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Millet and sorghum are major dryland cereal crops, however their growth and productivity is limited by soil
water stress with varying intensity. The major objective of this study was to evaluate water stress of millet and
sorghum yield under drainage classes of poory drained soil and to test the effect of the installed pipe drainage
in poody drained paddy soil to minimize crop stress. The research was carried out in poody drained paddy
fields located at alluvial slopping area resulting in non-uniform water content distribution by the inflow of
ground water from the upper part of the field. Stress Day Index (SDI) was determined from a stress day factor
(SD) and a crop susceptibility factor (CS). SD is a degree of measurement by calculating the daily sum of
excess water in the profile above 30cm soil depth (SEWs3¢). CS depends on a given excess water on crop stage.
The results showed that sum of excess water day (SWD3) used to represent the moisture stress index was
lower on somewhat poorly drained soil compared with poorly drained soil on 117 days. CS values for sorghum
were 57% on 3" leaf stage, 44% on 5" Jeaf stage, 37% on panicle initiation, 23% on boot stage, and 16% on
soft dough stage. For proso millet CS values were 84% on 3" Jeaf stage, 70%on 5" leaf Stage, 65% on panicle
initiation, S3% on boot stage, and 28% on soft dough stage. And for foxtail millet the values were 73% on 3™
leaf stage, 61% on 5" leaf stage, 50% on panicle initiation, 29% on boot stage, and 15% on soft dough stage.
SDI of sorghum and millet was more susceptible to excess soil water during panicle initation stage more
pooly drained soil than somewhat poorly drained soil. Grain yield was reduced especially in proso millet and
Foxtail millet compared to Sorghum.
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Response of millet and sorghum to water stress under drainage classes in converted paddy soil.

Duration cst SDI*
Growth Stage - —
Start Stop Factors Sorghum Proso millet  foxtail millet
Emergence 0 6 0.20 28.2 42.8 42.8
3" Leaf Stage 6 15 0.22 34.9 451 447
5™ Leaf Stage 15 28 0.32 473 71.3 78.6
Panicle Initation Stage 28 47 0.19 11.6 31.8 49.4
Booting Stage 47 61 0.08 11.4 7.4 7.4
Soft dough Stage 61 75 0.02 3.7 44 2.9

cs = Crop susceptibility factor
'SpI = Stress-day Index
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Table 1. Physical properties of the research field soil before experiment.
Three phases Textural
Horizon Depth Bulk density - - Porosity
Solid Water Air Class
cm Mg m-3 (%) %
Apl 0-10 1.18 44.5 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
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(fine loamy, mixed, mesic family of Fluvaquentic Endoaquept)
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Table 2. Comparison of soil water content in different drainage fields.

Type of Drainage Distance Av. Soil water content Duration time of excess water Duration day of excess water
mm Hr >30 mm Day >30 mm
Poorly drained Im 30.61 1,934 80
5m 27.05 1,678 69
10m 24.96 1,470 62
15m 24.85 1,258 54
Somewhat poorly Im 26.95 1,493 62
drained 5m 24.57 1,011 40
10m 24.02 945 41
15m 22.15 836 37

Days of onset
06/10  06/30  07/20  08/09 08/29  09/18  10/08

10/28
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Fig. 1. Ground water level fluctuations in different drainage field. (A) Poody drained. (B) Somewhat poorly drained.
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Table 3. Comparative values of water table in different drainage fields.

Drainage Distance Av. Water table level SED3o' SEWso'
cm day mm
Poorly drained Im -14.90 143 2,178
Sm -16.52 121 2,228
10m -15.63 126 2,340
15m -30.54 81 1,423
Average -15.68 130.00 2,248.67
Somewhat poorly Im -38.45 59 1,014
drained 5m -45.40 53 710
10m -73.65 22 347
15m -74.19 19 221
Average -43.30 66.00 1,079.92
'SED,, = (3 of Ercess Water—30cm)
*SEW,, (Y] of Ercess Water Depth) = _2(307 WTD,)
mSorghum = Prosomillet & Foxtail millet mSorghum = proso millet = Foxtail millet

40

Yield (g/Pot)

3th leaf Sth leaf
stage Stage Stage stage stage
Growth Stage

Panicle initiation  Booting Soft dough M- Plot

Crop Susceptibility (CS) values

0.00

3th leaf 5th leaf
stage Stage Stage stage stage

Growth Stage

Panicle initiation Booting Soft dough

Fig. 2. Comparison of crop susceptibility of cereals crop growth stage by excessive water stress.
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Table 4. Response of millets and sorghum to excess water stress under drainage classes.

Faipgol ofgt AEHA

AE HE-
= T«

Zo2 eyttt E3

. Duration cst spr’

Growth Stage - —
Start Stop Factors Sorghum Proso millet foxtail millet

Poorly drained
Emergence 6 0.20 28.2 42.8 42.8
3" Leaf Stage 15 0.22 34.9 45.1 447
5" Leaf Stage 15 28 0.32 473 71.3 78.6
Panicle Initation Stage 28 47 0.19 11.6 31.8 49.4
Booting Stage 47 61 0.08 11.4 7.4 7.4
Soft dough Stage 61 75 0.02 3.7 4.4 2.9
Somewhat poorly drained
Emergence 6 0.20 34 10.5 10.5
3" Leaf Stage 15 0.22 5.2 12.4 11.9
5" Leaf Stage 15 28 0.32 1.1 52 4.7
Panicle Initation Stage 28 47 0.19 0.9 0.3 1.6
Booting Stage 47 61 0.08 0.1 0.3 0.2
Soft dough Stage 61 75 0.02 - - 0.1

TStage = Refers to stage of sorghum development described by Vanderlip. (1979).

cs = Crop susceptibility factor
SpI = Stress-day Index

Stress-day Index(SDI)

1 5 10 15
Distance from drainage position, m

5 10
Distance from drainage position, m

m Poorlydrained = Somewhat poorly drained

5 10
Distance from drainage position, m

Fig. 3. Response to excess water stress as distance at installed drainage position under drainage classes; (A)sorghum, (B)proso

millet(C)Foxtail millet.
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mTojong Hwanggeumchal mJungmo 4001 | ] [ ] [ ] 1 [ ]
160 120
140 100
P = 120 =
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~ ~ 100 ~
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s 1 1
2 2 80 2 60
2 2 2
£ g 60 E 4
3 3 w0 3
20
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0 0
1 5 10 15
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L] 9e P B ©l 9°P
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5 5 6 5
£ 100 £ £ 4
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50 2 20
0 Y Y
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w Distance from drainage position,m B Distance from drainage position,m © Distance from drainage position,m

Fig. 4. Comparison of sorghum, proso millet and foxtail millet stem length as distance at installed drainage position under drainage
classes. Upper: Poody drained field, Under : Somewhat pooy drained field; (A)sorghum, (B)proso millet, (C)Foxtail millet.

Jungmo 4001 —Soil water content h, h —<Soil water content 1 —<Soil water content
3,500 35 1,800
3,000 £ b 5 7
*E 1400 3 3
o 2300 %/ % 1200 = =
<, 2000 s 2 < 1000 £ 2
< g S w0 S S
> 1000 H e E H
500 200
[ 10 [
1 5 10 15
w Distance from drainage position,m B Distance from drainage position,m © Distance from drainage position,m
Jungmo 4001 —Soil water content ——Soil water content 1 —=Soil water content
5,000 3,000 30
4,500 _ ]
4,000 3 3 2,500 A
g £ i &
7w £ £ || 52m £
£ 3,000 2 2 5 g
2 2500 § § £ 1500 : 1 » §
3 2000 ] z 2 e ® £
5 < 1,000
£ 1,500 E 3 e 5 2
1,000 3 s 500 3
500
[ 0 10
1 5 10 15
w Distance from drainage position,m @8 Distance from drainage position,m © Distance from drainage position,m

Fig. 5. Comparison of sorghum, proso millet and foxtail millet yield as distance at installed drainage position under drainage
classes. Upper: Poodly drained field, Under : Somewhat pooy drained field; (A)sorghum, (B)proso millet, (C)Foxtail millet.
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