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Soil Salt Prediction Modeling for the Estimation of Irrigation Water
Requirements for Dry Field Crops in Reclaimed Tidelands
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Summary

The purpose of this study is to develop soil salt prediction model for the estimation of
irrigation water requirements for dry field crops in reclaimed tidelands. The simulation model
based on water balance equation, salt balance equation, and salt storage equation was develo-
ped for daily prediction of salt concentration in root zone.

The data obtained from field measurement during the growing period of tomato were
used to evaluate the applicability of this model.

The results of this study are summarized as follows :

1. The optimum irrigation point which maximizes the crop yield in reclaimed tidelands
of silt loam soil while maintaining the salt concentration within the tolerance level, ws found
to be pF 1.6, and total irrigation requirement after transplanting was 602mm(6.7 mm/day)
for tomato.

2. When the irrigation point was pF 1.6, the deviation between predicted and measured
salt concentration was less than 4% at the significance level of 1%.

3. Since the deviations between predicted and measured values data decrease as the amount
of irrigation water increases, the proposed model appear to be more suitable for use in
reclaimed tidelands.

4. The amount of irrigation water estimated by the simulation model was 7.2mm/day in

the average for cultivating tomato at the optimum irrigation point of pF 1.6.
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The simulation model proposed in this study can be generalized by applying it to other

crops. This, model, also, could be further improved and extended to estimate desalinization

effects in reclaimed tidelands by including meteorological effect, capillary phenomenon, and

infiltration.
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Treatment point Experimental plots A8} 98 KRS g;fg 3.9.0] 4y
Tmtl | pF 22 | AN;, AG;, BN;, BG, BRE 2 BESARE EEAKES 338 A
Tmt2 | pF 20 | AN,, AG,, BN,, BG, RS Wsts Awny q%ﬂr e,
Tmt.3 pF 18 AN;, AGs, BN;, BGy 7}, HEADEEO| LS AR E@yE
Tmt.4 pF 16 ANy, AG4, BN4, BG4 Wk, A Bke LEKS SRS
Table-2. Initial soil moisture content and salt concentration by treatment
Treatment(pF) Initial soil moisture Initial salt concentration
reatmen
ennp Volumetric rate(%) | Depth(mm) | ECy(mmhos/cm) | ECe(mmhos/cm)
Tmt.1l (22) 26.1 1044 103 75
Tmt2 (2.0) 29.7 11838 9.0 75
Tmt.3 (1.8) 336 1344 8.0 75
Tmt4 (16) 36.3 1452 74 75
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Fig. 1. Simulated salt concentration of soil
extract(ECw) in case of constant soil
moisture content by treatment
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Fig. 2. Simulated salt concentration of satu-
ration extract(ECe) in case of cons-
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Table-3. Simulated salt concentration by the constant soil moisture content in root zone

Soil Iggic;gntsral%io Grow- | Simulated Simulated salt concentration

%réer?tt— rgoi?ttgre{ mmbhos/cm isrggge ug(ll%ziltlorg ot ECy(mmhos/cm) EC.(mmhos/cm)
mm)| ECy | EC, mm}gay Range Mean Range Mean

) I 34 100—104 | 102 75 75

Il 45 10.1-106 | 103 75 75

Tmtl | 1044 | 103 75 il 5.2 97—108 | 104 75 75
v 44 98-104 | 101 75 75

Mean (44) (97-108) [(103) (7.5) (7.5)

I 42 87— 90 89 75 75

I 55 88— 92 89 75 75

Tmt2 | 1188 9.0 75 m 6.3 86— 97 9.3 75 75
I\ 5.4 86— 9.0 88 75 75

Mean (54) (86— 97 [(90) (7.5) (7.5)

1 4.2 77— 80 79 75 75

I 55 78— 82 80 75 75

Tmt3 | 1344 8.0 75 m 6.4 80— 88 84 75 75
v 54 80— 83 8.1 75 75

Mean (54) (77— 88 [( 81D (75) (75)

I 59 66— 73 6.9 6675 70

II 7.3 56— 65 6.0 57—6.6 6.1

Tmt4 | 1452 74 75 i 8.2 47— 56 5.3 48-56 5.3
v 72 42— A7 45 43-48 45

Mean (7.2) (42— 173) [(56)| 43-75) | (D
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Table-4.. Simulated salt concentration by the irrigation water supplied in field experiment

Initial salt, . Simulated salt concentration
oncentratio Grow- | Simulated
;[r‘lréeéitt- {Pamhos,cm) 1Srg§ge irrigation ECy(mmhos/cm) ECe(mmhos/cm)
ECy | ECe mm/day) Range Mean Range Mean
I 2.9 10.1—10.9 10.6 7.5 7.5
II 3.1 11.0—11.7 114 75 7.5
Tmt.l | 103 7.5 1 3.0 11.6—123 . 12.0 7.5 7.5
I\ 30 115—12.1 11.8 7.5 7.5
Mean (3.0) (101-123) | (11.5) (7.5) (75)
I 40 88— 93 9.1 75 7.5
I 4.2 9.3—-104 10.0 75 7.5
Tmt.2 9.0 7.5 m 4.2 10.5—114 11.0 7.5 7.5
v 4.0 10.6—11.2 10.9 7.5 7.5
Mean (4.1) ( 88—114) | (10.3) (75) (75)
I 5.8 68— 7.9 7.3 69—75 7.3
I 5.6 63— 7.1 6.9 6.8—6.9 6.9
Tmt.3 8.0 7.5 11 5.7 63— 7.8 74 6.8 6.8
I 55 76— 8.0 7.8 6.8 6.8
Mean (5.7 68— 80) | (73) (6.8—7.5) (69)
I VA 60— 74 6.6 6.2—175 6.8
I 6.6 55— 6.0 58 55—6.1 5.8
Tmt.4 74 7.5 I 6.6 53— 56 5.5 54—55 55
v 6.5 49— 55 52 50—54 52
Mean (6.7) (49— 74) | (58) (5.0—75) (5.8)
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Fig. 3. Simulated salt concentration of soil

extract(ECw) by the irrigation water

supplied in field experiment by treat-

ment
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Fig. 4. Simulated salt concentration of satu-
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water supplied in field experiment by
treatment
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Fig. 5. Comparison of simulated with mea-

sured salt concentration of soil ext-

ract(ECw) in treatment 1

Table-5. Comparison of simulated and measured salt concentrations by the irrigation

water supplied in field experiment

Initial salt Simulated salt Measured salt
Treat- concentration Grow- concentration concentration Ratio of simulated
ment (mmhos/cm) S‘;gg . (mmhos/cm) (mmhos/cm) to measured value
ECy ECe ECy ECe ECy ECe ECy ECe
I 10.6 7.5 10.7 7.6 0.99 0.99
I 114 75 118 8.1 0.97 0.93
Tmt.1 10.3 7.5 i 12.0 7.5 131 84 092 | 0.89
v 118 7.5 11.8 8.1 1.00 0.93
Mean | (115) (75) (119 (8.0) 097) | (0.94)
I 9.1 75 86 7.3 1.06 1.03
11 10.0 75 8.8 7.7 114 0.97
Tmt.2 9.0 75 it 110 75 9.8 7.9 1.12 0.95
v 109 7.5 99 7.7 1.10 0.97
Mean (10.3) (7.5) (93 o | Qi (0.97)
I 7.3 7.3 7.3 7.0 1.00 1.04
I 6.9 6.9 6.9 6.6 1.00 1.05
Tmt.3 8.0 75 111 74 6.8 7.1 6.5 1.04 1.05
v 7.8 6.8 7.3 6.9 1.07 0.99
Mean (73 (6.9 (7.0 (6.6) (1.04) (1.05)
I 6.6 6.8 6.7 6.8 0.99 1.00
11 5.8 5.8 5.8 59 1.00 0.98
Tmt.4 74 7.5 il 5.5 55 5.6 5.6 0.98 0.98
v 5.2 5.2 53 54 0.98 0.96
Mean | ( 5.8) (5.8) ( 5.8) (5.9 (1o | (0.98)
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Fig. 6. Comparison of simulated with mea-
sured salt concentration of soil ext-
ract(ECw) in treatment 2
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Fig. 7. Comparison of simulated with mea-
sured salt concentration of soil ext-
ract(ECw) in treatment 3
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Fig. 8. Comparison of simulated with mea-

sured salt concentration of soil ext-

ract{ECw) in treatment 4
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Fig. 9. Comparison of simulated with mea-
sured salt concentration of saturation
extract(ECe) in treatment 1
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Fig. 10. Comparison of simulated with mea-
sured salt concentration of satura-
tion extract(ECe) in treatment 2
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Fig. 11. Comparison of simulated with mea-
sured salt concentration of satura-
tion extract(ECe) in treatment 3
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Fig. 12. Comparison of simulated with mea-
sured salt concentration of satura-
tion extract(ECe) in treatment 4
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Table-6. RMS error and correlation coefficient for verification of SSPM

Treatment| Frequency RMS error(mmhos/cm) | Relative error( %) Correlation t-value
ECy EC, ECy EC, coefficient (ECy) (ECy)
Tmt.1 17 0.71 0.60 6.0 75 0.8158 5463* *
Tmt.2 17 1.02 0.35 11.0 45 0.8745 6.983% *
Tmt.3 17 0.32 0.34 46 5.2 0.8144 5435* *
Tmt.4 17 0.21 0.23 36 39 0.9416 10.830™ *
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