
Plant Physiol. (1967) 42, 338-346

Effect of Moisture Supply upon Translocation
and Storage of 14C in Sugarcane'

Constance E. Hartt
Physiology and Biochemistry Department, Experiment Station Hawaiian Sugar Planters'

Association, Honolulu, Hawaii 96822

Received October 10, 1966.

Summa111101ryA. Low moistuire suLpply, controlledl by 3 methods (addiing NaCl to a
complete nuttrieint soluition, allowing a cuit stalk to wilt, or withholding irrigation in
the fiekl), decreased the -elocity and percentage rate of translocation of 14C-photo-
synthate. The suirpluis suicrose not use(d in growth movedl more slowly in the phloem
ani(d was stored in the stalk.

Low moistuire stipply depressed translocationi of 14C-photosynthate more severely
thanl it cuirtailed formation of 14C-photosNvnthate in the same leaf: therefore, the
effect of moisture supply ulpoII translocation was primary.

Low moistuire stupply retarded profile (levelopment in the stem, anid a loss in
moistuire gradieint was associated with a steepened slope of the profile. These
resuilts inclicate a flow mechanism of translocatioin rather than d(ifflusion.

Resuilts reported now aild previouisly point to the operatioil of a slow pressulre-
flow mechanism particuilarl) duiring the night buit also during the day; suiperimpose(I
upoIn this geineral mass tranisport is the more rapid process of phototranslocation
which is indepenldent of suigar gra(lients anid which cani cauise the accuimuilationi of
suIcrose at the storage-siink.

DuIring ripeniing, storage of stucrose in the stalk may be increase(l by withholdlilng
water because less sucrose is hydrolyzed in transit, less is uised in growth, and the
slowly moving sucrose has more time for
pa renchyma.

The effect of moistuire supply uipoIn traIslocation
of Photosynthate hlas intereste(d several inivestiga-
tors. Some studclies indicated a beneficial effect
of moistuire stress uipoII traIslocationi (4, 5, 24, 29),
wNhereas other resuilts have suiggested a (leleteriolis
effect (28,34,36,37,38). The clissimilarity of ef-
fects may be explainied partly by initerpretationl.
Because they fotulnd( a greater acculmuilationi of car-
bohN-drates in the roots of the planits under moisture
stress, Eaton and Ergle (4) and(I Ehara and( Sekioka
(5, 29) conclueide(d th.at increase(d trainslocationi of
carhohydrates to roots was stimuLlate(d by drouight,
low relative hulmidity or low soil moistulre. Oin the
other hand, Zholkevich and Koretskaya (39) coii-
si(lere(l the accumuiitilationi of suigars in puimpkin roots
clutring drotught to be a consequlenice of the retarda-
tioII of tranislocationi.

Workers studying translocation of '4C photo-
svnthate from the leaf have foutnld that mnisture
stress decrease(d translocation (28, 36, 37, 38). Rob-
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transfer fronm the phloem to the storage

erts (28), in his inivestigationi concerninig translo-
cation from the leaves of 3-year-old potte(d see(Ilinigs
of yellow poplar, reported that moistuire stress de-
crease(d the total percentage of 14C translocated,
the distanice translocated downuward an(l the v-elocity
of translocationi; but increase(d the percentage trans-
located uipward in the stem. \Vriebe and(I \Vrihrheim
(36, 37) reported that total translocation of 14C
from the treate(d leaf of suinflower plants dlecrease(d
with increasinlg diffuision pressuire (leficit between
1 an(l 8 atm above which it leveled off: moistLure
stress (lecreasei(ldowunard and( genierallxy upward
tranislocationi. Zholkevich (38) reporte(l that irri-
gationi increase(d translocationi from the leaf and(I inlto
the ear of wheat plants.

Plauit andl Reinhol(d (27) applied 14C-suicrose
to the lower epidermis of bean leaves and sttudiedl
its translocatioIn in plants supplied with or deprived
of water. The conitrol plants generally translocatecl
better than the stresse(l planits otut of the treate(d
leaf, lip and( down the stalk. At 15 hoturs, the roots
of the stressed plants had more ra(lioactivity, 1)oth
total an(d percenitage, in the ethanol extract than the
roots of the controls. However, the ethailol-ill-
soluble fractioins were all considerably higher inI
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the cointrols. Since all the 'IC in the roots reached
its (lestinationi 1v translocatioin, translocatioin to the
roots was improved by adequtate moistture suipply.
The logarithmic profile at 2 houirs was much steeper
in the stressed than in the control plants.

The restilts presented now may assist in re-
solving these differences. Resuilts of this investiga-
tioni show that a low moistuire suipply not only
(lecreases the velocity andI percenitage of translo-
cationi of bCbut also inicreases storage of 14C i
the suigarcanie plaint.

Investigations of the effect of moistture conl(li-
tioins uipoIn tranislocationi of photosvnthate in suigar-
cane were uinidertakeni for the following reasonis.
A) Several cond(litionls founid( to (lecrease translo-
catioin may also (lecrease the percenitage of moistuire
in the planit e.g., low root temperatuires, inlutritiona!
cleficiencies (12). B3) An explainationi was sotight
of the often quiotedI statement (23) that dry weather
raises the suigar contenlt in. canie. C) Another
reason, of conisiderable econom.c importanice to the
suigar industry, was to establish the validity of the
practice of withholding water on irrigated planita-
tions for several months before harvesting. D)
Prev-ioLus resuilts also showecl that low moistulre
suipply decreasedl photosynthesis in sugarcanle (1, 7,
8,9, 15). Does low moistulre decrease translocation
as a restult of its effect uipoil photosynthesis, or in
a(1ditioll to this effect?

Experiments reported hereini ari(i in part reporte(d
elsewhere (2, 11, 16) as well as in the Aninulial Re-
ports of this Stationi for 1960 ani(l 1961, iii(licate
that a low moistuire sutpply has a deleteriouis effect
uipotn tranlslocatioil. Becauise tranislocationi was af-
fectednmore severely than photosynthesis in the
same leaf, the auithor believes that the effect of
low- moisture uipoin trainslocationl (loes nlot resuilt
from its effect uipoil photosynthesis buit is an addi-
tional, (lirect effect.

The effects of temperatulre (12) anid of light
(13, 14, 17) have recently- been reported. The ex-
periments on moistLure wvere cond(uticted in 19.9 to
1960), before those oIn light, and are reporte(d now to
stut(l\ the role of mnoistuire, in view of the important
role of light, in the mechanism of translocationi.

Materials and Methods

The variety of stugarcanie uise(d in. these experi-
merits was H37-1933, previously (lescribed (21).

Moisture suipply was controlledl 1w 3 methods:
I) by adding _NaCl to complete nutitrient soluitionis,
2) bh ettting the stalk aand allowing it to wilt,
an(d ) b\y withholding irrigation in the field.

The methods of preparing and applying '4CO.,
har-estitng, sampling, and couinting were the same
as previously reported (21). Briefly, eqtual portions
of 14CO., were stuppliedI to a 20-cm length of a
single blade for 5 or 10 minuites in bright sitii,
using the chamber (describedl elsewhere (11). After

removal of the chamber, tranlslocationl (wvith the
plaint maintained tunlder the experimenital coilditionls)
procee(le(I for 90 minuLtes, 5 houirs, 24 houirs, or 6
wseeks. At harxvest the p'lanits were measured, suib-
cldivi led, weighed, arid sampled. Dried, milled
samples were cotinite(l at infiinite thickniess. Sanmples
of extracts were cotunted at infillite thinnless.
Samples for suigar analyses were boiled ar(id ex-
tracte(l with ethalinol. Stugars were anialyze(d by the
method described by Tanimoto arid Bulrr (30), and
chromatographed by the methods mentioine(d pre-
viously (21). Chromatograms were coulntedl oni the
paper.

Resuilts are expressedI as: relative specific ac-
tivitv, which is the niet cpm at linfinite thickness:
relative total coulnits, which is the relat.ve specific
activity tnmes the total dry weight ill nilligrams:
and(I percelntage of relative total cotlults in the plant,
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FIG. 1. Effect of miioisture supply upon translocation
for 90 minutes. Planits were placed in their respective
solutionis ( + NaCI ) at 10 ANI and harvested 48 hours
later. Ninet minlutes before harvest, 14CO., was ad-
ministered to a portioni of blade 6 for 5 niiiiinites in sun-
lietlit.
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which is olbtainied ly adding the relati've total counts
of each part. Restults cotuntedI at infinite thinness
are expressedI as total counts.

Results

Distribution of '4C Photosvntth(ctc i11 tlhe Plant.
Tranislocationi for 90 minutes (lecrease(d in the plants
at the higher tensions (fig 1): from the fed blade,
up the stalk, alnd down the stalk. Althotugh nearly
50 % of the raclioactive carbon ha( l)een translocate(d
from the fe(d leaf of the control planit, less thaii
10 % of 11-C in the plants at h:gher tension had been
tran slocated.

Translocation for 24 houirs (fig 2) resuiltedI ill
less relative total couints tip the stalk above the
no(le of the fed leaf, anid less in the roots, of the
plants at the higher tensionis thani of the control.
The dletrimental effect of tensioni uipon translocation
into joints 1 to 7 vas particularly evident (fig 3).
On the other hand, more '4C accu1mulllatedI in the
joint to which the fed leaf wxas attache(d (#8) and(
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FIG. 2. Effect of moisture supply upon translocation
for 24 hours. Plants xx-ere placed in their respective
solutions (-+-NaCl) at 2:45 Pm and harvested 43 hours
later. Twenty-four hours before harvest, 14CO, (200
etc) wxas adniiinistere(d to a portion of blade 8 for 5
minutes in suilight. See figure 4 for moisture per-
centages.

Fi., 3. Effect of moistuire suppl)l uponiipwxxaril trans-
locatioln for 24 houirs. Total results ablove joint 8 ( fig 2)
are p)resented for spindle alid inidixvidual joint>. Set figure
4 for mnoisture percentages.

the stalk below joint 8 in the plalits at the higher
tensionis (fig 2). M\oisture percentages xwere higher
in the control planit at 0.4 atm than in the lplants
at 2.4 and 4.4 atm, particularly in the young. grox-
ing joints, 1 to 7 (fig 4). A loW mroistKre 1_ppl1;
clecrease(l the total colnsuimptioni of xw ater ( from 825
ml in 46 houirs in the plaint at 0.4 atmii to 125 nml
at 6.4 atm ) (lecrease(I elongation of th.~vlun-
joints I to 4 (from 4.5 cm in the plant at t0.4 atm
to 1.5 cm at 4.4 atm); decrease(d elongationi of a
youLng sheath at aii in(lex position (from 1 .2 cm
in 41 houirs in the plant at 0.4 atml to (0.2 cmi at
4.4 atm); and(I cauisedI incipienit wxilting as shown
by rolling of the younig leaves in the plao: s at
6.4 atm.

Ueclocitv. The dlistalnce translocated in '9() mill-
ttes was determilned by locating the advancing
front of translocatioli. The velocities wx ere as
follows: 0.4 atm (osmotic conicenitrationi of the
ntitrient solutioii), 1.3 cni per nin : 4.4 atm. 1 .0 cni
per miii: 6.4 atm, 1.1 ciii per mill. \Velhoities ot
tranisport were also comparedI ill clut and attache(d
stalks. W\iheln translocatioln terml:IIated at 9(0 illn-
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FIG. 4. Ef fect of moisture supply upon moisture
percentages in the plants. After 43 hours in complete
nutrient solutions (+ NaCI), plants were harvested. See
figures 2 and 3 for translocation results.

utes, the velocity of downward transport in an
attached stalk was 1.2 cm per min and the velocity
in a cut (btut not wilted) stalk was 1.1 cm per
min, a difference not considered significant. Trans-
location for 5 hours showed the velocity in the
control stalk (attached, not wilted) was at least
1.3 cm per min (the radioactive sugar having
reached the bottom of the stalk). The velocity
in the cuit and wilted stalk was only 0.5 cm per min,
which may be considered an overall average value
for the 5-hour period.

Profile Developmnent. At 90 minutes the profile
of radioactivity in the stem was further developed
in the control plant at 0.4 atm than in the other

LOG cm BELOW FED PART

FIG. 5. Effect of moisture supply upon profile de-
velopment in 90 minutes. Treatment of plants, as in
legend to figure 1.

plants at 4.4 and 6.4 atm (fig 5). At 5 hours
the profile in the cut stalk was much steeper and
less developed compared with the attached stalk
(fig 6). The moisture percentage of the cut and
wilted stalk was considerably lower than that of
the attached stalk (fig 6 legend). Furthermore,
the cut stalk apparently had lost its gradient in
moisture.

Effect of Translocation upon Storage. The re-
stilts of each of 4 experiments were calculated as
percentage of activity in the experimental series

40D

.5\
3.

>\2.0

15-j
I.0 0 Control, attched stalk

.V Cut stalk, wilted7

1.7 -.1.9 2.0 2.1 2.2 2.3
LOG cm BELOW FED PART

2.4 2.5 2.6

FIG. 6. Effect of moisture supply upon profile de-
velopment in 5 hours. 14CO2 (400 ,oz) was administered
to a portion of blade 8 of a long stalk for 10 minutes
in bright sun. Immediately after removing the chamber,
one stalk was cut at the base, under water, and the cut
end remained under water the entire translocation period
of 5 hours: the leaves of the cut stalk wilted at about
2 hours, probably because of a strong wind. Attached
stalks did. not wilt. Control, attached stalk: fed at 8:27
AM November 10. Cut stalk: fed at 8:54 AM December
18. Moisture percentage of joint 7: control, 87.6; cut,
76.8; joint 8: control, 83.8; cut, 76.8; joint 9: control,
80.7; cut, 76.8.

compared with the control which was plotted as
100 % (fg 7). Although the moistuire supply of
the p'ants was varied by different methods, the
following trend with time was apparent. At 90
minutes, the plant with low moisture sutpplv (4.4
atm) had greater radioactivity than the control in
the fed blade only. This difference indicates poor
translocation from the fed blade into the sheath
and stalk. At 5 hours, the plant with low moisture
supply (stalk cut and wilted) had greater activity
than the control not only in the fed blade, bLut also
in the sheath and -joint of the fed blade and 1
joint below it. However, in the older joints the
plant with lcw moisture supply had considerably
less 14C than the control. At 24 hours, the plant
with low moisture sutpply (4.4 atm) had more radio-
activity than the control in the fed leaf and its
joint and even in the older joints. At 6 weeks,
the plant with low moisture supply (not irrigated)
had the same pzrcentage of act:v.ty remaining in
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the fed blade as the conitrol; aiind had stored con-
siderably more 14C photosynthate in the older joints
than the control. Apparently increased time ef-
fected a progressive downward movement of the
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suirplus '4C in the series with low moisture ;iupply
compared with the controls.

Translocation was slower in plalnts with low
moistulre supply than in the controls, as showni by
comparative velocity, percentage of distribuitiol,
tranislocation into roots, and profile dlevelopment.
The surplus '4C not uised in growth of roots, stem
apex, etc., eventually was translocatedI from the
leaf and was stored in the older joints of the
stalk. The slower velocity of transport presi;mably
providecl more time for transfer of suicrose into
storage. Thus, slow translocation improve(l stor-
age.

Ripening. The accumuilation of photosynthate
in the stalk of the plants with low moistulre suipply
is ain economic beniefit only if the photosvnthate
is suicrose at harvest. Ripeninlg in sulgarcane is
colncernie(l with (lecreasing the water conitenit, in
creasing the stucrose, and decreasinig the re(ducinig
suigars resulting in higher ratios of sucrose-re(duicing
suigars. The higher the ratio the better the (!Ilalit-
of the juice.

The sucrose-reduciing sugar ratios of the newly
forme(d radioactive sugars in the planits with louV
moistuire stupply were increased beloxx the fed part
of the leaf anid in the sheath after tranislocationi
for 90 minlutes (table I). -No effect wxas appareint
in the fe(d part of the blade; thuls, the effect oc-
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FIG. 7. Trend with time of effect of moisture supply
upon tranislocationi aid( storage of photosynthate. Total
14C in eaclh experimental series is expressed as percentage
of activitv in its control (plotted as 1(00 %). Treatments:
A) 90 minuittes: NaCI s-\as added to a complete solutioni
raisin-g the osimiotic pressure from 0.4 atm in the control
to 4.4 atml. Translocation Nvas miieasuired the last 90
minutes of a 48-hour period +NaCI. B) 5 Hours: a cut
and wilted stalk compared wx ith an attaclhed, turgid stalk.
C) 24 Houirs: as in A, vxvith translocation measured the
last 24 houirs of a 43-lhour period -+-NaCi. D) 6 Weeks:
irrigationi withlheld comipared Nx-itlh the irrigated control,
i field Iplots.
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FIG. 8. E ffect of moisture supplyl\ UpoIn sugar per-

centages anld ratios in the stalk. Treatmiienit as in legend
to figure 1.
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Table I. Effcct of MlIoisture Supply utPon Hydrolysis of Sutcro-se
Plants were placed in their respective solutions (+NaCl) at 10 ANM June 6, and harvested 48 hours

minutes before harvest, 14CO., was administered to a portion of blade 6 for 5 minutes.

Entire I

Series* Dry wt

atm mgs

0.4
4.4
6.4

600

600
500

0.4
4.4
6.4

1400
1600
900

0.4
4.4
6.4

part

Total counts

Sucrose Glucose+ fructose Sucrose

Fed blade 6, fed part
65,900 9700 109.8
103,300 17,500 172.2
150,300 21.600 300.6

Fed blade 6,
34,300
60.200
48,100

1600
1700
1200

below fed part
3500
5700
4700

Sheath 6

38,200
38,700
27,600

10.800
3309
2700

24.5
37.7
53.4

23.9
22.8
31.3

cpm/mg Dry wt

Glucose+

fructose

16.2
29.2
43.2

2.5
3.6
5.2

6.8 3.5
1.9 12.5
2.3 13.6

* Osmotic concentration of nutrient solutions.
** Sucrose-reducing sugar ratio.

curred in tranisit. Since 14C photosynthate in sugar-

cane is translocated in the form of sucrose (11,21),
once the sugar is hydrolyzed it is no longer trans-
located. The relatively higher activity in the re-
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FIG. 9. Effect of moisture percentage upon ripening
for 1 month, in internodes 8 to 10. Differences in mois-
ture percentage of the stalk resulted from adding or
withholding NaCl from complete nutrient solutions.

ducing sugars in the sheath of the control (0.4 atm)
than of the series at 4.4 and 6.4 atm indicates
greater hydrolysis in transit in the plants with
high moisture supply (table I). One beneficial
effect of a low moisture supply may therefore be
a lessening of hydrolysis in transit resuilting in
the arrival of more sucrose at the storage sink.
The importance of the action of invertases for the
transfer of sucrose from the sieve tuibes to the
storage parenchyma has been shown by Hawker
and Hatch (22). However, even after 2 days of
treatment, the stalks of the plants at the higher
osmotic concentrations of the nutrient solution had
higher sucrose-reducing suigar ratios than the conl-
trols on the dry weight basis (fig 8). Thuis, both
radioactive and inactive sugars were affected by

moisture supply. Other plants were allowed to
ripen for 1 month. The results for moisture and(
stugars in internodes 8 to 10 (fig 9) showed im-
provement in stucrose-reducing sugar ratios and
higher percentages of suicrose associated with lower
percentages of moistuire.

Total Fixatio,t Conpa red zwith Trto islocation.
Photosynthesis, as measuired by total activity in
the plant after traiislocation for 90 minuttes (thus
before much differential couild be catused by res-

piration), decreased 18 % in each of the plants
with low moistuire suipply (fig 1). This decrease is
in agreement with previously reported results on

photosynthesis in sugarcane (1, 7, 8, 9, 15) andl in
other plants (6, 24, 28, 31, 32, 38). Whereas total
fixation decreased 18 %, translocation from the
same leaves decreased 93 % at 4.4 atm and 94 %
at 6.4 atm (fig 1). Apparently, translocation was

affected more severely than photosynthesis in the
same leaf.
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Discussion

In the (lisctissioil of the paper by Roberts (28),
Nelson said that the effect of moisture upon trans-
locatioin itself is nlot known, because the effect
uipoIn translocationi might l)e a secondary resuilt of
the wvell-known inhibition of photosynthesis by
moistulre stress. The writer is of the opinion that
the deleteriouis effect of low moistture ulpOll tranls-
location reported herein was a primary effect, be-
cause translocatioln was affected so mtuch more
se erely thani photosy iithesis in the same leaf.
Since (lecreasing the assimilation of CO., to com-
pelnsationi by low light inltenisity hadl nlo effect ulpo
translocation (13), similarly (lecreasing the assim-
ilation of Co), by loN moistuire stupply shouldk not
Lffect trcanislocationi, iuniless the low moistture suipply,
itself affects traislocatioii directly. 'Moisture stress
a ffecte(I translocationi more severely thani photo-
\-ilnthesis, for which reasoni it is possible that the

plrimary effect was tuponi trainslocationi rather theani
photosynthesis, and( the pilinig ulp of sugar in the
leaf catuse(d b)y slow translocation (lecrease(d fuirther
photosyn thesis in that leaf (10).

The (lecrease ini velocity of trainsport ani(l the
poorly (developedl profile of the ctit and( wilted stalk
compared wvith the aittached, tLurgi(d stalk was thouight
to resullt fronm moistiire stress rather than from the
los;s of a pullilng force exerte(d by the roots, for
these reasons: A) No suich decrease occlurre(l in
a cuit, nionwilte(l stalk. B ) The wvilted stalk had
consilerally lower miloistuir-e percentages than the
attached stalk, and apparenitly had lost its moistuire
gra(dlelt. C) Deralication leaving the stub1]ble in-
tact (id(l n1ot (lecrease translocation in a suigarcane
stalk (20).

The effect of moistuire supply ulponI the profile
of radioactivity in the stem reported hereini (figs
5 )nd 6) ad by P'lant and(I Reinihold (27) is of
in1teretst because the mass-flow hypothesis of trans-
locatioln pre(licts a flatteniinig w\hen translocation is
accl'erated (26). A\liller mll L,eop )d(l (25) re-

portedl that bas`petal traimFport of 'P in the phloenl
of (letaclle(l corni leaves is enhanced l)v localizedl
application of kiinetini to the leaf. Because the
;21J profiles were flattenie(d by kinetiln treatment,
and because klieletin enclhanicedI the movemenlt of other
S"oluteS, e.g. 22Na, Mli6ller ainid LeopoldI (26) CoIn-
Cluded that the mechanism of kinietin-ind(utice(d tranis-
port is a mass-flow rather- than dlifflusion. Thev
conisi(lered the most likely- cauise of the mass-flow
to be a gradient in osmotic potential, resulting in
cithelr a pressuire-flow or-, preferably, a suictioII-
flowx. Oin the other handl, WVebb) and Gorhani (35),
from their stud(lies of the effect of node temperatuire
ulpoln translocation of '-C in squiash planits, cont-
chlide(d that translocation of sugar throuigh the node
andI hbasal regioln of the petiole is uind(er (lirect
physiological conitrol it caniniot be a physical flow
of solnitionl Imloving within an iniert conidulit alonig
a tturgor pressulre gradient. Either the flowv of

soluition is metabolically regUlated, or the structural
integrity of the conduiit is metabolically, maintainled,
according to \Vebh anid Gorham.

In sugaircane, a circulatory flow takes place ill
the phloeni (3). Not onlY' '4C, b)uIt also other
isotopes, including3IP, i5N, and even 4-Ca 18)
move froni 1 stalk to acnother in the same stool.
In tranisporting suicrose to the stalk, each leaf mtust
compete with the other leaves (particularly those
above it) - which indicates competing streams
entering the stalk from each leaf (20). In (letache(l
blades, basipetal translocationi of I4C suicrose in the
dark is enihancedl by adl(Iitional sugar eniterilig the
apex; the additional suigar may lie suicrose. suicrose-
forming suigars or nonsuicrose-formilng suigars ( 17).
All these resuilts favor a flow mechainisnm ratlher-
thani (liffuLsioll.

Is the flow along an osmotic gra(lieilt? If so,
is it a pressilre flow or a siuction flow\? Are ther-
adlditional mechanisms ?

Apparently, the flow may lhe along ani osmotic
gra(lient: in sonie parts ani increasing gra(lient, ill
other parts a decreasing gra(lienit. The moistuire
percelntage in the blade increases from apex to
hase (17) ; the moistuire percelntage in the stalk
decreases froIml joint 5 or 6 to the lower joilts (fig
4). Loss of the moistlure gradient in the stalk of
the wilted planit w\as accompanied by a decrease
in translocation ( fig 6). The translocatioll mlecll-
anilstmi is sensitive to miioisturi e supply, silnce mall
(lifferenlces in moisture percenitage (fig 4) \\were
accnp)ainied(l by conisi(lerah)le (liffel-eice in trans-
location (figs 1 3). .\ll of these moistuire per-
centages were obtained from complete sections of
blade or stem, ilncluiding noinconduictinig and(I con-
Ithicting cells. However, if I tissuie is tindler mois-
ttire stress it mnay be asslime(I that other adjacent
tissuies are also undlcler moistuire stress.

Evidence that the translocation of suicrose ill
sugarcane resembles a pressure-flow nmechaiiisi
rather than a suction-flow miechansii ixs as follows:
A ) D)etached blades can translocate l)hasipeLally ill
the (lark only' \vhen they have ain inhial pjositiV C
grad(lielt in stucr-ose ( 17) 1) Additional w ater
suipplied to the ctut apex di(l niot produce basipletal
tralnslocationi in the (lark, htit additional suigars
stimlilated( basipetal transport (17). C) The conI1
version of a polysaccharidle to suicr-ose (Iidriilg the
iiight enabled anl attached leaf to resulmiie translo-
cation (11, 19). The conversion of ply'saccharide
to suicrose would increase the osIotic pOtenitial aIt
the sou,rce which wouIld favor a pressure-flow
niechanisni at niight. D)) Water (loes niot accumlu-
late at the sink, sinice all parts of the planit decrease
in mio;swre percenitage with time. FJ) A circula-
tion of soliutes, ani(I presumiably' of water, talkes
place (3).

The wvriter coineluidles fromii the above points
A to E that a pressure-flo\x mechaiinim nmay be
involved in trainslocationi of 1 4C ill sugarcane, par-
ticularlN at night. But this is not the whole story',
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since tratnslocatioin upward anid downiward in the
stalk take place simultaneoutsly (21). This simul-
taneous bidirectional movement of 14C in the phloem
of the stalk indicates eitlher: A) different osmotic
gra(lienits in different channels, or B) the operation
of some factor in addition to osmotic gradient.
Additional factors are growth, kinetin-like mobil-
izers (25, 26,33) and light. Suiperimposed tiponl
the general mass transport moving along a pressLure
gradient, possibly the only mechanism by night but
also operativ-e by day, is the special process of
phototranslocation, a light-stimuilated process which
speeds tip tralnslocation by day, is independent of
stigar gradients, and cautses the accuimullatioll of
sucrose at the sink (13, 14,17).

The qtiestion may arise as to which mechanism
was affected by water stress, pressulre flow or
phototrainslocationi. In the 22-houir test (19), the
rate of loss in total counts from 11:30 Pm to 3:30
AM. corrected for respiration, was 11.3 % per
houtr. The rate from 3:30 ,Im to 5 :30 PM was

27.8 % per houlr. The night rate may be consideredl
to be that of pressture flow, anid the day rate to
be that of phototranslocation in addition to pressuire
flow. Assuiming the same rate of pressuire flow
by day as by night, it would appear that both mech-
aniisns were affected by water stress which restultedl
in 94 % inhibitioni of tralnslocation in 90 minuites
in the daytime (fig 1).

The writer believes that both stuggestions of
Webb andcl Gorham (35) apply. The flow of solil-
tioIl is metabolically regtilatel (hitrinig the nght
by the conversion of polysaccharide to suicrose, andl
dturing the day by the process of phototranslocationl.
The struictLural integrity of the conduiit is metabol-
ically maintainied, in that some light-dependent
process conitrols the polarity of translocation in
the blade (13, 14, 17).

The resuilts of this investigation may be applied
to anl tlinderstanding of the effect of withholding
wvater tpoln r:pening canie. In this work a low
moistutre suipply decreasedl photosynthesis less se-

verely than translocationi; but in more severe water
stress in the field photosynthesis might stop com-

pletely. In the plants with lowimoistuire suipply,
the process of translocation wxas slowed down pre-

suimably giving more time for the transfer of
sticrose to storage. Growth w-as ctirtailed giving
an excess of sutgar for storage. Hydrolysis was

decreased, which allowed more suicrose to be trans-
located, all)eit slowly, to storage. U'nless the mois-
ttire stress is very severe, no phy-siological argui-
ment appears from this investigation to be against
the w-ithholding of irrigation for the ripening of
stga rcanie.
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