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ABSTRACT

Clover, a legume crop, is a landscape crop and green manure crop that can be sowing in spring. Clover serves
various roles such as landscape composition, weeds suppressing, prevention of soil loss and nutrients on
sloping, atmosphere purification, and supplying nitrogen in soil. Thus, in order to utilize this crop in
agricultural land, we observed its effect on growth and carbon uptake in upland soil. The plant height of clover
species increased with late harvesting time and was 46.0~55.0 cm at 90 days after seeding (DAS) and the
longest in red clover. The dry matter increased at 85 DAS, after that, decreased slightly. The dry matter of
white clover and red clover was 3.0 Mg ha™ and 3.1 Mg ha,, respectively, and crimson clover was 2.5 Mg
ha™', significantly lower than other clover. Crops bloomed at 90 DAS were white clover and crimson clover,
the period from sowing to flowering was 78 days for crimson clover and 85 days for white clover. The
nitrogen content of the clover species was 12.0~29.3 g kg™, with the highest of 29.3 g kg™ for white clover.
The carbon content of clover species was similar in all clover species, but carbon uptake was high in white
clover and red clover, and lowest in crimson clover. The carbon uptake of the plant increased to 85 DAS and
then decreased. Based on the clover growth and carbon uptake, white clover and red clover were promising
when sown in spring.
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Dry weight and carbon uptake of three clovers at 90 days after seeding in upland soil.
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Introduction
ZEASZELS AEA7TFE T EoFo] gHoto] o] 8ol=2tE-S SRttt o] AHE2 57 x| o] Bl kel 9l B

2 sy SRS gAY ] Slste] o|-85|o] Sitt (Gardner et al., 2000; Kang et al., 2013; Rayns and
Rosenfeld, 2010). “12{u} o] 2-2-529] o|-§ J9I7F H} Srjj=] o] 2[=253 of| A, e 2 YA, ZAARA]
EG-FEGA WA, §8A A, AEad, ddary, di714st-5 ookt avol] 571 138% Az Qlrt (Anderson,
2010; Berry, 2008; Glen, 2012; Kim et al., 1999; Wszelaki, 2010). RDA (2013)= EAZZHE-2 0]-8514 sfloj2]H|
A= AAB]F 100 %S AT 5 UL, RG-S 70%, Hal=40%714] tiA] 2 Axg igd i} FHojuot

11 51Tk Seo et al. (2005)= AR ] Slofe] L TH-S Al YL (LA TiH] 0F 95%9] EokaAl
| 92| =l 9lekar 61gieh E3F Cho et al. (2012)= 5] $371710)] =ASZE-S AulietH K= 1.24 ton ha! ©]At
A (CO,)E 551l dllo]g]HI %)= 1.22 ton ha™' ] oA ISIEIAE S5l LUA|Z 0 2 7] S0 o|ishets 5
L5 WEo] = 3t oloka skl

ZEHE thdA) FHAER 22 AIRAER s o] o] 859l ot X Zoll= Aoyt F3R] T, HARX
E 74 oA, Az 58 Slote] A=Al QIek (Lee et al., 2003). S22 Hi= 2fubet A 2] 90] = 2ro] S,

O

A

VAl 2], S Foll A=l vt ot ERS SolRit) TRt AlEA| Anm 354 15| 9
i g 3 HollA Bt 9poiet. e AlEA4|9] S-S 7 el i 24o] ot =H] aegfo] A2 tho] 9]
T} (Cho et al., 2015; RDA, 2009). 22 H+E= C/N&©0] 25 0|70 2 o} EQF 219IA] By} e ZIs)E]o] o2kZ 0|
T e A7t oA SF3ATE (Lee and Park, 2002). 55|, =22 H, 3lo|ESREH=AF57]7 o] 411 73}
2% 7170] do] g o R o 8= Qlrh. AHEZZH = ABH 7]7]'0 Q}O]Eﬂi‘ﬂ‘)r =S =2 ET Zx|gt
23 B2/ 0] EES Znioko| ixof WA ofjm] Aoz A Bt of gl 2o ok o] 85| 11 011“/‘r(Cho etal.,2016; Eo
etal., 2010; Oh et al., 2012). S2H 2] ALEA]-2 Slo|EZZH] (white clover, Trifolium repens L)t A =22 H

(red clover, Trifolium pratense L.) = 9] JE| 2 ESHH-S 155101 ¢ 0™ A=A 0] Z}Hult]oj| A Be]E LHEJ] E
ool WatEl T} ol EoF 9 GHERA Mol SHUeleh RDA, 2009). SlolE2 R uiel =22 vl W
0] 7ol G 0 2 o} HRE] 2 hI) W el bselol A1) BT -
o= ITH(RDA, 2009). RFHO|| 22228 (Crimson clover, Trifolium incarnatum L.y= TF= 2219} T2 7] 2]
A= AEAS W, 282 2F 70 eom A& 7HA] At SR Slo| EZR MU HE2 e K E T wE Y £
o] Zdj7]ofl oF 5 em 7Fge] 1A Z2o] AAof| Zetsto] Bk Ay Hold Ao & defA Ith (Cho et al,
2016). S E2}2 w}Esto] Ak Lo m thEE tlelnlEsto] o] 85125 Kim et al. (2005)2} Jeon et al.
(20112 Bl=2=2Hu AHESRHE RS HEg o 22H Hdng Hrks o 2E70] E9duhE she
Zo] tf map{oletal 53 ‘:} ZEHE URMo] Z3tt 2HE & elutolA 7kl mhEsto] YEe] 7Fssithal st

FOUKim et al. (2007)2> =EFolA AHESEH O] 1] AR A2 580 wiet 2fe7F Athal s1g1e
™, RDA (2013)= —rﬂ‘/}a’rﬂ’q 7heol whESHH 2ot FA 7] Foll et dE-aoll Aol 7k Alste] QAR
=H]FS A= ofgtzol ASHAL SH3IH.

wfeba], X olut A7 |te] ZVdzol et dis-Eo] Al |7t ARt 2R HE Fa Aol AHlisto] HeHakE T
R olg e o Pl a2 lstod =l mhEsl.oH, oo ARttt S=HE ATTSIAAL FRAIS (D)l
A slo|EE e, HEgwH, AHEIEH 35S 7ol hFste] S=H O S B o7, HAg T 52 TABISIH:
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Materials and Methods

2 A2 = A ot o ' E ol 2009 44 8ol FE] 79 TU7ER] ©F 90 A F3F AlRlSkGiTt o o 22
W= SLo|EZZY (Trifolium repens L.), N=ZZH (Trifolium pratense L.), AHEZZ2 W (Trifolium incarnatum
L) 3% AM8stoltt 2=H nE3e slo|EZmHet fl=2 &= 20 kg ha!, 2HEZZHE 50 kg ha' S THE
Stk RS2 Al 27| & 0]-8510] 25 x 5 emE I THE The <& 1 of gl o S 2 H Al 7|7 tolli= 2ketH]
=144 (T-N), M (P.0s), 2] (K0)= 25 FAH] sFint. 716l A 2 edmib= 53087 2= Al
2% 9 APYHo] Eoto] AT (RDA, 2003). 22H 0] A4 Bl PFRARE 22H 115 564 (62 10Y)
HE 15 919 (72 7Y) 7] 2F 78 IFA 0 2 53] HAISHAT ASZARE $161] 50 x 50 em® AR} o] A1EA|
S BE AFR O 115 2075 S5 2, i T ASEAS SIS TielEAd o & AehA, 2o,
T 255 ARG 229 2 HEF2 ASIAP B H 2075 E861] 50 x 50 em® W] AV 2124 24|
£ 80°CY] FEx7]0l ol 48A17H2 GF xS tha FAIE 5% had W2] 0 =2 gkl S 2o oF
S TS fIall A 575 wh=E AFste] 50°CollA 24AE FF x| A X The rRafiste] ARE-
SISt o] uff A=A AlEas AR deba] AF skt Ee] stk E4 B4 Rt EFA s o Mo E

m)E FIote] 5ol XL thE vEash 2 mm AlE FHHAA ZAlsHTE B B A=A
Sfeh S X8 EY EH AEA Aol o)A ste] EAISHATH(NIAST, 2000). HA] AlEAl= 484
(T-N) &=, Aet4 (T-C) &, BE-E (CNE)S Y4E47] (CNS-2000, LECO Corp., USA)= =75} At
(P,05)1 2] (K,0), Z (Ca0), It 14l (MgO)2 A=A E Microwave (mars-5, CEM, USA)Z $H4 £5fst o}
= ICP (Integra-XP, GBC Scientific Equipment Ltd, Australia)E ©|-8-5to] A=ttt EQFO] alebd E42] pH+=
EQh} S50 &S 1:52 &5 A= (Orion 520A pH meter, Orion Research Inc. USA)©.2 =25}
At F71E-2 4] Aar S o850k Y4471 (CNS-2000, LECO Corp., USA)E ©]-&5to] A &4 (T-C)ot
= wAHL {71 E S 17245 H5t0] ES7 e Alktsielth ol 5> IM-NH,0AcE &35}
ICP (Integra-XP, GBC Scientific Equipment Ltd, Australia)Z 545}t

AR SAS 9.2 W2 0]-8519 5% 1204 Duncan’s multiple testS ~¥5F3IC
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Results and Discussion

AE™ EQU0| 315HH EN TEFO| 51612 EAJ-L2 Table 17 0| Al ESGS FESALE B A7E T
9.3 gkg™, 21X 140 mg kg, 21222 0.8 cmol, kg ' © 2 A= Aulisl7 o) 4712 Sk Wl Ga oAk %] $HA
[e]

Zele 2ol At AFE F ot AREA Q1 BRI ot W2 Ho itk

Table 1. Soil chemical properties in the experimental field.

Exch. cations

Soil texture pH oM’ Avail. P,Os
Ca Mg K
(1:5) gkg! mgkg' = e F1e00) P g —
loam 6.33 9.3 140 3.7 1.2 0.8

ToMm: organic matter.
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M EM ZEHo ok EXL £ 591Y (79 7Y) AlBE BAsIgeow 11 Avp=
Table 29} Zto] 22H 9] AATES 12.0~29.3 gkg! 0 & SEH] 7o T2 o7} 1, SI|ESEH (293 g
kghellA 71 =811 A-EERH (12.0 gkg ol 7 Eieh S2H o] HARlRRe -2 FalRHER] oflof2fH|
2] (40 g kg U 22 (32 g kg ) E b= Rokov FakE Alefet B e (13 gkg™) & 2t g0 v 7|8 =
Kt =9kt (RDA, 2009; Cho et al., 2015). BHATIES 427-441 gkg' © 2 2 H F7 7hof 2po]7}F 110 ™ C/N
2 AAaRlgo] 2 So|EZEHOA 15.1% 7HY R8I elEE= = 22.7, AREZEHE= 36.00]300 ON
2 Balirol I 9.0 2 O/NE0] 25 k= Yo A 547t Eofo] HAw]H 4 A7 o]l Hfj=]of 2}
| FEe FFE U sHl=t] S| EZEH U HE2EH = CO/NEC| Wot ESF EHA] #of7t o] o1
Ao 2 ALRE|QILE J8u IHEZZHE O/NEO] 3622 =0t E9F 3 F Baflof] Q@A |7to] Basirut i
= E3IN717] el 4] S Eel BT A0 = W=t (Cho et al., 2015). 71 2]of 77143211 914
TF24.9~92 gkg!, ZEdd212.6~25.1 gkg', "FIUEF2 7.0-84 gkg, ZETHF28.3~129 gkg' 02
Z-EA ol 2 - @3t A4 QIAF Zhe] @lof| Zk (Ca), BF1HlE (Mg) 52 7 1HEES 451l Qo] Bkl e

SHH ol 74T FFE| ATt (Cho et al., 2014; Gardner et al., 2000).

il

Table 2. The chemical characteristics of clover species.

Clovers T-N T-C CaO MgO K,O P,0s C/N
gke'

White clover 29.3 441 24.5 8.2 11.5 6.2 15.1

Red clover 18.9 427 25.1 8.4 12.9 4.9 22.7

Crimson clover 12.0 431 12.6 7.0 8.3 9.2 36.0

% Sampling date : 2009. 7. 7.

22 SR JHHEYN U HESY Table 32220 AL L ISIEA, T2|3 AESTHO R A=
k2 591U (79 79)° AAISHATE SR 242 46.0~55.0 cmE Slo| EFRHA 71 ALY Hl=E 2
ol 71 At T G Sl ESR 74572 7P Bl dEEEHe A-ESEH = 212 8.07H, 9.0
Mo, T B2 = AeESZ EHo} | EE= = 719 gl R SlolEZ 2= 2370 Atk 5ol 15 (44 8
dyste] 290l sete] A7kl ek SR HEEE L ol ESRH N, HEZE W= ZHekER] oF
At THEZZHE 69 24, Slo|EZ M= 791 Yol 7Hststo] Zska e A= 2171 78 Y, 85U 0] ATt Kim et
al. (2005)°l] &J5HH FHEEE = <771 e e wE v e 2= 7171 =0 Ziskel=t] Azt B
o] 2 QET SI=T| 2 Al E HESEHE 11 F 919 B /NSt A] got Slo|EZRHU I HEER
HETH 7Sk @ 47t o 4 7 0 2 maE i) S2H O A4 S| ESErY lEE=r= 212 3.0 Mg
ha'!, 3.1 Mgha' 02 H|S=5H e G332 8= 25 Mg ha' © & th2 2} Uglth

S2H Z2 Fig. 17} 20| THSZIH 22 57| Bof| £o| u]= TS = 22 250 o] B ZH)
So|FH ZM2 7 27027 em, FF 24 1.67HTH (Cho et al., 2016). S| ESZH|Q} 7
ShE)7] ke Y=gz M= QAT oo A ZAT7120~30 cm Q] ZARET LR ZARR Tof| of 3 7| 9] ZZo] ARALo.
2GRty 282 slo|EZRHE M, fEZ2 v B8-S It (RDA, 2009).
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Table 3. The growth characteristics of three clovers at 90 days after seeding in upland soil.

. No. of No. of Flowering characteristics
Soil Plant . ; Dry
. leaves branching Flowering Flower No. of .
texture height . . : . weight
per hill per hill time length flower per hill
cm m.d. cm Mg ha
White clover 46.0ab’ 145a 23a 7.01 - - 30a
Red clover 55.0a 8.0b I.1b - - - 3la
Crimson clover 49.5 ab 9.0b 1.4b 6.24 43 1.6 25b

2 Survey date: 2009. 7. 7.
TSame letters in a column are not significantly different with Duncan’s multiple test at 5% level.

Fig. 1. The pictures of growth of clover; white clover (a), red clover (b), and crimson clover (c).

TEN7|H S2H FFQ X U HEF Wil gl gH S2H9 8 A7 S-S BH Fig. 2
(left) @} o] 272 npE & 2} F7 el o] mpx|a S-hA]7]0] 7Fg ATt o)=35-7-0] S=H BF 22 7)ol
ow zAo] 7P 71 SR HlEE2H R 1kE T 9140l 55 em Atk tHE F2H= 1hE $HE $21171714] 50
emA]TEO 2 ZAITE. Berry (2008) = ZHEZZH= 1°CollA & o= HATH-fAEo] k=t dds] &2
L7t g gatctal shEt SEHE 1 & 240] 10 cmo i Akek=t] oF 63¢0] A F| 9t S22 H o] HEZFS
Fig. 2 (right)&} o] £ 71712] 242 S71=] 90 Blo| EZ R Mo} =R M O] AAEF-2 0k 27|51 E ukg
T 857K 4 5] F7Iotl oW w2 91 doll= AAEIGIH: o] W] 2 HE2EH, Slo|EZEH T 3.8
Mg ha''o]¢lth AHESRH O] T1EF-2 1k § 71 97| F45] S71olal 11 o] 95 EiL ol erl 371 B3k
A& SHE7of| AEFol AAR ol f= 7Rl AE S 2 H = 73} o] olli= A=A o] A WAL TR

theolls AR ] iEe 2 A== Al



Effects of Spring Seeding on Growth and Carbon Uptake of Clover Species in Upland Soil = 649

z ¥ -E' /T\ \l
5 £
2 @ gl
= =
g ® T i
E ¥ 20
o 2 :-
= (a]
10 _
1 1
& n 78 5 o 63 71 78 85 51
Days after sowing Days after sowing
Fig. 2. The changes of plant height (left) and dry weight (right) of three clovers in different growth stages.
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Fig. 3. The changes of total carbon content (left) and carbon uptake (right) of three clovers in different growth stages.

SZHQ| £EA|7|0f 2Bt BtASE 3 BtAMMFO| WL Eofo) 2kES AulsA] &AL RV &= WA]
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H 2hzo] AbaA ool A Fotal ATAE HER e B 24V IR0 Q] oilelRAE Fste] UAA]
N 2P A aakE 2| Hv 229 AEA o] A A= (T-C)2 Fig. 3 (left) Y} 20| 11F- 578 27 = 7
% S7FIR o 11 o] & HAaH Rl oH of= S| EZRH, =R, AUESEH T Z2 o]l
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S8 71 S2H7E SR BATERS Fig. 3 (right) 2 o] 1 - 8547k X2t Sk ot
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T3] 2712t b @A) WA G| 705 57105 8507k SlolE 2@l =2
o] AAgHEFo] 30 gkg! O & ol AAFHEko| E=9kd 2129 (32 g kg T HIS=6HTH (Cho et al., 2015; RDA, 2009).
RS FEH] ONES Fig, 49} 0] 3228 B 1 F 48] Z71siglon] Patage] ke G

ZEHE ATt P =22 Het Slo| EZEH = A5 91 Y 57t 2517 2 vhot EQF 2HIA| w2 A Hofj7t o]
Fo]d 716 2 wrtx| 9]tk (Cho et al., 2015; Yang et al., 2009). 124 AAgafo] e T EH O] O/NE2

82 E T2 F2 0| R 9kon] 1% 7 78% ol Foliz 250M 0 8 ol EASE0 R 57340 §9l
89 750 L3l 78 o] Foll £l B H4 HL AT WA UL TN T

40 35 7

T -
35 30 T

il
n
K

T-Mcontent (g
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K
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Fig. 4. The changes of T-N content (left) and C/N ratio (right) of three clovers in different growth stages.

Conclusions

SR FAE R B o] 7K et AnA 2w FABA Bl 2RHE A ARARR 0|8
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SEH 2 C%‘:46.0~55.0 emO| AL H| = S=HOA 7P AT S2=H O a5 5 585 A7 71
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