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Effects of Mixed Application of Chemical Fertilizer and Liquid Swine Manure

on Agronomic Characteristics, Yield and Feed Value of Rye (Secale cereale L.)

Sang Moo Lee
Department of Animal Science and Biotechnology, Kyungpook National University, Sangju 37224, Korea

ABSTRACT

This study was carried out to investigate the growth characteristics, yield and chemical compositions of rye according to mixing
ratio of chemical fertilize r(CF) and liquid swine manure (LSM) in paddy field cultivation. The experimental design was arranged in
a randomized block design with three replications. The manure fertilizer ratio of five treatments were CF 100% + LSM 0% (C), CF
70% + LSM 30% (T1), CF 50% + LSM 50% (T2), CF 30% + LSM 70% (T3), and CF 0% + LSM 100% (T4) of rye. At this time,
the application of liquid swine manure was based solely on nitrogen. Plant length did not show significant differences among
treatments. Ear length, leaf length and leaf width were the longest in C, T3, and T2, respectively (p<0.05). The stem diameter showed
in the order of T4 > T3 > T2 > T1 > C, which was thicker as the LSM application rate increased (p<0.05). Fresh, dry matter and
total digestible nutrient (TDN) yield were the highest in T4 (p<0.05), whereas the lowest in C treatment. Crude protein, neutral
detergent fiber (NDF), acid detergent fiber (ADF) and crude fiber content were did not show significant difference among
treatments. However, compared to C, crude fat and crude ash were significantly higher in T2 and T3, respectively (p<0.05). Total
mineral content decreased significantly as the LSM application rate increased (p<0.05). Total free sugar showed high in T3 and T4
with a high LSM ratio, but showed significantly lower in chemical fertilizer treatment (C) and low LSM treatment (T1) (p<0.05). The
analysis of all the above results suggests that the application of LSM is very effective, considering the dry matter yield and the
contents of free sugar. In addition, LSM may be possible to grow rye without chemical fertilizer.
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Table 1. Experimental design

TA| ZZF2 SY(Secale cereal L.) E=59] A= (Elbon)S 5}
Fom IFAL 109 24%, 72 o5l 59 214(¢HeFE7))
o HAsilrt AlESt =RAN| Y HE/dES A, QK E 7
2] /g0l 747+ 0.45, 0.24 % 0.36% 7 FH AH] At
(Table 3). =50 A= SI5H|g 24 200 kg N/ha 7|20
E 44,444ke/haZ AL 0H, ojuf oin] A3 vlgo] mE &
4, QA 71e9] Sbke S5t BlmEfo 2 At §F 212 Table
49 .

TSP AR, S 150 kg/ha® SIIOH, AT
WAL 3m x Sm = 15m’ °& 3IYck AA|Ee] SlojA] sst
H| 2 240} 71 7|82 40%, o2 & FH|Z 60%S 47t
2] St QRS A 7R ARESIITE =i AElof] Q1o
A 7]8]= 40%E FHIE 60%E AlESITE A7t 59t
7VIERAL 7|20] 7P 2 19 Wetl2o] 2.6C, 7V =2

59o] 17.6C2A] A Bat7122 6T oI, B2t o] = 4

St 0URA FAFS 4585 mmck
Seprae Aol T W A ojHsiel s

= AR 5 7 S oF 1kge Al 65C E84%7] &
oA 37T Ax & Hsto] AEES okl E4fiote] 244
T= ARGSIE 12|l ASEAAS o A & B 205
A Adrsio] ZARBIIEE TDN 4532 Pioneer Hi-BredAZ| A|A]
Q34| “TDN & = [88.940.79 x ADF%)] x &5,
(Holland et al., 1990). LHHEAL AOACH(1995)9] olstod
FM51 0o ADFe} NDFE Goering?t Van Soest(1970)2]

v o 2 BASIL): T8 AEL ARE A st & ICP

2
=

Mixing ratio of fertilizer types

Treatments - — — -
Chemical Fertilizer (CF) Liquid swine manure (LSM)

C 100 0

T1 70 30

T2 50 50

T3 30 70

T4 0 100

Table 2. Chemical properties of the soil before experiment

pH oM T-N Av. P,0s Ex. cation (cmol‘kg-) CEC
(1:5) (%) (%) (mg/kg) K Na Ca Mg (cmol kg
6.41 235 0.14 89.69 0.53 0.11 3.87 0.87 11.4

Table 3. Chemical characteristics of used liquid swine manure

pH TN (%)

AV.P205 (%) KZO (%)

7.8 0.45

0.24 0.36
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Table 4. Liquid swine manure is calculated as the amount of chemical fertilizers

Application levels of N, P, K

Chemical fertilizer

Liquid swine manure

Treatments (kg N/ha) (kg N/ha)
N P K N P K
C (CF") 100%) 200 150 150 - - -
T1 (CF 70% + LSM?) 30%) 140 105 105 60 32 48
T2 (CF 50% + LSM 50%) 100 75 75 100 53 80
T3 (CF 30% + LSM 70%) 60 45 45 140 75 112
T4 (LSM 100%) - - - 200 107 160

CF": Chemical fertilizer, LSM?): Liquid swine manure.

(Inductively Coupled Plasma, IRis Intrepid, Thermo Elemental
Co., UK)E EAI5I500E AFA7] Balgl E HEQAK= SAS
(Statistics analytical System, USA) Program (2012)= AR85}<]
F91933 Duncan®] TFEA WHOR 5% 45e0lA] 914 7
B AN

= EYoIM =8 Auia] sleke|get =RAH] &8 Al8o] A
S0l o= GRS Table 504 Hi= vlo} it

1T- O O+

= nE Aell sk, A dhjo)

A SSHIR(C), kIRt o] B8 AT, T2, T3)
SR A8 F(T4) Zhel 921219l o]} giglek. o]Alojs £
o] A9l Hlsto] Sahulz Al8Ho] He4E GojHon

A YRt (p<0.05). 2 T377F A YEehd v Ccot
T477} BA UehtoH(p<0.05), FEL Cofl Hlsto] T2}
15.7 mm2 EA YePdth(p<0.05). 9] #7100 o= A
stsh|gE Al83E Co Hlote] A ERHHIE A183F T47}
FoF o #A Weldth(p<0.05). &9 B850l 3loiA
sshR A0 SRSt ERAH] S&(T1, T2, T3) ¥
EEOH] AL(T4)0]| Hsto] 24 9 ojafzol= ZojA| L, A,
F= 9 9] F7of| oA HoRE AoE YERITE Yoo
et al.(2017)2 732 EYOA F Al A] FHIE EEAHIE A&
s sishlRol| Hjsle] ZAo] Zojdckal it 1
Kwon et al.(2010)% ] A§50]| QlojA] Sish|g. A2 =]
Aol Hlelo] 7Fg Zol7} Zojctal H st} Lee(2012)y=
slsh|g Al8of vlelo] slshi|ge} EHoH| 2.8 A8 9 =5
HH] Algo] FoJFQl Xjoji= YERFR] AQAITE AFIALE 25
$20] 9] F717F FolRl= Aol Uehdtial Bisoirk Az
S0 QlolAE Col] Hlete] Hu] E3lgo] F7RMEE 4
o] Z7I51= AFS HYAREC, T1, T2 2 T3 7lojl= 8olF
Ql zlolE Hol7] Skt Jau T4E fedo=E Ik

Table 5. Effects of liquid swine manure application ratio on agronomic characteristics and yield of rye

Ftems Treatments
C Tl T2 T3 T4

Plant length(cm) 156.9+4.9™ 151.7+6.4 149.7+2.2 146.6+4.8 143.6+2.1
Ear length(cm) 11.8+0.3° 11.5+0.4® 11.240.1%® 10.9+0.4° 10.9+0.5°
Leaf length(cm) 21.2+0.3° 23.2+1.1° 24.3+0.4%® 25.0+1.3° 21.2+0.8°
Leaf width(mm) 12.140.8° 13.9+1.2%® 15.740.8° 14.5+1.1° 13.9+1.1%

Stem diameter(mm) 2.0£0.1° 2.2+0.2 2.4+0.2 2.5+0.3° 3.1£0.2°
Fresh yield(kg/ha) 46,325+1,704° 47,327+3,097° 50,646+2,715% 51,343+1,682% 55,175+502°
DMY Y(kg/ha) 13,175+258° 13,438+564° 13,177+126" 13,212+401° 14,986+452"
TDNY?(kg/ha) 6,691+16° 6,844+45° 6,971+129° 6,883+276° 7,654+336"

C: CF 100%, T1: CF 70%+LSM 30%, T2: CF 50%tLSM 50%, T3: CF 30%+LSM 70%, T4: LSM 100%. ns :

DMY": dry matter yield. TDNY?:Total digestible nutrient yield.

not significant.

& b ¢ Means in a row with different superscripts are significantly different (p<0.05).
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02 Uehel(p<0.05). 84 9 TON 44o] o 4
ZT 5G5S C, T1, T2, T3 o= 22Ql AlelE X
OJA] YAt T4l FolZ 0= A YERITHp<0.05). ©]
9} 72 Zyl= Hwang and Lee (2014) 12|31 Cho et al
(2013b)9] H119} ZES FJF o]ttt Serensen and Amato
(2002), Nyamangaret et al. (2003)2 =2H|Q} 712 A4 H]
(solR)E T3 A o) 2H2o] ofet A40] §4 wRo]
PP dzell /0] ¥l siltk 12]al Long and
Gracey (1990) &= T2 7} A7Jo] A5 Eoluls Axslel
HE 870} tlEo] &2 g 3aol7] ol = AEHAE
HAAA AEAES] Aol 7k HRlolzal sigith

= EYoIA 2 A sloh]mel =RoH] S8 AMgo] I
HPJEO|| tjX]i= JEF2 Table 60f|4] B viel gt bl
2 Cof| H[sto] slehH|me} =RME] AT, T2, T3)
g ] A2HT4)ollA thas A VAR f212%l Aol=
UeRER] QItt Park et al. (20062 &% AJujA], Na et
al (2006 S AHA], =RoH|(ERH] =] N AL8F3 &
Ut HE A8t At sFhu]mAof Blote] Rk o]
WA YRl gt Anel= 2lolE Bith 2AM 3o
UofAl= CHof BIste] =RAH] 29t Blgo] Wokd T1 % T2
TolMe =, =2H] EdulEo] =3 T3 Y T4kl
A YR th(p<0.05). olet 2 Axk= SFeH]Eof Hlsie] =
£l vlgo] J7IE RojH o A o] IHAsk=
73S BT Lee (2012)9] Hi19F fARSIGIH: Z3)& T
L2 T3>T2>T4>Tl > CHF 0= YeERdthp<0.05). 184
NDF, ADF ¥ 24-F T Aezto] f24Q1 AJol& HolA|
23ITE Shin et al. (1998)2 Wit Al§Fo] S715HH NDF
9 ADF7} Z7RIH= Hu519 o, Lim et al. (2003} ADF
9 NDFo]| §lo] & Alol= QAo HHIE AL8RFO A thax

oAl %] glrke Busleict

3. #7282

= EQolA = A e me) =EE] S8 Al8o] F
71E g8l mlAl= P2 Table 704 Hi= viel it} Cadlt Cu
9] FFE2 A= 7ol &Rl Apolg HolX| AUSKAIN Fet
ol ol o] Hlste] TA77E o2 o A ekt
(p<0.05). KZ=FS C > T1 > T3 > T2> T47<=0= Vet
(p<0.05). Mg 2 Mn 35|50} ERMHIE 50:50%2 3-8
AREZE T270lA 7P A UERtH(p<0.05). Nadthe =2
H] 28 8l80| =255 A YUehhs B3 Ueilom H%F
SIH|EE A8t CHet M ERAHIE Al83 T4 o=
AR AolE Bt (p<0.05). 12y 35| R}t =Ry
T8 AT, T2, T3)9t AsF EEAHE Al83 T4 o=
0.0]79] ZJo]E Ho]A] Attt Brechin and McDonald (1994)
= 2 HEY == A2 A=A UER 555 S7HIXIH
I Bt W8at B2 AHRRE UEl] E5] o5 7Ax3t

_% H
o

mok ik

73oM EGoll =gt =7 W] A UYER S48 78
o] ATl Sk, Zn g T4oA =2 A= Ha
T A7t 72l2Q1 Zpol= UEhA| 29ttt Po| ol A=
siehE]E A2HC)ol| Hlste] =RHH] Al8o] SIS &
oA o7 YolAle AFE EAthp<0.05). ol2fgt Aak= 2}
H|E-H(C)ol| Hlolo] =RHH] A25H(T1, T2, T3, T4)olA Qlit
Al8Eo|(Table 4, %) 23U Zo] HRlo= A7l

Shin et al. (1999) slsH|R A|87Lo]| H|5lo] 4 AHR-S
Al8ZE oA AEA|Y QI ggo] RA| UER AT Hegt =2
Au] ABoM = QLlgo| thas F7Ieke Aol At 51
o} 2H71E TS B C7} 10,315.2 mg/kgCEA 71 =
A vrehd ¥ T47271 9,060.1 me/kg Q=A] 71 W2 44
Hook 181 FEIESRE SHIEHO7 w1 e B2
HE] ALE HEO] T2 FZ R "olR= AR UER

)

Tl H

Table 6. Effects of liquid swine manure ratio on chemical compositions of rye (DM, %)

tems Treatments
C Tl T2 T3 T4

Crude protein 10.58+0.53"™ 10.66£0.25 10.86+0.85 11.24+0.85 10.76+0.24
Crude fat 2.03+0.18° 2.16+0.01° 2.22+0.10° 1.80+0.10° 1.84+0.01°
Crude ash 7.0440.54° 7.74+0.45 8.28+0.24% 9.14+0.24° 8.02:+0.35"
NDF 66.65+1.77" 67.13+0.30 68.52+1.08 67.58+0.60 68.77+0.96
ADF 48.15+1.48™ 48.02+2.26 45.57+0.64 46.62+1.27 47.96+2.76
Crude fiber 42.05+0.35™ 41.03+2.47 41.17+1.84 40.69+0.64 42.12+0.35

C: CF 100%, T1: CF 70%tLSM 30%, T2: CF 50%+LSM 50%, T3: CF 30%+LSM 70%, T3: LSM 100%. ns : not significant.
»® Means in a row with different superscripts are significantly different (p<0.05).
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Table 7. Effects of liquid swine manure application ratio on mineral contents of rye (DM, mg/kg)

Ytems Treatments
C Tl T2 T3 T4
Ca 3,427.9+70™ 3,393.84316.5 3,378.6+161.4 3,183.1+4.6 2,990.1+77.0
Cu 3.0+0.3™ 2.9+0.9 2.540.3 3.4+0.1 3.7+0.5
Fe 44.9+74° 43.7+5.9° 44.8+4.7° 56.6+£5.3 75.245.4°
K 5,802.4215.5° 5,498.14237.6™ 5,260.9+196.1° 5,318.+46.0° 5,062.£106.7°
Mg 424.6+8.9° 450.949.1° 519.84+20.3" 494.9+10.4° 429.6+5.4°
Mn 30.6+1.1° 36.0+1.9% 40.6+1.2° 28.8+0.5° 28.3+6.1°
Na 31.542.1° 47.8+5.1° 50.6+3.8% 55.6+3.3° 61.949.1°
Zn 16.6£1.6™ 15.140.8 15.120.7 15.8+1.6 18.240.9
p 534.149.4° 494.2+31.5® 458.6+12.8" 447.3+8.7° 391.14£17.3°
Total 10,315.24115.3" 9,982.5+108.3 9,771.5+356.9° 9,603.5+15.7° 9,060.1+164.99°
RIV(%) 100 96.8 94.7 93.1 87.8

C: CF 100%, T1: CF 70%+LSM 30%, T2: CF 50%+LSM 50%, T3: CF 30%+LSM 070%, T3: LSM 100%. ns :

RI : relative index, ns : not significant.

& b ¢ d Means in a row with different superscripts are significantly different (p<0.05).

T (p<0.05). ©|2F 22 A= Lee (2012)9] Hale} 22 75|
A

=3
=}

»

e

on
ol

= EQolA o A slehH|ge} =ERAH] 28 Al8o]
Qe o] H|X|= oJ3kS Table 8ollA Hi= Hl9} 7t} 8]
g & Fructose S HH =RYH] 2 @Wol AESH T3 &
T477F TIF- B} A YeRdAT sfsh]a A2HC0)h= +
Rl AJolE HolA| Qikth(p<0.05). 1 Glucose Aol
oA EEAH[ES Eol AESH T3 % T4} fhels I
ERNH] Al8o] HH C, T1 ¥ T2 Hr} fojFoz =
R tH(p<0.05).

Sucrose S slsH|E A(C)Q}F =8Hu] gt st ¢
(T4)7ol vlele] ssh| Rl EREIE 2831 4T, T2, T3)
oM FojAA o A YERTH(p<0.05). & R A& T3
> T4 > T2 > Tl > CF €92 YeERIT} (p<0.05). Joo and

Lee(2010)= 3feHH| = AR H[slo] f7]HH] TH|= = F &
2 FS Z7HA71H, Ryoo (2019)
H|gof| H[5to] APK(sucrose) FFE 2571 ARItR= H 119} (A}
AldEA] Ha Fhof| kS vlAY] dhiE
of u-&- %93t AHolck(Lee and Lee, 2010). £3] 2H20] {2
32 EZ s glE|gol] ofsto] fAC R K Danner et

=

=

sjick R TS

al., 2003)=]7] wize]l Ao AL A Tk
5= oIRl= ZR&3HK(Son et al., 2002)

2 A2 = EYoIA o ApEiA] sfehu| et B =2 9
H] &8 Aol BEEA B PR viRle 9 AL
ARz Shel|E 100% A=HKHO), Stehs
70% +=2HH] 30% A=), SRR 50% +=29H] 50%

A xSt

V. @ ¢of

P w St

= %E

not significant.

R 5

Table 8. Effects of liquid swine manure application ratio on free sugar contents of rye (DM, mg/100g)

Treatments
Items
C T1 T2 T3 T4
Fructose 231.2425.5° 169.5+0.4° 228.2+7.4° 248.7+5.0° 247.7+14.0°
Glucose 1,198.6+78.6° 1,103.8+69.0° 1,159.8+64.2° 1,381.4+0.6" 1,381.9+£31.5%
Sucrose 556.9+19.4° 665.9426.2%® 713.7+5.8° 660.1+£34.6® 613.4+16.8"
Total 1,986.7+84.7¢ 2,089.2443.3% 2,131.7+62.7% 2,290.2430.2° 2,243.0462.4%

C: CF 100%, T1: CF 70%+LSM 30%, T2: CF 50%+LSM 50%, T3: CF 30%+LSM 070%, T3: LSM 100%. ns :

& b ¢ d Means in a row with different superscripts are significantly different(p<0.05).
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ZETHT2), SR 30% +=8AH] 70% A2]F4T3) 1812
EEHH] 100% AZHT4HE T 532 39EE o= ujx|
SIitk. ojuff = HH] ALS2 HAERRE 710 Stk &
A2 A2 710l RelZQl AolE Holx| Qo). ojikdo],
g d FE2 77 C, T3 © T27004 22 A Yeldtt
(p<0.05). 9] F/1=T4>T3>T2>Tl > CFL &08 Z8
HH| ALgFo] =255 A e (p<0.05). e E
TDN 2 T47} 7V =] Vel whE 7 78 2A| U
ERFTHp<0.05). ZTHH2, NDF, ADF % 245 glefolids= A
o= 7ol f2lAR Alol= VA itk ey A 9
23R o] SloiM= 242 T2 9 T3llA] =4 YelRdth
(p<0.05). TF7IE B2 =] AlG HlEgo] 7= &
oA os AASINHp<0.05). 12y F AT g ==
H] A& H[go] =91d T3 & T47} =A Wi Wi slehH|s
AHC) E =EHH] ARG Hgo] W2 HThHolkl= RA v
EPTHp<0.05). ool AxtE e & o, SH(HEST:
TDN=Eh)} Al PR Fdof| FFE vAl= f2dS et
H JloH|ge}l =RoH] S8SAY ERAHIE A8 AE
RBpHolg}al AlaHr,.
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