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Effect of mixed Cropping with Legume and using fermented
Cattle Manure on Productivity of Whole Crop Barley
(Hordeum vulgare L.) and Organic Hanwoo feeding Capacity
in Gyeongbuk Region of Korea

Jo, lk-Hwan

This study was aimed to grow organic forage as a prime requirement for organic
Hanwoo cattle production over a period of 3 years (2012~2015) in Gyeongbuk
region, Korea through mixed cropping of winter fodder barley with legume and
application of fermented cattle manure. The effect of barley-legume mixed
cropping and application of different levels of fermented cattle manure was studied
on forage productivity of whole-crop barley (WCB) and evaluation of feeding
capacity of Korean native cattle (Hanwoo) per unit area. The collected data was
analyzed using SAS 9.3 software. Barley-legume mixed cropping increased (P<
0.05) yields of dry matter (DM), crude protein (CP) and total digestible nutrients
(TDN) as compared to those of sole WCB as monoculture. Similarly, acid
detergent fiber (ADF) contents and relative feed value (RFV) were also higher
(P<0.05) in barley-legume mixed sowing forage compared with those of sole WCB
as monoculture. In case of manure application, yields of DM, CP and TDN were
also found (P<0.05) highest in 100~150 kg N/ha. However, varying cattle manure
levels did not influence (P>0.05) CP and neutral detergent fiber (NDF) contents. In
response to increasing nitrogen application level, ADF content increased (P<0.05)
but TDN content and RFV decreased (P<0.05). The Barley-legume mixed sowing
and increasing application levels of fermented cattle manure also significantly
enhanced (P<0.05) feeding capacity of organic Hanwoo (head/ha) having 450 kg
body weight with 400 g of daily gain. Findings of present study indicated that
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barley-legume biculture not only cut nitrogen application level of fermented cattle
manure by over 50 kg per ha but also increased their feed value and productivity
of forage as compared to WCB monoculture. This would be contribution to the
diversity of forage resources as well as production of organic animal product by
creating low cost and high quality organic forage.

Key words : feeding capacity, fermented cattle manure, Legume mixture,
productivity, whole crop barley
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S FPARSETEe] A DH] Thed Aarle] nlige] 7hg wom Fefolu 7l <
Edhe ARE Rl o ofste] 8o R Agsta et ol B AT
7HE B AEAYNA Y8 S48 Hwangbo and Jo, 2014). 1A o1& &9 AFSE7H
ol 49 3= FR VAR ] HFARS JEES BEH TA I 2ARS
ol 8EE TUNYIE TR =Sl FSiAL Aok Iy wulak ] 2AR AS
Bl Ax3 ZE AAUZ o] asta dRAANM ALRA=] A7t AFEH o H-2

ARSETEEC] A AR HE T ApFdE ol 7I1str] wEol SuA AaE
AR A4b7Ibke] ool AR O FAHY W 58 HIRS AR At tig 9
A7} 744 A E3HTHNoh et al., 2013).

g ZALE A G E e A4 SRS HHo R o
2H g e F el E AEAC S5 & HA o)l &FE
sHA HWH B 4Hd3h, 82l o3 Aek 2
B eodT vAAY FAE S AThSchechtner, 1978; Corre-Hellou et al., 2006;
Constantin, et al., 2011). ©]2]gF 7 g2 o] & & A= |5 EAE TAAT

AR AZE AL A AARAE A Aol THEERe 22 f71d HEAYE 28
stAY 3 AAEAER T3 Aufsts W 5ol AAE I 9ATHRamesh et al., 2005). 53]
ThEEkole A, X A T 4T IYES Tt o] L EE 2EY A
W9 Q3 SR FFIOE B8] gkal(Jo et al, 2008), 7IEELE o] &3lo] ALE 3
E Aul Al AE9 ALHdo] Eh| g tEd Y ARE Aok g v o
(Jo et al., 2010).

=3 F AFRZAES] o HlA] &2 AARE SR WdAdol st EqkelAe] ol
71 & AA&E IAsE Yol Holu sWHAEo|Y &= e dATEd 9 “self-
buffered system” 2.2 GT-& sl7]o AEAYLAFAE 7|43 Aoz & A A th(Lee and
Park, 2002; Tosi et al., 2014). =3 FH2EL i d Safo] &3 ALETIX7} =& 8 o}

of

%
n
K
50
rr
"
P

Oy
o
e
%
S
o
>

ot oo o



AEANA T ARAZY] Lot At TE §-E0] Ago] AR YMER F7] FF ASTH vHE 9F 527

Ut 7134 o] ol 2AE F2 A FAEE o] 857 % FTHKim et al., 2004; Lee and
Lee, 2006). o}22] 9% Follv 27| So] Wet 2R AR E37F Holu A
ZA Y AHEHFS Y S Jon, B 3 A Bi&EEr) wel 3250 ALE HE
g Y FE RS AHA AT 5 Qo] W3 FY ARNERNE E4o] glE Fle=
A2 A ThLee et al,, 2005). 21} o]H T AHAE EFsta T3 ASZEL T3t A
o) Al S AleAERT A0l Bl ol@d He B TIEAREA
o]-& Aol A & FE S8l s A EAEH 95 WAkl QltKLithourgidis
et al,, 2006). L¥H o]H g AFES ARZ ol FeH] AAEE =F37] SAsiA @]
o] ARRTHE F, A7 ATV FE o st Zlo] Bgeitial AlsEth

wepA B Ao A s AEA A 2012~2015¢ &
= AR T ARZES FoguR] S AsE
HEE A Ba-ES Algste] A4 AARRES] AT AR7IAE
FHdo ZAIRE FHM f7|H1r] LS A dEAE g9 AP%%QUV]E 7
stk AA ST

I.xMz o 2y

B AgLe A8 atao] 918 tirtistn SEALS I AT sy FAAE
Zhg & Byl “fdrd F3 AARAE T slolgHA| “Hungvillosa” 3 A58 €7 “Ruby”
3

3 ok = 20120 10 16¥Y0) =38t 2013 5¢€ 21¥ 0l 8319, 2013

ol FFale] 2014 5€ 12¥0] FEFsEG oM, 2014d0= 102 2799
% 1 5¢ 20900 831t ol B o]5ez EAH Algo] AAEHAY
o] 7N A=xAL Z+7; Table 13 Table 2 24Tt

Table 1. Chemical characteristics of the soil at experimental site in 2012~2014

H | om | g |[AvalRlel e | ey | o K| Mg
Experimental | P P,0s - a g
year
1:5) | (ke | @s/m) | (meke) | (%) (cmol+/kg)
2012 5.7 502 | 075 | 18833 | 19 | 4165 | 967 | 044 | 265
2013 6.0 306 | 011 | 21134 | 21 13.06 | 847 | 251 | 260
2014 6.8 420 | 050 | 25114 | 20 | 1469 | 950 | 257 | 262

D OM: organic matter, 2 EC: Electric conductivity, ¥ T-N: Total nitrogen, ¥ CEC: Cation exchange capacity
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AT WA= 7R AR 9, JuEeh sojswA & 5 ARS s &0
SHAL, Aol BESR 45F 5, FHIT, A dLFEOR 50, 100 B 1
Nha2 £837 3uks x| ste], o523 4Foshian, 7+ |A2 4 o 2 mx2 m)S
Atk SAE TESES oY o) wEE AL v

A& =1
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Table 2. Meterological data during the growth period in 2012~2014 and averages for 30
years

Item Year Sep. Oct. | Nov. | Dec. Jan. Feb. Mar. | Apr. May

2012~2013 19.0 12.5 4.7 0.9 -1.9 2.5 6.2 8.0 18.1

Temperature | 2013~2014 | 208 | 150 | 68 | 13 | 03| 23| 76| 131 | 186

() 2014~2015 | 20.2 15.4 9.4 0.5 1.4 3.0 8.2 13.6 20.7

1982~2011 | 20.0 9.3 4.0 -1.9 -3.9 -1.6 3.4 9.9 15.2

2012~2013 | 265.5 372 42.8 483 20.6 23.7 80.2 84.6 75.8

Precipitation | 2013-2014 | 67.6 | 112.7 | 337 | 59 | 40 | 195 | 1146 | 865 | 425

(mm) 2014~2015 | 105.8 80.1 42.6 6.3 21.5 11.6 444 76.3 30.5

1982~2011 | 135.0 19.9 33.7 19.6 | 20.8 27.6 54.1 72.7 109

APBAE] W2 L 58 Ao AR 5 cn EO|E o FH st =T AETGFS
Zt ATttt 500 ¢ AES ARE AFHSE 65C «FE TR NA 48AF =% &
G HAG AE FFS AT AdxE ASEE Wilkey mill2 235t AO0A.CH
(1995)2.2, Acid detergent fiber (ADF)9} Neutral detergent fiber (NDF)2] &S Georing
Van Soest (1970)°] 2J3] A5 At}. =3 ADFe} NDFQ| &30 ZHE| Total digestible
nutrients (TDN; 7}43}E-53)2 Nahm (1992)3% Linn¥} Martin (1989) 52| Al4H(TDN =
88.9 - (0.79 x ADF%))°ll ¢]3}e] 53T}

F3 dojzl =l ks TDN g3 AE5Es Fabe] duzg o
3 TDN e 7ot o5 =AY EE-T-HRDA, 2012)0] oA 3¢ <F
450 kgol ¥ A 400 g HEE —6‘}% B, 71 AR ALE 70% FAT Ao Ba=
St 2Tl A} TDNS 1Y ZH2F 4263 g3t 3.479 kg 7122 st 223} TDN]
ot gAY A fF71 AHSEE S HUsktJo, 2003; Ryu et al., 2006).

2 A3 A= SAS (2013)= o83t frolds ARSI, Al Bzt vlae
5% 2] HA o2 A (Least significant difference test)¥H O Z 3FA T

<
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Table 3. Effects of sowing mixed legume forage and applying cattle manure on the dry
matter, crude protein and total digestible nutrient yields of whole crop barley or

its mixture crops in 2013~2015

Productivity
Cul hod Cattle Manure
ulture method | = (kg N/ha) Dry matter Crude protein Total digestible
(t/ha) (kg/ha) nutrient (t/ha)
0 4.44+1.67 358.4+101.0 2.92+1.08
50 4.3241.30(-2.4)" 328.5+85.1 (-0.6) 2.85+0.88(-1.4)
Barley 100 4.97+1.53( 5.3) 364.5+128.7(0.06) 3.26+1.06( 3.4)
150 5.88+2.01( 9.6) 473.7+200.8(0.77) 3.80£1.32( 5.9)
Mean 4.90° 381.2° 321°
0 4.36+0.90 365.3+49.2 2.79+0.62
50 5.29+1.41(18.6) 472.4+123.2( 2.1) 3.39+£0.94(12.0)
Barley +
i 100 6.12+1.47(17.6) 557.6+236.0( 1.9) 3.84+0.91(10.5)
Hairy vetch
150 6.45+1.95(13.9) 557.24169.7( 1.3) 4.01£1.34( 8.1)
Mean 5.55° 488.1° 3.51%
0 4.81+1.34 417.8+94.5 3.13£0.91
50 5.35+1.35(10.8) 478.6+95.3 ( 1.2) 3.45+0.97( 6.4)
Barley +
100 6.25+1.66(14.4) 568.2+153.8( 1.5) 3.90+1.09( 7.7)
Forage pea
150 6.87+1.34(13.7) 624.1£117.6( 1.4) 4.43£1.06( 8.7)
Mean 5.82° 522.2° 3.72°
0 4.54° 380.5° 2.94°
Mean 50 4.99%( 9.0) 426.5%( 0.9) 3.23%( 5.8)
productivity 100 5.78%(12.4) 496.8°( 1.2) 3.67%°( 7.3)
150 6.40° (12.4) 551.6*( 1.1) 4.08*( 7.6)

a,

b ¢ Values with different superscripts in the same column significantly differ (p<0.05)
()" Production efficiency (kg) of dry matter, crude protein or total digestible nutrients depending on applying of
cattle manure nitrogen (kg)
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R o Au) Aol 33 H(2013~2015) AL, =i 2 7143k Z2H(TDN)

Z¥7; FH| el A ha B 4.44, 036 F 2.92E| o FlojEHA] HL ALRE &F
&9} Aol ha & 247 5.55-5.82, 0.49~0.52 B 351-3. 2807 ¥ H]—TLEE} %4 A =%
Th(p<0.05). TEZH YA AL EFo] 71 wet Frl Tt Hls) A&, 2eid gl
TDN9| AJ4taFo] F7tste] @ufFro A= 2H2t -0.08~1.44, -0.03~0.11 2 -0.07~0.88E/ha, &
gt A= Zh2E 0.54~2.09, 0.06~0.21 2 1.30%/hao] =4 UERST o]2e FeFS HHe
o FIAEAEE A B AR S 7)) E3F A O Boldles & & Ao E3E
H1 ha & 100 kg/ha o]/ AaAlE Aol FH|FEG Fodt 715 UER A TH(p<0.05).
o]of th3ll Ranells®} Wagger (1997) 5= stE3}eo} F3 &9 Eil= F3 2Eo| gy}
2HEol t7] T dAAh IS BT A4 FFUoR IR QI 2 AAALdE UE

X«

FFo F7HE 7hH 2tk 8132 Hwangbo®t Jo (2014) 52 FAIY Aul Aol ©uto]
ARG Edp A Aol Aego]l wokAal AL A8FEo] S7HE wek A
Qo =ttt she] B i:rLglr WAL 74%5 YERAARE &7 100 kg N/ha°ﬂ A1 150

kg N/hal 2 Al g52<

Bk EPJHLOM% A< %—ﬂ'o‘}t ks

Zpol7k QAL % §

9 7.6 kg & FFHAY 23]

lﬂl 73 A @;Al H=F 9] §4EH§ 7P QA sy AtRE

AaAnlaEe] 24 AUBLTFE 7P ev A
[e=]

FRALS 4T 4= Q7)o o] 5S 1) oF stk

i
;

9#

N o
Q i}
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F71ZAE AR Qs HE R AN LS5F0] ha

100~150 kgo] W elollA A= oloF S Yepa Aok
gHH Oh 5(2014)0] =9 Al Al FHAAIEAE F do g X7t AR 8 7 3
Hth §o3HA 2 AEFHS 723 ds dxeles E}E’ﬂl 2 OWOH/H_ frojgt A}
ol& AAHA FUAT W Z Fojg x| EatFo A HE, ZEd 9 TDN F7Fo] v

ok 28y S8 AAAE R e dEAALE 71 T dofe A EEHLOM
7y AN E5E T 13.9-186, 1.3-2.1 L 8.1~10.5 kg2 10.8~13.7 kg, 1.2~1.4 kg &

6.4~8.7 kgB 71=3 AR R 4F EFTRT B4 el on o3 AL e £
A Hs FEEHA deh slojelu el Euk Aells e o] AaAEolN w2 AE
& 71 AT AA AL G Aol HF 150 kg o] ¥ Aa NS
TEAA 23] AN 7 =T} seld At oﬂﬂﬁlﬂﬂﬂ Ho= s 52 49

FAA ABYLA 70T B2 T B Wi A8FE] asit
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B
>
o oo
i

Atk &, AR I3 AsRRE F oﬂﬂﬂuﬂx] EaA ) A= AZw
153 A ALAE FF0] 50~100 kgl HFHo| AR g % Eu} A=
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Table 4. Effects of sowing mixed legume forage and applying cattle manure on the feed
value of whole crop barley or its mixture crops in 2012~2015

g:;ﬁgz mani?g ]leevel CP" (%) ADF? (%) | NDF? (%) | TDNY (%) RFV?
(kg N/ha)

0 8394128 | 29.16+1.78 | 58.48+4.64 | 65.87+1.41 | 105.72+6.34
50 T73£1.17 | 29.08£1.24 | 57.70£4.76 | 65.93£0.98 | 107.44+8.81
Barley 100 733+1.79 | 2971126 | 59.16£5.73 | 65.42+1.00 | 104.21+9.52
150 8.13+2.32 | 30.89+2.40 | 59.58+5.83 | 64.50+1.90 | 102.18+11.15

Mean 7.89° 29.71° 58.73" 65.43" 104.89°
0 8.59+1.50 | 31.60+3.43 | 55.89+230 | 63.94+2.71 | 107.05+3.73
50 9.03+1.04 | 31.61£2.27 | 5637129 | 63.93+1.79 | 106.08+2.57

Barley +

Hairy vetch 100 8.87+1.97 | 33.09+2.38 | 55.49+1.71 | 62.76£1.88 | 105.89+3.87
150 8.76+120 | 34.47+548 | 56.13+1.86 | 61.67+4.33 | 102.74+4.29

Mean 8.81° 32.69° 55.97° 63.07° 105.44°
0 8.79+0.66 | 30.28+2.77 | 54.48+1.88 | 64.9842.19 | 111.64+5.33
50 9124128 | 31.33#3.33 | 5339233 | 64.15+2.63 | 112.53+5.86

Barley +

Forago poa 100 9.07+0.57 | 33.75#2.24 | 55.53+231 | 62.24+1.77 | 105.06+5.88
150 9.1140.69 | 31.49+44.03 | 56.43+1.11 | 64.03+3.18 | 106.09+4.16

Mean 9.02° 31.71° 54.96° 63.85° 108.83°

0 8.58 30.34° 56.28 64.93* 108.14%

Mean 50 8.63 30.67™ 55.82 64.67" 108.68"

feed value 100 8.42 32.18% 56.73 63.48" 105.06™

150 8.67 32.28° 57.38 63.40° 103.67°

D CP: Crude protein, ? ADF: Acid detergent fiber, ¥ NDF: Neutral detergent fiber, ¥ TDN: Total digestible
nutrient, > RFV: Relative feeding value
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1‘41 A AmT7HA] B7E Sle AAEJE R 3d Pt 2id §HEF, ADF 3

At ZALRZFA(RFV) 58 G722 7.89%, 29.71% 2 104.89) Rt} F3} AL §2HE9
(22 8.81~9.02%, 31.71~32.69% = 105.44~108.83)° A F2|3HA] A UEFS I NDF
TDN 32 3 AAR2HE9 Eu7h Rt 2 foJahAl WEtth(p<0.05). =& & %

N30 =7} ADF &2 Z7}3ta TDN &3 RFVE 7HAsg o wae
ALANLO R FHAANEAES] o7 F3| FHIFRG & =0id 3= ADF 3
RFVE UEHN L 27 A S AES] gffol e 238 Wolitrt 2 8 di Al

k> o rlov >4ﬂ
SuAD)

ps)

FEAA A8 F7HEE JERAAT

o]E Aol tha] Osman and Osman (1982) s}l F3 2HEo] Eub Au) Aloll+=
T ARAER QS| Thak Au] ARt 2oed RS Fol3 A Ade S AR
AES AFRE 3t 2a 7]o] SEvhe B4R RS A FHA I FEEE &
o] FLS FHA7)E AHo] Jutn FH=, B APME e dy B Tzt
Eo| &0t Qs 2dd 3ol Frtehe AR UEhA slE ZEe] e Tl
T FHFUCR T A& AAFEATo, 2012). =S & A7ARel FAFSHA Lithourgidis

5(2006)2 EFEA L sojgux] a7 2T8d e RFV 0] €53HA =2
U 3tE 3 A EAE TulTo) 4= NDFSF TDN 3heFo] Eol 23 ZHE-9] thy} 2 Sup
B} AAsFAo] Yol tha s, ole FE W gad FHoRE o5s P
AZEZo] A7) wjiol 7t5F2] AF 43487 A4 A3td 4 Jdvka Ak o5
FESH7] feiAe B A Zo] FAREAS] £9 S UE ¢ 22 A4 FEol

%23 o] Fo{Aof Arha AzH

©

Ejo} HESE A& Aol Fulel o DAWAY AT A5

T AFRAES] EupAju) e} M E o] Algo] R dHAY FUVME AT
8-S Yehd 21L& Table 59F ZATh
7] LS 8l A AT 450 kg YFSATF 400 ¢ FEE st HRYFE {7
Al o2 70% T3 Ao Qo= st oAy TDNS 1Y 27 4263 gJJr 3.479
kgS 7]+ 2 39S wi(Jo, 2003; RDA, 2012), J R e|e] ARV} & =23 TDN &
goll & GeHAY A /U1 A Y-S @k 47 1.93~2.799) 2.18~2.91FH(H
T 2.06~2.85F) Bt T A= a7} ZH2t 2.15~3.667 2.13~3.39F(H o 2.14~3.54F)
AHEeE S BHon olgfgt A S8 AAh A g4Fo] SV e S F
St TE 53] FrE Tk b =2 HAAEFFE 150 kghaoll A F718H-9- AFSF
T AEAE T 8 AAAESFE 50~100 kgha FEANA 5 AHSEHE
UER T Qo] 23 A EAEe] Efvloas S8 A Al8FFES 50~100 kgha 714

[~

N o -1>



AEAGNA FH ABAZY] Lot At TE $-3E0] Agol AR Y 7] & ASEHE vAE 9 533

Y & AS ALt AMaAdFATel A2 FE S H(Jo et al., 2010; Jo, 2012; Hwangbo
and Jo, 2013) =& FHAAIEAE Al E DIl TR ha T B 0.08~0.6972] A5

g FHE 7HAES ol @A AR AR 2 & F J5S dFska Aok

Table 5. Effects of sowing mixed legume forage and applying cattle manure on feeding
capacity (head/ha) for organic Hanwoo heifers (450 kg) with 400 g average
daily gain fed the diets including 70% whole crop barley or its mixture crops in

2012~2015
Hanwoo feeding capacity
Cul hod Cattle manure
ulture metho level (kg N/ha) Crude protein TDN" Mean
(heads/ha) (heads/ha) (heads/ha)
0 2.11£0.59 2.23+0.83 2.17+£0.70
50 1.93+0.50 2.18+0.67 2.06+0.56
Barley 100 2.15+0.76 2.50+0.81 2.32+0.72
150 2.79+1.18 2.91+1.01 2.85+0.97
Mean 2.24° 2.45° 2.35°
0 2.15+0.29 2.13+0.47 2.144+0.32
50 2.78+0.73 2.60+0.72 2.69+0.69
Barley +
. 100 3.28+1.39 2.93+0.69 3.11£0.99
Hairy vetch
150 3.28+1.00 3.07+1.02 3.17£0.96
Mean 2.87° 2.68" 2.78%
0 2.46+0.56 2.39+0.69 2.43+0.62
50 2.82+0.56 2.63+0.74 2.73+0.61
Barley +
100 3.34+0.90 2.99+0.84 3.16+0.87
Forage pea
150 3.66+0.69 3.39+0.81 3.54+0.74
Mean 3.07° 2.85% 2.96"
0 2.24¢ 2.25°¢ 2.25°
Mean 50 2.51™ 2.47" 2.49"
feeding capacity 100 2.92% 2.81% 2.86™
150 3.25° 3.12% 3.18°

D TDN: Total digestible nutrient

ojdel AxtE TH = W, Fue A Al I As2Eo v Sdle

A
H ¢}
A Boh B E 2o AAAETES ha § 50 kg o1 EolHAE AT
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A& Hrhsta
< 75t dHAY {F718 AHSeE s FAst A 2012~2015kﬂ of A oP%lE}

T AFRAES] &t WE 3
5.82, 0.49~0.52 % 3.51~3.72 E/hal 2 G E AudS 752 4.44, 036 Z 2.92F/ha 111:}
frolstAl S7ketd o &9k el Abol7t flSlal, HaES-Eo DA 87| 71
e} FH ol HiE) o] & Aol FTFIR o™ Hit ha 100 kg/ha o]/ HAAE Al
of FH|FET 23 F71E YERATHp<0.05). FH 9] 33 B = g3, ADF
I H A ZARZIAIREY) 52 SITH(A2 7.89%, 29.71% H 104.89)HTH T3 ALS
2+ 0] (22} 8.81~9.02%, 31.71~32.69% 2 105.44~108.83)0l A 23t =4 YEFS
I NDF$} TDN &2 3 ALRZHES] E9t77F W& fofshA] @dth(p<0.05). T2
At AES] Eate] wWE HRe o i dy} TDN o] f713s AASSEEAF 450
kg, 400 g YA HE)S 2.15-3.667 2.13~339F(H 2.14-3.54F)2 ©upe] 7h7}
1.93~2.799} 2.18~2.91F(F 2.06~2.85F)HT} =2 ASEHS BHoH o]Hs A
T Aa AgFEe] ST W oS FEEinh

ol e Aste F3el B u, JHE AW Ao T3} ARRES Eusto 2y T

W) Boh AR WAAEFES ha T 50 kg O ZO|WUAE ABSFTFS e A4
A3} §18 AS5E ZoE B8 299F 3% 5 ABNE 4L AA TS ALY
A ZAEARL Y] Theksl i ol el ARSI o Ao frIEAE Ao R {754
Ak = FA 71ostel gt Ak

[Submitted, May. 12, 2016 ; Revised, July. 5, 2016 ; Accepted, July. 22, 2016]
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