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Fluctuation of Evapotranspiration from Wheat Fields as influenced by

Radiation and Water Regime of the Soil-Plant-Atmosphere Continuum.
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Faculty of Agriculture, Hokkaido University
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Table 1. Field managements

Pseudogleys Ordinary Andosols Sand-Dune Regosols

(PSG) (OAS) (SRS)
year of measurement 1986 1987 1988
cultivar Horoshiri Horoshiri Chihoku
seeding rate (kg 10a) 10~15 15 12
field area(m?) 41 x 80 43 %222 45x55
basal application (N:P:K, kg "10a) 4.3:12.1:5.0 6.0:10.8:7.2 4.8:12:7.8
supplement application (N:P:K, kg, 10a) 10.6:0.7:0.5 6.8:0:6.8 10.2:0:10.2

* ALHEE A RS T060 ALMRmILKIL 97 9
TEOWEM:  H625 p.33~41  (1991)
SEAB 199F11A58




34

G WA - AR LE- M- KSR (SPAC) Ot - K5 vy aDBEBC L B 2 A ¥ HOEREROED

Table 2. Soil profiles and pore size distribution

Water content %

Horizon Depth cm

pF0—-1.5 pFl1.5-2.5 pF2.5—-4.2
Pseudogleys
Ap 0~-15 20.2 2.8 7.1
Clg 15—-50 1.7 2.0 11.1
C2g 50—120 1.5 1.0 8.4
Cr 120—150+
Ordinary Andosols
Apl 0—34 7.8 11.9 12.2
Ap2 3446 1.8 5.6 14.4
AB 45-57 1.6 11.3 12.9
B 5780 2.5 10.0 12.7
2C1 80—100 2.7 12.3 9.5
2C2 100—150+ 2.9 4.0 11.9
Sand-Dune Regosols
Ap 0—28 5.6 22.8 10.6
2A 28—43 3.1 14.7 11.5
C 43—140+ 6.2 21.1 9.0
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Fig. 1. Diagram of observation system for

measurements of dynamics of water
and heat in soil-plant-atmosphere
continuum.
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Fig. 2. The changes of dry weight (DW) of above-
ground biomass.
PSG: Pseudogleys, OAS: Ordinary Andosols,
SRS: Sand-Dune Regosols.

mm &P 7ehs o I DRBOGRLIEA T, Ticbd
pF 2. 50 E(ERIL 6 A WA DEZX20 cm 0 H#H 4 i<
EFLT, 6 AFKICIIEZIT0cmicEL, pF1.5~2.50
ERS I EERASE L FRECE T LT nie, 7 AICA
5 EWKOBREC X 5RBHMORFIEERT LA LI
#%, BEX10~30cm, 50~70 cm B2 pF 2. 514 o &3 |
A B LI-E %, 30~50cm ORB[ENETETL

TH—IBENBZ - T B &% 5 hhibT, 64
LR B EHKAL (pF 0%0E8) 1170 cm TH -
ey, DBKEWCETL, 7 A0 hiciifi40cem
77,

ERBEA KL (19874) T, 6 B 2 HORENE,
30~40cm O & TER LT\ 72 pF 2. 50 %(HEKE A, 6
AIBH LS ERERNPIHACEECTEL TV » 1o,
L—t 7R —FHECIE, 6 T7THBENS pF4.2
Dbowl LictB2AREL, 79D ii@EX 5em
WWE L, UL, TR, EX65~120cm D
#FHC pF 1. 5~2. 50 {ER 3 [E A BK G EA L LT
oo TALIHB IO 3 ~4 AOHH42mm ORERIC &
»T, BEBH50~60cm O +BAEEILL, Fo%ir
PF 2. 5LATF D ERG | RER BT FTRBAILA LTV -
720 EHKALIZEBBRMGEF X v B iFE X130 cm L TFic
BT,

WERML (19884) Tk, 6 ART¥:D &84 mm
DEROHE, BRI KREC pF 2,500 FIc &4 LT
~1e —7, 6 ATANS 7 A LR, 15AR®




36

Bl - WHH - EAR R - — KSR (SPAC) ORSE - Kf v o ADBBIC L B 2 A FAOEREBOLE

Depth cm

o

[

= 1w}

E Lol 01 L.

=] 0 25/ May. I‘un, ] n‘l T7Tull 1]
[ A 2.5
[ 3 5

Fig. 3. Daily changes of rainfall (R) and soil water
suction.
(a) Pseudogleys in 1986, (b) Ordinary
Andosols in 1987, (c) Sand-Dune Regosols
in 1988.
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Table 3. Amount of rainfall (R) and Depth with the soil water potential
greater than pF2.5 (D,5) in the vegetative growth (1), flower-
ing () and ripening stages () of wheat.

1 I m
Pseudogleys R(mm) 16 0 67
D2s(cm) 50 80 100
Ordinary Andosols R(mm) 23 0 131
D2,5 (cm) 35 75 0
Sand-Dune Regosols R(mm) 84 1 19
D 5(cm) 0 30 40

Root length density ~ cm,~ cm?
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0 T T Y 1
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Fig. 4 . The distribution of root length density in soil
profiles.
PSG: Pseudogleys, June 27 in 1986, OAS: Or-
dinary Andosols, June 25 in 1987, SRS: Sand-
Dune Regosols, June 24 in 1988.
In PSG, not measured from a depth of 110 to
150cm.
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Fig. 5 . The Daily ratio of latent heat flux to net radia-
tion (IE,~Rn) and net radiation.
(a) Pseudogleys, (b) Ordinary Andosols, (c)
Sand-Dune regosols.
1: Vegetative growth stage, II: Flowering
stage, Ill: Ripening stage.
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Summary

To discuss the interrelation among the water potentials of soil, plant and atmosphere and their relation to
evapotranspiration, the water potential of atmosphere, plant and soil were measured and the evapotranspira-
tion rate was estimated using a heat balance method. The observations were conducted in wheat fields of a
Pseudogley (PSG), an Ordinary Andosol (OAS), and a Sand-Dune Regosol (SRS) in the neighborhood of
Sapporo for the period from early June to harvest in 1986, 1987 and 1988, respectively. The distribution of
roots and the dry weight of the above-ground biomass were also determined.

(1) The dry weight of above-ground biomass of wheat was in the order of SRS>PSG>0AS.

(2) In PSG, with the least available water capacity of the three fields, the amount of rainfall was low
during the vegetative growth and flowering stages. However, the average daily evapotranspiration (ET) had a
high value of about 3.3mm, “day, and the daily ratio of latent heat flux to net radiation (IE “Rn) was found
to be higher than 0.7. In spite of a remarkable decrease in the water potential of atmosphere (PA), plant
water potential (PP) was maintained to be high, ranging within — 6 to — 1.2bar. This suggests that water
supply from soil to plant roots was satisfied. We ascribed this to the fact that the roots took up the stagnant
water directly. This was supported by the following facts 1) lowering of stagnant water level with wheat
growth, and 2) some wheat roots having touched at the stagnant water pool.

(3) The available water capacity of OAS is 5 times greater than that of PSG. The pattern of rainfall
was similar as in PSG. However, the average daily ET was a low value of about 2.7mm - day, and the
IE“Rn ratio varied with growth stage and rainfall event, and has low values, ranging from 0.4 to 0.6 dur-
ing a dry spell in the flowering stage. PP decreased remarkably with decreasing PA in this stage, and the
value converged into a narrow range of — 11 to — 7bar. These facts suggest that plant might have suffered
from water stress, and explain why the dry weight was the leasf among three fields.

(4) In SRS, the available water capacity is 12 times greater than that of PSG. Total amounts of ET
during vegetative growth and flowering stages corresponded to total amounts of rainfall in the vegetative
stage. Therefore a higher ET of about 3.65mm “day was found during the dry spell in the flowering stages.
The IE “Rn ratios in the growth stages were maintained within a range of 0.6 to 0.8, and also PP values
less than — 8bar were not found. These facts explain why the good wheat growth resulted.

(Soil Phys. Cond. Plant Growth, Jpn., 62, 33—41, 1991)






