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Nutrient Contribution of Green Manure Crops In
an Organic Pear Orchard
Lim, Kyeong-Ho - Choi, Hyun-Sug - Kim, Wol-Soo - Kim, Sun-Guk -
Song, Jang-Hoon - Cho, Young-Sik - Choi, Jang-Jeon - Jung, Seok-Kyu

This study was conducted to evaluate the effects of ground cover treatments on the
nutrient contribution in a ‘Niitaka’ pear (Pyrus pyriforia) orchard. Treatments
included; 1) sod culture, 2) winter cover crop [ryegrasst+hairy vetch], and 3) winter
[ryegrassthairy vetch]+summer [greensolgo (sudan grass (Sorghum bicolor L.))+
nemajanghwang (crotalaria (Crotalaria juncea L.)] cover crops. Ryegrass and
hairyvetch were seeded with 6.4 kg/10a and 3.0 kg/10a, respectively, on October
17 of 2008, and greensolgo and nemajanghwang were seeded with 2.0 kg/10a and
3.0 kg/10a, respectively, on June 4 of 2009 at a diligent farmer in Boseong in
Chonnam. Winter+summer cover crops provided greater amounts of dry weight,
followed by winter cover crop and sod culture. The difference of amounts of dry
weight from the ground covers affected to the levels of total N, P, and K contents,
which were greater nutrient levels than those of recommended nutrient requirement
for satisfying 10- to 12-year-old pear tree growth. Greater amounts of dry weight
from the ground covers increased organic matter and concentrations of K and Mg
in soil. Foliar nutrient concentrations, as an indicator of nutrient status of a tree,
were not affected by application of ground cover treatments.
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19909t ©]F2 e} EvjdAaes ZRo 37| $HES A IS 754
1073255l gk AAo = Frag Aiko] Azl 20% o)/ FES] FUteA e o=
ZALE o] gkti(Bertschinger et al., 2004). T f7]& AFQE v MA 2 S0 FA7F F3
sty f7] B FeALke AA7EA] FEg A4S HolA ¥l ot o= #|shAQl R
U 71s2Q By B, Beedd =557 A A5EH 12uEe 7148, e a
g2 MHe EFHA Fol 7] wlE Aslst=d oA 7 2 ez 48A A
ot olglgk 7] vl AE) FAAME AA 2SS HELAEZ o] &3 ZH| A= FuldlA]
7Hg ol o] &Hi e FHFY stolth AAxES ©] &3 SHIAE EYY F7
P Aeoe dERE dE

A& NAstAA B8-S FA kAl SHI7E o= AR A4St
o=zZH EYo R §U|EY BFUYES FF8FE 98-S $(Choi et al., 2011a; Choi et
al., 2011b; Choi et al., 2011c; Lim et al., 2011a; Lim et al., 2011b). 3}R| 9+ AAZxFL 7|4
o] &S wol wotx 2T FETol s Gk 7t oA wiuFrt A7 de s §
© FIREEF 7S B A% 2 Y R HEES FASI7E gA= @tHLim
et al., 2011a; Lim et al., 2011b).

F53 2T 39S Bosty] SlsiA A g sol Hold ol Ay Sl A S
AR 714 FUY AT 5E )83 (Cho et al., 2011; Lim et al., 2011a; Lim et al., 2011b;
Seo and Lee, 2005), F32Eol 93t AAFF Hrhe FEF Fx ex=a8tau 39
S07 AFAAAN FFHFS ZHIUIE %ﬁ}(Granatstein and Séanchez, 2009). H]-O]Q_UHi
FAHEY 7718 =
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Aehd= BAAX G4 200630 F-71F522 QA5 10~1234 Ao 8] I %oﬂ*ﬂ 2008
A~2009 0l AT F715o2 AFH7] A= 2
F7F AuEa AR ew 30% ©)5te Fstngr FEFY
o2 QF Zo] EH|E F7]2%87 250kg/10aE A-&3FHaL BAL Xdéli
2 38% BEFL 14%2 ZAME YL HjUFEE ga53goz A AA =2
EQS dEo|I AEE AUEE Aol A2 Aoty BMEa Aol &3 A
+ <Table 1>°l] 7tefalA A|A3HA T

Table 1. Summery of insect and disease protection program in an organic pear orchard
during the growing season

Date Active ingredient N.O O,f Target
applications
April a) Lime sulfur (20 L) a) 1 a) Scab, rust, oriental fruit moth
b) Clay sulfur (1L)+ lime sulfur (1 L) b) 2 b) Scab, rust, aphid, pear sucker
a) Plant extract (5 L)+ ginkgo a) 1 a) Scab, rust, pear phylloxera, leaf
pyroligneous liquid (2 L) roller
b) Clay sulfur (2 L)+ lime sulfur (0.5 L) b) 1 b) Scab, oriental fruit moth, aphid,
May L .
o + cooking oil (1 L) mite
Tune ¢) Clay sulfur (2 L)+ lime sulfur (1 L) c) 2 ¢) Scab, oriental fruit moth,
+ cooking oil (1 L) comstock mealybug, leaf roller
d) Clay sulfur (1.5 L)+ lime sulfur (0.5 L) d) 1 d) Scab, rust, pear phylloxera,
comstock mealybug, aphid
July to | a) Plant extract (5 L)+ lactobacillus (1 L) a) 1 a) Canker, Oriental fruit moth,
August + photosynthetic bacteria (1 L) comstock mealybug, aphid, mite

Dose rates in organic system are expressed in 500 L of tank volume per hectare.

Data is adapted from unpublished manuscript (Choi et al., 2011d).
2. =l A

A= SHIZHE AupdHel wet 1) AR, 2) AEEH SRRE Aj( g+ o] 2w
A)), 3) AeE SRRE+AEE SHAE[OHEL(FE L FE(Sorghum bicolor L))+

vl A3k FZ el oF FF(Crotalaria juncea L.))| 22 U014 2008d~200913 o] o3& 2
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SHZE A E St A] Al S AT ALdE SHAEQ] SEd o = 247}
6.4kg/10a%} 3.0kg/10a= 2008'd 10¥ 17¥0) TEagon, &1 =ZnZEQ Frhaets
o} Jjupdshe Zhzt 2.0kg/10a9t 3.0kg/10aE 20091 69 4Yo) E3tAct AgdE Loy
AMOZ 15 19HE 02 X S8R 02 3T 200851~2009d 9l o 2= 742} 23] A A
st ed =H2E o AR /P B E570 dx3 Fo RES O FJ&sAT)
AgZa o] 139} 23} o= ZH7F 2009 4€ 14937} 5€25U 0] HAIBIR A, 5509
1-22F of| 2= 2009 8€ 2697 9 259l 747} AT dx A Fol| FuAES ©

AuHY astelN Az T ARFS 23t
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3. ARHE

20091 6€ 4o MivHF S F(canopy) F919] EF 0~20cm zlolol X W g FF A
T A EFS AFHAT Foll HidHo] Yola a5 XA Tt EGS Ax §
2mm EGAZ FHAI Fol pHE 15(H0)02 SAHSATE EFe #714% &4 &
%% sdGsdoA A B F AEA] BAH(NAAS, 2011)9] £l SH|2HEe
39+, d8AE CN £247]E(Variomax CN, ELEMENTAR, Germany),
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=0 2HES 283514 80C 2370l HARAIA HAVE ZA B Fo AEA F
AL 99 EGEA T viIA R ES 2 A=A EATH(NIAST, 2008)°] €] 73]
A ZHEAT AEA ARE 7HAL A ae Fiko s T Foll KjeldahlH o=, 14k
< ammonium metavandate H]2MF ol 23| A ZA3IATH Z-FL ternary 82 (HNO;:H,SOq:
HCIOs, 10:1:4, viviv)S. 2 E3to|A 719 E3] o) ICP(Inductively Coupled Plasma Atomic
Emission Spectrometer, Pye-unicam PU 9000, England)2 =73} t}.
B UL &) 2] 3]E Faust et al.(1989)9] W o2 g Z)AE o]Fo] HL /38 & 110
d 221 8¢ 13¢0l =4 7HA Y S X A& & FTF 1007 H= 2 FH 5}
Al alg g Yoja AAAR uteldnth wiuy o AEL Hu|REe R B4

WS o,

=k

m. Zo =
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= ZE 2Fo W2 2Ze 597 T1ASTI} 149} 23 G ZA M ZA BEH
ATHTable 2). 7155 1219} 23} o & ol|A] 3HE37} HH]ZHES] 59 0] 6007)/m” o302
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Table 2. Growth characteristic of height and shoot number of cover crops as affected by
ground cover treatments

Height (cm) Shoot number (No/mz)
Treatment
Ist mowing 2nd mowing 1st mowing 2nd mowing
Y
Winter Ryegrass 137£10 108+8 620+73 607+34
cover crop Hairyvetch 70+7 70+4 218+58 38+10
S Greensolgo 153426 159413 141428 177438
ummer
COVET CTOP | Nemajanghwang 106+13 65+3 48+6 60+15

Y Each value is in the mean of +standard deviation.

Table 3. Dry weight of cover crops as affected by ground cover treatments

Dry weight (kg/10a)
Treatment Winter cover crop Summer cover crop
. Total
Rye Hairy Vegetation Green . Nema Vegetation
grass vetch solgo |janghwang
Ist mow - - 383+113" - - 463+69 -
Sod
2nd mow - - 314443 - - 290+70 -
culture

Ist+2nd mow - - - - - - 1,450

Ist mow 703+31 | 127+18 1243 - - 463+69 -

Winter cover
2nd mow 337429 2642 19+5 - - 290+70 -
crop

Ist+2nd mow - - - - - - 1,977

Ist mow 703+31 | 127+18 1243 33141 101£17 193+29 -

Winter+Summer
2nd mow 337429 26+2 19+5 331475 16+5 155441 -
cover crop

Ist+2nd mow - - - - - - 2,330

Total 1,040 153 697 642 117 753 -

Y Each value is in the mean of +standard deviation.

m=ualE o] 2E2W ARZS 5(1,040kg/10a) > 13 < 31(642kg/10a) > 5 0] 2] W] X|(153kg
/10a) > Wl oF4 3H(117kg/10a) 2 ZAFE QITKTable 3). S0 2E 2Eo] FAISl0] =u] A
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Hol W2 AEFES AL+ E5H]2HE(2,330kg/10a) > 72581 2HE(1,977kg/10a) > Y
A(1,450kg/10a) =2 AZAEQT dRbF o2 Fraet ARl JHETE C4 AEE
T4 E&0] $F3te nlo|omjx FXo] 4% FAERE B AFAAMNE 2 UEF
TEEAS 2T C3 AEQ TEE B AFdAE AXEErt F53 EAoE A
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Table 4. Total N production of cover crops as affected by ground cover treatments

T-N (kg/10a)
Treatment Winter cover crop Summer cover crop
. Total
Rye Hairy Vegetation Green . Nema Vegetation
grass vetch solgo |janghwang
Ist mow - - 7.4£1.7 - - 4.6+0.5 -
Sod
2nd mow - - 5.3+£0.5 - - 5.9£1.3 -
culture

Ist+2nd mow - - - - - - 23.2

1st mow 9.0+09 | 4.5+0.8 | 0.0+0.0 - - 4.6+0.5 -

Winter cover
2nd mow 4.8+0.1 | 0.7+0.02 | 0.4+0.09 - - 5.9+1.3 -
crop

Ist+2nd mow - - - - - - 30.0

Ist mow 9.0£0.9 | 4.5+0.8 | 0.0£0.0 | 3.9+1.8 | 1.6£0.4 | 2.5+0.6 -

Winter+Summer
2nd mow 4.840.1 | 0.7£0.02 | 0.4+£0.09 | 8.4+1.4 | 0.5£0.1 | 5.0£2.3 -
cover crop

1st+2nd mow - - - - - - 41.4

Total 13.8 53 12.7 12.8 2.2 10.5 -

YEach value is in the mean of +standard deviation.

SHIAE A 2% o 449 SdZe dEFe] 7MY =4d 89 1dEa
7} Z¥Z} 13.8kg/10a 12.8kg/10aZ 71 =3kom 3l of 2] W] X](5.3kg/10a) > Y| »}d-8(2.2kg/
10a) O 2 ZH|AEo] AEFo] FFS e A AFE Ak(Table 4). 3 oj 2w x] <}
Yebgste] Ads wwrt 242 32%9 2.6%E 39U AARxF ada a2dEI(14~
2.0%) Rt} E=J el =(data not presented) ZFol| E HAEF FoA A= Zol7} 2F
o] s=d W& AolE ol A AR Ao m ATGE UK (Faust, 19889). 52 A=

=

AA8AFE SV/MAHE =1 53 ooz A T EYe EYAFS NFE Aoz
T QFo 2o AFoME EFET el g Fato] S FHojof & Aoz ATl
ZHZHE AuaHe 2 A4 L Fe AL+ ES12E(41.4kg/10a) > 72 SH]| 2
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(30.0kg/10a) > I = AY(23.2kg/10a) .2 AZ = Th el A 10~12d48 vy B33 £
A= 9 Az Do e AL A4k aga ZFS 10-5-8kg/10aS FHFOE @ TE
3 QITHNIHHS, 2011). o] A 9] #9] AFoA dzxd sH2Eoyg g FES O 53
H AEA FAELE dubd oz 37)Eo] A Fox A EAY BEZH AT 50%
A7 EGUNZE SJEMEHA &g a2 Foldvbar B 31181 th(Tagliavini et al., 2007;
Tutua et al., 2002). @W&kA 10~1234 vlUF-= 15~20kg/10ad] AAALE Q3= o=

=

FAHER B APelN A Su4EL BT o)F 27% Ao BAH] Hu4E
Qg AYE FE A QoA o7t BaF Ao FUHLch vt H5o] 93 o]
e Ao o] g@e BUGA FIAE AasA] EAE EoE HE WA o
B 71491 Age] arHch £F 599 A4S $ARE Dbt B 71Qske] &
FABAZ FAE Aago] £HHLR ALFPS FAAIE BHL A gomw o

Table 5. P-Os production of cover crops as affected by ground cover treatments

PzOs (kg/ 10a)
Treatment Winter cover crop Summer cover crop
. Total
Rye Hairy Vegetation Green . Nema Vegetation
grass vetch solgo |janghwang
1st mow - - 1.6+0.6” - - 3.9+04 -
Sod
2nd mow - - 2.3+£0.2 - - 1.9+0.3 -
culture

Ist+2nd mow - - - - - - 9.7

Ist mow 3.4+0.6 1.1+0.1 0.0+0.0 - - 3.9+04 -

Winter cover
2nd mow 2.240.2 | 0.2+0.03 | 0.2+0.02 - - 1.9+0.3 -
crop

Ist+2nd mow - - - - - - 12.8

1st mow 3.440.6 1.1+0.1 0.0£0.0 | 3.0£0.5 | 0.6+0.1 1.6+£0.3 -

Winter+Summer
2nd mow 2.2+40.2 | 0.2+0.03 | 0.2+0.02 | 1.7+0.2 | 0.1+0.03 | 1.1+0.4 -
cover crop

1st+2nd mow - - - - - - 15.1

Total 5.6 1.2 3.9 4.7 0.7 5.8 -

Y Each value is in the mean of +standard deviation.

ZZ0) WE ot A HFS 59U(5.6kg/10a) > L < 31(4.7kg/10a) > 3l o] 2] ¥ X (1.2kg/10a)
> UnFE8H0.7kg/10a) o2 A A ST Hlszgh 7 3Fo] TF Y TH(Table 5). 2} 4]
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MEEE 0.6~0.8%%E 2o]7F gl (data not presented) ©]ol Wl =EE E=H]
EZo] AALe vR7IAE QA el TS vHS oz AR HATH
=012HE Ayl w2 4t FAFLE AL+ FE50ZE(15.1kg/10a) > A H A E
(12.8kg/10ay>" 9 =4 (9.7kg/10a) =o. 2 FAE Tt ol A AF 3 Tagliavini et al.(2007)2}
Tutua et al.(2002) 5 Hatol] AN 10~1234 wiUF-7F A7 e g de ke 8~
12kg/10a =2 FAHE=H 2 AP HEH ALS+AFSHAE A7t o5 2H 3t
FEFA A JdAME #YoE JEA F7F skt

Table 6. K:O production of cover crops as affected by ground cover treatments

K20 (kg/10a)
Treatment Winter cover crop Summer cover crop
. Total
Rye Hairy Vegetation Green . Nema Vegetation
grass vetch solgo |janghwang
Ist mow - - 54+2.17 - - 14.0+£2.8 -
Sod
2nd mow - - 5.2+1.0 - - 7.6£2.3 -
culture

1st+2nd mow - - - - - - 322

Ist mow 10.5£2.3 | 3.5+0.4 | 0.0+0.0 - - 14.0£2.8 -

Winter cover
2nd mow 5.6£0.3 | 0.8+£0.02 | 0.9+0.02 - - 7.6+£2.3 -
crop

1st+2nd mow - - - - - - 43.0

1st mow 10.5£2.3 | 3.5£0.4 | 0.0£0.0 | 9.2+0.7 | 2.0+0.5 | 6.0+0.4 -

Winter+Summer
2nd mow 5.6£0.3 | 0.8+0.02 | 0.9£0.02 | 9.0+2.7 | 0.4+0.1 4.8+2.4 -
cover crop

Ist+2nd mow - - - - - - 52.7

Total 16.1 43 10.6 18.1 24 21.6 -

Y Each value is in the mean of +standard deviation.

it

T~

2% wWE Z2F YT 2L 3(18.1kg/10a) > T H(16.1kg/10a) > 3 o] 2] ¥l X](4.3kg/
10a) > vl w}81(2.4kg/10a) =2 HZE ATK(Table 6). FALe} QA= G I1d&ET
7h ZERT Tk e 2F FUAFS BYed ole 399 BEEEI L6%E 2dEL
9] 2.8%Xtt XN A LEFLEA (data not presented) ZE Yo FES o= HT 7%
Aog Hadtt g Hu|Ee 2§ s 2dE19} HSEA UElsthdata not
presented). T4 9] A& = gukg oz g xFof vl 7}

2
Z e ole 9 E8 AEZF(Table 3)0] WE kR0 34 & FH(Faust, 1989)°] L+
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2HE(52.7kg/10a) > 7 &1 Z12(43.0kg/10a) > W 2 4Y(32.2kg/102) -2 YE}SET} Tagliavini
et al.(2007)2} Tutua et al.(2002) 59 Ei3t vlE EUIZ st 10~129A4 sjy-F7F A3k
o7 e ZFS 12~15kg/10a F=Z FAE = 2 AlgoA e d SH|2E2 L5
ol N 2H3 Ao E YA ZFY G TH AJol BE A8 Fo|vF ast
At

Table 7. Soil chemical properties at 0 cm to 20 cm depth as affected by ground cover

treatments
OM | AV. PO K Ca Me
Treatment pH %) ke)
0 (mg/kg (cmol+/kg)
Sod culture 5.7+0.01" 3.4+0.6 15645 1.3+£0.02 5.540.1 2.8+0.1
Cover crop 5.940.01 5.440.6 21346 1.5+0.05 6.4+0.4 3.840.1
Optimal nutrient range 5.8-6.3 2.0-33 300-500 0.6-1.0 5.0-7.0 1.2-2.0

Y Each value is in the mean of +standard deviation.

WA Z82E 2 22" EY 0~20cm ZoloA HHE EF pHeL 2
F7 HS(NIHHS, 2011) Qo] B5F &3} thTable 7). SHAIWF Bk /71&E3

5 283l vkl 3 9 Bo B 2T, ol S8 AR dAast ¢
ab agla ZHg sk Eko] 10~1234 Alar wjuRrt @R dte YR Q TEHNIHHS,
5% 23931931 (Tables 3-5) Al@ol o] 88 U Fr|Foz SH2ES I8

St AP FolBE ESsIEdS SR Ao 2 ATEIT ook gy T A FelA
A3k ko] Ak S-S W Q(Table 5)01 % B FAAAS BWF FH QT 5 (NIHHS,

& B )

)
p

e

O

2011) B} S e, Qike Bl 47 B840) Bt PholnE AL 7Hes
AZ 5 e MBS 2e .

G2 FHLTENIHIS, 2011) 6} Ael 7o) Fagtol £A ebiel, 2E AdFolx
Q) 2FI B4 1L nlllF FEE FALTES BT ol Sahen
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Table 8. Foliar nutrient concentrations of pear trees as affected by ground cover treatments

T-N P K Ca Mg
Treatment
(%)
Sod culture 1.6+0.17 0.25+0.02 1.740.1 1.3+0.1 0.2440.03
Winter cover crop 1.440.1 0.26+0.03 1.740.1 1.3£0.2 0.24+0.03
Winter+Summer cover crop 1.6+0.1 0.26+0.02 1.9+0.1 1.4+0.0 0.27+0.05
Optimal nutrient range 1.8-2.5 0.10-0.17 1.5-2.3 1.2-1.7 0.25-0.33

Y Each value is in the mean of +standard deviation.

AF o wjiu-o] JYGEE Uil do T8
08 JFs B2 X3 Fow AdEHIU o= 10~1294 v
T S0 T 4 FETod EoE S XA X A
w, o] o] ALz} o] A+ ﬂﬂHCMQﬂéﬂﬂﬁﬂﬂla@mmaﬁmmcm
et al., 2011b; Choi et al., 2011c; Pinamonti et al., 1995) 7 Eoke] EXo|} A9 A7
< 9% AR, G FAY Y 8, 283 ES AFH Zolet FUIGE
el R Aol 2 o7 a9l rrﬂl'i—oﬂ o) e A AEAAME A
E4Y FAAAE BFst7I= HA rkStiles and Reid, 1991). SFA|RF & A| ol A ©]
9 FHFEL F7) v FFE AL lolA FIEAD Q)R {71 280l Lol
T T

=
3 RS AANY F Qe AL BelFsdth

olgel AW mobd HuIAE Age Eoe] Hege
9

0

V.2 %

B A7s f71AN o SedolA =nlE Ajafol o3 =R Sdads dof
| S1siAM FFHAT. A= HHlzkE Aol webA, 1) I, 2) ASE =59
2= A D +a o g | A)), 3) AEH SHA S+ EE SHAE[adEN(FE IS

=

=y
Z(Sorghum bicolor L.))+|v}d3H(FZEle}el ot EF(Crotalaria juncea 1L.))]| 22 Y+t
AeH SH2EQ a3 o u X = 22t 6.4kg/10a9} 3.0kg/10aE 20083 10€ 179
gt oer, d8d SuAEd adEn} vnbgde Zh7h 2.0kg/10at 3.0kg/10a2
20099 69 4L A A W e FETte] AYstAnh SHIAEY A AE
+ESHIAE > ASSHIAE > 2 o8 UEEY SHAEY] dEFY Aole

!

Ak I 2o ZEe] S P dFS vz en, 10~12894 A wivyrE 2
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