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要旨(Abstract)

ニンニクの乾燥ストレス応答関数を、土壌水分プローブを用いた従来の方法に加え、日平均のポッ
ト平均水分を用いた簡易な曲線あてはめで決定した。吸水速度が半減するサクションは前者の方
がやや低い値を与えたが、その差は有意ではなく、簡易な方法でも十分な精度で決定できることが
示唆された。
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1.Introduction
Methodology  to  determine  parameter  values  in

drought stress response function (DSRF),  required
to predict root water uptake and transpiration rate
using a macroscopic root water uptake model, has
yet  to  be  established.  Yanagawa  and  Fujimaki
(2013)  presented  a  method  to  determine  those
parameter values using two soil moisture probes for
each pot, but it is a bit costly and requires accurate
calibration function of the probe for each soil under
restricted  measurement  volume  in  pots.  In  this
study,  we  present  a  simplified  bulk  method  to
determine  DSRF  for  Garlic  and  compared  the
resulted  DSRF  with  one  using  two  soil  moisture
probes for each pot. 
2.Materials and Methods
When soil moisture are uniform, transpiration rate,
Tr (mm/d),  is given as 

T r=T rpα=
T rp

1+( ψ
ψ50 )

p                        (1)

where Trp is potential transpiration rate (mm/d), α is
reduction coefficient, ψ is matric potential, ψ50 is ψ
at which α is 0.5, and p is an empirical parameter. 

We cultivated Garlic in three 1/5000a Wagner pots
for  imposing drought  stress  and another three for
calculating Trp. Two 10HS soil moisture probes were
installed at the depths of 4.5 and 13.5 cm for each
of drought stress pots. Kanto loam was packed into
the drought stress pots while Tottori sand was used
for  the  control  pots.  Weight  of  each  pot  was
measured  every  morning  at  9:00.  When  Tr/Trp

became less than 0.5, soil moisture and root density
distributions were obtained. Using final stored water
and weight at each morning, average water contents
at  each  morning  were  calculated  backwardly.
Intermediate average water contents of the morning
and  next  morning  were  then  used  to  calculate



representative matric potential of the day using soil
water  retention curve,  which  were  used for  curve
fitting using Eq.(1). On the other hand, soil moisture
data  using  the  probes  were  used  for  the  inverse
analysis  presented  by  Yanagawa  and  Fujimaki
(2013).
3. Results and Discussion
Fig.1  shows  time  evolution  of  soil  moisture.
Difference in water content between the two depths
was minor compared to drastical change from field
capacity to wilting point. Unfortunately, data were

erroneous  for  pot  3.  Root  length  density
distributions are drawn in Fig.2. While pot 1 had
the largest density at around the depth of 5 cm, pot
2  had   the  largest  density  near  the  bottom.  Fig3
shows  that  simulated  relative  daily  transpiration
using  parameter  values  obtained  by  the  inverse
method  agreed  well  with  measured  values,
indicating  the  reliability  of  the  method.  Resulted
DSRFs  are  drawn in  Fig.4.  Fitted  curves  for  the
three pots gave an average ψ50  of -5905 cm with a
standard  deviation  of  1258  cm.  Considering  the
magnitude of standard deviation, at least three pots
should  be  used.  Inversely  determined  ψ50 were  -
4589 and - 4738 cm, which were fairly close but
slightly  higher  than  that  obtained  using  the  bulk
method. 
4.Conclusion
Considering the difference smaller than the standard
deviation of the bulk method, we may conclude that
the presented method gives acceptable result.
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