- plants A measure of the osmotlc values Was a rehable 1nde

relatlve ‘potential ability of:a plant to compete for vvat
ress due to a .deficiency of water :

, 'Onodera (1925) found that the- OP of the ceII sap yof " upland r1ce was not
ensmve to a. shght change in soil moisture at the moist state. but showed a
o1 rkable ‘elevanon at 11m1t1ng dryness Paddy nce however, Was ‘more

. Assoclate Research Fellow of Institute of Botany, Academla Smlca, and :
- Associate Professor ‘in the Department of Agronomy;, National T aiwan niversity
fand Research Assmtant in Dept. of Agron., respectively, .
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conCIuded that OP did not have a direct influence upon the intake of mineral
nutr1ents

Th1s report presents the data conceriing the absorpt10n of P32-phosphate
by exc1sed roots of paddy and upland rice plants and the adaptab1hty 1n
nutrient absorptlon of rice roots to the OP of external solutions.

Materials and Methods

" Preparation of voot materials:  Seeds of a paddy rice variety,  Taichung
No. 65 ‘and ‘an upland variety, Nunghsuan No. 1 were soaked in tap water at
28-30°C for two days. When the seminal roots started to emerge from the
husk, the seeds were spread on a layer of-cheésecloth which was supported by
an’ aluminum frame 15 cm in diameter. - The frame was set on a large petri dish.
 The corners of the cheesecloth were dipped into the water in the dish. A
second cheesecloth was spread over the seeds. The cover of the petri dish
was placed over the seeds to reduce evaporation, The roots were grown-at
28—30°C in the humld atmosphere (R.) or in the water (Ry) underneath the
cheesecloth. Roots designated as Ry, were grown in water first, then trans-
ferred to a mannitol solution.of the OP of 4.97 atm for 1 day. Ry roots were
further transferred into mannitol solution of the OP of 9.94 atm for another
day. The OP of the mannitol solution was calculated using the Moxrse equation.
Rx and Ry, roots were excised just below the cheesecloth when they attained
the length of 2-8cm. Ry, and Ry, roots were cut 2-3 cm from the tips.

Absorption experiments: Two mM - KH,PO, solution was prepared for the
absorption experiments. The OP of solutions was adjusted with mannitol.
Excised roots were rinsed with distilled water, and gently blotted on dry soft
lintless paper. One gram’ samples were weighed out and transferred into a
250 ml1 Erlenmeyer flask. ‘One hundred ml of the experimental solution was then
poured in. Radioactive phoesphate® was added into the flasks at the beginning
of the absorption period. ' The flasks were placed in a water bath maintained
at 30°C. The solutions were aerated. After the 3-hour absorption period, roots
were separated from the solutions with a copper screen, washed, evenly spread
in planchets of thewdiameter,bf 5c¢m, and then dried at 40°C. ,

Radioactive assay. The samples were counted with a thin window (1.4mg/
cm?) Geiger-Miiller tube connected to a conventional scaler. In most cases;
samples were counted to more than 10,000 counts during the 10-minute measuring
period. - The dry weight of the roots of each sample was determined. Counts
per minute per mg dry ‘weight of root was used as the measurement of

k .. absorption.

(3) ..Courtesy of Dr. S.J. Yeh, Institute of Nuclear Science, National ‘Tsing Hua University,
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Results

Ri roots of paddy and upland rice were washed on the copper screen W1th
300 ml of water- for  less than 5 seconds after the absorption perlod The
~-amount - of phosphate absorbed by upland rice roots decreased with 1ncreasmg
OP- of the experimental solutlons This trend was less evident in paddy rice
roots (Fig 1). However, when roots were soaked with a large amount of
water for a long period, marked decreases in P absorption with mcreasmg
OP of test solutions was observed in both upland and paddy rice roots (Fig 2). "
It was evident that a large proportlon of P* activity in roots, which absorbed
phosphate from solutions of high OP ‘(above 7 atm), was lost into the soaking
water.  Preliminary work showed that one.-hour soaking in 6 changes of 200 m]
of water was enough for obtaining equilibrium. During the absorption period,
Ra roots plasmolyzed in the solutions of 7.46 atm OP.. They plasmolyzed
seriotisly in the solutions of the high tonicities of 9.94 and 1243 atm.
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Fig. 1 (left).  Absorption. of Psz—phosphate by "Ry ‘rdots in solutions of dlfferent
OPs. 160 ic 'P* was applied in each 100ml test solution. Roots were washed with 300m]
of water for about.5 seconds after absorption. s, paddy rice;: o, upland rice;

Fig. 2 (rlght) Absorptlon of  P*-phosphate by Ry roots in ‘solutions of different
OPs, 1.55 uc P was applied in each 100m] test solution. Roots were soaked in 6 changes
of ‘200 ml of water in an one-hour speriod. », paddy rice; o upland' rice.

‘Further experlments were conducted with roots grown in solutmns of
d1fferent OPs. RMO roots of both paddy and upland rice varieties acted 51m11ar1y, :
to R, roots. Ry and Ry, roots absorbed considerable amounts of P32 phosphate
from the test solutlons of the OPs of 9.94 and 12.43 atm (Fig-'3). It seemed .’
that upland rice roots acqulred ‘a hlgher adaptability to high OP than paddy
rice roots. Figure 3B shows that maximum absorption of upland rice roots
f‘0ccurre'd in test solutions whose OP was higher than those of the cultural
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solutions of these roots. Ry roots started to plasmolyze in the test solutions
of the OP of 7.46 atm as R, roots did. Ry, roots plasmolyzed only slightly in
the test solutions of 12.43 atm OP. R,, roots kept turgid in all of these test
solutions. Roots grown in solutions of high OP had more dry matter in the
l-.gm fresh root samples than those grown in water or solutions of low OP.
Average dry weight of the samples of Ruo, Ruz and Ry, roots were 64.9, 81,7
and 93.7mg for paddy rice and 52.8, 79.8 and 904 mg for upland rice, res-

pectively.
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Fig. 3. Absorption of P%-phosphate by Ruo (), Rus (x) and Rus (A) roots of
paddy (A) and upland (B) rice in solutions of different” OP. 1.52 dc P* was applied in
each 100 ml ‘test solution: Roots were soaked with watet for 1 hour after absorption
period. ' ‘

Two sets of Ry and Ry root samples of upland rice were ‘prefed With
P*2.phosphate in 2mM KH,PO, solution. The samples were washed With 300 ml
of water and then immersed in mannitol solutions of different OPs for two
hours. The roots Were again soaked in water for an hour before drying and
counting. It was found that a great amount of prefed P% in the samples
‘treated with mannitol solutions of high concentrations was lost from Ry, roots
during the soaking period. The amount of P® remained in these foots (Fig4)
was closely similar to the accumulation curve of Ry, in Fig 3B. vOn the other
hand, the amount of prgfed P32 in Ry, roots was’ not affected by the immersion
" into mannitol solutions. .

All data presented in this report are the airerages of two replications. The
results obtained from experiments conducted at different times showed the

same tendency.




BO e Botamcal Bulletm of Academia Sinica S Vol 7

b
<
T

P%2_phosphate remai ned in ¥oot
© . (cpm/mg:dry root)
8
¥

o 1 Ll o L
2 4 . 6 8 10 12
Osmotic pressure-of solutions
: (atm)

Flg 4 The loss of prefed P22~phosphate from RMO (+) and
Rm (&) roots of upland rice caused by 2-haur immersion in -
mannltol solutions of «different 'OP. The samples were soaked-
; /m 6 changes of 200 ml of water for one hour before drying.

. Diseussion

Prehmlnary work showed that the period of soaking did not have much
effect on: P32-phosphate accumulation in Rs roots which absorbed in the solutions
of the OPs lower than 7.46 atm. The amount of phosphate ‘remained in the
R, roots treated in ‘solution without manhitol was onlyvslightly reduced by -
the one-hour soaking in water, It was increased a little in the Ry roots that
+had - absorbed in solutions of the :OPs of 248 to 746 atm. . THus, a peak of
absorption generally appeared in this region (Fig 2 and 3). It was noted that
the roots treated with mannitol solutions tended to absorb atmospheric moisture
fdﬁring?the 'c001ing"anleeighing period if the residual mannitol adhering on
‘the root surface wasnot thoroughly washed.away.’ -Precaution was paid to avoid
-this to happen by cooling samples in a desiccator before weighing. “However,
-a tendency . in increasing dry weight with increased mannitol concentrations
still existed: when roots were only. brie_ﬂy washed with 300 ml of water ‘after
absOrption This may-account for ‘the fact that the peak of absorption was

not- observed in the first experlment (F1g 1) when counts per minute per mg
dry Welght of root was used as the measurement of absorption.

Ferguson et al. (1958) reported that manmtol could be classified as unable
to functlon as a carbon source for tomato root culture.  One percent ‘mannitol
in a sucrose -containing medium reduced the growth value., Thimann e¢ al,
(1960) reported “that “washed potato '_discs'ﬁoated on a-hypertonic solution of
‘mannitol or Carbowax 1500 lost weight at first and then after periods between
3 hours and 3 days, gained weight again. It was found that little. externally-
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- applied mannitol entered into the discs. The osmotic recovery was thus mainly
attributed to the temporary liberation in the cells of osmotic material. . When
rice roots of intact. seedlings were transfered from water to 4.79 atm mannitol
solution-in this experiment, the rate of growth was only slightly slowed down;
When they -were further transfered into 9,94 atm mannitol solution; growth
~was halted temporarily. Rus roots used in this experiment ‘were harvested
when they remained in this solution for 24 hours and had resumed growth.»

It was evident that both paddy and upland rice roots acquired the ada:
ptability -of growth ‘and absorption in iso- or even hypertonic media. The
adaptation was manifested by the increases in dry weight and P32 accumulation
from solutions of high ton101ty In the intact rice roots, reserve materials
from seeds might serve as a source of osmotic active materlals in addition to
those released by the root cells. The increased OP of protoplasm enabled the
cells to keep turgid in solutions of high tonicity. “This is believed to be
essential for ion accumulation " in rice roots. When roots plasmolyzed in the
test solutions, a large port1on of -the phosphate 1ons Whlch had entered the
~roots might be lost to the outside durmg subsequent soaking.in water. TWO
poss1ble reasons may be considered. A. The free space of roots mlght be
markedly mcreased when roots were plasmolyzed 1n hypertomc solut1ons The
ions  which. diffused "into th1s space might be washed out durmg the soaklng
fpenod Prehmmary ‘work us1ng 16. 8,uc P32 in each 100 ml test solutlon showed
that there was a nsmg tendency in absorption When the OP of the solutlon

'1ncreased to 7.46 atm. The amount of ps2 apphed in the present Work was
-reduced to 1.5-1.6uc in each 100-m1 test solution so. as to mmlmlze thls effect
‘B The permeablhty of the cell membrane to phosphate ions mlght be mcreased
by plasmolys1s and thus 1ncreased the rate of the exosmos1s of phosphate from
root cells, Stiles and J¢rgensen (1915, 1917) found that 1norganlc salts and
organic substances increased the exosmosis of plant tissues.  The rate of
exosmosis was a measure of ‘the toxicity ‘of the solutes in ex‘cernal solutions;
the higher the concentratron the ‘more 1ap1d the exosmosis. Helder ( 1956)
mentioned - that phosphate and other inorganic. salts were usually present
in the exudate of roots and other plant tissues along with easily diffusible
part of -the cell constituents as’ the  consequence of - increased permeability
of cell membrane induced by salts, toxic materials or metabolic inhibitors.
‘Figure 4 shows: that prefed - P*.phosphate - might - be lost - from Ry roots
Qbutknot from Ry roots.to the ‘mannitol solutions of high OP. The exosmosis
happened only on plasmolyzed roots. The amount of P%2 . remaining in R,
'roots was closely similar to the absorption curve of the same kind of
‘roots (F1g 3B) Therefore, the decrease" m accumulatmn may . be accounted
for mamly by the 1ncreased exosmosis caused by plasmolys1s. Burg et al (1964)




‘osmotxc agents prevented the exosmosis of sugar and water loss from apple, '
other fruits and pea sections. In these cases, the OPs of the experlmentalf
 material should be considered. The fresh Welght of “apple tissue sections dld,
~notichange markedly even in solutmns of 20-25 atm OPs. On the other ‘hand; .
‘there was a marked tendency to mcrease sugar loss from the young tissue of
etiolated pea seedlmgs when the concentration of external KCl solutlon ‘exceeded
O%M(mmeMJmMFgm '

Summary

The absorptlon of P2 phosphate by excised roots of a paddy and an upland .
rlce varlety was studied. The osmotic pressure of the experlmental solutlons .

' 'Was adjusted Wlth mannitol,

The amount of P32-phosphate absorbed by exc1sed upland rice roots
- :decreased w1th 1ncreas1ng osmotic pressure of the solutlons This trend '
"less marked for paddy rice roots If active absorptlon was. expressed by h
~amount of 1ons taken up into the cells and mamtamed therem agamst loss,;
the ab1hty of 1on accumulatmn of both paddy and upland rlce roots was greatly,
reduced by high osmotic pressure of the solutlon ,

' R1ce roots adapted to high external osmotic pressure by i increasing mternal

j 'osmot1c pressure and dry matter content This adaptatmn enabled rice roots :

to accumulate phosphate from solutlons of hlgh osmot1c pressure as Well as’
,' from hypotomc solutions. '

Plasmolys1s accompamed the decrease m phosphate accumulatlon It was

‘,'suggested that plasmolys1s increased the permeabﬂlty of cell membrane and o
_enhanced the exosmosis of phosphate from root cells . : '
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