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A simplified model of water uptake by dryland rice root system

Shuichi HASEGAWA

National Research Institute of Agricultural Engineering
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RO BRI, 19774 © W< BEREeRT (Los
Banos, Laguna, Philippines) OI'C#i% L% FEAR,
0S4 OBTEM DO R #FE (IRRIISIN?® H{FEHA LI,
FEREEYY Table 1, Fig. 2 WRTERITH %,
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HoOBML, RBOBKRIC X - TELT 5, BOBRKER
#0.015, n.005cm$/cm/day & +5 &, KTV o V7
BEOHMMIIZHINEH,2H LD, ZOXHT, R
KEDMEN T v ¥ v AR B O C T T8
BIEFITRE, Fio, BT Vo v ARREBOMETIR
12, BXBEDELL > THHELT D, Eo=12my/day

Table 1 Water extraction patterns predicted by the model (Hypothesis testing)

Depth (cm) 0 —~-10 —-20 —-30 —40 -50 —-60 —70 -8

Root density (cm/cm?) 12.6 1.4 0.8 0.9 0.8 0.5 0.5 0.2

Day after an irrigation (day) Amount of water extracted (mm/10cm) Tr(anflms/pégt)ion
1 6.0 0.0 6.0
2 6.0 0.0 6.0
3 5.0 1.0 0.0 6.0
4 1.9 1.3 0.8 0.9 0.8 0.3 0.0 6.0
5 0.7 1.2 0.8 0.9 0.8 0.5 0.5 0.2 5.6
6 0.3 1.2 0.7 0.8 0.7 0.5 0.5 0.2 4.9
7 0.1 1.1 0.7 0.8 0.7 0.5 0.5 0.2 4.6
8 — 1.0 0.7 0.7 0.7 0.5 0.5 0.2 4.3
9 0.9 0.7 0.7 0.7 0.4 0.5 0.2 4.1
10 0.9 0.6 0.7 0.6 0.4 0.4 0.2 3.8
11 0.8 0.6 0.7 0.6 0.4 0.4 0.2 3.7
12 0.7 0.6 0.6 0.6 0.4 0.4 0.2 3.5
13 0.7 0.6 0.6 0.6 0.4 0.4 0.2 3.5
14 0.7 0.5 0.6 0.5 0.4 0.4 0.2 3.3
15 0.6 0.5 0.5 0.5 0.4 0.4 0.2 3.1
16 0.6 0.5 0.5 0.5 0.4 0.4 0.2 3.1
17 0.5 0.5 0.5 0.5 0.4 0.4 0.2 3.0
18 0.5 0.5 0.5 0.5 0.4 0.4 0.2 3.0
19 0.4 0.4 0.5 0.4 0.4 0.4 0.2 2.7
20 0.4 0.4 0.4 0.4 0.3 0.3 0.2 2.4
21 0.4 0.4 0.4 0.4 0.3 0.3 0.2 2.4

Total amount (mm) 20.0 14.9 10.5 11.3 10.5 7.3 7.1 3.4 85.0

Efficiency (%) 100 75 53 51 53 37 36 17
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Fig. 4 —1 Successive moisture contents of

different soil layers between
measured and calculated values.
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Table 2 Root density and water uptake rate

Roet density qL

Depth L (cm/cms)

Uptake rate q

(em) (measured) (1/day) (cm?/cm/ day)
0—10 11.22 5.08 x10-2 0.45%x10"2

10—20 5.20 2.70 0.52

20—30 1.87 1.97 1.05

3040 1.62 3.92 2.42

40—50 1.62 3.24 2.00

50—60 1.21 1.12 0.93

60—70 0.63 0.93 1.48

70-—-80 0.23 0.66 2.87

vy BT 5 BERE O K BINERT B Hhic 7~ 4
AV, FBERE O I OV Tk, Hasegawa and
Yoshida® 2B I o, & ST L DA R~<%,
BEfl, OS 4 %1978%F 1 A18HIK30X 5 emDHERT
MCIEE LT RBABIIS5 ~7 AR TATY v 3
BV HA BT, B vy ERBATT ¥ Tl LBk S %
B Folce 3A2ABTRED » v 4 L THISO0

Moisture content (vol.%;)

60 | 30+ -40cm

40 -—50cm

° o 50— 60cm
50 o}
© o 0o 0o o3 ~

40 1 1 1 1 ! 1
60 60 --70cm
o o °
° 5
o]
50 i ! ( 1 ©° 2 099
70 --80cm
60
L | 1 | 1
22 24 26 28 30 1 3
March April

[Fig.4 —2 Successive moisture contents of
different soil layers between
measured and calculated values.
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WL e RREELAR D Jn MR B £ B —15bar KT EIT,
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14 —

0 I I |
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Fig.5 Comparison of calculated transpiration with experimental values.
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Summary

A model simulating water uptake by the root system of dryland rice was develo-
ped. This model consists of two submodels: one for the discrete layers in assuming
that the amount of water extracted by the roots decreases with the decrease in the
area of contact between the root and the soil water. The other submodel for root
systems assumed a large axial resistance along the roots.

Computation showed that water uptake from the shallow layers contribute
significantly to transpiration during the early period after an irrigation, thereafter
water uptake from the deeper layers became predominant due to the existence of a
large axial resistance.

The model showed that plants with shallow roots suffer from water deficit earlier
than plants with deep roots even though the total root length is identical in both
plants (Fig. 2, 3).

The model was applied to the study of water consumption of rice grown under
field conditions. Comparison of the computed values with the experimental data
showed a discrepancy in root densities when the rate of water uptake was identical
throughout the layers. Water extraction pattern in individual layers could be easily
determined by the model except for a few layers and the model also enabled to
estimate the total transpiration loss for two weeks (Fig. 4,5).
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