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Effect of Seeding and Nitrogen rates on the Growth characters, Forage
yield, and Feed value of Barnyard millet in the Reclaimed tidal land

Jae-Bok Hwang, Park Tae-Sun, Park Hong-Kyu, Kim Hak-Sin, Choi In-Bae, and Bae Hee-Soo
Crop Production and Physiology Division, National Institute of Crop Science, RDA, Wanju 55365, Korea

ABSTRACT. The Experiments were conducted by moderate season culture of each of early, medium and late maturing varieties
which were considered to be of strong salt tolerance in low and high salty reclaimed areas (0.2% at the May). This study was
carried out to investigate the proper nitrogen fertilizer level and seeding rates at reclaimed saline land in Korea. The proper seeding
rates were 40 kg ha™ in 0.2% saline land. The dry matter production of barnyard millet was possibly estimated by exponential
functions of Y = 0.0098X*+ 0.7030X + 2.6267. Effects of nitrogen rate on agronomic characteristics, forage yield, and chemical
composition of barnyard millet to reclaimed tidal land are summarized as follows: The proper nitrogen fertilizer level was 200 kg
ha™ in 0.2% saline land. N was absorbed actively before the emergence of the barnyard millet but showed relative decrease
thereafter. The early growth of the barnyard millet was inhibited, resulting in the favorable late growth, increased panicle weight
and ratio of matured grain. These results suggest that barnyard millet is the most forage crops for cultivation on reclaimed tideland
in view of the good emergence and forage production.
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M = sh= Zlo] viAsith A F7HA ZHARIoR 24 7
A W ge] Solow weks) gtk Teu A A3
AR 9] elold Matel] wet AR AR A 5 ol Aol Qlol APANFS SESAY = R
5 IS 9T AratEo] GYAES A Qlrk 2k AIE sk Qs Agolth(ung et al, 2014).
A BeA|oh Aeld] YAl it /AR Fe S R ARAR YA Sl 2o 2R
al

o] P53t AR AE § BATBEUA ZYE Golsltt.  AFE FHL 2014d0] 2000ha B FHtw ek
A B A EPST AT W V1B UFOR  (MARRA, 2015). THHA] B 2| 4 A &
A S YERiTh EY A 2 2 ARl S4=0] 7hssttEie Al Age 2 qlste] A Heto]
N7 vk ]
RS =

A= R

A A9 ASIAA = ofF WAkl WA 1] ARAE Za 2ok sHe
o A5 BWaol hFHWA 57 o g9 thuistel 1E ol g8

W, 22 gof A0l I APRRE vgoR B2 o BaKol F715ti qlrk(Park et al, 2012). 7EA) 5
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o7 Wsto] whet A iRk FAIsHEA At G
t 2 ZHHA] B
A U= AAoltt o
+ oE AFRAHE Bl ezt §olskar 2-37d el
At A ARo] 7hHggh o] wiEe)] A|lFEel SR oA of
24 Hojxtm ZHEE AEjE)ar 2Itk(Cho et al., 2001). Shin
et al. (2004) 7HH A5 Ho=m o] &3 A5 tin|sto]
AtEg T E g R AFEATE sk, AlRE 1
of thal UvkzERoA Y TF47], A4 o= 2 A
Aol Tt AL 5238519 chH(Cho et al, 2001; Lee et
al., 2015).

Asg me] A A 7 FolH 2 ALT] we
Ago) ol 45T girk. w34 BT} ko] w8 s}
T REAL A2 Aot o] 27lo] Helgh AupE
o & A getol, vl Bl &7 2ol Hgelol
7} 8ok (Baker, 2003; Ball et al., 2004; Chun et al., 2016). &
T A%o el V|EAE Fa1, Aol @ dx, 2
AR 2= o] 88 4= Sl AFRAER AfHiE AL Slct
(Cho et al., 2001a).

wheba] ZH Ao AL g 1] QPEAIALS S8 A A
o, THEeS PHstel S 2R AR WA 57 4
S S 98 714 Bastad d.
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AES T Ml % ARAE
A A ARG 5] A 2R Al 2 SRS
FshaA A5 Bok Askwe] SIXsh Syt
AR AHEAS] Sl S A
o AHEH AL To] AT AFARE e Rl et

o] A% wEF = HOH ha g 10, 20, 30, 40 1]
L 50kgs =072 uhEelgl o, AU AlE (2015)2 ot
TF A (2016) 22t 4 skt 59 Aol 27HA Y
£ 40cm= 5Fo] 2uSEQITE E3 A AH|E FES 9
3l haid 22~ 100, 150, 200 ¥ 250 kg© 2 7]H] 70%, 2L
] 30%2 EAI5F 00, Ayl ZhejH|E HRFrH|R A
Boteleh. d<s719] AsAbs AE 1057 3RHEC R &
254 A F AT ZAL7]|Z=(RDA, 1995)9] % (F3F)
AP El wsith 95 & SdYH, 2547 5 ASE5A

3} sake 2AAL.

R AfFHet] AFAT} A7 EE 2
C W32 24313t (RDA, 2000). pHS} EC
AR} 252 LS 153 dlo] 3057 Agst

5. pH meter (ORION, US/520A)& o|-&3f A= 9 #
7] Arryos Z4sqrt.

MES Ho| £ U AEIIX 2A

o U AR R4S Slo) T L A Aulgd

AEg me) PEed 9 Arsbae Baskelt ARS
Fe 24 T 579 Aol olFstel Sk, AR
BAL Q17 SASSAE BRAR B oj2islo]
SR, S8 A RS A G844 (ADF),
%/\g%u]]%% J4]7-(NDF) &2 Georing¥} Van SosetH]

Sk, 7143k A S (TN

88.9-(0.79xADF)2 AAFs|o] AF=31SItH(Jung et al., 2014).
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LZHHX| M AtEE I IIE}IHHHM HY mEy 1y

AE A B o|3lsHS HH(Table 1), pHE U2
4E Holn, EJR7|E ¥ ﬂa& 19-2.1g kg 0. & ot
A2 4715 FeF 25-30 g kg o] H]EtH oo wro Sz
ATHNIS, 2007). A 1A SHFE 31-34mg kg'o.2 U
573712 80-120 mg kg ol v]3HH w9 %3 22zo0]
Table 2= A&-7]171% 719 W 7] 0] w}2 A3 EA9]
= #31E Uehd Zlolth Lee et al. (201502 Afuta 7t
2o A ZF-oll ofsl Ast9l= A ol o 94cm
A At o 7S 712telE A 165 cm 0|57t
A ghekehar sielk. #Jsh=9]¢] S71ek @A Alska=2] EC
E3 FolAl= Ao Ak S Ao
Ae= B AHAsE @49 FAZA Az &8 5
ATFIL sh3ATt.

AFANHE G ) AFEE 1) Kok A] ok Ay
SEAS HH(Table 3), Qs ulEeko] Zrlatp-2 o
orom, IHEL 41-42% ALY}t A4E ghEdfo] 2}
Sl ol 2AFS upEdko] WeE =ylslg] ot
50kg ha™'ofl A= #h2skqich. BEaFo]l Wtd 50kg ha
oA EBR] 27} 30|t} AEEE T2} 40 kg ha o] A]
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Ko (2002)= mlEafo] Z713H~2 221o] 72 2L 1] 9]
ANAZE LA RR O A B, oFE Z0] AdlEo] ZaA

A AR ALl SHA o] o 7] wimolzk
= AYE Aok A oA 27 o] Fopfiths Hile
Cho et al. (2001b)2 2] ol A], Lee and Kim (1980)> ¥
)41, Han and Kim (1992)2 Aol &2 A¥E Hil
gk v} Qlt}. &4=7]+= 20kg ha' o] 4] 8 11¥0]%laL, 50kg
ha™ 8¢ 15U & akgo] SIS 49 A A=t Back
et al. (2006)& B9 -9 GFFLtol= 2ol gllor,
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Table 1. Soil chemical properties of site before and after the experiment.

Ex.-cations (cmol kg™)

Divisi pH OM Av. P,0Os
ivision i i
(1:5) (gkg™) (mgkg™) K Ca Mg
Before 79 1.9 34 25 1.1 24
After 6.8 5.7 67 0.4 1.9 2.3
Table 2. Variation in groundwater table level and groundwater salt content monitored in the reclaimed tidelands.
May Jun. Jul. Aug.
Experimental field
Ea* Me?’ La* Ea. Me  La. Ea. Me  La Ea. Me  ILa
Precipitation (mm) 201 19 5 - 542 661 26 74 236 55 349 19
No. of raining days (day) 3 2 1 0 3 4 4 4 6 1 3 2
Salt concentration (%) 004 010 003 007 005 004 004 001 003 004 003 006
*Early, "Medium, “Late.
Table 3. Emergency rate and forage yields of barnyard millet as affected by seeding rate in the reclaimed tidelands.
Seeding rates Pl 2 Seeding Plant height” Culm L{)dglng . heading
(kg ha) ants m emergence (cm) (No.m™) resistance Jate
(%) ' (1-9)
20 246 42 166 304 1 Aug. 11
30 362 41 175 402 1 Aug. 11
40 482 41 184 500 2 Aug. 13
50 602 41 179 614 3 Aug. 15
780 days after seeding.

“Lodging resistance: 1 = excellent or strong, 9 = worst or weak.
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Y=-0.0098X?+0.7030X+2.6267(r°=0.92, P=0.0411)
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Fig. 1. Dry matter yield as affected by nitrogen rate in the
reclaimed tidelands.

% 59 2 gF & e F oy 7HA] 23 o
ot 2, AlR AE2 UASE pRfdo] Erhs B
7} W-o.d|(Tasuke and Yasuo, 1975), A|5X] 2ol 4] Cho et al.
(2001a)2 2] Auf A] TFF2 90kg ha oA 150kg ha™
2 71 A%, A, od a2 SrkE o, T
oo T Sk= ARAEY RS Rolgloka B
AT Y= )

HR A oA ArEG 1] FYYARS 3l 59 Aol
% 40kg ha'S TE51H AEFSOE 14.2-157 E ha' A
Aol E|Qict. 2%t ot 552 EH(Fig. 1), I55F 10 kg
ha'o| A= 8.6% ha™', T3 20kg ha'o| A= 11.7Eha™,
30 kg ha 'oflA= 12.9% ha™', 21731 40 kg ha o4& 15.1 kg
ha™ iro= 7H Wty RNhg FA414 36 kg hatlol
A 2 dessfo]l FAE U 59 Aol 3 Al
571 o] BaaE =ojA= AEeldlt ol ¥
3} AFef o] 3] AL Y = 0.0098X2+ 0.7030X + 2.6267C.2 &
A= ATt

FFE A7 E H W (Table 4), 3g-o] 212 20-30kg
ol Al Thax 0kaL, ulgo] kR WolR|= koSt
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Table 4. Crude protein (CP), acid detergent fiber (ADF),

neutral detergent fiber (NDF), and total digestable nutrient
(TDN) of barnyard millet as affected by seeding rate.

Table 6. Crude protein (CP), acid detergent fiber (ADF),
neutral detergent fiber (NDF), and total digestable nutrient
(TDN) of barnyard millet as affected by nitrogen rate.

Seeding rate CP ADF NDF TDN' Nitrogen rate CP ADF NDF TDN”
(kgha™) (%) (%) (%) (%) (kg ha™) (%) (%) (%) (%)

20 10.4 399 68.4 57.4a* 100 11.1 39.4 65.4 57.8b

30 10.8 394 66.2 57.8a 150 11.5 39.5 69.5 57.7b

40 11.1 41.5 67.8 56.1b 200 12.2 382 68.4 58.7a

50 10.6 434 68.7 54.6¢ 250 12.8 37.4 70.7 59.4a

"TDN(%) = 88.9-(0.79xADF).
*Means with the same letter are not significantly different at 0.05
probability level.

Table 5. Agronomic characteristics of banyard millet as affected
by nitrogen rate.

. Plant height ;
Nitrogen (cm) Culm heading L(-)dglng ]
rate i) resistance
1 (No.m™) date
(kgha™) 626 713 (1-9)
100 69.4 109.2 254 Aug. 10 1
150 79.6 123.1 274 Aug. 10 1
200 102.4 126.7 319 Aug. 10 1
250 99.5 127.3 351 Aug. 8 1
Un-treated  34.0 65.9 173 Aug. 15 1

“Lodging resistance: 1 = excellent or strong, 9 = worst or weak.

MUZHEX| M A2 E I Z|THR{uiA| M EAAH|E 7

A=A S ) AHg 9E 49 279 355k o
of T8 Al &2 Table 59 2t} 79 13U (5 £ 80%)
of 242 HH, Aln[EFo] WEaE 242 250 kg ha™'of|A]
1273 cmZ 7P A3, A5E 3517 m22 7 Wkt A
R o] e Aot 2L MRS Ju|eh B
H| 2 EAJSle o 7418 oiv] 28 F&=9] Zpol7} QUSl
th E57]= Al AJH|Eo] 7P g Aol A 71 8
o 8d& 7P wgtom AA A 2|47} 100-200 kg ha™ A
Sl Apol7t glglont Fulvh 7 R Agow 5
o] 27} QAT AR AR 2jie) 2 ko] o]
oA =EL B= Ao A QIRlTh Al AAREE AL
Ao AR x oY SEg(de)R A
2 Abe AibEs 597) leiAe AuHdE 5o &
S8 2714 Bart ek me Fujgo) 7 # ojyet
Z4x0) Alg-of thsfiA e vz, Ao AlH|Fo] =g 7
S EE7] 9] gasn], A% 2710 QoiA AEA)
NO;-N 3FFS S7HXIth & A4E 170kg ha'7h2] AJH]
SHH Aol T o] Ampsfo] S7H=E 9o 220kg ha A]§- A
ofl= o] WolA]= ZaFol2kal 3tk(Cho et al, 2001b).

“TDN(%) = 88.9-(0.79xADEF).

Table 7. Agronomic characteristics and forage yields of barnyard
millet as affected by nitrogen rate in the reclaimed tidelands.

Nitrogen Plant Stem Stem Dry
rate height length diameter i

(kgha™) (cm) (cm) (mm) (tonha™)
100 168.8b 149.9b 194a 14.3b
150 169.9b 150.0b 18.2a 15.3a
200 180.2b 158.7b 19.7a 16.6a
250 196.7a 175.0a 20.1a 16.9

Untreated  136.3c 117.5¢ 18.2a 9.4¢

AEg So) AR S ctolry] Slste] 279 2
ES EA4%E ik Table 62 Aol 240R-0F 2379
o] =il AT 11.1-12.8%% UER AL o] AL
BE OBV =& AR wHE G Aa AJH|FEY
zlolof| w2 CP 3FeF2 11.1%0 A 12.8%= 2718},
TDN 3t Z+e ZH3Fo| it} Cho et al. (2001a)2 A
AlBlEFo] S7F S Ao fA1Y CP 2 S7HE RS
U 24l e Aaskilrtal Harskqlar, das A
o] Z7VE e A FFo CPet AR T
F7HE = W, AR 237 RS AAE AT B
WBFGTE = AJFolA A AlHEO] WEE &, B9
O] AHd3h Aot o4 & AT W HSETF RHE B
Follxfe] A4 2 AlH]EF2 200kg ha We|&2 AYZt=]m,
H &7t 322 79 100-150 kg ha 7} A4 Ao g2 et
=it

g o) KT} L HE(Table 7), ARG 7]
A8 1 250 kg hat ABIoA 23 o) frejHo
2 fom, 72 Aol folol Yt W hALE
S 915 ) ApEelA 2k 2ol 22t 1846 cm,
169.8 cmz Alm-g 1 Aulj A] A2 H|ZE 200kg ha™
of sl Wu, ofgk Aokt 1A Eoke] EAA o
S 9§71 Bl Aolo] ola Ao wth Az
Gere 147 MR 100004 250 kg ha! AIE Aol g

r

T




128 S, - Al - Bkt

. Z15kA]

- 2ol - ufsi

L= S IR

Table 8. Dry matter yield, crude protein yield, N uptake, and
NUE of barnyard millet as affected by nitrogen rate

Nitrogen  Crude protein N uptake NUE'
rate yield - 1. 1
(kgha’)  (tonha’)  (k8ha)  (kgDM'kg'N)
100 0.44 20.7 69.1
150 0.44 23.0 66.5
200 0.55 30.9 53.7
250 0.54 30.0 56.3
Untreated 0.28 122 76.9
YNUE: Nitrogen using efficiency.
“Dry matter.
dom, Az FaFe Aad vlg 150014 250kg ha™' Al
Bl A Zfo] 7} QI L FAIE ] 2 R

200 2 250 kg ha™! AJH]o|A] 16.6% ha™', 16.9% ha'2 43%
A& =3Ut Cho et al. (2001a)> HESTFo] FA Ao
Al 6.765 ha'o]QlaL, A4 AJu|EFo] Frhge| whet Hab
o7 Z4x|o] 250 kg/ha AJH]TLO A 12.67%/ha o] 3O
U 200 kg ha™ AJB]FLo| A= 12.48% ha 'S & 72|t 2}o|
7F fiokar g A A2 s Adlot

AtE-E 7] 9] A AH|EFE Aol 3-8 HH(Table ),
ZE] RF(CP)Y2 A=t vttt AdFes Fda
Tol Al 0.28F ha'o|¢d Zlo] A4 250kg ha™ AH]FHo]|
A 0.54% ha'o] %]t} Lee and Kim (1980)= Z 4 150kg
ha'74A] AlulgFo] BE45 CP srafo] Zrhetehal e
9lth. TDN $8F2 6.09-10.87% ha! W90 9J¢la, A&
T vt kol dnh A AlR|ERo] BEaE A
S Aa o] FUIEER Aa FegS 7R
FALT A AEZe) et A o] 8aE&-2 Al AH|FF
| s WobA R4 122kg ha™ o|H A
o] 200 kg ha™ A|B]7o) A= 30.9 kg ha'g=t], A4 gHeF
Hoh= e 55l o 2 92 ok A=) dig A
4 o] A ES Ad AJH|[FFo] WSS Wolx FEAT
oAl 76.9kg DM kg ' & Zo] A4 200kg ha' AJH]|Lof
A& 53.7kg DM kg'o]RIT}. Baek et al. (2005)2 24 Al

[*]

u7k o] 23, Wohs L A A ol B I
OR WA HEL TS F2A7 hupe B3

3% =

o] gijlojets AT AT

(o] 5

o
S =

AreS B AubiAl 27 TS AldelA] e v
ol SIS woto, YuEe 41-42% FEst
Al wEEol ST S WO, 28e sl W

ofi
ofi

S52 F715F 2 50 kg ha'of| A= 7FASHITH
o] W 50kg ha'of|A] =EX|7} 30]ieh AEFS
T 40kg ha ol A 7P $Qka1, TDN AAbere uhgaf
Aeas Eovh RS A4 36 kg ha'ofl A Xt
T AdEsEe] FAESY W3 A A

Y = 0.0098X*+ 0.7030X + 2.6267C. 2 FEA|E| QT &47]

S s

N

7 e 3

g s olAle AFolslth Aleg ¥ A
Al DA v E 150-250 kg ha! AJR[olA] A Z 4250

Aol glglout, BAIE il AZ 2 200 9 250 kg
ha™ AJH]OA] 16.6%F ha™' U 16.9% ha'= 43% 4 45% %
= Eokth 2 SEECP)S ABaa) vt Ao
2 R4 A 0.28E ha'o]lE Zlo] M4 250kg ha
ABIFEYA] 054 ha'o] 91Tt

F201: 1], Ay, Ay], 7+ =], ok
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