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Stress Day Index to Predict Soybean Yield Response by
Subsurface Drainage in Pooy Drained Sloping Paddy Fields

Ki-Yuol Jung*, Eul-Soo Yun, Chang-Young Park, Jae-Bok Hwang, Young-Dae Choi, and Ki-Do Park'

Functional Cereal Crop Research Division, NICS, RDA, Milyang, 627-830, Republic of Korea
IEpartment of Planning &Coordination Division, RDA, Suwon, 441-707, Republic of Korea

There are considerable areas of wet paddy fields in Korea that requires improvement of its drainage system. In
poony drained sloping paddy fields, upland crops can be damaged by either rainfall or capillary rise of the
water table caused by percolating water beneath the upper fields during summertime rainy season. The
purpose of this study is to evaluate excess water stress of soybean yield by drainage systems. Four drainage
methods namely open ditch, vinyl barrier, pipe drainage and tube bundle were installed within 1-m position at
the lower edge of the upper paddy fields. Stress Day Index (SDI) approach was developed to quantify the the
cumulative effect of stress imposed on a soybean yield throughout the growing season. SDI was determined
from a stress day factor (SD) and a crop susceptibility factor (CS). The stress day factor is a measure degree
and duration of stress of the (SEW3¢). The crop susceptibility factor (CS) depends of a given excess water on
crop stage. The results showed that SDI used to represent the moisture stress index was most low on the pipe
drainage 64.75 compared with the open ditch 355.4, vinyl barrier 271.55 and tube bundle 171.55. Soybean
grain yield increased continuously with the rate of 3% in Vinyl Barrier, 32% in Pipe Drainage and 16% in
Tube Bundle.

Key words: Stress Day Index, Subsurface drainage, Soybean, Stress day factor, SWDsy
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experiment.

Three phases

Horizon Depth Bulk density - - Porosity Textural Class
Solid Water Air
cm Mg m’ % %
Apl 0-10 1.18 445 40.2 15.3 55.5 loam
Ap2 10-20 1.55 58.6 25.9 15.5 41.4 loam
Ag 20-24 1.62 61.2 24.1 14.7 38.8 loam
Bg 24-35 1.60 60.3 223 17.4 39.7 Sandy loam
BCg 35+ 1.60 60.4 25.0 14.6 39.6 Sandy loam

Open ditch

N

Seepage

Vinyl barrier

Seepage Poly vinyl barrier|

Seepage

Coilwrapped with
Poly weave net

Tube bundle

‘Backfill (soil)

Seepage

Fig. 1. Diagram of various drainage systems.
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Table 2. Comparison of soil water content factors in different drainage methods.

Type of Drainage Duration time of excess water

Duration time

Av. Soil water content .
Excess water after rainfall

hr >30 mm mm hr >30 mm

Poorly drained

Open ditch 1,270 33.05 775

Vinyl barrier 165 29.34 751

Pipe drainage 100 17.91 95

Tube bundle 114 24.68 727
Somewhat poorly drained

Open ditch 116 18.94 14

Vinyl barrier 25 24.11 15

Pipe drainage 10 12.76 5

Tube bundle 16 17.68 7

Table 3. Comparative values of water table factors in different drainage type.

Decrease of

. u ¥
Type of Drainage Av. Water table level water table SEDs SEW3
mm mm day‘1 day mm
Poorly drained
Open ditch -132.8 6.6 147 2,207
Vinyl barrier -161.7 10.5 112 1,938
Pipe drainage -325.5 16.8 31 444
Tube bundle -251.5 10 108 1,262
Somewhat poorly drained
Open ditch -396.9 20 60 1,037
Vinyl barrier -427.9 20 56 860
Pipe drainage -742.9 3.4 7 28
Tube bundle -480.8 12.7 34 254

TSEDgo = (Sum of Fxcess Water over 30 cm)
N (30— w1D;).

i=1

iSEW;Q (Sumof Erxcess Water Depth ) =
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Table 4. Comparison of Stress Day Index (SDI) in soybean growth stage by drainage methods.

il
Soybean Growth StageT Development & Stage CS* Factors - - - SDI - -
Open ditch  Vinyl barrier Pipe drainage Tube bundle
Establishment VO0-V4 0.19 69.52 57.61 10.1 35.66
Vegetative V5-V13 0.13 102.51 107.59 343 73.46
Fl i V14-V17/ 0.19 4.06 64.02 10.78 43.51
owering RLR2 . 74. . i .
Pod Development R3-R4 0.26 61.23 15.14 6.58 2.6
Pod Filling R3 0.25 25.68 0.8 0 0
Ripening
(Pods full size bean) R6 0.08 20.25 25.07 2.34 14.42
(Pod yellowing) R7 0.01 0.96 1.02 0.19 0.91
(Pod brown) R8 0.00 1.19 0.3 0.46 0.99
SUM 355.4 271.55 64.75 171.55

TStage = Refers to stage of soybean development described by Fehr et al. (1971).
cs = Crop susceptibility factor for stagei; Crop susceptibility values of soybean by excessive soil water stress described by (Evans

et al.,1990).
'SDI = Stress-Day Index.

Table 5. Comparison of yield and yield components of soybean by the

drainage methods in different drainage classes.

Type of Drainage Stem length Branches per plant  Node per plant Seed weight Soybean Yield
cm No. plant’ No. plant” g 100 seed kg ha'
Poorly drained
Open ditch 46.1 ¢ 3.8 ab 364 b 24.0 a 1,585 ¢
Vinyl barrier 483 b 43 b 396 b 240 a 1,633 ¢
Pipe Drainage 548 a 46 a 462 a 233 b 2,086 a
Tube bundle 484 b 42 ab 358 b 231 b 1,921 b
Somewhat poorly drained
Open ditch 69.1 ¢ 50a 429 b 233 b 2,530 ¢
Vinyl barrier 66.9 ¢ 49 a 449 b 246 a 2,620 b
Pipe Drainage 77.6 a 52 a 49.6 a 23.9 ab 2,703 a
Tube bundle 72.8 b 5.2 aa 48.6 a 23.9 ab 2,642 ab
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Fig. 3. Comparison of soybean yield as distance at installed drainage position by drainage method.
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