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ABSTRACT

Accurate and optimal water supply to cereal crop is critical in growing stalks and producing maximum yields.
Recently, upland crops are cultivated in paddy field soils to reduce overproduced rice in Korea. In order to increase
productivity of cereal crops in paddy fields which have poor percolation and drainage properties, it is necessary to
fully understand crop response to excessive soil water condition and management of soil drainage system in paddy
field. The objectives of this study were to investigate effects of excessive soil water to sesame growth and to
quantify stress response using groundwater levels. Two cultivars of sesame were selected to investigate; Gunbak
and Areum. These sesames were planted in paddy fields located in Miryang, Gyeongnam with different soil
drainage levels and drainage systems. The experiment site was divided into two plots by drainage class; very
poorly and somewhat poorly drained. Two different drainage systems were applied to alleviate excessive soil
water in each plot: open ditch and pipe drainage system. Soil water contents and groundwater levels were
measured every hour during growing season. Pipe drainage system was significantly effective to alleviate wet
injury for sesame in paddy fields. Pipe drainage system decreased average soil moisture content and groundwater
level during sesame cultivation. This resulted in greater yield and lignan contetns in sesame seeds than ones from
open ditch system. Comparison between two cultivars, Gunbak had greater decrease in growth and yield by
excessive soil water and high groundwater level than Areum. Seed components (lignan) showed decrease in seeds
as soil water increased. When soil moisture content was greater than 40%, lignan content tended to decrease than
ones from less soil moisture content. Based on these results, pipe drainage system would be more effective to
reduce wet injury to sesame and increase lignan component in paddy field cultivation.
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Results of yield and seed component of sesame cultivated in paddy fields with various soil
moisture contents.

. Soil moisture content  Yield Seed component content
Cultivar 8 B - - - - - - -
(mm m™) (kg 10a™) Protein (%) Sesamin (mgg') Sesamolin (mgg") Lignan (mgg")
20~25 129.2% 22.9 4.6° 2.9° 7.6°
26~30 130.7° 23.6 43% 2.6% 6.9®
Gunbak 31~35 118.9® 23.1 3.9% 2.4% 6.3
36~40 104.1° 23.1 3.8 2.6% 6.4
>41 86.9° 24.0 3.5° 22° 5.7°
20~25 100.7° 21.5 1.1 1.6 2.7
26~30 99.5° 223 1.1 1.7 2.8
Areum 31~35 86.4° 22.6 1.1 1.7 2.8
36~40 83.0% 22.7 1.1 1.8 29
>41 73.8% 22.7 1.1 1.8 29
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Introduction
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Materials and Methods

EY 2 A= ARAWHI8EH B2 W A FEH 2o ARt =E o = EFO] 5442 Table
13} e}, 3R] A 2] 7R E 0 & 734 2~7%0]1 HEE/SLS nAFEYES|H A EEAL nARA G olqlth =
EF2 ARG 4 2olof| wht vilap-5go] - e-Ed o Ha T EG o ® WO (Fig. 1). Wi 2 == 2
714518 L84 (pipe drainage line) = HY 30 cm Z20]2] AN (open ditch drainage line) B2 #2513
o} AAGE 2 50 em©ll o] AR 60 cm, SHRF- 90 em= =At6HAL 20 em 273 2] -3k w e
HleSaat vl e] E Atk ot o] URr o Kiek Wik e-Ee] dAA 27 E A1 (B A), vk
=5 BAA Y7L A (O ER-EA), 2] dAAYE A7 (R EE-EA), SREEFY] BAA
TZHERH B ). ZH s A2 Y = O] EYE-S 2451 915te] EYE ALA (EasyAG®
50-5 Wire, Sentek Sensor Technologies, SA, Australia)E ©]-851 S5tk (Fig. 1). EY-E AAE v+ 2]
Ao AFE 1 m, 5m, 10 m, 15 m, 20 m 2|30l Z}20 cm Zolo]l Aot E~E-& S5ttt vl 2411t
okt 1, 10 m 2ol Aslr-91E 574 sk= AAE 2153 (Ecotone TM WM, Fig. 1). B2 Z[sk9)= 1
1A} Bk el 2|okp- 915 S7gsto] Hlole| 27 of| 263l 2t vll-55E B oletehd E442
Table 22} At} 8|4 545 S74517] et B2 37N 8 3 vilip-Ggat vilp ] 2] H= el Al= AiFI5HA
U @l SHstsitt. A2 3 £ 5 ARAF 19 (Gunbak) @t THEA|E ©FF (Areum)& AHSHL
201595E 2016E7FA] 218 F<t A& 2138 ShlTt. Al A2 5230 cm x T4 80 em @] A A AP, A A
£ 1202 wpgolgl om, FEAENE-S wiskeh £84] ZF el 2] 1m, 5 m, 10 m, 15 m, 20 m ZollA] 3RHE:

=4 Al A7l weh H] E522.9-3.1-3.2 (N- P,0s — K,0) 4H3
=

Sjof o] Aelstick. M 4515 A%, ST RS D TR ZASACE

Table 1. Soil characteristics from the experiment site.

Soil series Topology  Slope (%) Effective soil depth (cm) Soil texture Soil texture (deep soil) Soil type

Gagog Local valley 2~7 > 100 Silt loam Fine silty Normal paddy

I Pipe drainage line _ Bl Gunbak
[N Open ditch drainage line - Areum
o foag

;;age Somewhat poorly drained

Soil water content(@) and groundwater level (1) measuring location

Fig. 1. Diagram of the experiment site and locations of measurements.
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Table 2. Chemical and physical properties of paddy field soil from the experiment site.

Drainage Hori-zon pH EC Organic matter ~ P,0s K Ca Mg Na
mothod (1:5) (dsm™) (%0) (mgkg") (cmlo kg™
Ap 7.0 0.2 22 127.1 0.5 6.1 22 0.1
Pipe B 7.4 0.2 1.8 87.1 02 62 22 0.1
Very BC 7.5 0.2 0.8 9.6 0.1 6.6 25 0.2
poorly Ap 7.0 0.2 22 99.5 04 6.1 22 0.1
Open ditch B 7.4 0.2 1.8 87.6 0.1 74 24 02
BC 7.5 0.2 0.8 9.6 0.1 8.1 29 02
Ap 7.0 0.2 1.6 92.5 04 67 23 0.1
Pipe B 7.7 0.1 0.6 22 0.1 84 28 0.1
Somewhat BC 7.8 0.1 0.7 2.5 0.1 85 28 0.1
poorly Ap 6.6 0.1 1.4 39.1 0.2 5.4 1.8 0.1
Open ditch B 7.9 0.1 0.8 3.6 0.1 78 25 0.1
BC 7.7 0.1 0.7 2.1 0.1 69 23 0.1
Drainage mothod Horizon Depth (cm) Hardness (mm)  Soil color Bulk density (g cm™)
Ap ~15 25.8 7.5YR 4/2 1.5
Pipe B 15~30 26.5 7.5YR3/1 1.6
Very BC 30~45 20.2 10YR 3/2 1.6
poorly Ap ~20 21.7 7.5YR 4/1 1.5
Open dirch B 20~35 24.1 10YR 3/2 1.5
BC 35~45 21.1 10YR 4/1 1.5
Ap ~20 245 10YR 3/3 1.6
Pipe B 20~35 24.9 10YR 4/2 1.6
Somewhat BC 35~45 22.9 10YR 3/2 1.6
poorly Ap ~15 22 7.5YR 12 1.6
Open dirch B 15~30 24.2 7.5YR 3/2 1.5
BC 30~40 233 10YR 3/2 1.5
TE AEYHA X ST S 2] e atel ot AE| A0 FA A4S X]52 517] S5
Hille (19697 RIS -8 A1/ 914 A (StressDay ndex,SDIV £ 2ol ARKSHCk
SDI= 2.7_ 5D, < CS, (Eq. 1)

o17]4], SDI :

/\Ea]/\ ;{]

SD; : Stress day factor for stage {

CS; = Crop susceptibility factor for stage {

RETERS

i A7)
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7 7k© 2 Hardjoamidjojo et al. (1982)- 1) F2 o] 2EGA HL S UEl=71E
O 2 Sieben (1964)0] AARF FHEAEH A 2] HQI X At A5l91 0] AF5H1 = (SEW30) &
SD 8310 = A& = Qlrtal 5] Eq. 29} 2ol Alktsisich

T
oo
j)
M
b
rO
_O|L
£
oZ,
N
rlr
N

o
-
&
(@]
o
8
il
!
X
ol
o,
o,
ol

SEW,, = 2", (30— ;) (Eq.2)

Ol

37X, SEWso: A5152] -30 em= 23}
x;: i 9o A A5kE9] Zo] (em)

n: ASIRE A%

P A5gle] ARSI

P

1—

SED, = (Sumof Excess Water—30cm) (Eq. 3)

2F=E 717 Q91 (Crop Susceptibility factor, CS)= 2F=2] 9 AE7|7F 52tol] dA| AEFHAE T2 2HE9]

[e)
TS ZAFH] Hiller (1969)7F AlRTRE 7171 -84 7]l Tigt CS 442 thaa Zrk

CS, = : (Eq. 4)

B4 42 2N T THE AAET A FE2 91014 Rangkadilok et al. (2010) WS RSO = &
A15FAT). 248 EAF 1 g2 Faleon tube (50 ml)e]l H17 H[EkE (MeOH) 20 mlE -8Vl = 51 2441752t d-20f|A]
HESF 90| 0.2 um membrane filter2 {2} & A 3 20tE T2n] (High Performance Liquid Chromatography,
HPLC)Z EA513ct AR, AIAMES AJE 244.0 Shahidi et al. (2006)7}F Rangkadilok et al. (2010) ¥ .0 & 5}
St} HPLC= Agilent 1100 series (Agilent technologies Inc., Santa Clara, CA, USA) 2E-& AFE5IR Y, AHS
Lichrospher 100 RP-18e column (125 x 4.0 mm, 5 pm, Merck)& AF86t] FEA]| 2 20 L& 2451t 80 =
71-8 58 oA} (isocratic mobile phase).2 &2 60% MeOHE ARSI, 81l 3452 0.8 ml min™' 2.2 5} o™
diode array detector= 290 nmolA| AE5ITE. FEEA N AN AARE -2 A ZIRpALOA] 8L FAF Al
& U g1 242 BEE A0 mREs AR Bl wste] H-S AAgsto] Alibsalt.
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EARN LEAMY BN A= BAREA (ANOVA) 2 THARREARS- SPSS (v.9.0.1, SPSS Inc., Chicago,
USA)ONA F-2]4 2Fo]5 95% ool A ZAFSHATE

Results and Discussion

A KBl S W EO AR BN BA Eo| Belyu sl vl S E vl el 2

Z}o]7} §l3ATh (Table 2). 591 B2 ApetBS0] 3540 2 AL 7} =11 P,0s dfgte] =9 Jung et al. (2012)2

Ml A e EGRe] Bel WelE ATE A EQFe] S40 R 20 em BIAH Aol F4Elo] dn
v A5

o] &2 QI Hi-ETF Ti= M5 AJEI7T A Uk 733k vrehdthal H3int Jung et al. (2012)9] =E 5] -84

A 2R 729 R 13~1.6 g om” BEZS K] 2 A1) EokS FEQ} “EJ Alo|7k AL gle B = vl

=0l BEAFE AR HHE-0] A= U] ohleh 8 EE AleE 8 & 7Rl Aot &

A EgRol ufe-dgtonz JJEJ |AUE FFHAEL} 1%? Zi‘?:lE% E?l A0 =2 et o] A AL
) el

Zlog ket

B EoF 2B} 127 7to]| tist Auk= Table 33} 2t} 27 A7) 7 S0t EQREC 20 om Zo]ol|A]
Atk S w2 A =E 2 23.00 £ 2.79 mm m”, B HA =EY230.39+2.52 mmm,
F7FEFR 7] :=EF18.95+2.86 mmm™, Y FEFH 7 ==E UL 27.96 + 438 mm m™ It} v E Eok
B Y2 FAK o2 At 2polE HATH(p <0.05). ZFFE 1 m, 5m, 10 m, 15m, 20 m A|HofA SHH E
T A2 Fig. 20 BRI W95 =2 A BA A2 = 25 1 mAF] o] F Eg=o] 45t 10m
oA ThA] 716kl o] 457} 20 mAF oA S71ok= kS Kol Qlet. wie-Ed-A 2 54
|utet ol 7} a9 Z1T A ula= AT Bt Ho 7 A9)) o] @b 22 ARk o= ol A = UERR
T} Jung et al. (2011)2 ZAARA] =E oA Tl vlie-A 2] & o At fAu7 T ohE vl -A 2SR ot A 27 ]
EGE Ho7F 7P Atk AE B o At Aol A efAulg 2 EQula Saat g Talo] A
HH OF 27 EE oFg Rlo7H T4 0 &2 B Attt o= A ulirAlde] 24 ) E 2 sXHE o=
LA fASH=T B BapAoletal Ikt

R

N

Table 3. Duration of excessive soil moistures that were over saturation level from the experiment soils.

Drainage class / Saturation level Duration of excess soil water ~ Average soil water content
Drainage method (%) (hr) (mm m™)

Very poorly

Pipe 36.7 127 23.00°

Open ditch 325 1455 30.39°
Somewhat poorly

Pipe 32.6 87 18.95°

Open ditch 30.9 1237 27.960°

*b: statistical difference between drainage methods.
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Table 4. Characteristics of Gunback growth and yield components from soils of all drainage classes and drainage methods.

Drainage Drainage Distance (m) Stem length ~ Stem thickness No. capsule 1000 grain Yield
class method (cm) (mm) per plant weight (g) (kg 10a™)

1 131.3° 9.6° 55.8° 3.1° 84.2°

5 127.1° 9.0¢ 49.2° 3.0° 77.0°

Pipe 10 161.6° 11.3° 79.8° 2.8 113.3

15 176.9° 12.7° 118.1° 2.6° 113.6°

Very 20 174.6* 13.1° 126.0° 2.5° 118.4°
poorly 1 131.0° 8.5° 59.0° 29 92.8°
5 134.7° 10.0° 73.8° 2.8 115.9°

Open ditch 10 105.9° 7.8° 56.1° 2.9 77.2¢

15 100.9¢ 7.0¢ 52.1° 2.8 75.5°

20 111.3° 9.7% 27.5° 3.0 96.7°

143.8° 11.2¢ 79.3¢ 2.8 124.1°
5 159.8° 11.7° 95.8" 2.8 145.8%

Pipe 10 170.5% 12.2° 101.5° 2.7 157.0°

15 155.3° 12.4%® 112.9° 2.7 163.8"

Somewhat 20 173.2° 12.7° 113.6° 2.8 139.8°
poorly 1 148.5° 10.6° 73.7° 2.8 118.8"
5 151.5° 10.6° 73.7° 2.8 123.5%®
Open ditch 10 164.4° 11.5° 95.4° 2.7 131.7°*

15 166.7° 11.3° 95.2° 2.7 133.8°

20 169.0° 12.0° 97.4° 2.7 136.5°

ab.c,d,

: statistical differences across drainage methods and distance from the drainage lines at 95% level.

Table 5. Characteristics of Areum growth and yield components from soils of all drainage classes and drainage methods.

Drainage Drainage Distance (m) Stem length ~ Stem thickness No. capsule 1000 grain Yield
class method (cm) (mm) per plant weight (g) (kg 10a™)

1 166.2° 12.1¢ 6.6° 2.7° 94.9°

5 193.0° 12.6° 6.9° 2.7° 119.3

Pipe 10 167.9° 11.9% 6.6° 2.8 107.8°

15 195.1° 12.4° 6.5° 2.8° 124.1°

Very 20 210.3° 12.9° 6.6° 2.8 126.5°
poorly 1 142.5° 10.8° 6.9° 2.9° 89.9°
5 148.3¢ 10.4¢ 6.9° 2.9° 74.8°
Open ditch 10 152.9¢ 11.3° 6.6° 2.8° 91.4®

15 166.1° 10.6° 6.7 2.8° 107.7°

20 171.7° 11.8° 6.8 2.8° 110.7°
1 118.1° 10.6° 6.8 2.6™ 79.3%

5 132.3¢ 8.4° 6.3° 2.7 58.8°
Pipe 10 138.9° 10.5° 6.4° 2.8 75.1%

15 145.3° 13.8° 6.7° 244 91.7°
Somewhat 20 174.0° 10.5° 6.4° 2.5 72.6%
poorly 1 150.8° 11.4° 6.9 2.8° 74.6%
5 142.0° 10.0° 6.6° 2.8 66.8¢

Open ditch 10 167.8° 11.8° 41.5° 3.1° 72.4°

15 180.8° 12.5° 89.0° 3.0° 81.0°

20 180.3° 12.6° 61.1° 2.8° 72.5°

ab,c.d,

: statistical differences across drainage methods and distance from the drainage lines at 95% level.
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Jung etal. (2011) 7 W7 A1 =0 9] HiSAL Ao A E] oo et w0 2 /1S ke 4%
2 B o] AP A Aol T He N dRRE PohE o] SrbsHe 2UAE Bk W
¥l B 2 5ot 1 ol5 A7 4 B s At B sl Ul v oje} e vk 2
a3 Zho] EQh4Ho] Gk 22 79ES Holuh ob g} o] B 0] Ggkg A Wi HEL Al
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Fig. 3. Distributions of groundwater levels during sesame cultivation from very poorly (top) and somewhat poorly
(bottom) drained paddy fields with pipe and open ditch drainage method.

Table 6. Results of groundwater levels and days of excessive groundwater level.

Drainage class / Drainage method Average groundwater level (cm) SED30 (day) SEW30 (cm)
Very poorly

Pipe -56.95" 14 150.33
Open ditch -42.87* 69 210.24
Somewhat poorly

Pipe -74.34° 14.5 74.48
Open ditch -59.51° 40.5 167.76

b statistical differences across drainage methods at 95% level.
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AEFYIATFAI A O 2 2Rkt CSEES Chun et al. (2016)©] A8} o}F5-0] AB-L-A 7] CSEES A5 AVE ulst
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Table 7. Stress- Day Index (SDI) results of two sesame cultivars (Gunbak and Areum) from the four experiment sections;
very poorly - pipe, very poorly - open ditch, somewhat poorly - pipe and somewhat poorly - open ditch.

SDI (cm-day)

Cultivar Growth stage  CS Factors ) ) Somewhat Somewhat
Poorly-pipe  Poorly-open ditch

poorly-pipe  poorly-open ditch

Tillering 0.52 0 110.46 0 54.91
Booting 0.29 28.17 60.52 23.98 54.16
Flowering 0.27 19.54 47.51 19.00 30.96
Gunbak .
Milk development 0.20 4.70 31.55 1.87 21.59
Ripening 0.12 3.81 18.73 2.53 5.73
Sum 56.22 268.77 47.36 167.34
Tillering 0.32 0 40.95 0 42.38
Booting 0.27 26.14 56.15 22.25 50.25
Flowering 0.21 12.28 29.85 11.93 19.45
Areum .
Milk development 0.10 1.70 11.38 0.68 7.78
Ripening 0.07 3.22 15.82 2.13 4.84
Sum 43.26 154.15 36.99 124.7

Growth stages followed Zadoks growth scale.
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Table 8. Summary of yield and seed components by different soil moisture contents from Gunbak and Areum
cultivated from paddy fields.

Soil moisture Yield Seed component content
Cultivar conten_tl (ke 10a™) Protein Sesamin Sesamolin Lignan
(mmm™) (%) (mgg") (mgg") (mgg")
20~25 129.2%® 22.9 4.6" 2.9 7.6°
26~30 130.7 23.6 4.3% 2.6™ 6.9"
Gunbak 31~35 118.9® 23.1 3.9% 2.4® 6.3"
36~40 104.1° 23.1 3.8% 2.6™ 6.4™
>4] 86.9¢ 24.0 3.5 22° 5.7°
20~25 100.7* 21.5 1.1 1.6 2.7
26~30 99.5° 223 1.1 1.7 2.8
Areum 31~35 86.4° 22.6 1.1 1.7 2.8
36~40 83.0 22.7 1.1 1.8 2.9
>41 73.8% 22.7 1.1 1.8 2.9

abed; statistical differences across drainage methods and distance from the drainage lines at 95% level.

B SRNE BN W) FA RS I Fig 491 2 T SRS M obE BT 5
s}l e] 8 EAS Aol leiek. TS Aloleh A, AALE I B 1 ke A H10] A9 Eo
M52 Aol 01517 QR ESS AT (p > 0.05), ¥ MG 8 Ajolois SAHIR gSo] Shelet
Ao} BT (p < 0.05). SRIERIAHe] 774 Ao 2] 1t Ggro] 7.40 £0.30 me ¢ 0.2 74 w9k ¥
e F7re Fe

2] 1t A 9RFgk0] 6.51 £0.50 mg g 2 7H etk Axbslet AARE S gk 2l ok
T} HIZRt A eRS Bk BHH ofF 7= vii-S gt vl A2l 1 SR o] Aol gl &
7H9] B AR AR 0 & AR Rk wo| B Afufghof %h% =20 2 ohef ] Qlrt (Kim et
al., 2002). Ryu et al. (1993)-2 A7l 2 ¥ 2 210} A7} A|71o] WI31E 918 A ALyt Mo erz &
2SS AAIgke] S71ekal A 9] L7} 2| 2l ThA] Hol 2|1l 7o) %_101 el wheba] AatRigke] ok
CE7} )2 o] A o]zt AU ThA] AlARIZEe] HofFTh Kim et al. (2002)-2 37 Ajulz71e] whe} 2] 1 ko] ¥
32 24 At AV A R TR 2 A el A AR AARERIZEO] B =Sk o]ef o] 71E Aol A
L] B 1k w2 St Afafod e whet AR HRkE Hol=t S AE A TAY Al o] vk 73
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Fig. 4. Distributions of sesame seed components from very poorly and somewhat poorly drained paddy fields with
pipe and open ditch drainage method; top- contents of sesamin, sesamolin and lignan, bottom- protein content.
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