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Effects of green manures in organic vegetable production.

Sang-Min Lee, Y. Lee, H B. Yun, J.K Sung, Y. H. Lee, SB. Lee, K J. Choi, K H Kim

Abstract : Organic farming in Korea has mainly focused on producing
vegetables in plastic film house and cereals in paddy field. For high
productivity of vegetables and cereals, most Korean farmers have not
applied crop rotation in the cropping system. Thus, this study was carried
out to evaluate the effects of crop rotation on the yield of red pepper and
green onion, the changes in soil fertility and the potential as green manure
of rye and hairy vetch. Rye and hairy vetch were cultivated for winter
season every year, and directly incorporated into the soil. The yield of red
pepper fruits in organic farming using crop rotation (OFCR) decreased 23
to 36% compared with conventional farming system (CFS). Whereas, green
onion showed the increased yield of about 13%. In OFCR, total carbon
content of soil was higher, however available phosphate content lower
than conventional farming. As a result of measuring the bulk density of
soil, OFCR and CFS were 126 to 1.35Mg/m’ and 137 to 1.42Mg/m’,
respectively. Carbon and nitrogen contents of microbial biomass in OFCR
were obviously higher compared with the CFS. In the plot cultivated rye
for winter season, the weed germination was strongly reduced (about 52
%). Balance of macro nutrient elements, nitrogen and phosphate, in the
application of rye and hairy vetch had a minus value. For potassium, the
output value was higher than the input one, therefore organic farming
under red pepper-rye or hairy vetch systems requires applying additional

potassium input. Also, we selected two hairy vetch varieties of cv.
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Hunguillosa and Ostsaat which can be adapt at Korea climate. In order to
estimate a yield of green manures, the weight of shoot and root was
measured. The ratio of shoot and root between rye and hairy vetch
showed 0.88 and 191, respectively. The potential levels of nitrogen,
phosphate and potassium which could be supplied from rye were 7.7, 7.8
and 219 kg/10a and from hairy vetch were 17.0, 8.6 and 229 kg/10a,
respectively. So we recommend that cultivating hairy vetch, as a nutrient
supplier, and rye, as an amendment to enhance the soil physical property,

for winter season be practical method in Korea organic farming system.
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Bg fgow fgom, ALE FR/ FuAERA FEAGE 59
B R doluAe aAaAT. F8 AYLe T 1004 mivl
o} o] 3 Aujel B¢ BF T ¥ AGAAT@H Dok FUlEds A
s BE FHER Sy 59D dojuAE A9 &38 AU )
g Fa nFANY A BRFUOR 1S AGANE @D 1)
E Ux=E 39 frlsdez 135 A 349 AZTE FAG 15
A AED FI AALIAE 24D AR W), 3 AF =
DS &A% A7) m) 2 Aue ol 58S AdeR
T2 A2 (7] IV)E FAS
Table 1. Treatments and cropping systems including crops and green

manure crops
Cropping systems
Treat. Main crops Farming Cropping Ist 2nd 2nd 3rd 3rd 4th
systems systems
w s W S W S

CF. 1 Green onion Conventional Continuous - GO, - GO - GO
OF. 1 ” Organic Rotational HV. GO. Rye GO. HV. GO.
CF. I Red pepper Conventional Continuous - RP. - RP. - RP
OF. II " Organic Rotational HV. RP. HV. RP. HV. R.P.
O.F. I 4 " 4 Rye RDP. Rye RP. Rye R.P.
OF. IV " " " Rye R.P. HV. RP. Rye RP.

* W . Winter, S : Summer

* R.P. : Red pepper, G.O. : Green onion, H.V. : Hairy vetch
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Table 2. Average biomass of shoot of green manure crops

Green manure crops Range(kg/10a) Average(kg/10a)

Rye 1,974~3700 2,592

Hairy vetch 1,652 ~3803 2,609

o wH AR AN FRIFS ¥ 349 2T B BLHT 3
= HEA sEH SHRES 59 ol x| Blet] A A FE
ol vtu B2 wob @A Ec] 6252 w8 oA Y T
FAbg AA MAETY Ak AT 2IAS AL 2R St
A= Ao AU Wi Sojg A= AhdFe] 293% 2 Fi
Ag gol
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Table 3. Nutrient contents of green manure crops(D.W. %)

Green manure
Water C N DP0Os KO CaO MgO NaxO Fe Cu Mn Zn

Crops
Rye 811 437 118 126 353 048 022 0.02 456 7 58 38

Hairy vetch 834 439 293 174 478 229 047 0.05 1,08 13 62 86

% 4599 A2y 1F ASAFE E 44 RE el 2o 50
A Aelrel gh Beadt. oA $9s Badel B/l 489 A
o BBHUT. gebd UL ST HUE AT A4S vAEL 2
o7 fste] FrbHel Rad TR Er T muEsel Fi F 493
Aavert 2o Aow BRHUY

Table 4. Plant height, stem diameter and SPAD value of red pepper

Treatments Plant height(cm) Stem diameter(mm) SPAD
CF. II 90.1 13.3 58.8
OF. 1I 91.6 12.9 58.5
O.F. 1II 83.3 11.7 57.3
OF. IV 90.6 13.0 60.2

* C.F. : Conventional Farming(continuous), O.F. : Organic farming(rotational)

FFe 9 1A Ee bk 2o 3 e 393 o
T WYl 13% Feta, 15 FEe AF #ddF
= 69~77% FTo2 Fe Holth dojgu A=
A FAM LS HF2S AT Brd 13% =AU

IO )
rol 2

@

o 2

FW kg 10a™" DW kg 10a™"

1400
™ Green onion _(113) [ Red pepper
(100) (100)

600

1200 500

1000

(69)

800

600

400

200

C.F. 1 O.F. 1 C.F. Il O.F. 1 O.F. O.F. IV

Fig. 1. Average yield of green onion and red pepper for 3 years
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4.61
4.81
38.4
37.1
31.0
36.6

: kg/10a)

0.73
0.84
53
4.7
43
49

N
2.19
242
23.7
20.8
17.4
21.3

[e)

Cropping systems
Continuous
Rotational
Continuous
Rotational

V4

VA

V4
V4

Farming systems
Conventional

Organic
Organic

n
n
n
n

Green onion Conventional

Red pepper

Table 5. Nutrient uptake of green onion and red pepper (Unit

Treatment Main crops

CF. 1
OF. 1
CF. II
OF. 1I
O.F. III
OF. IV

Eg8Ee W
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Table 6. Changes of soil chemical properties before and after experiment

pH T-C Av. P,Os Ex. Cation(cmol+kg)
Treatments (1:5) (8/kg) (mg/kg) K Ca Mg

Bf Af Bf Af Bf Af Bf Af Bf Af Bf Af

CF 1 6.7 67 114 101 271 430 068 0.76 6.5 94 24 0.8
OF. 1 7.5 71 148 136 646 641 125 105 76 110 27 09

CF. 1I 64 61 135 133 291 267 046 042 65 98 24 08
OF. II 74 65 143 163 643 368 123 083 75 105 27 09
O.F. 1II 76 72 159 144 465 317 116 078 76 105 28 0.9
OF. IV 71 72 138 118 453 182 078 065 70 98 24 08

* Bf : Before(Chemical properties before experiment in the first year)

* Af : After(Chemical properties after experiment in the third year)

AA4AT D F715 SAATAN Ba W Dze] 24
=3

SR AN e B Aol FFol zrsoY ARAAE F
3 o
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Atk oAL HHIAES &AL FEEE A AT
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of AF UG A TA B ALAAFS FTVHIFHYE Ao E AlsHT

SR
ot o b

0 2 4 6 8 10 12 1416 0 0.2 0.4 0.60.8 1.0 1.2 1.4 1.6

© | Carbon(g/kg) — Continuous  Nitrogen(g/kg)
N /’H_,..--’ Rotation l-* | —"
=
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Fig. 2. Soil depth distribution of carbon and nitrogen
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Table 7. Bulk density and porosity of soil with different cropping system

Treatments Bulk density(Mg/ m’) Porosity(%)
CF1 1.42 46.6
OF. 1 1.35 48.9
CF. 1I 1.37 48.1
OF. I 1.28 51.5
O.F. III 1.26 52.4
OF. 1V 1.28 51.7
EdrAdE AAE dxsts AFH Axeln, B THEH FEF A
E2M FE5E EYuARASS B Ans 19 39 2o (FEE 5,

2001) &2 FolA vBEA &4 106.5~1644mg/kg 2 v EA A4

16.2~26.7 mg/kgo 2 AXAHFFET FU*th Anderson and Domsch(1989)

v GHAAY ESRY &4 AFAFoZA EY FrIEHE g v

EAgadge Hlgo] g% Eva & Ruel dXse dxE JeEth o

A F4S AXste AL EYPAEAZFS ST EAN ES S
]

uth golahl Agol o] 88 & Ut Wels A7 A

180 30

120

150 1 M Carbon Nitrogen 125
120
90 115
60 110
30 15
0 -0

O.F. I C.F. I O.F.1  OF. Il OF. IV

Microbial biomass carbon (mg/kg soil)

(110S B3/BW) UsBOIU SSBWOI] [BIGOIOIN

Fig 3. Microbial biomass carbon and nitrogen in the soil after experiment
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Fig. 4. Number and biomass of emerged weeds

Non-return of rye Return of rye

Fig. 5. Emerged weeds after return of rye in green onion plots
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Table 8. Comparison of Weed species, dominance value and diversity
index of emerged weeds in return and non-return of rye plots

Non-return of rye Return of rye
Species of weeds D(g;] ljl(é'eé)sf Impo. Freq. Species of weeds D(g)\f uce).ec(l)sf Impo. Freq.
Centipeda minima 1890 1,075 193 66.0  Centipeda minima 1.99 416 42 575
Cyperus nipponicus 6.82 201 7.012.3  Rorippa islandica 5.51 100 11.7 138
Potulaca oleracen 35.80 132 36.68.1 Cyperus nipponocus 0.70 84 15 116
Mollugo pentglphylla 3.42 77 3547 Potulaca oleracen 32.20 67 685 93
Rorippa 1slandica 11.10 71 11444 Mollugo Pentaphylla 1.00 22 21 3.0
Aigitaria ciliaris 12.40 35 12721 Cyperus amuricus 1.83 17 39 23
Cyperus amuricus 524 30 54138 Tarwacum nongolicum 0.77 4 16 06
Taraacum nongolicum 1.93 5 2.00.3 Digitaria ciliaris 0.83 4 18 06
Acalypha australis 1.97 2 2.00.1 Eclipta prostrata 0.16 3 03 04
Mazus pumilus 0.02 1 0.0201 Oxalis cornoculata 0.06 2 01 0.3
Eclipta prostrata 0.25 1 0301 Acalypha australis 1.85 2 39 03
Amaranthus lividis 0.02 1 004 01
Euphorbia supina 0.05 1 01 01
Mazus pumilus 0.02 1 004 01
Total 979 1,631 470 724
Shannon’s index 0.524 0.606
* D.W. : dry weight, Impo. : Impotance, Freq. : Frequency
Fz27b F 2o Fe 4% 23 |4 Heukel o] 2dS
FASHA ge Aelo vs) oF 31% = AEAL 5 Ak BHA &
0e Auste] Sulz AgS Fxel BAFL Y 5 Jonz Fxo
st FuTE FEE 29 F AUk

Table 9. Nutrient uptake of weeds

Nutrients Non-return of rye Return of rye
N 0.7 0.4
P2Os 0.7 0.4
KO 3.6 2.6
Total 5.1(100) 3.5(69)

oW FrEol vhste] E}ﬂ}‘iﬂrﬂ 9EA wEy) gt U Hofg
B sl 4AAY 87 WA 1A FREA W dore
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AR A= F 100149 7“3} TES A VWA= AAA, F
WEAY B Hkg o]zt 0~20% 9 %‘0}%% el o] o]E ZFel digh o}



o
il
o
k]
1o
H
e
fol
=t}

H3==Hl | FIls MHAHLS

(o}

b QAT 2 dojlM A o] B ML o5 FzEA UF
Wolold EHE VAT 5 AT FEDFH(199%)S

Table 10. Effect of hairy vetch and rye root exudate on germination of weeds

Germination rate of weed seeds(%)

Weeds Rye Hairy vetch Distilled water

Abutilon theophrasti 0 55 (90)* 61 (100)
Persicaria nodosa 0 0 0

Amarnthus hybridus 57 (81) 82 (117) 70 (100)
Portulaca oleracea 0 0 0

Cyperus iria 0 10 (48) 21 (100)
Panicum dichotomiflorum 9 (150) 4 (67) 6 (100)
Digitaria ciliaris 20 (47) 30 (70) 43 (100)
Echinochloa crus-galli 53 (85) 60 (97) 62 (100)

* Relative germination rate compared with distilled water

4. A9 E A& A HFH WALE T

A AFAuAl HFH AL 93 JHE AojanEs Y] st
SE 92 dH9 IxE AR 2= ® 11949 2o B FToNAN T
oFS Ax3t7] M 6¥ 9¢e FAME FGE = 508%F 5719 oA
s AX3 $ F43%] fgAasAT 18y 69 9d FHE vty X wn|
2 WAZHNE WAL o]ZFor YWEE 1,642~2,2330E] 2 23]

=3 %
T =
Z718 A Ao g hAEH, =X ZANN HHY ade= IR Gt
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Table 11. Changes of number of Aphidae and natural enemy in red

pepper plots

Natural enemy(No. /50 leaves)

Aphidae

aphidius
Treatments  Date (No./50 o ]
Coccinellidae  Neuroptera  colemani ~ Others Total
leaves)
mummy
6/9 571 - 0.7 6 0.3 7
CF. 11 6/28 22 - - 9 0.3 9.3
7/28 - - 0.7 - 0.7 1.4
6/9 820 9 2.7 2 - 13.7
OF. I 6/28 1,642 57 - 53 0.7 59.4
7/28 6 2.7 9 0.7 12.4
6/9 1,094 13.7 13.3 7 - 34
OF. IlI 6/28 2,233 2.3 - 73 0.7 76
7/28 23 - 2.0 2 0.7 4.7
6/9 275 - 53 3 20 8.3
OF. IV 6/28 1,816 1.0 - 49 50
7/28 48 ; 0.7 4 i 6.7

* Natural enemy : Eggs, Larva, Adult

5. EFA Y BlAFEN BNE ZuAE 3= B
a8 62 54S YT AUl FAAAA ST DEE XA AL
2 5o A% £4L ARl SR YRt 9P gUoy 1F
o A% BABGTOl W w4 IS AT KA ST
= Bt
50
40 ]
% 30
% 20
10 —— ’>
0 O == == . . I |
C.F. 1 O.F. | C.F. Il O.F. 1l O.F. 1l O.F. v

Fig. 6. Number of tetranychidae in soil with different cropping systems
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Table 13. Nitrogen balance according to rotation of green manure crops

Input(kg/10a) Output(kg/10a) Bal
alance
Treatments  Application Green Total
- A+B-C
amount (A) manure(B) (A+B) Crop uptake(C) )
CFE.1 21.9 - 21.9 2.2 19.7
O.F. 1 10.4 7.2 17.5 24 15.1
CFE1II 211 - 211 23.7 -2.5
OF. I 7.5 111 18.6 20.8 -2.2
O.F. III 14.4 7.0 214 17.4 4.0
OF. IV 47 15.1 19.8 21.3 -14

A A 1Fe) AS dAR f715ATANA 0 o 2R AL
& gtk aga AP ATl va) Qate] TS 39~74%71A] M3
WA Fegde 2 Aols UrhiA 2tk B3 B 44S a7 oE
of TAFHTFANAME JAFAZE ZA A= FUT b FHZRES &
Zate] ool wulz A8 A A2 EAA He wAAY AuxAe
EAE dste tgte] 2 = glue AL AAFET(2003. BHHEH1EY)

Table 14. Phosphate balance according to rotation of green manure crops

Input(kg/10a) Output(kg/10a)
Treatments  Appl G Total Balance
pplication reen ota A+B-C
amount (A) manure(B) (A+B) Crop uptake(C) )
CF.1 16.8 - 16.8 0.7 16.1
O.F.1 1.6 5.0 6.6 0.8 5.8
CF.1I 9.6 - 9.6 53 4.4
OF. I 1.2 3.2 4.4 4.7 -0.3
O.F. I 23 49 7.1 4.3 2.8
OF. IV 0.7 4.4 51 49 0.2
AFAA A pAE FUAE G4 Fot FUZFS 34~58%E B
Al g ey AES FEFe] woF FAE tEE 59 e UE
o webd §4< AARY SA6 WEe Ze) wevt WY Ao B
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Table 15. Potassium balance according to rotation of green manure crops

Input(kg/10a) Output(kg/10a)

Treatments  Application Green Total ]iaiaBnce

amount (A) manure(B) (A+B) Crop uptake(C) <)
CF.1 254 - 254 4.6 20.8
O.F.1 25 12.2 14.8 4.8 9.9
CF.II 26.7 - 26.7 38.4 -11.7
OF. 11 1.8 7.2 9.0 37.1 -28.1
O.F. 1l 3.5 11.9 15.4 31.0 -15.5
O.F. 1V 1.1 9.7 10.9 36.6 -25.7

7. S FHA FF I H34 BT

deojgmiAle T3 sHlF=E F Bl Widel st feuete] S5
229 2 Ee A aA = A u) s} 7}%3PU%(/‘15§ 2000), A%
Fol =ol Eel &4 F Ea7t §oldte] A= WKEIIFH FEe
TR & 001,004 o]FR) BAAY EFRA LAE AT HEE A
=E2(2001. A=AER) AT ARAE, HRAE 2 EGYELER o8
soE At a2y Tl e FAEAT0] o] FAAAA G o iR
T =olAM Fdse]l E8Hn o, Il Pz U HeHol A
SHA ¥ A 2R FAFe o FEEsA 3FH7] Wi ¢
utetel Sz Hg FFol AEEHolop & davt Slvh weEbA =
o FdHe F 7 FFE UBeE fHus Aexds AE F 8=
FES ALt
a8 72 oAt €5 & AEES A 2 S E Hungvillosast

N
Ostsaat &9 dFgo| 5% AoZ Ygylth sozy ‘1"5 ™ winter
vetch, Russian vetch, Sibberian vetch Z}11 % E#H X% W
dHA YRS H(AFZ, 2000) Oregon common, TTFI, Mmme, Welta
HEF HEE0] 50% olstE I ZA-ZHo] wip oFgk Ao Z ZAE
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Fig 7. Survival rate of hairy vetch varieties after wintering
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Fig. 8. Shoot biomass of hairy vetch varieties at harvesting stage
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Fig. 9. Growth of hairy vetch varieties in spring after wintering
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Table 16. Nutrient contents of hairy vetch varities (Dry weight basis)

Water N P K Ca Mg  Na Fe Cu Mn Zn

Varities
% ---- mg/kg ----

Ostsaat 727 256 087 531 144 048 0.01 2319 18 9 97
Hungvillosa 752 252 066 521 188 047 0.01 1,645 21 102 137
VV4712 722 261 066 516 216 050 0.01 1,117 22 111 187
TTF1 658 273 060 401 220 038 001 850 21 102 161
Welta 731 270 071 535 201 058 001 1447 24 121 218
Minnie 609 226 058 383 218 047 001 953 23 83 166
Oregon 672 266 064 434 225 049 001 710 23 128 153
Sita 703 225 076 456 179 051 001 1,138 22 119 134
Average 69.7 254 069 472 199 049 001 1,131 22 108 157

2% 102 538 ol As A 9o AWSdd Egd oA @
g3 AAHew B F Brudadde) WsE 248 Adolr. A9
e 1E B4 ¥ 69 39 BY YA E 7
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Fig. 10. Temporal changes of mineralized inorganic nitrogen from hairy
vetch incorporated into the soil
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Table 17. Shoot/root ratio of green manure crops at harvesting stage

Shoot Root )
Green manure F.W. D.W. FW. pw. /Rt
crops (DW basis)
—————————————— g/plant -----------—-
Hairy vetch 61.6 17.2 471 9.0 191
Rye 50.0 21.3 90.3 243 0.88
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Table 18. Supply possible amount of nutrient by application of hairy

vetch and rye as green manure (Unit : kg/10a)
green manure DIy weight N P0Os KO
Crops Shoot Root  Shoot Root Total Shoot Root Total Shoot Root Total
Rye 490 557 5.8 19 7.7 6.2 1.7 7.8 17.3 46 219
Hairy vetch 433 227 127 43 170 75 1.0 86 20.7 22 229
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