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Effect of Soil Incorporation of Graminaceous and Leguminous Manures on Tomato

(Lycoperiscon esculentum Mill.) Growth and Soil Nutrient Balances
In-Bog Lee’, Seok-Beom Kang, and Jin-Myeon Park (National Institute of Horticultural and Herbal Science, RDA,

Suwon, 440-706, Korea)

ABSTRACT: To investigate the effects of incorporation of green manures (GM) into a sandy loam soil on
growth, yield, and nutrient uptake of tomato (Lycoperiscon esculentum Mill.) and nutrient balances (input
minus offtake of nutrients), five tomato production systems were compared under the condition of plastic
film house: 1) a no input system (no additional amendment or inputs, 0-To-0-To); 2) a conventional system
(application of N-P-K chemical fertilizers, Cf-To-Cf-To); 3) a leguminous GM-containing system (hairy
vetch-tomato-soybean-tomato, Hv-To-Sb-To); 4) a graminaceous GM-containing system (rye-tomato-sudan

grass-tomato,

Ry-To-Sd-To); and 5) system mixed with leguminous and graminaceous GMs (rye-tomato-

soybean-tomato, Ry-To-Sb-To). Here, hairy vetch and rye were cultivated as winter cover crops during late
Dec~late Feb and soybean and sudan grass were cultivated as summer cover crops during late Jun—~ mid
Aug. All of them cut before tomato planting and then incorporated into soil. Biomass of GMs was greater
in summer season than that of winter season. Nitrogen amount fixed by a leguminous plants was about 126
kg ha’ per a cropping season, conespondlng to 60% N level needed for tomato production, which was
comparable to 50 and 96 kg ha” fixed by rye and sudan grass. As a result, tomato yield of Hv-To-Sb-To
system (legume GM treatment) was similar to Cf-To-Cf-To (conventional), but that in Ry-To-Sd-To system
(graminaceous GM treatment) was not attained to a half level of conventional treatment. Nutrient budgets
for N, P and K on the conventional farm were balanced or somewhat positive exception for minus-balanced
K. Ry-To-Sd-To system showed a positive N, P and K budgets due to the depressed growth of tomato
which is caused by high C/N ratio and low N-fixing capacity of the GMs. Inversely, those of Hv-To-Sb-To
system were negative in all of N, P and K budgets because of increased growth and yield of tomato with
high nitrogen-supplying capacity as well as low C/N ratio of leguminous GM. In conclusion, although
conventional cultivation has an advantage in relation to N, P and K nutrient budgets rather than
GM-incorporated systems, a leguminous GMs could be recommended as nitrogen reservoir and soil
amendment because the yield of tomato between use of leguminous GM and conventional cultivation was
not only significantly difference, but also GMs commonly reduce nutrient loss and improve microbial

communities.
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Table 1. Chemical properties used before this experiment

ja}

2 SHs) S AERAE $0 PRI AE F R
E s aEe Au F o] gasklon], su) £ o
2 ke AEE SeE Age B Ag vl
st

ERERT

A=

Aol AREE 3RS EFY] pHE 7.224 43 7P
1, ECE 1.8dS m”, 18] &894 Sk 527 mg kg
o]l oW (Table 1), EA> AFFEST ofF #3171 &< A
g T} S50 ABES(Glycine max L.), 3R} =
W22 ket (Sorghum bicolor L) ©]91oH, A&
Fo7] Bt Al T SuEEE Sloje]lX|(Vicia villosa
Roth), 323} 252 5%(Secale cereale L.) ©|3t) =0] EF
Shel & Al $AES FHSER EREE(Lycoperiscon
esculentum Mill) 50|t}

THHH b

AEZ 7 A defsFHstd g5 2N 3
Atk o353 AL F37) Fd AvjE SHAES T4
B9l ErlE 7F ARA7= Table 294 2tk ALd {3
SHAE fJate] AL T SHERA FojuA] F
A 100 kg ha'#} sHEv} =H]AEQl 59 100 kg ha'E
1289 24 Ao Ax) FaF Abvst ok Zh7ke] )

AEE2 29 T/ Al § Esta, ddsto] Bkl
eIt 95 § 60U 7 ErkE SHE od 39x0
A7 3 m x 4 m 719 3¢~ el 40 em x 90 cm
AR Aol 6LL7HA Al on, A7zt Fk
HEAFE fsto] Ao ErlE dof] FHAFAEE A
ot IS "N QHEE ARESIo] 20 kPa ETEE
g atellA Aofslsith. AAF Fa] HujAEe] T 69
o 200 kg ha®, ¥ 18}~ 100 kg ha” Hl&2 4 A
Aoll Ax F1F A thg 8¢ Fwell AFHEe] 5 em

pH EC oM P,Os Exch. cation(cmol kg'l) NO;-N
(H:0, 1:5) (dS m™) (g kg") (mg kg) K Ca Mg (mg kg")
7.2 0.9 19 327 0.13 47 1.1 21

Table 2. Details on the rotation included in the study on nutrient flows

Winter season

Spring season Summer season Autumn season

Chemical fertilizer

Input materials Rotation code (late Dec~ (early Mar~ (late Jun~ (early Aug~ q . a
P late Feb) lat}é Jun) mid Aug) latz Dec) (N-P-K kg ha™ yr)
No Fertilizer 0-To-0-To - Tomato - Tomato 0
NPK standard Cf-To-Cf-To  Chem. fertilizer Tomato Chem. fertilizer Tomato 408-90-202
Legume-Legume Hv-To-Sb-To Hairy vetch Tomato Soybean Tomato 0
Graminaceous-Legume Ry-To-Sb-To Rye Tomato Soybean Tomato 0
Graminaceous-Graminaceous ~ Ry-To-Sd-To Rye Tomato Sudan grass Tomato 0
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dolz Hak F u)7hg sk Eoke] SHaigict TR A
= 04% ErtE BES 9] gAsiion, B
T nHE Ajr) o} sAsA AAlskglon, AR
Al 3Rk w07 wjxsigltt. el A8 394
9] A4S W7k N-PKE 7]5F0% 408-90-202 kg ha ¥]
#2 A7) E RDA” ExAm|A el Fato] AAsct,

KT

=4 3 AN

Eok Wl A8 31848 RDAY Y] Wel #3lo] H-4a}
Atk B pHE E%9 S779 HIE 152 86t 108
¥ pH meter (ORION Model 720A, USA)Z =433,
E%F EC+ 1:5% 0% 353 U Conductance meter(YSI
model 35, USA)E ZARIItE B 715 Tyurint,
KCl-5%4 Axko]l &2 Kjeldahl o2 A3l ar, fael
2He Lancaster], 71813 X]3MJ K, Ca, Mg NH4OAc
(pH 7.0) % ¥ Inductively coupled plasma atomic
emission spectroscopy(ICP, GBC Integra XM2 model,
Australia) = #FA3I3lth S0|4= 4 ErvpE Fopd A4
SHe2- BHEE) 3 Kjeldahl] 0.2 2735t} 454 P}
KE #4317] $18lo] Zhao 579 hfel whel 1g9) 21EA)
o 25 ml AA-FALAE EFAK85:15, v/v)E 718k 60T
oflA] 34131, 100°C ol A1 1A17F, 120°C eflA] 1413, 190°C @llA]
2AIZE S Balstoic #all ¥ 20% HCL 5 mlE 7hetar
80CellA 3083t 7k & ths S5 7kéte] 100 ml2
g3l <l 8 Ammonium Vanadate'] 0.2, 12|11
75 352 ICP (GBC Integra XM2 model, Australia)
2 ety A4 @A Carter'” 9] Hyol wke}
3]3}2 (Dasol Scientific Co., DS-84E-1 model, Korea)E
o] &3te] A7t ow AFFslGith

EntE g4 90UA ErtEe] 2 9 AAS 2ARH
om, Fa7o] Ente A5 9 AEA A, 9,
Ao RA FHulo] ofe FRlE Y ] FAE Evt
Eol ofalf F¥ e AFoEM mulAed ok
A#FE AR

Z43} 9l D&t

#9] AFHL 3.4 Mg ha, 323} 51)9] UL 37~3.8
Mg ha' 24 Fhs} sH2v} 5u) 11
7b o, o8d HhEEe A
Mg ha'el nlwsle] sEaabEel =
8.7 Mg ha' 24 T3} 2E3} 3v} A& b & o7}
AATKTable 3). WhAo] T} =n|2E2l dloja]ux] 9} F
o) Ansleke 247 37 ¢ kg 32 g kg 24, SR} )
ol T3} FkebAd] 13 g kg7 11 g kg'oll vlg) AA
3] gkt ol s} o] FoEL v Axs wHd F
Ao GgHoR AAg FHY 5 ks FA 3}
=

=

FEAQL A=A

FoRNE Ah WAFS &
Al B, sloje] x| 9k gl A9 EvkE Aol QEE
T AL 62%8) 61%¢°l D= 747 126 kg ha' 7t
125 kg ha'9] Aag At sH2v} njel T Sk
kel 93] g8 WAl 50 kg ha' ¥} 96 kg ha' ¥}
Hl e o) dA8] =& Ah 14%S UeERlh B Ao
dlotewxlel el 1% 126 kg ha'> Kentucky?] 45
F ol wgE A4l 90~100 kg ha'ol Hs| tha
ey FHo 98 1AHE A 125 kg ha' Meet$}
Morris'O7} FEAMECZ AMPe o A9 2a 174
221 192 kg ha' ¥} wwet of thh w2 Avjo|r}. o]t
ARE 7 =05 9 R g7 Aol EYEA, Al
87, AFEF 2 5Py 22 AP Aol 719
sk 2o ok

=H| EYEH = EOIE 4SHES

o
Erhee] 248 wn|Aes Fos 1 A7) vl
B 27] ok BUE 4SS 0Yy, BRE dow ¥ 2]

e

=
U A F7khe ol $42
w4 E SRl teh AAG AolS noltk 227] Fk %

Table 3. Dry matter and mineral compositions of green manures cultivated during rest time of winter and summer seasons

Winter green manures

Summer green manures

Green manures . Nutrient content C/N . Nutrient content C/N
(Winter-Summer) Blomas_s (g kg’l) ratio Blomas_s (g kg’l) ratio
(Mg ha') (Mg ha™)
N P K N P K
Hairy vetch-Soybean 34 37 3.9 29 15.5 3.9 32 34 19 15.4
Rye-Soybean 3.7 14 3.8 31 56.2 4.1 30 33 18 16.4
Rye-Sudan grass 3.8 13 3.5 24 60.5 8.7 11 35 31 51.5
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Table 4. Growth and yield characteristics of tomato cultivated in soil incorporated green manures

Spring season

Autumn season

Rotation Plant Stem DM of planic1 parts Plant Stem DM of planic1 parts
height diameter (Mg ha™) height diameter (Mg ha™)
(cm) (mm) Fruit Stem+leaf Sum (cm) (mm) Fruit Stem+leaf Sum

0-To-0-To 206 8.6 1.8 b* 2.6 44 164 16.3 24 b* 4.2 6.6
Cf-To-Cf-To 237 9.5 34 a 59 9.3 173 17.2 47 a 6.2 10.9
Hv-To-Sb-To 233 10.0 35a 5.8 9.3 160 16.7 45 a 4.7 9.2
Ry-To-Sb-To 226 9.7 18 b 3.2 5.0 166 16.8 43 a 5.6 9.9
Ry-To-5d-To 205 8.7 13 b 2.6 39 143 13.2 18 b 11 29
* The same letter are not significantly different within a column at the 5% level as determined by DMRT.
HAE BN F, FAE ErhEe] £ A A3, AaEFT @A) odAlshs Zlow waE,
Pk S5 Q) A 9.0 Mg b yr', s
o 4% 8 A 61 Mg ha' y!, eI e EUBl 3 EDiE velE UREY
s sk s} 0] Q1% ATl 41 Mg ha yri2A] AgA ZARAE FEEAY A glol B 3y
Hish 2ol vislel Pl e Sl 40 EUE £ o W ool EYRRS o84S ARk FHOR §1g
B % o o1 F759rk Creamer 57¢) Astsh f4F S SulAEe] £of o] wE Evbe Y9 B
s = Z‘715’l 7He A7) el FHEES SHlE 2 FEFFE T A9 T A7) 2 Rad o, AR A,
&3 79 WA e ErkE 3l kel 7hssigit o ]l ZF o It AT Aol gl BYoIsltHTable 5).
gt dyks sk Hulheel nlE FalenldEe] B¢ g A 27)9F Feh BekshE ] Sl wet B
U Aadw sEo] @48 3] wEelth . i ol Rou A RS tha AJo)7} 9 Ao i)
Shedt A4S HHR 883 Aol ol £ olak 5, = A7 TR A7) T s 271+l A g
Bl o] gasigltk ol AE S 7P 2 ARl F WY N ng o vha wgrov, sl sulel His)
ARl Aag7e ApolellA 71Qlshs Ao ddkdn:. 5 3 FEE SR 28RS o Evie Fopd Ao
2} =] 9] A Fapagel njsl dadao] v W oy FE& AFE WYoH, o) Lee 579 A} fAlsith

o C/N&(Table 2)2 Qlsto] 0] EFghed 5 52 Hofl EvtE H9Pd Q1 e dAavt 6] S vEA
= EriEe] A FE A AlRteld Alew 4 2l Bl Fabn] gkl gk Wi, 4 EH@P.E Az
Ak o] Auksat wiste] Wagger™ = 19 C/N ol Wk syt gl FAjrelA Qle] Rk =3k
&o] vt AER ey wads) e wiled 24 @ TR EvpEe] 2F o ErkE R ?41 =] %
Fol A= éli—:f%iol Fereithal spler, St gl o APl 58E o] sl
Bhtat Ul S O 83t 13 aHgE AR At

AEZ e fﬂzwﬂ%l w2 slojguxe] Ag- 75~
80%2] Hart el Wi o] A% 50%2] w3 sl
MEth B stk 3 Clark™= dlolgjulx|e] <
w4 AFA7| T C/NE©] 15 olat2r EY &
wal7E golst Wi, s o] A4 FAI7)7F thA A AE

= 348 C/No] 25 0Pz Fhsle] Aa EH
A9l0] Arka o> 53} wHl R AgE FAE
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Table 5. Nutrient content of tomato plants cultivated in soil incorporated green manures at harvesting stage

Spring season

Autumn season

Rotation Fruit (g kg’l) Stem+Leaf (g kg’l) Fruit (g kg’l) Stem+Leaf (g kg’l)

N P K N P K N P K N P K

0-To-0-To 15 44 32 14 6.9 26 14 4.0 39 15 5.0 41
Cf-To-Cf-To 22 43 33 15 48 30 22 3.9 33 18 4.8 45
Hv-To-Sb-To 18 43 35 16 5.2 28 20 44 41 18 45 39
Ry-To-Sb-To 18 4.6 33 15 6.3 27 18 4.0 37 17 44 39
Ry-To-Sd-To 17 45 34 14 7.5 29 16 4.5 37 14 8.5 40
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Table 6. Nutrient balances of tomato cultivated in soil amended with different kinds of green manures

N (kg ha' yr')

P (kg ha' yr')

K (kg ha” yr')

Rotation

Input Output  Balance Input Output  Balance Input Output  Balance
0-To-0-To 0 155 -155 0 55 -55 0 380 -380
Cf-To-Cf-To 408 379 29 90 91 -1 202 729 -527
Hv-To-Sb-To 251 331 -80 27 86 -59 173 653 -480
Ry-To-Sb-To 175 250 -75 28 70 -42 189 523 -334
Ry-To-5d-To 145 102 43 44 43 1 361 231 130
Table 7. Soil chemical properties after this experiment
) pH EC OM P,Os Exch. cation(cmol kg'l) NOs>-N
Rotation 1 1 1 a
(H0, 1:5)  (dSm’)  (gkg) (mgkg) K Ca Mg (mg kg™)
0-To-0-To 7.3 0.8 1.8 322 0.12 4.8 1.1 10
Cf-To-Cf-To 6.5 1.2 1.9 342 0.18 4.7 1.0 66
Hv-To-Sb-To 7.0 1.0 2.2 325 0.14 4.8 1.2 58
Ry-To-Sb-To 7.1 0.9 2.2 315 0.16 4.8 1.0 16
Ry-To-5d-To 72 0.7 24 321 0.20 4.7 1.0 16

ZA SR A8 A%AT2) T 145 kg ha' yr
Hrp AASHA Eokvh dbde] Fabsn] EgEh Ae]
EntE ASE2 AeEe] ASES Hol FHAE A4
7o) AagrEk 331 kg ha' yr' ®4] HlwA Egtouy
SR} A S0 EUA] ErbE SRS FHlT ofskEA] A
Al Sk W ohe EnbEe] AAgsw gt dAsh wot
FRL T} 0] A A Te] AT 102 kg ha yr!
Feol MEST 1 A FaAE AT Aa A
F& 80 kg ha! yr'EA AP dav) 5 glow
e, sHEa) SuatES d&Ane AT da F
A 43 kg ha' yr!2A FREEA Aot g 3 B
Atk A=dh vhe} o] FHAEAKA O] A FAF
o] @A3] HEF AL FAAE EYEYoR EviEe A
ol AA| A=nol AFTo] SRkl Z]Qlehd, skt
AE ASA TN Aa FAFo] g fhe H] Zlow
SREY} 25 A vk A4 =2 C/NEE st
FAE EvhEe] tigh days F507 AEAo] dAst
Al QA @ dHE AATE Qe AoE wdd:

g Tk AEjA] Q1 ARl vAls Shl - 5
At AR Agelglo, davs IS dito] st
2 ookt wagrel sl mu] ASAlTE Q FAIF]
-1 kg ha'! yr' 24 3RF0] 7o) gli= $50l9ly, Tk
RS AATel F-gR) ) wEAuTe 9 5
A& 77} 599} 42 kg ha'! yr' 24 A4 $AF} vl
g o) 750 Aot dasle, oy s Ak Aol vl
Q9] s Fgo] A7) wiitolch el s 5]zt
B QASANTE AQE g 2 Fo-Fu) Sl aE %)
wigtel Fal-shE SH s WA 2 TR
-333~-527 kg ha' yr' W9IE Hol gaAplE vEe T
I smHE Ay BEelA Az Bdd @] vkt
th ey A 2 AR s el =6kl ErkE

o

AVAAR EWE(To) AAtell mIxE 1] EokRS] &
g F FAFE 2ARE] S8kl At o5 F97] w%
gofe il Al(Hy), THRy), F(Sb), TH 1SS =H]
7 Apstalon, =gl BvleEs 239t AHEAARA
7} w0122 243 Hyv-To-Sb-To, 323 =n|zE2
J% Ry-To-Sb-To, 2|3l F3}e} 32} ]S g Al
k= Ry-To-Sd-Tox TEste], SHEH|E(CHE Ash=
Cf-To-Cf-To #A#AIAI vlatstalt). =0] F7 AL &
7)ol wls) olF Fe7] Bt =d W, Eu)o) Aa 1
AR ghaatel] nlg) T SuAEelA #AE] Fot 7t
SHAES A ErkE AlE 913 A% 62%E 17
aoick 7 HHRER 9% ZAA(Hv-To-Sb-To) <
EntE gk 938)(Cf-To-Cf-To)¥ Akt o, shta}
=02 dE A2 (Ry-To-Sd-To) 2l 3 F3} =]z}
5 AT FH 40% FFORA @A F 247} et
ok oA o s AE Shgel e Ay avE Q)
EnlE A% 9 A galkke S i, S8Rl o9
oHE-Z4ro] Wol Ry-To-Sb-To 2541719 N:P:K 43
& -80:-59:-480 kg ha™ yr' 24 o] BiEo] 47813
t} 9o sy HH|E FAE Ry-To-Sb-To 2744
N:PK A3 43:1:130 kg ha” yr' 24 A4 32
2 BT Y e Blod, o] sk muaEe] u
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