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A Study on Root Growth and Soil Moisture Extraction Pattern
during Growing Period of Upland Crops
—Soybean, Redpepper, Sesame—
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Summary

This study is to analyze both root growth and soil moisture extraction pattern during
the growing period of upland crops with respect to soybean, redpepper, sesame. Field and
lysimeter tests were conducted under 12 treatments of soil moisture level by the San Cristobat
experimental design(1981) and 3 soil type(sand, sandy loam, silty loam) for 4 years(’87~’
90) at the experimental plot of Rural Development Administration located in Suwon. The
results of this study are summarized as follows :

1. For soybean, redpepper and sesame, root growth in dry soil was better than that in
wet soil and it could be expressed as a sin function in terms of time. Maximum root depth
was about 55cm, 44cm, 40cm respectively.

2. The average soil moisture extraction pattern for soybean, redpepper and sesame were
614%, 628%, 79.5% for zone 1(0~15cm). 255%, 27.1%, 18.3%, for zone 2(15~30cm).
114%, 98%, 2.3% for zone 3(30~45cm), 1.7%, 0.3%, 0.04% for zone 4(45~60cm) respecti-
vely. This means that Zone 1 would be the dominant zone in irrigation scheduling.

3. With respect to soybean, the soil moisture extraction pattern(SMEP) was varied some-
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what according to the different maintenance of soil moisture level. The average SMEP for

high maintenance of soil moisture was 46%, 29%, 17%, 8%, for middle maintenance of

soil moisture was 43%, 29%, 17%, 11% and for low maintenance of soil moisture was

40%, 28%, 20%, 12%, respectively.

4. With respect to soybean, the soil moisture in the upper layer was distinctly consumed

more than that in the lower layer for clay loam soil and the soil moisture of all layers

was consumed evenly for sand soil. The SMEP for sandy loam soil showed a middle result

compared with the above 2 soil types.

L # @&

TEOKSS 8, ER, BE 53 34 5
W £F UM BEAAERS BN BE
24, §%3 &8 fFol e8] 39 B
A& TS & AL, BEY KkH5S FHES
BEERe 3 REE v BT £ e 9
q%e ok

SElvtete] £5Y BAES 1274mmEA
fE¥ol £ F37]0] vy FEI Holrd, 1
Sy Frh kS A7 LEA) 2aha, o EHd
kel 60%clde] FAFHo dow, &, 7}
Sl BkEol fEpe] MBKERTD FHo 3
wo] il frh. +i MY AHTRELS ol
Aoz ARAse AL HET B ol
22 By 2AE 295, gk g
AF 87T KyS BRUNeE B3 4
7] wWFo Uutd o w wHEWS W <l3)
il &7 I8 K5S FF3t Lk
& O|RLE A¥sA Hr)

fEol AR e WEHRY ks
BEPEE i, LSS LE, Kok
uet 27] Y&, oo FFF sjote 4
EMES Bkl 2 A KR RS 9%
EH EHE1e 2 Foln WEHQ Alglold &
F dd. 2 feudete] A4S ol g
AE PR oY wEY Hojn,

wetA K PR e AFRRR el

B #bE AL B3] Befdd e EHHE
TR, LK) HERE KBRS mHE A HRH
Bl fFe] ks ANFHE AN Y
AER we FEE el 43 dele £
Bk 2n|Feiete) AAE FHHERZA #
MAY FHA REEEAKR RiEe) RikE A
a1z g,

L H# W Ak

A AL FEGE KEH e BRIREEE
BRI BHANA 4BE(19874F 5H~
19904 97) &<t 27} o) lysimeter R
ESABS A

1. ptELE

B FAEe +ES 158 Table-13
#om, A 1%(0~15cm), Al 23(15~30cm),
A 3% o] F(B0cm-) 25 =ZfrkEEd &
+t4e B4 (sandy loam, SL) & tElytch,

2. HAEY

BEAfEY 2 BUEHEE Table-29 2o,
REEE 4 RIEES BREEEY Yt Ex

- Bk #EstAT

3. EBHES
T4 AREREE Fig. 13 2o) BEIES}



el el AHRYE L8k BERPEC 3

B

Table-1. Physiochemical properties of the tested soil by different depths

z Depth Specific PH oM. Mechanical analysis (%) Soil texture
n extur
€ (em) gravity (%) Sand Silt Clay
1 0~15 264 64 1.21 70 23 7 SL
2 15~30 2.65 6.7 111 70 22 8 SL
3 30~45 263 6.7 0.51 76 19 5 SL
4 45~60 2.63 6.7 0.51 76 19 5 SL
Table-2. Tested crop and its cultivation (unit : kg/10a)
Date of Date or Planting Amount of fertilizer
Crop name yr seeding or period of density
transplanting harvest (cmXcm) | NOs P05 K0
87 May 20 Nov. 7 40X50 4 4 5
88 May 10 Sep. 10 40X 50 4 4 5
Soybean
89 May 6 Sep. 1 40X50 4 4 5
90 May 12 Aug. 23 40X 50 4 4 5
87 May 20 Aug. 20~Oct. 30 | 40X50 18 14 18
88 May 21 Jul. 27~0Oct. 15 40X50 18 14 18
Redpepper
89 May 12 Aug. 20~Sep. 30 | 40X50 18 14 18
90 May 13 Aug. 20~Sep. 30 | 40X50 18 14 18
88 May 24 Aug. 11~Aug. 31| 40X15 4 3 2
Sesame 89 May 27 Aug. 20~Sep. 11 | 40X15 4 3 2
90 June 5 Aug. 5~Sep. 3| 40X15 4 3 2
S—— N
Reference crop.  Lysimeter Surface runoff Rainout
block with various measurement plot shelter
soil type Lysimeter <
_ Z\ S ~ / (10m X 10m)
] é[j&] 0606 OO000D0
&\b O 0 O
HIn
Bean/Cabbage O O O O
g
w o O O O
®
O O O O
‘Pressure
5N ] gauge
T‘\Mger_ l
5 i ! | ® Valve
000000000000 Neutron probe | ’
| : | ; access tube
1 Pl ! I @‘Pump
b 50m : - 10m —

Fig. 1. Layout of experimental field
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Table-3. Soil moisture treatment for 3 cropping stages (unit © %)
. Treatment
Cropping stage 1] 2] 3] 45 ] 6] 7] 89 ]1w0]uji
Vegetation 20 60 20 60 20 60 20 40 60 80 40 40
Reproduction 20 20 60 60 20 20 60 40 60 40 80 40
Maturation 20 20 20 20 60 60 60 40 60 40 40 80
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Table-4. Soil moisture extraction pattern for

3 years(’ 88~’90) (unit : %)
Crop Year Zone
name 1 2 3 4
88 595 | 26.2 | 123 | 2.1
89 591 | 273 | 119 | 16
Soybean | o | 655 | 230 | 100 | 15
ave. { 614 | 255 | 114 | 17
88 589 | 290 | 118 | 06
Red 89 59.0 | 304 | 104 | 0.2
pepper 90 708 | 220 71 | 01
ave. | 628 | 271 98 | 03
88 785 | 187 27 | 011
89 740 | 226 34 | 00
Sesame | oy | g59 | 134 | 07 | 00
ave. | 795 | 183 23 | 004
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Table-5. Soil moisture extraction pattern of
soybean for 12 different soil mois-

ture treatment (unit © %)
Treatment Zone Yield
1 2 3 4 [((gr/EA)
1 30.7 | 284 | 196 | 124 | 156
2 393 | 285 | 196 | 126 | 214
3 386 | 304 | 188 | 122 | 233
4 386 | 265 | 203 | 147 | 228
5 377 | 281 | 193 | 149 | 210
6 36.7 | 290 | 199 | 145 | 206
7 367 | 290 | 200 | 144 | 268
8 42,7 1 287 | 173 | 11.3 | 224
9 456 | 293 | 171 | 80 | 211
10 420 | 283 | 170 | 127 | 167
11 406 | 295 | 179 | 120 | 176
12 410 | 294 | 172 | 124 | 193
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Table-6. Soil moisture extraction pattern of
soybean for 3 different soil types

(’89) (unit : %)
Soil Mon./ Zone
name 10day 1 2 3 4
6/M 449 | 322 | 153 7.6
L 360 | 26.1 | 236 | 143
F 394 | 303 | 162 | 141
clay 7™ 346 | 291 | 203 | 160
loam L 396 | 282 | 168 | 154
F 312 | 256 | 256 | 177
8/M 378 | 285 | 174 | 163
L 422 | 340 | 156 8.2
average 380 | 29.0 | 190 | 140
6/M 348 | 316 | 158 | 177
L 216 | 253 | 228 | 303
F 276 | 231 | 228 | 266
sandy | 7/M 322 | 322 | 180 | 176
loam L 315 | 308 | 196 | 181
F 123 | 305 | 29.7 | 275
&M 203 | 302 | 240 | 255
L 365 | 301 | 183 | 151
average 300 | 2.0 | 220 | 19.0
6/M 328 | 266 | 234 | 172
L 205 | 27.1 | 288 | 236
F 269 | 255 | 264 | 213
sandy | 7/M 278 | 314 | 253 | 155
L 302 | 290 | 216 | 192
F 199 | 227 | 310 | 264
8/M 220 | 268 | 254 | 2538
L 342 | 274 | 219 | 164
average 260 | 270 | 260 | 21.0

TRy HEFPkHES] R A JFE U
Ae AoE AlEHT

Ch, 5 LKk 9 ARAE
oz st Lahl ke HE
vjetslaizl gL, WiEL, WLE o
J 2 golAlu]e A|¥dS 3 AH= Table-65%

R Ko BBEMES Blushd A
’?_—1°§ WiEtE FEEANA 21 TESE
£ golxn, gt A9 ¥]&o]

12 #FE JHAY, piEtE EELe)

wte FHEE JeRAY. old FFS
g+ 7} 2 LK S £9 4 (soil water po-
tential) o] FEL 9l Btol BE) Z7] o
g ddEa, oA ZebE, gt A Al
ZFoAe +HiEKS EEER] 2 AL +
o] FLpERo] wolA LKyl HIER Fr
BEA &5 sHEFRE o] F3] W&ol A
Zt e},

V. %

EU =

X HEE F, 15, IAE o= 1987
FERE 19904712 AEER] BBHRBT 2ol
v e RS B3ld & A85E WAL 4F
BRI Be)el ik HEKG BEVEE 3
sttt S ERE B o ¥
=5

1. % i, A e RS BT BET
delol] v)sle] e HigEks R K
£o] Fugts myrh. kS 2o wet
el o) REHAES B dig sin HEE U
bl 4= qllen, Huol Hejzlels 2+ 55cm,
44cm, 40cmSYTh.

2. 3EFC88~'90)2) HEHHE BHR, T,
AN T HEKSEBRES A 1S
o] Zt7 614%, 628%, 795%, A 2%°| zt
255%, 271%, 183%, Al 3Zo] Zt2t 114%,

z



LM ek AERPN LKD) REPEN 28 HR

98%, 23%, Al 450l Z47} 1.7%, 03%, 0.04
%2ZA A 1FNAMY LEKS WK 2
H S-S A ste] ERETEIS B A 1Fo|
HRtEeE 2 + e ez Azdch

3. T e sy AFHR T4 +#
Ky MEFKEES 22l A, EfEo] B
Ao +ER HEKS HEEERS A15,
AM2%&, A3F, A4F 47 46%, 29%, 17
%, 8% 0|1, HEFE EEY M T Hee
Zyzt 43%, 29%, 17%, 11%°\9, #EEifEo|
Ao HaTe ASE 40%, 28%, 20%, 12
% ZA, EEEe] B&FE L£EWY LKy
BE7 B Aoz JEwt).

4. +HF HEKSG HEFES EELY A
S RN =1 TREEZ 255 oAy,
Wte 2t3o) A nE e A, migte
Wit Wt FugE JE A

2 2 XM

. Anderson, 1985, Soil Water Modeling : Hy-
drological Forcasting, John Wiley & Son Co.
22

. Belcher, D. ], R. R. Cuykendall, and H.

S. Sack, 1950, The Measurement of Soil

Moisture and Density of Neutron and Gam-

ma Ray Scattering, Civil Aeron. Admin.

Tech. Dev, Report No. 127.

Borg, 1986, Depth Development of Roots

with Time . An empirical Description, Tran-

sactions of ASAE.

. Bras, R. L., and J. R. Cordava, 1981, Int-
erseasonal Water Allocation in Deficit Irri-
gation, WRR, Vol. 17, No. 4 : 867.

. Cuenca, R. H., 1988, Hydrological Balance
Model using Neutron Probe Data, Irri. &
Drainage J., Vol. 114, No. 4.

. Daniel Hillel, 1972, Optimizing the Soil Phy-
sical Environment toward Greater Crop

Yield, Academic Press.

7. Douglas, J. E., 1966, Volumetric Calibration
of Neutron Moisture Probes, Soil. Sci. Soc.
Amer. Pro., Vol. 30 ! 541-544.

. Feddes, R. A, E. Bresler, and S. P. Neuman,
1974, Field Test of a Modified Numerical
Model for Water Uptake by Root Systems,
WRR, Vol. 10, No. 6.

. Gardner, Wilford, and Don Kirkham, 1952,

Determination of Soil Moisture by Neutron

Scattering, Soil Sci. 73(5) : 391-401.

Gear, R. D.,, A. S. Dransfield, and M. D.

Campbell, 1977, Irrigation Scheduling with

Neutron Probe, Irri. & Drainage J., ASCE.

Hauser, V. L., 1984, Neutron Meter Calibra-

tion and Error Control, Transations of the

ASAE : 722-728.

Jung, Y. S, and H. M. Taylor, 1984, Differe-

nces in Soil Water Uptake associated with

Time and Depth, Soil Sci. 137 © 341-350.

Lambert, J. R, D. N. Baker, C. ]J. Phene,

1976, Dynamic Simulation of Processes in

10.

11.

12.

13.

the Soil under Growing Row Crops : RHI-
Z0S.

Mayaki, W. C,, I. D. Teare, and L. R. Stone,
1976, Top and Root Growth of Irrigated and
Nonirrigated Soybeans, Crop Science, Vol.
16 : 92-94.

Molg, F. J., and L. Remson, 1970, Extraction
Term Models of Soil Moisture Use by
Transpiring Plants, WRR, 6 : 1346-1356.
Narinder K. et al, 1981, Soy-root-a Dyna-
mic Model of Soybean Root Growth and
Water Uptake, -Transactions of the ASAE.
Rowse, H. R.,, W. K. Mason, and H. M. Tay-
lor, 1983, A Micro-computer Simulation
Model of Soil Water Extraction by Soy-
beans, Soil Sci. 136 : 218-225.

SRE &S, 1987-1990, LfEY HEAKE B
EFHE EAGE, AEX WEB BERE
ZP.

14.

15.

16.

17.

18.



