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ABSTRACT

The study was performed to determine effective soil depth with crop type. Lysimeters, filled with three types of
soils (sandy loam, loam and clay loam), were used. Effective soil depths for 25 cm, 50 cm, 75 cm, and 100 cm
were considered for each soil. Six crops were investigated for plant height and yield, and rooting depths: Chinese
cabbage, maize, lettuce, potato, red pepper, and soybean. Experiment was conducted at the National Institute of
Agricultural Sciences in Suwon from 2012 to 2014. Effective rooting depth including 70% of root ranged from 19
cm to 29 cm for Chinese cabbage, from 24 cm to 38 cm for maize, from 17 cm to 24 cm for lettuce, from 27 cm to
32 cm for soybean, and around 50 cm and 30 cm for potato and red pepper. The maximum depth was 60 cm for
soybean, 50 cm for Chinese cabbage, lettuce, and potato, and 75 cm for maize and red pepper. Each crop showed
high yield in the treatment with soil depth over maximum rooting depth under all soils.

Keywords: Available soil depth, Rooting depth, Plant height

Effective and maximum rooting depths under the treatment with soil depth above 100 cm.

. Chinese cabbage Corn Lettuce Potato Red pepper Soybean
Soil Texture
(USDA) Root  Root Root Root Root Root Root Root Root Root Root Root
70% Max 70% Max 70% Max 70% Max 70% Max 70% Max
cm
Sandy Loam 29 58 38 75 21 55 - 48 31 76 27 56
Loam 22 43 20 65 24 53 - 44 27 64 32 47
Clay Loam 19 43 24 ol 17 51 - 46 30 74 29 58
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Introduction

Al B RS S50tk TR 7o R AEA |9 ESS dAT e A ERAE-H7| A5A19 B
RS ESF Rl i Bl50f| ofEstn 2 e || 2 e A 41} st At o]
O] R T E Aot R AR A A goll 22 FkE nxich &
& S50l weh 5] & o] AL, AR et 2| ZoF thEX|T et Aa5 A=A 2
7¥sHH (Dong et al., 1995; Wiesler and Horst, 1994), 2= &-5of w2t Bie] gF Be] 528 gz BBy ol
tfj Bi2] Zlo]7} t}2t} (Canadell et al., 1996; Liu et al., 2011). 124 $2luet EQRPg RO = 248 371
(Park and Lee, 1989), v+ =2 (Park and Lee, 1989; Park and Ro, 1996; Park and Oh, 2001) ¥ <& 0]&8= (Jang
etal., 2006; Yoo et al., 1996)°]] Tzt A-ol] FZF=]o] ik

2z S e AR o] TRt At Ad a4 ATt 8 TR A Al e A e Zol= defast
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31 QJt} (Jennings, 1974). Canadell et al. (1996)2 S5, W=, 2 EAE 2HE 5 229F0] tfsto] AR AV H
4.6 mP1L SHLOH, Zeng (2001)2> el 23 sH= X EYT 4ol 227 9 S RS kol
Al Be] 2 meggrle] 2007 ATite E85to] 2|9 He| R ZolE AR A, FAE-2 1.5 m, AMA
oA 10~15 em®] ZE7= 1.5 m, FEHETE= 1.8 m, FFEFATE3.0m, HE JEr=2.0m, 39 87+
2.0 m, H-aA oA 2.0 m Q|2 Aok 2 RE2.4m, AFRMIE2 4.0 m, SEH 4152 0.5 m, ¥HAZH] A&
4.0m, FEHE225 m, BETEE 2.5 m= HI5GIH:

2L 8T Zolo] XY folE A EHA, A9dl Zollikofen (47.00N, 7.28E)°ll4+= 100 ¢cm (Qin et al.,
2006), 7HHF} Ottawa (45.23N, 75.43W)©114] 95 cm (Dwyer et al., 1996), 7HHE} Ontario (42.52N, 80.31W)ll4] 30 cm
(Ball-Coelho et al., 1998), U]= Lamberton (44.13N, 95.16W)°]|4] 144.7 cm (Allmaras et al., 1975), O]=F Princeton
(45.34N, 93.35W)°flA4] 105 cm (Laboski et al., 1998), B]=- Columbia (38.57N, 92.19W)°ll4] 50 cm (Buyanovsky
and Wagner, 1986), - Hokkaido (43.14N, 141.57E)°l1A4] 60 cm (Osaki et al., 1995)7}2] A145k= 71 © & LfehL}
S AF2oletz Aol et olrt gl Ao Leitk
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O] F3S ottt R EAS o] floto] FEEA 25 emA g 22 oFREERE 125 emE 2
75 mmolst S A5, R EA 50 emA 2= A 100 em, 8 EA 75 em A 2= 2 75 em, 8
21100 cm A= 2FE 50 emE At EAERE 84S 1.3 Mgm™ 0.2 £21517] 9lsto] EAMZ E41 10 cm

ufc} s ol 45k EORS ARFol] F:3 A9 US wEsiA TS 2AsHck

Soil(25 to 100cm)

' I:'J-rainpipe
<Experimental profile> <Experiment field>

Fig. 1. Experimental field and profile at Suwon city.

HA Y RE] W B A= 3x4 B R o2 AR s B AR AIFE, JE, A
E93A 8| Folth Al 88 EA A 2|2 25, 50, 75, 100 cm <] 442 S F9l0m, £2p4 © 2 v R]stgirt. 2012
= =

¥ 452 4O, 2013 IF, S8 AREkAO M, 20148 714, 152 AHSITH(Table 1), O T

Table 1. Information for experiment plant, and cultivation period.

Year Plant Density (cm) Cultivation period
2012 Soybean 30 x 80 6.15~10.29
Lettuce 20 x 20 9.10~10.24
2013 Chinese cabbage 30 x 70 53~6.14
Corn 40 %70 6.21~8.26
2014 Potato 30 %70 3.28~74
Red Pepper 40 x 60 5.30~9.23

EY U AMEN 24 AIF I 58A= A 02%E, EO] 712AR] o|ashd E4-S AR el 4513
THTable 2). EFEA BA0 EoF Wl 24| BAH (NIAST, 2000)°] &511th EAL vISA 0 & BASH
EFHES (pH) I A7 AT E (EC)E BEX SHSE 1:5 (viv) 2 510 A= 0 2 B3I (7| & S
Walkey-BlackH], -+8 42 Lancaster, 2|2Hd Ca, Mg, K, Na+= IN-NH,OAc (pH 7.0)-8210 2 3]

A9t Z2t2nt 34| (CINTRA6, GBC, AU)E wA41613iHE EAJT - e EA 0] 2= 8ol v = F3F& B4l
7] 1ol 27k YA =k S ZAbol oW, el S THEoly| Sloto] ZAN Y b O] Bk ZEo}
o] S

¢ o
B2 SHAN B2 FALE 0 TEZloo 2 T EZ oS SASISIH: Fajt ok B T HloflA
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Table 2. Physico-chemical properties of soils used in the experiment.

Sl type Soil particle distribution Bul}( - EC oM Avail. Exch. Cations
Sand  Silt  Clay  density P20s K Ca Mg
USDA wt,% Mgm® 1:5H0 dSm’'  gkg' mgkg! - UILIo) 1 S —
Sandy Loam 599 258 14.2 1.36 6.6 0.2 17 101 0.3 2.9 1.1
Loam 477 31.1 21.1 1.34 7.3 0.2 10 81 0.2 53 1.8
Clay Loam 300 429 271 1.32 6.7 0.3 17 294 0.5 4.8 1.6

FAEAL SAS Z2 T3 (version 9.1)°14 ANOVA E4& 535t & 5% 395522 DMRT (Duncan’s

7392 Em A AR QI IR A7V 5Ll 1097H2] 671D S 7V dAtE S o 8ottt 18]l =
E Aol 93 vAl= AEE o AR 0 & ZAKE flote] ARPE Z39e AT 3973 = 13]
73%7112.7 mmol Y AEH -5 thdo 2 opglom A&73e- 717 5 574 Alto] 6 Al ol A= 13 7
G2 ALtslAct AR 7397 E 797 S QoFsPH Table 37 Z9)tE 2012014 20141 Q] ZAP I 719
Fe B 1,076 mmE 951~1,455 mm Bl AT, FSAE (E130)= H 4,611 MJ mm ha'yr 'hr' 2
2,657~8,434 MJ mm ha”'yr 'hr”! Hol| Ao, AR o) 9= (E130)= 790 B34t drdzs
20129 > 2013 > 20143 2] =0 2 7-9ek} 7R 735 71 =90tk 2012~2014F G727171 5 e 0] TR0 ef &
H-22012'A 79 S0l 99 ST SR 7he, "o, IR, S, 4o glem, 201387 2014 H o= E

ol A3

.

H

Table 3. Monthly rainfall distribution and typhoon events during rice growing season in Suwon districts from 2012 to
2014.

Districts Rainfall EI30 Typhoon event
2012 2013 2014 Ave. 2012 2013 2014 Ave. 2012 2013 2014
mm MJ mm ha']yr']hr'1 number —-—----—--
Suwon city 1,455 951 822 1,076 8434 27742 2,657 4,611 5 0 0

*Rainfall for each event > 12.7 mm

Ssb7lol AR AR A 9 R Aol T 24 SRS Table 49} 2tk ABEE EAIN ABAS ¥
2 bR, Hl0) 79 2L faEAle] Yol S o] F7loRe A0 e, St AR £
HEA 100 om POl 4:550] 713 BIGEL AlOFE ©] 9 854 25 em POl 4:580] 71 G0 §8EA 50 om
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Table 4. Plant height and weight for sandy loam, loam, and clay loam sails.

Soil  Soil Chinese cabbage Com Lettuce Potato Red pepper Soybean

Texture Depth  Plant  Fresh Plant Fresh Plant Fresh Plant  Fresh Plant  Fresh Plant  Fresh
(USDA) (cm) height weight height weight height weight height weight height weight  height weight

cm g each” em  geach’ em geach’ ecm  geach’ ecm  geach’ cm g each”

20 30.2a 12488b 1474ab 207.9a 19.5a 206.0b 29.7¢ 1948c 722c 2019c 643b 199b
Sandy 50 30.8a 1623.4a 142.6b 229.1a 20.1a 233.0ab 382b 2985bc 723b 290.4bc 740b 14.1b
Loam 75 31.8a 1911.7ab 1453b 238.0a 203a 2852a 46.7b 457.8a 82.7b 303.1ab 747b  24.0b
100 332a 22322a 151.1a 218.7a 20.6a 279.1a 49.1a 420.7ab 87.5a 451.7a 899a 164a

20 305b 14562a 151.8a 167.1a 18.0b 159.8b 387c 2643a 86.0c 1412b 720bc  16.5b
50 302b 1784.8a 153.4a 197.5a 199a 2183ab 40.0c 2643a 82.5c 3292ab 759b 214b
75 329a 19419a 153.5a 2046a 20.7a 279.7a 474b 372.6a 82.0b 3924a 70.1c  24.1a
100 33.6a 2262.6a 1519a 228.0a 20.8a 275.0a 57.7a 4837a 89.4a 3347a 84.6a l6.1a

20 299¢ 10864a 151.2a 2048a 193b 228.0a 377¢ 270.7b 808c¢c 242.1c¢ 702¢ 204c¢
Clay 50 31.5b 1717.8a 152.8a 240.0a 21.7a 2273a 509b 320.7b 89.5b 301.5bc 828b 106b
Loam 75 31.8ab 1937.6a 151.8a 245.6a 21.5a 264.7a 580b 422.6ab 833b 330.7ab 83.8b 18.1b
100  342a 1769.0a 152.5a 2224a 2l4a 3474a 63.3a 5559a 88.7a 392.5a 90.6a 153a

* Numbers followed by the same letter within a column are not significantly different (Duncan’s multiple range test, p<0.05).

Loam

oldelldE ol AT
L] A GRS AYE Aol Bl wet 282 fradde] fidlou ARFEME raEA
100 cm AglrollA] 27go] 7P A 0. BE EAdoA 2 EA 50 em, 75 em, 100 em Ato] 2] s=&fof] et 724
= ZRIFA] kot -FaEA o] gojdas o] TIshe 2 o2 UeRdth ARFEIN 272 e wf 2
FEEAS 75 cm ool Sl
*J%ﬂ 78 2 AMYE, FEOIA ARl dodaE S7I5HAL, AFENA FaEA 50 em oFgollA
272 GATSIGITE AR AZ 0 2 HIRRE AL 0] -8R0 AJOFE > OFE > AOFE 0] $=0 2 GG EA] 75 cm O]
A Z[dje] o] At 3o, E5] AFE AN = A EA 100 cmoflA 2t o] 4=Fo] A= it ==gof] 79k
AFES FENA A FREAS 50 em o= H7HHI:
7&74}3‘4 785 2780l thieh fra R S| Gl A= LH, AFE > FE> AFES] o= 20| Al 7]
AT, TF2 AFES] A FEEAH 75 em ool Fd oigo] BRIE Nl oH, RS YR E FaEH
100 cm°ﬂ/ﬂ 2o e AU el 71N 2E BEAJOIA A7 aEA2 50 cm oo W7 EE .
N A AIFE, JE, AYSE BE EAOA F8EA 100> 50, 75> 25 cm 2] =0 & 20| AT ke
AFFERNA FEEA 100 emoll A ZH] fo] BAE o™, FEe FaEAH 75 em oVde] A2l Fefet
o7} ura}urx] %H;kgtr], JUEE= -FaEA 100> 75 > 50 > 25 cm 2] &0 & GOt 2jo]7} QQiet. ol &7
&) 2 S FEAL AJFE S} AOFEL 100 cm O, FEE 75 cm o140 2 HrtE| it
TO| 49 27he R BAelA R EAl0] Zoldas S7I5RITh ARKERS 100 om o1, AR 50 cmeflA]
AL A7} A OH, FEE=T5 em oVIolA et Aot QM. T 42 AR A PR E FaEA
75 cm Al@rolA] F o] BSER oM, AYEE FEEM 25 em®} 75 em AlgrollA B30T Rl 2AE
o F2] A4 AEiE e A4 A=A 50 em oVl
MNIE, FE, AYES] FAaEAH 100 cm OFER A 01%1011*1 Foo] B2 SHHS 7SR 52 70% ool &
Ak 2 Folet ] AV ZlolE AR oM, 270 AR AEE Tl Z Ok Table 59F 2.

£



26 = Korean Journal of Soil Science and Fertilizer Vol. 50, No. 1, 2017

Table 5. Effective and maximum rooting depths under the treatment with soil depth above 100 cm.

. Chinese cabbage Corn Lettuce Potato Red pepper Soybean
Soil Texture
(USDA) Root  Root Root Root Root  Root Root Root Root  Root Root  Root
70%  Max 70% Max 70%  Max 70% Max 70%  Max 70%  Max
cm
Sandy Loam 29 58 38 75 21 55 - 48 31 76 27 56
Loam 22 43 20 65 24 53 - 44 27 64 32 47
Clay Loam 19 43 24 61 17 51 - 46 30 74 29 58
Ave. 233 48.0 273 67.0 20.7 53.0 - 46.0 293 713 29.3 53.7

ZHa 7 Zlo|= Hlj3eo] L ZJo)=19~29 cm W2 ARFE oA 7R ZQIL). £4-4=0] T Z1o]=24-38 cm

HAZ AFEANA =40 cmof| ©|EF] 0™, 5= 17~24 cm HE 25 cm o[Hjo] et ] -4 Hol 2715 ¥
_‘l

d
o, FO] T Zo)=27~32 cm 0] et o]t 542 A2 S0l 7|15k 222, Dillewijn (1952)2 3
7N A Al A BRE]e 50% oV do] 2 3520 cm oWjoll EESEIL 60 ¢
T}l 519,91, Paz-Vergara et al. (1980)2 A<= B2]71 180 cm
2] 85% A Sk= 2.0 2 B 19k HE glr,

22 2| A% Zoli=48~76 cm HI9I2 UERE o™, Be)7t A Aok A2 S, 11> > il A
0] £=019)t. 5] Xf| A% Zol= AlFEo||A 58 cm, FESL AFENNE43 cmZ, AHIE At 24 aE
A2 ALSE 60 cm, FE}AYES 50 cmE H7HE| ek S Ba] Xl A% Zlolis ARFECIA thF-E 75 cm
oujol] BE5I om, FEL} AFEE Z17F 65 cm, 60 cm©f| HESo] ARFES] 5] Xt 2 Zol7t gttt &4
5= ZEE Sfet A FEEA2 AFE 75 em, FE 65 om, A1 61 emO] Tt 452 X[t AP Zlo = AIRFE 55 em,
FE 53 cm, AYE 51 emE FALSH, ilE IS 918 A FREAZ 50 cmE B7FEQICE AR A HE E
‘gollA 2 Zolet 2 417 2017150 em oW =, A7 FREARE 50 cmO| ATk 1150] |l 417 o= ARIE
O} AFE= 75 em W2 0|23, FEONA = 64 cm o|HollA TSE|o] 15 AHIE It A FEEARS 75 emE
wehEch 3] 2 A% o= ARFER AFEE 56 cm W] 0], FEIAE 47 cm ool TEE] o] F A
HIE 918t A4 A EAR2 60 cm©] Tk

F3H EATTol| i EA O] Afol7t LRt 2H2-2- 2013 31120141 AR B, 42, 7L, 21, F, vl
B AIFETFJE AR A Ut =], ols EE-S B4 5= Qe EAJZ2lo| 2 wast 20124
‘F5et Zo] iAol M= Bl Adglo] FREA ] TUskA Uelort Hd 24 1,312 mm ot A 3d
2013~2014= ESF Fa70] FEU AFE Hit 22 AlFEof|A 2g0] 45 845 $loto] AlE71] #afrt
Alggte] what A7 2to| 7} vEpstet

2z fa T Zololl thgh Aol G0l 79 FrollE, 2R, vyt spAgt -7 80 om, g5
9 ok} 60 cm, Y570 cmQ A 02 FALE| AT (Greenwood et al., 1982), FHLct H{EL 2| of|A | 2=~ B
29} -8A= 50~100 cm, &FF-E 60~70 cm, ZETR= 120 cm ©30| 1Tt (ARD, 2013). HH, 1]=+2] Nebraska®}
Okahoma®l|A] 228 Fe|41% Zlol= s, K535, 57, o, 3572 20]=120 cm ook, TFFIE, 115 11+

n, 40, whse, FohilE, o} ako] cha @ Fek Bhedds 2k Ent, A 4, Tu) A3%, B2 59

X

o

_o]l
b8

E9F30 cm 7H4] 60%, 60 cm7}
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I =5-2-120~200 em, TH, 7HA], 1, @, Y, vl S, Seh), ks, 5, FHEE, Aol etof
A A= 200 cm A4S 2 K 1% HE QI (Weaver and Bruner, 1927).

Efo|¢tof| A Z2FE T2 TS, A, Skt T 50 em o), B, B, 2R, ], 242 Q0] 714,
nhs, 150F S8R 50~100 cm, 7€, obste] thdA @ Jef, EnfE, &HFF-2 120 cm ©do]3itt (AVRDC,
1990). 5371 tAl (RCA, 1993)0] k2 JE-0] 49 I3 FE= 40~50 cm, BT 40 cm, THEA 40~50 cm,
2 80 cm, 7TEF 2= 50 em oV 0 & AEA 4910} Al of| whet e o] 4] 2fol 7t Q= A o & LrErt
t}. o|2feh A= AHlield 221 5 Russel (1997)2 ¥l HlmA[go] 28] Fazof 71 o] Ao W
U0, Reicosky (1972)= EG= oFgo] 7MY 583 9Rlo =2 HyltY.

2] HA] Y2 7132 of| &5h= et Auieg ol A Al 22 EAlo] YR2rE Sefo] TSt
o, E41 75 cem?H 100 em -2 AT EA H AFEE S S92 et A4 R EAR 85 50 om, 5
24275 em, A5 50em, ZAF50 em, 15575 em, E-2 50 cm ool Atk R EA] 100 cm o141 EFF A0 A 2}
= 74 Zol= HlF 19~29 em, S 24~38 cm, A5 17~24 cm, ZAF50 cm W], 175530 cm, 3 27~32 cm
ot ZhARF Zlol= 15 58 em, 2575275 em, A5 55 em, 7450 em, 215 70 cm, 560 cmoflA] W= I

olFog EAE FREAC e A st 5 EAAERE 8 EA 100 em o] oA AHE X[ 4
7 ZolE ARt A, B4 WA} QLo 60 em, =, B, AR50 em, S5 2 1152 75 em o0 = F7F
=9t AT viEro 2 BREE AuiE St A - EEAS 25 em 7FA 0 2 Wro] IESH & A9 A i

¥

2, 7A10] 2|2 EZOLE 50 em, B, S5, 1= 75 emE Uhs 4= 9101tk

Conclusion

HabEo] A4 GREARS AAsE] lote] 2012 2014W7ER] oA ARFE, FE, AFER F31E &
A o Alu] o] FEEAE 25 em, 50 em, 75 cm, 100 em S50 2 HEfshal, wiE, S04 A5 3L 15 5
Aulisted 228 B AR

EE A PRlExe BAER U Bolov 2k 11e19] 70%7 EEshe 2 ZHole Bl 19~29 em,
22229438 cm, A 17~24 cm, ZEAF50 em W), T3 30 cm, 2 27~32 cm HJo| Qo ™, 2H2H X A%} Z)o]
£ 60 cm, =, BIFLFHAF 50 em, 252} 315 75 cm ool 3Lt

AtV 2hae] 2 e BEAoIM el AH 2 APgohe 2ol ol de] ekl o 2 SR Aol =31t
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Appendix

Root zone depth for major crops in USDA (NRCS,1983), Taiwan (AVRDC, 1990), Canada (ARD, 2011), and North Carolina
(Evans et al., 1996).

C Root depth in cm
rop Canada, ARD Taiwan, AVRDC USA, NRCS USA, North Carolina
Alfalfa hay 120 - 120~180 150
Asparagus 50~100 - 180 -
two-rowed barley - - - 120
Beans, dry 30~60 45 60 90
Snap beans - 110 - 120
Beet, table - - 60~90 90
Broccoli - - 60 90
Cabbage - 60 60 90
Canola 50~100 - - -
Cantaloupes - - 60~120 120
Carrots - 90 60~90 90
Cauliflower - 60 60 90
Celery - 60 60 -
Cherries - - 75~120 -
Corn, field 50~100 - 60~120 120
Corn, sweet - 90 90 120
Cotton - - 105 150
Cucumber - 90 60 90
Eggplant - 90 60 120
Garlic - 60 30~60 -
Grapes - - 90~150 -
Kale - - - 60
Lettuce - 30 30~60 60
Melons - 155 90~120 -
Mustard - - - 60
Oats - - 60~90 -
Okra - 110 - 120
Olives - - 90~120 -
Onions, dry - 30 30~60 60
Peas, fresh 40~70 - 30~60 90
Peanuts - - - 120
Peaches - - 60~120 -
Peppers - 90 60~90 90
Potato, Irish 60 - 60~90 -
Potato, sweet - - 60~90 -
Pumpkins - - 90~120 -
Radishes - 45 30 -
Rutabagas - - - 90
Spinach - - 30 60
Squash, Summer - 90 30~60 -
Strawberries - - 30~60 60
Timothy hay 50 - - -
Tobacco - - - 90
Tomatoes - 120 60~120 90
Turnips - - 45~75 90
Watermelon - - - 120

Wheat 50~100






