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Summary

This study was carried out to investigate the effects of nitrogen rate and

nitrogen splitting  application on the growth characters, vield and chemical

composition of Japanese millet.

A

1)

The results obtained are summuarized as follows ;

The effects of nitrogen rate on growth, yield and chemical composition.

Days to heading delaved from 84 to 90 days as nitrogen rate increased

from 0 to 250 kg/ha.

Plant height increased from 144 to 183 cm with increasing nitrogen rate.

However, there was no significant difference between 200 and 250 kg/ha.

Increasing the N rate from 0 to 250 kg/ha increased fresh forage vield from
373 to 33.0 t/ha, dry matter(DM) vyield from 6.76 to 1267 t/ha, crude
protein vield from 0.47 to 1.21 t/ha and total digestible nutrient(TDN) yield
from 346 to 7.18 t/ha. llowever No significant differences in the these

vields were found between 200 and 250 kg/ha.

Nitrogen uptake increased from 75 to 194 kg N/ha but N use efficiency

deceased from 90 to 65 kg DM/kg N with increasing N from 0 to 250 kg/ha.

Crude protein content increased from 6.9 to 9.6%, ether extract content
from 4.2 to 5.1%, nitrogen free extract content from 385 to 40.2% and
TDN content from 51.27 to 56.70% but crude fiber content decreased from
395 to 359% and crude ash content from 109 to 9.1% as nitrogen rate

increased from 0 to 250 kg/ha.



The effects of splitting nitrogen application on growth, yield and chemical

composition.

Days to heading delayed from 84 to 88 days as split application of N

increased from 0 to 5 times.

Plant height increased from 152 to 183 cm as split application of N
increased from 1 to 3 and then decreased to 156 cm at 5 split application. A
similar pattern held for leaf length, leaf width, and stem diameter. Leaf

number was not affected by the number of the split application.

I'resh forage vield increased from 43.7 to 50.3 t/ha, Drv matter yield from
6.96 to 11.99 t/ha, crude protein yield from 0.47 to 0.89 t/ha, and TDN vield
from 3.80 to 6.81 t/ha and then decreased to 45.3, 7.51, 0.63 and 4.43 t/ha,

respectively at the 5 applications.

Nitrogen uptake increased from 75.1 to 101.3 kg N/ha but N use efficiency
decreased from 92.8 to 74.1 kg DM/kg N with increasing N from 0 to 250kg

"ha

Crude protein content increased from 6.4 to 84%, ether extract content
from 5.7 to 6.19%, nitrogen free extract content from 30.17 to 34.7° and
TDN content from 48.0 to 53.0% but crude ash content decreased from 10.2
to 8.0% and crude fiber from 389 to 355% as the number of splitting

nitrogen application increased from one to five times.
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Patraset Pinaru(1983)3> 33y AR 2FS A Al A4 A ] ek A F3 2] Ao
Mz 10k 10a, ZF5-Fol WS Aol Mz 27ke/10a Ao 7F A =ik o] ol
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Nz ok dti(Cho 5, 1993; Cho 5, 1999).
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AzAvle 3 5o spw ARIE 44 Rl Ao Rasn 5
Tz ARBHAA He Fad A%e Al Wm, e B 4RI B

TONEM FF FA8 40 o) A ZHSongin, 1985).

Mohamed Saleen(1972)#} Vicentechandler(1974)< 3t 3} AR 22 & QAAboln
Zhel Rk FAaAy gz ofg- Avka s o1, Niegaus(1971)9F Colver %
(1977),3= d ok vhe ghtat Absizbige] AATAo i Ho 2@ A g3k &
T kil 3%a Rhykend 5(1969) 3Rt Hozti o] A aaju ke oAt

150~200kg/ha s> ¥l vh sl aFdvk, Zrelan 31(1995)& f-2lvhekell A} 3]o] 2 uj Al o)

-~

A AHEE 100~ 170ke/has dFed gbF A wlujiis 500 dFal, ubml 509
iDoHl R Sk glo] WREAaE S TUiAF 4 dvhar i

ale) A Ak 3 Eoll upel el A v(Johsondt Cummins, 1967), A %3 4|
Aol A5- 100kg/ha, 4 9-Fo] e Aol M3z 270kgha®l & A U7t shy} A}

o) Mz R AEFd S mRAeelar sl wat Aol we &

thelliefel A v Aofel wate] Ayl dke] i o BaE L 9izd],
Cho “&(1998)% Abii-g ralel A1, Cho®t Yu(1993)iz 4=vtirebsol A, Park i
(1996) & 42570l 300kg/ha 2 AU 7} 2 go] 215, Az @ dmiaby
(AT A AN R Rl

M 1999)8 H Al o] 0, 70, 140, 280, 420ke/ha o it F7hghol ujel

reed canarvgrass® Z#y A4

P
o

rybE ek oMo Frhshel
(P<0.05), Fat 278 7hzh 39, 42, 50, 61, 7T2emit, A7 AR 52o zhzh 4540,
0,316, 6,060, 7923, 9,960kg ha 0.5, “re}il vkl e $here- 7h7h 176, 174, 174,
IR, 198% 5 SrobBubal ahluh, = A& 44 ked DNES7HELE Aoy 45
of otd e E Frlehi: Aol ot A o] FrtgaE Mk dus

- A Ak stobron = xol NDFeF ADF 5 A4 3 robxla TDN3t 4

WAV ZFA(RFVP) &= 7F438Fdvhar Basbolul, eh(1985)2 fEdg(nri= 2 A 2
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Table 1. Monthly air temperature and precipitation during the growing season of
1999 with the 11-year (1988-1999) average.

Air Temperature ()

Precipitation (mn)

Month 1999 10-vr avg.
Max. Mini.ﬁ W;\‘Iezm Max.  Min.  Mean 1999' 10-vr avg.
June  Earllk 229 136 179 239 140 196 353 2859
Middlie 244 162 202 250 169 209 682 7697
Late 257 204 228 256 189 221 1102 8705
Sy Early 319 224 270 270 204 237 102 75.95
Middle 301 227 262 294 26 260 178 3597
Late 2.0 195 223 301 230 263 1167 62.30
Aug.  Early 329 241 281 299 233 267 515 60.3
Middle 320 232 274 350 230 257 17 909
Late 254 179 213 279 279 MR 672 8277
Sept.  Early 281 184 227 272 205 240 0 599
Middle 269 190 224 250 188 219 966 2705
Late 238 182 208 231 172 202 2594 65.81




Table 2. Chemical properties of experimental soil before cropping.

Organic  Available Exchangeable cation(cmol /kg) -
pH EC
(5 matter P.Os (dS/m)
(%) (mg/kg) Ca Mg K Na
5.40 8.36 195.4 0.32 0.16 0.45 0.06 7.26

-

A L. AxA o] w & A Foe] Y{ubs, 3 2 AL W3}

A2 S ha® 0, 50, 100, 150, 200, 250kge] 670 F& o2 sto 5006 b
EAL A 50% e 79 309l AlEstdTh. Aak(RAQu) it Ze(@Erte) s
7}7} 100kg/haol dld bz 4S st 2 Mol Alu]stct.

bz 1999 9 6ol ZF A F oA xAe] F7HQ 15MAES M A EY
2 594 9F A7 2 BAE 58 CH1988) HeAlg AE A FEo £
dtol xAtatlom, PEAEZHLE P2 A ZHA(SPAD-502, Soil Plant Analysis
Development : SPAD, Section, Minolta Camera Co., Osaka Japan)& A}&3e] ¥
Foll M z=AratATh 2 2 Alg 7o Fhel M 33m(180cm X 180cm) & E Y E W
ol Zem ol2 dlH3tel HxE AN U, 500g9] AEE 80T FEAE7
M ABAY AFAA HEFTE had FZFo 2 3aratgct

WA CP), ZAM(EE), 2AR/(CF), Z3£(CA) % 71¢Fd2

=3
| 2482 2mAE A2 AEE o83l FENETY FAVeATA BE

(<

AR EAH1996)0] F3ted i, JFAs R E(TDN)S Wardeh(1981)7F A
Al gt =20 o]3le] A&l
TDN(%)=-17.265+1.212CP(%) + 2.464EE(%) + 0.835NFE(%) + 0.448CF (%)



)

ENE H3

AR, AN & AFoe Yguke, 533

A

oH

o

F, 45, AT WY 2 AgT WA 52 AF 13 2o
AFT A e E 3 R ubsh 23 AHEA NS Bel(d
e A7 100ke/haol et ¢ Wa sjuz Assac

i)

e

A
M

<

Table 3. Description of split N application to Japanese millet at Jeju, 1999.

No. of N applications N rate ?:; l;i;))plication Tirr()ga;:i I:t z;;)oﬁic:gti)ons
1 200.0 O(at sowing)
2 100.0 0+15
3 66.7 0+15+30
4 0.0 0+15+30+45
5 40.0 0+15+30+45+60
2o dAzabeh 2R #A Y NET Advides A3 FAY PWon

43 3k o,

_10_
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Table 4. Growth characteristics of Japanese millet harvested on 6 September as
affected by N rate.

. Plant Leaf Leaf No. of Stem SPAD
N rate Days to ) . . .
o . height length width  leaves per diameter reading
(kg ha) heading
(cm) (cm) (cm) plant (cm) values
0 84" 144 36.9 1.9 8.8 0.45 349
50 85 155 40.7 2.2 89 0.54 38.8
100 87 165 43.2 24 10.6 0.61 431
150 88 176 455 26 11.0 0.69 47.2
200 89 181 46.1 2.8 12.3 0.75 50.4
250 90 183 46.8 29 125 0.76 52.4
LSD(5%) 2.2 2.6 15 0.1 1.8 0.06 15
CV(%) 14 0.9 1.9 25 8.2 5.0 18

" 23 August

FrbA e A Aol Frbdel wel 2o Ao 5714
ol A7t FHFel A g4dolR oyt AaAn o] Frhte] wal HaHozw 7
o} 2 A 250kg/ha A 2 A1u] Fell A 90U 2 A AE Y},

24E FulTAM 1dengl 2, AaAF Fobel wel Yamoz Aol 200,
250kg/haAlBloll A ZkZ}b 181cm, 183emZ & Holou F Aln]F7re] oL ¢l

3

AT AF, AE, A5 L ANY 5 27 Wk vjxy

_11_



A A 369cem, F=F 19cm, AR 04cem, % 88/MA o AlH| o] =7}o) u}
2 BE ¥ SASIHI, had 250kg A AAIM T A G 46.8cm, = 2.9cnm,
A9 12570, 427 0.8cmA}.

B OAGelA AA FAe weh AFe) J5A50 AR, Yo HHA
1€ W 54o) zohy EFzUNAE F Au, Fudo) s P 54
= 719" e wolAY, AFEE fukd) vistel F9Bdol mam, HAHE

FoRA HZ fFAgo] Be EY 54 wio Fa Fu Aot A ez

Al Aolo] ohe g HelFY, ABSY, 2uWAsR U TDNF

& 3 50 dEth

Table 5. Yield characteristics of Japanese millet harvested on 6 September as
affected by N rate.

Fresh forage Dry matter Crude

N rate byiel | ¢ —Vg . " protein  TDN'vield N uptake  NUE’
(ki/ha) i - yield (t/ha) (kg N/ha) (kg DM/kg N)
t/na) (t/ha) ,

(t/ha)
0 373 6.76 047 3.46 7.1 90.0
50 11.3 7.9 0.62 422 9.1 80.1
100 443 9.37 0.76 5.03 121.7 77.1
150 48.3 10.13 0.87 558 1385 73.2
200 52.7 12.48 1.15 7.02 1842 67.7
250 33.0 12.67 121 7.18 194.2 65.2
LSD(5%) 12 0.66 0.08 0.21 49 1.1
CV(%) 14 37 53 2.1 20 08

" Total digestible nutrient
" NUE, nitogen use efficiency: DM, drv matter



2

had 2SI AxFFS FulFolA 2hzF 373, 6.760/hacld ZHol HA
vlg Z7lo] wel HaHoew FHFEAM, 200~250keha Al TFAX R ol
53.0t/ha, AEFEL 1267t/ FFHA.

had ZEMASLSI TDNFZE A2 9 AxFHo wge vxd F&oldd
th, & FulFo A 2uw A= 047t/ha, TDNF #F& 346t/ha@d 2ol AW &
o] Z73tel wet HarHog F7hslo] 200~250kg/ha AlMITAl M T E
2 121t/ha, TDNF#ZF2 oF 7.18t/ha®2 T4 5 A

had AAFFES Fu 7oA 751kg FH Aol AlHlgFol F7hgol whet 250ke
/ha AH ol ME 1942kg 0.2 F7hSIACE ey A4 o] & EELS Fu| oA
90.0kg DM/kgl e o] Alujgko] Z7hgbel whe} stobxd A 250kg/ha*} ] 7ol A =
65.2kg DM/kg o 2 stopzith,

B oAlgol M AAE ha® 50kgol A 200kg o2 F Aol whel AlFde) Bx, A

of @A F7hE AL A& uheh ol U AxF

b

M

F
J

B
-
o}
ol

Fol W7HE BAS Hol: e /¥ Ao AzsUow AFEe N4, B

oF o] Az Y wio A Fulyt AFA H FHFE R FH4AZ A
o AzyEdo) ARty o gEI AgES 384 F HFA 297 S =
HAoz a2 9=, Patras® Pinaru(1983)S 33} AlazEe] 42 dx

g 2ol A 100kg/ha, ZF#Fo] @2 2ol A= 270kg/hae] HAAEAM Hx

HAzAu g apolol} whe vk EAW 244, £33 % TDNFFE =4

sk Avbz i 60l M veERd U

_13_



Table 6. Chemical composition of Japanese millet harvested on 6 September as
affected by N rate.

Crude Ether Crude Crude Nitrogen

(\i:?]zt) protein extract fib¢r ash free extract TBST
(%) (%) (%) (%) (%)

0 69 42 395 109 385 51.3

50 78 45 38.6 10.1 389 231

100 3.1 46 384 99 39.0 537

150 8.5 49 376 94 395 5.0

200 9.2 51 36.3 9.2 40.2 6.2

250 9.6 5.1 359 91 404 3.7

LSD(5%) 0.1 0.2 0.3 0.1 04 03

CV(%) 0.8 2.3 05 0.8 0.8 0.3

b, 2AW, SV ALE, TDNS A&Aud Z7bel me} y™oz
ol At ZAgolith Ful ol ZUMAtY 69%, A WL 42%, 7HEF
Tbel mek FAHom Frhwlol

~250ke/ha oAU ol Zum gL 9206~96%2, EA WL 77}

2 109% % TDN-2 51.3%A o Aju|a

olN

51%, 7F&FHAE & 40.29%~40.4%, TDNL 56.2%~56.7%2 Z7l5= ZHaolq)

s wrglE oA uj o] Frrge] wel wolo FAlu]polA zAM S
39.5%, £33 F 109% AT RAo] Alu|EEZ7te] wa HaxpHOoZ YolziA 250

kg/ha HAA W] Tl M 2HRFTF 359%, 23RS 9.1%A

—

2 APl A g 50kgol N 250kg/hao. 2 Ful el wel zuw zxw
ALEe 37HE3 =AY 23R o] gy Axe 8

_‘?_
tAZe wd Pl g 42L& g & (Frey$t Horer, 1957) &4

Y
flo
F>
re
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Table 8. Significant regression equations between agronomic characteristics.

Independent character

Dependent character

Regression equations

Plant height

Leaf length

Stem diameter
Fresh forage yield
Dry matter vield
Crude protein vield
TDN vyield

Y**=0.244X+2.347
Y**=0.0104X-1.114
Y**=0.413X-23.046
Y**=0.153X-15.598
Y**=0.018X~-2.187
Y**=0.092X-10.013

Leaf length

Plant height

Stem diameter
Fresh forage vield
Dry matter yield
Crude protein vield
TDN vyield

Y**=4.028X-6.743
Y**=0.042X-1.168
Y**=1.636X—-24.723
Y*= 0.596X-15.755
Y**=0.072X-2.229
Y**=0.364X-10.318

Fresh forage vield

Plant height

Leaf length

Stem diameter
Dryv matter yield
Crude protein yield
TDN vield

Y**=2.354X+59.059
Y**=0.566X+17.179
Y**=0.025X-0.517
Y**=0.382X-7.575
Y**=0.045X-1.195
Y**=0.226X-4.960

Dry matter vield

Plant height

Leaf length

Stem diameter
Fresh forage yield
Crude protein vield
TDN vield

Y**=5.781X+109.521
Y**=1.366X +29.560
Y**=0.063X+0.008
Y**=2531X+20.688
™**=0.116X -0.289
Y**=0.581X-0.379

Crude protein vield

Plant height

Leaf length

Stem diameter
Fresh forage yield
Dryv matter yield

Y**=50.923X +123.20
Y**=12.123X+32.710
Y**=0.546X+0.160
Y**=21.923X+27.00
Y**=8.538X+2.600

TDN vield Y**=5.023X+1.080
TDN vield Plant height Y**=10.173X+112.059
Leaf length Y**=2.436X+ 29.983

Stem diameter
Fresh forage vield
Dry matter vield
Crude protein vield

Y**=0.109X+0.0425
Y**=4.365X+22.283
Y**=1.695X+0.790
Y**=0.198X-0.211
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Table 9. Growth characteristics of Japanese millet harvested on 6 September as
affected by the number of split N applications.

No. of N Days to  Plant height Leaf length Leaf width O °f Stem
L . leaves diameter
application heading (cm) (cm) (cm)
per plant (cm)
1 &' 152 39.9 2.3 9.8 0.43
2 84 174 40.8 24 99 0.64
3 85 188 42.4 26 10.0 0.67
4 86 175 418 B 99 0.63
) 88 156 40.4 2.3 9.8 0.51
LSD(0.05) 2 3 1.3 0.1 NS 0.13
CV(%) 1.1 1.0 16 2.7 5.6 12.3
"3 August
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Table 10. Yield characteristics of Japanese millet harvested on 6 September as
affected by the number of split N applications.

No. of N Fresl?' forage Dry .matter Crudev. protein TDN yield N uptake NUE'
application ()tl(;lj ) (};/Tf) (};’Lk‘]l;ld) (Uha) (kg N/ha) (kg DM/kg N)
1 43.7 6.96 0.47 3.80 75.1 92.8
2 46.7 10.18 0.74 5.72 118.0 36.3
3 50.3 11.99 0.89 6.81 142.9 83.9
4 47.7 10.21 0.81 5.92 129.8 787
5 45.3 751 0.63 4.43 101.3 74.1
LSD(0.05) 15 0.77 0.05 0.37 79 26
CV(%) 1.7 4.3 3.7 3.7 3.7 1.7

" Total digestible nutrient
! NUE., nitrogen use effeciency; DM, drv matter
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Table 11. Chemical composition of Japanese millet harvested on 6 September as
affected by the number of N applications.

No. of N Crud'e Ether Crude Cmde Nitrogen TDN'
application protein extract ash fiber free extract (%)
(%) (%) (%) (%) (%)
1 6.7 5.7 10.2 389 30.7 48.0
2 7.2 58 9.2 37.7 32.6 50.0
3 7.4 59 8.8 376 329 50.7
4 79 6.1 84 36.5 33.7 519
5 8.4 6.1 8.0 355 34.7 530
LSD(0.05) 0.23 0.1 0.1 0.5 06 0.2
CV(%) 1.63 09 0.7 0.7 1.0 0.2

" Total digestible nutrient
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Table 13. Significant regression equations between agronomic characteristics.

Independent character

Dependent character

Regression equations

VI’];ml height

i Leaf length

Stem diameter
Fresh forage yield
Dry matter yield
Crude protein vield
TDN vield

Y* =0.065X+30.138
Y**=0.008X-0.711
Y**=0.163X+19.182
Y**=0.140X - 14.344
Y**=0.010X-1.048
Y**=0.081X—-8.3676

I,L*af length

Plant height

Stem diameter
Fresh forage vield
Dryv matter vield
Crude protein vield
TDN vield

Y* =13.593X—-389.069
Y**=0.103X-3.671
Y**=2.365X—-50.386
Y* =1.886X—-68.058
Y**=0.153X-5.569
Y* =1.117X-40.559

Fresh forage vield

Plant height

Leaf length

Stem diameter
Dry: matter -yield
Crude protein yield
TDN yield

Y**=5.815X-102.611
Y**=0.401X+22.314
Y**=0.045X—-1.546
Y**=0.808X-28.347
Y**=0.063X-2.249
Y**=0.476X~16.932

Drv matter vield

Plant height

Leaf length

Stem diameter
Iresh forage yield
Crude protein yield

Y**=7.110X+102.365
Y* =0.454X+36.799
Y**=0.053X+0.061
Y**=1.140X+35.969
Y**=0.073X+0.016

TDN vyield Y**=0.575X-0.075
Crude protein vield Plant height Y**=91.200X+105.220
Leaf length Y**=6.400X+ 36.580

Stem diameter
Fresh forage yield
Dry matter yield
TDN vyield

Y**=0.700X+0.070
Y**=15.600X+35.800
Y**=12.700X+0.490
Y**=7.500X+0.070

TDN vield

Plant height

Leaf length

Stem diameter
Fresh forage yield
Dry matter yield
Crude protein yield

Y**=12.254X+103.870
Y* =0.804X+36.784
Y**=0.093X+0.063
Y**=2.019X+35.978
Y**=1.718X+0.241
Y**=0.129X+0.015
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Fvkis BHak g Cho $(1998)2 Sudangrass#l 3Eo] 250kg/hagl AAE 5

i vptro] ZAEE S Wl EAB 7 ol wat HaHow xRl Al
AFd 4% & WiE gAol At 893, Cho E(1999)& A58 Fai:=
250kg/ha®] HAE 432 5ol EAEUS W7t 2¥E AP, BE FAo] &
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& HA A3 WolRel whEl A&o) ZAHYUE Bu%E tH(Edwards,
1971; Marten, 1935; Johson® Cummins, 1967).
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