen fertilizer

3
Emergence

Before wintering

Seeding Seeding Nitrogen Pl No. of .C.o Id BayMv”
- amount ant 0. 0L No. of injury
methods  combinations Vetch Barley  height panicle 0~9)
HV V 0 1 2 13.6 708 3.1 1 1
+ 3.9 1 2 13.1 622 2.8 1 1
Mixed- Barley 7.8 2 13.4 728 3.1 1 1
seeding cMv 2 0 2 1 132 745 3.0 3 1
+ 3.9 2 1 133 730 3.0 3 1
Barley 78 2 1 139 663 3.1 3 1
HV 0 1 1 16.1 519 3.1 3 3
+ 3.9 1 1 15.8 580 2.8 3 3
Inter- Barley 7.8 1 1 15.1 579 3.0 3 3
seeding MV 0 2 ] 168 553 32 3 3
+ 3.9 2 1 162 600 29 3 3
Barley 7.8 2 1 16.4 619 3.1 3 3

Y HV : hairy veich,
Y1 : good, 2 : nil,

2 CMV : Chinese milk vetch.
? BaYMV : Barley Yellow Mosaic Virus.
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Table 4. Comparison of the growth stage, number of maximum tiler and plant height
according to seeding methods, seeding combinations and amount of nitrogen

fertilizer
. . Nitrogen Growth stage Maximum ) . Plant
Seeding Seeding amount  Head Nt filler Lodging  Spike height
methods  combinations cading turng 0-9 o./mz)

@100 dwe  de Qo) 00 T e

Hv " 0 23 April 31 May 1468 0 622 81

+ 39 24 April 31 May 1,608 0 732 85

Mixed- Barley 78 25 April 1 June 1943 0 713 85

seeding cMV 2 0 24 April 30 May 1,642 0 640 81

+ 39 24 April 30 May 1,950 0 682 86

Barley 78 25 April 31 May 1,840 0 797 85

Hv 0 24 April 30 May 1,775 0 1,025 84

+ 39 26 April 1 June 2,118 1 1,217 85

Inter- Barley 78 27 April 2 June 1915 1 1455 86

seeding CMV 0 24 April 30 May 1,738 0 963 85

+ 39 25 April 31 May 1,992 1 1,322 84

Barley 7.8 26 April 1 June 2,107 1 1,362 86

"Hv: hairy vetch,

P CMV : Chinese milk vetch.
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Table 5. Comparison of nutritive value according to seeding methods, seeding combinations
and amount of nitrogen fertilizer in plant cut in mid May

Seeding Seeding I:i;rggg Nutritive value (%)
methods combinations (kg/102) ADFY NDF? TDN®
HV" 0 382 63.1 56.2
+ 39 358 56.7 68.8
Mixed- Barley 7.8 39.1 59.8 65.0
seeding cMV? 0 37.9 575 64.2
+ 39 40.4 53.0 64.4
Barley 7.8 31.0 563 70.3
HV 0 37.9 59.6 55.4
+ 3.9 413 529 61.3
Inter- Barley 7.8 37.8 573 65.7
seeding CcMV 0 39.2 60.1 63.9
+ 39 39.6 58.3 67.2
Barley 7.8 38.8 56.6 729
Barley single cropping 7.8 40.8 64.5 62.7

Y HV : hairy vetch, » CMV : Chinese milk vetch. ¥ ADF=Acid detergent fiber,

“ NDF=Neutral detergent fiber,
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Table 6. Comparison of acid detergent fiber (ADF) contents in different cutting times
according to seeding methods, seeding combinations and amount of nitrogen fertilizer

Seeding Seeding Nitrogen Acid detergent fiber contents(%)
methods combinations 3:201%:) April May June
HV" 0 26.64 40.30 4821
+ 39 30.42 31.70 35.89
Mixed- Barley 7.8 3333 3147 49.10
seeding CcMV? 0 31.11 38.32 37.90
+ 39 34.83 38.27 50.40
Barley 7.8 34.36 44.41 31.04
HV 0 26.29 3436 47.90
+ 39 25.20 40.78 41.36
Inter- Barley 7.8 28.16 28.86 37.81
seeding CMV 0 23.96 30.77 39.22
+ 3.9 26.15 30.27 59.64
Barley 7.8 23.58 34.83 28.84
Barley single cropping 7.8 29.58 33.93 40.80

"HV : hairy vetch, ?CMV : Chinese milk vetch.

Table 7. Comparison of neutral detergent fiber (NDF) contents in different cutting times
according to seeding methods, seeding combinations and amount of nitrogen fertilizer

Seeding Seeding I‘;igg‘%ne:l Neutral detergent fiber contents(%)
methods combinations (ke/10a) April May June
Hv Y 0 52.92 69.76 73.16
+ 39 53.86 54.90 56.74
Mixed- Barley 7.8 51.69 65.33 69.89
seeding cMmv ? 0 50.49 60.23 57.58
+ 39 53.28 60.97 73.01
Barley 7.8 53.28 71.06 56.31
HV 0 47.52 54.01 69.65
+ 39 53.32 58.88 62.91
Inter- Barley 7.8 4438 62.77 5731
seeding CMV 0 40.69 55.80 60.11
+ 39 39.16 50.29 78.34
Barley 7.8 34.66 62.73 56.61
Barley single cropping 7.8 52.83 61.03 64.54

"HV : hairy vetch, ? CMV : Chinese milk veich.
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Table 8. Comparison of total digestive neutriens (TDN) contents in different cutting times
according to seeding methods, seeding combinations and amount of nitrogen fertilizer

Seeding Seeding I‘ii;fgfg? Total digestible nutrients contents (%)
methods combinations (kg/102) April May June
HV " 0 76.39 62.74 56.27
+ 39 73.95 70.10 65.83
Mixed- Barley 7.8 71.41 70.18 55.00
seeding cMy ? 0 74.03 64.58 64.24
+ 39 68.96 65.06 5445
Barley 7.8 70.13 60.04 70.37
HV 0 76.19 68.22 55.46
+ 39 76.26 63.30 6135
Inter- Barley 7.8 73.61 72.33 65.74
seeding CMV 0 78.08 70.91 6391
+ 39 76.60 71.30 47.23
Barley 7.8 74.85 67.61 72.90
Barley single cropping 7.8 73.09 68.23 62.75

"HY : hairy vetch, 2 CMV : Chinese milk vetch.
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Fig. 1. Changes of the acid detergent fiber
(ADF) contents in different cutting times
with time progress in plant according
to seeding methods.

* MS : mixed-seeding, IS:inter-seeding, SS:barley single

cropping.
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Fig. 2. Changes of the neutral detergent
fiber (NDF) contents in different cutting
times with time progress in plant
according to seeding methods.

* MS : mixed-seeding, IS : inter-seeding, SS: barley single

cropping.
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Fig. 3. Changes of the total digestible

nutrients (TDN) contents in different

cutting times with time progress in

plant according to seeding methods.

* MS:mixed-seeding, IS:inter-seeding, SS:barley single
cropping.
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Table 9. Comparison of the fresh and dry matter yields according to seeding methods, mixed

combinations and fertilizer nitrogen

Seeding Seeding Nitroge? Yield (kg/10a)
methods combinations (211(12011(1)1) Fresh Dry matter
Hv " 0 4,258 930
+ 39 4,235 953
Mixed- Barley 7.8 4,423 1,089
seeding cMy ? 0 2,860 910
+ 39 3,760 1,179
Barley 7.8 3,767 1,171
HV 0 3,777 934
+ 39 4019 917
Inter- Barley 7.8 4,125 1,037
seeding CMV 0 2,721 785
+ 39 3,194 834
Barley 7.8 3,156 959
Barley single cropping 7.8 4,344 1,276
LSD(5%) Seeding method - ns ns
Mixed combination — 380.9 ns
Nitrogen amount — ns : 55.6

Y HV : hairy vetch, ? CMV : Chinese milk vetch.

—205-



Kim et al.: Forage Production with Whole Crop Barley and Legumes

FE AR $3te] Hxe 9wt Pueje)
ol £ Aneel A4 Eujs} 71
zZt 5 P e % s R
FARRE Aot

P E Re O3 vjsle Eu) 9l
2 33 o] HRIAY Wokewn, Eu)
7t 74l vl Aot AEF L TDN ¢
o] vk w3ttt FHejeu|x)et Rele Es}
T7F A4 2o EuhTo) uldle] Al
T wey AT % TDN 392 A4
I Hele] EppellA xoieh As A
2 Aol UE4E Ao A AT 2
23 TDN % 33| w9kon, 53] A7
Helo] Ex 2HNM ALE 7.8kg/10a A¥]
g oA TDN o] xsteh 7HRel A& 3
ojguix|e} ®e] 74 9 Ae-gd we 7}
=38 22| o u)3te e AEF 9
TDN 4% 3] w@gtew, soje)ux)e} ne
= 2ol AR e g 2@} A
A5 AEZ @ TDN oA tht $53

ZFE vepdigliah szt A,
AEF, DN % Z5F AolE AT +
Qo 2yt Zelle dojulAgte Ay
xo] Arde] ¥R APl
or, Ak Au|F Aol wE FAHE
AedsFAMs Aol AT + glen,
A2 e A APl S7H1EeE A
5%l 371k A¥%E 23tk ¥ TDN
FFA] FRe, AR N w3
on, Ax AEFe] WoPd$E TDN +9%E
woMle 2A%E 29k A S20022 99 +
slojeul|x] Esjellx A o] w]s] E3A
2k gl TDN o] Eopzlen, B o
AZFFE S7RIRL, B3 A 0)(195)=
S5 Rl vl slefeEa] Eat S
8 AF+%F 3 DN £3< S7HIzde &
R e At

Table 102 x2] @}t HJr2jg #oje
A2 e AR A2 Tk 23§
s 5z 9 Ax £5E2 47

Table 10. Variation of fresh and dry matter (DM) yields in different cutting time according to
seeding methods, seeding combinations and amount of nitrogen fertilizer

Seeding  Seeding Nitroge? Fresh yield (kg/10a) DM yield (kg/10a)

methods  combinations (alx(rg/ol%r;) April May June April May June
HV P 0 2,554 4258 2,700 398 930 1,147
+ 39 3,108 4,235 2,879 457 953 1,361
Mixed- Barley 7.8 3,656 4,423 3,956 511 1,089 1,660
seeding CMV ? 0 2,429 2,860 1,167 390 910 895
+ 39 3,488 3,760 1,325 522 1,179 1,095
Barley 7.8 3,415 3,767 1,429 502 1,171 1,170
HV 0 2,825 3,777 2,461 368 934 1,040
+ 39 3,349 4,019 2,074 456 917 958
Inter- Barley 7.8 3,586 4,152 1,870 478 1,037 877
seeding CMV 0 2,194 2,721 1,158 361 785 853
+ 39 2,852 3,194 1,311 430 834 1,007

Barley 7.8 3,226 3,156 1,351 455 959 979
Barley single cropping 7.8 3,261 442 1,869 442 1,276 1,275
LSD(5%) Seeding method ns 90.6 ns ns 161.5

Seeding combination ns 380.9 ns 309.9 ns ns

Nitrogen amount 427.5 109.3 469.0 55.6 ns

YHV . hairy vetch, 2 CMV : Chinese milk vetch.
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Table 11. Variation of the dry matter (DM) and total digestible nutrients (TDN) in different
cutting times according to seeding methods, seeding combinations and amount of
nitrogen fertilizer

. . Nitrogen April May June

Seeding Seeding

methods ~ combinations ~ 2mount DM TDN DM TDN DM TDN

(kg/102) (%)  (kg/10a) (%) (kg/10a) (%) (kg/10a)

Hv Y 0 15.6 263 21.8 614 425 696

+ 39 14.7 302 228 629 423 757

Mixed- Barley 7.8 140 337 24.7 719 47.0 898

seeding oY\ 0 16.1 257 31.8 601 76.8 591

+ 3.9 152 345 314 778 82.5 723

Barley 7.8 14.9 331 31.1 773 81.9 772

HV 0 139 243 24.7 616 428 686

+ 39 136 301 238 605 46.6 632

Inter- Barley 7.8 133 315 250 684 46.6 579

seeding CMV 0 16.5 238 28.8 518 73.6 563

+ 3.9 152 284 26.0 550 76.9 665

Barley 7.8 14.0 300 255 633 72.5 646

Barley single cropping 7.8 14.0 415 455 763 835 842

LSD(5%) Seeding method ns 59.7 106.6

Seeding combination ns ns ns

Nitrogen amount 36.7 72.1 ns

Y HV : hairy vetch, ? CMV : Chinese milk vetch.

Table 12. Analysis of interaction variation between the yield and treatment in different
cutting times, according to seeding methods, seeding combinations and amount of
nitrogen fertilizer

Source vFresh matter ' Dry matter . TDN
Aprii May June Aprii May  June Aprii May  June
Method (S) ns ns ns ns ** *x ns * % *x
Combination (C) ns ** ** ns ns ns ns ns ns
Nitrogen (N) *ox * ns ** * ns ** * ns
S*C ns &k ok ns * Aok ns * %%
S*N * ns ns ns * * ns * ns
C*N * * ** ns * ns ns * ns
S*C*N ns ns ** ns ns *x ns ns *x

*, ** . Significant at 0.05 and 0.01 levels, respectively.
ns =non-significant.

o¥gra, AE 9 TDN %L 498 AYstn go}, AE 2 TDN M E F4d& v
T 1= FoAe] A= 9 23 el stk Ak AnE el 497 59
ol 597 64 AHelleFolAut fejide] Yl g el Ao, AE 2 TDN $FlA
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