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Abstract The effect of water stress induced to enhance sugar accumulation in Satsuma mandafitifus unshiuMarc.)

fruit was investigated. Satsuma mandarin trees were subjected to water stress using mulch cultivation from late August
to early December. In mulch treatment, soil was covered with double-layered plastic sheets that prevented rainfall from
permeating the soil, but allowed water from soil to evaporate. The water status of soil, fine roots, pericarps, and juice
vesicles was determined using the isopiestic psychrometer. As the severity of water stress increased, both water potential
and osmotic potential of fine roots and pericarps significantly decreased in plants grown under mulch cultivation
compared to well-watered trees. Although water potential and osmotic potential decreased, turgor of both roots and
pericarps of the water stressed trees did not decrease under water stress conditions. Because turgor was maintained,
osmoregulation occurred in Satsuma mandarin trees in response to water stress. The osmotic potential of juice vesicles
in water-stressed fruit gradually decreased, and sugars accumulated in vesicle cells. Concentrations of sucrose, fructose,
and glucose increased in fruit sap under water stress, and the acidity in the fruit juice increased. Furthermore, the total
sugar content per fruit of water stressed trees was significantly higher than in fruit of well-watered trees. These results
suggest that sugar accumulation in Satsuma mandarin fruit was not caused by dehydration under water stress but rather
that sugars were accumulated by active osmoregulation in response to water stress. When sugar components in
osmoregulated fruit were analyzed, it was found that monosaccharides, i.e., glucose and fructose, were largely responsible
for active osmoregulation in fruit under water stress conditions.

Concentrations of sugars and organic acids determine the tasteaihtaining cell turgor through the accumulation of solutes (Mor-
Satsuma mandarinfruit. In recentyears, Japanese citrus growersgang1984). Osmoregulation has been observed in stems (Meyer
increased the use of mulch cultivation or greenhouse cultivatioratal Boyer, 1981; Nonami and Boyer, 1989; Westgate and Boyer,
produce high quality citrus fruit. Although there have been a fé&885), roots (Sharp and Davies, 1979; Westgate and Boyer, 1985)
approaches to investigate the mechanism of sugar accumuladiod leaves (Cutler et al., 1977; Cutler et al., 1980; Westgate and
induced by water stress in Satsuma mandarin fruit (Kadoya, 19B@yer, 1985). Water-stressed plants accumulate more sugars than
1973; Sugai and Torikata, 1976), physiological mechanisms of watestressed plants (Meyer and Boyer, 1981; Timpa et al., 1986).
stress on Satsuma mandarin fruit have not been studied critically fidowever, only limited information is available concerning the
the perspective of plant-water relations. component of water potential in citrus trees under water stress for

Meyer and Boyer (1981) found that water stress triggers tmmoregulation (Kaufmann, 1970; Yakushijietal., 1992). Little is
physiological function of osmoregulation. Osmoregulation itknown about the relationship between the sugar accumulation of
volves solute accumulation in cells sufficient to decrease tineit and osmoregulation in Satsuma mandarin.
osmotic potential of cells when water potential of cells decreasedNVater-stressed plants tend to yield smaller fruit in citrus trees
at low water potential of the water source so that water canaithough sugars accumulate in the fruit. Because citrus fruit have
absorbed from the water source by cells without losing cell turgdomata on the pericarp surfaces, sugar accumulation may be
or decreasing cell volume. Many plants, to tolerate water stresduced by dehydration due to transpiration from fruit under water
are largely dependent on their capacity for osmoregulation fbress conditions. Thus, concentrations of sugars in fruit can be

increased due to loss of water from cells in fruit. To check the

Received for publication 3 Jan. 1995. Accepted for publication 8 Aug. 93%055Ib|“ty Of.dehydratlon Infrl“."tunde.rwaters”ess Condltlon.s’ the
Contribution no. E-184 of the Fruit Tree Research Station. The cost of publishiH§dOr Of pericarp cells and juice vesicles was measured using the
this paper was defrayed in part by the payment of page charges. Under ppsyichrometer. If fruit dehydrate during water-stress conditions,
regulations, this paper therefore must be hereby matieettisemensolely to  then the fruit’s cell turgor should decrease as well.

ilflj\diﬁgﬁt::; friitéarch scienist If solute accumulation is related to inhibition of growth in fruit

zAgsodate professor. ' during water stress, solutes accumulated in fruit must have origi-
3To whom reprint requests should be addressed. nated from materials of ce_:ll walls and membranes that are suppos-
“Professor. edly used for cell expansion. In the case of soybean plants, it was
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found that sugars and amino acids were accumulated in cells oNbeami et al., 1987). Turgor was calculated by subtracting the
elongation zone when growth was inhibited at low water potentiasmotic potential from the water potential (Nonami et al., 1987).
(Meyer and Boyer, 1981). Such solute accumulation may not beSoluble solid concentration measuremesuluble solid con-
the case in Satsuma mandarin fruit, because fruit always accuoamrations (SSC) were evaluated on five fruit per treatment using
late sugars during the processes of growth and ripening. To esefractometer (ATAGO Hand Refractometer N-1, Honcho,
whether sugars can be actively accumulated in Satsuma mandtabashi-ku, Tokyo) at each sampling time. The SSC was ex-
fruit during water stress conditions, the Satsuma mandarin fipiessed according to the refractometer index (%), which was
used in the present study were grown to similar size in both welkfined as the percentage of solute weight divided by the weight of
watered and water-stressed plants by adjusting the number of thétsolution. The refractometer was calibrated using sucrose solu-
intrees. Fruitthinning is used as a conventional cultivation methahs of known concentrations. The percentage scale ofthe ATAGO
in Japan to improve the quality of fruit. If active solute accumuleland Refractometer indicates grams of sucrose in 100 g of sucrose
tion is taking place in Satsuma mandarin fruit during water stresdution. Immediately after cutting a fruit in half, the juice was
conditions, concentrations of solutes in fruit produced under watqueezed onto the reflector of the refractometer, and SSC values
stress conditions must be significantly higher than in fruit prarere read directly from the refractometer. To examine the relation-
duced in well-watered plants when the size of fruit is the sameship between SSC and the water potentials of sucrose, fructose,
both treatments. glucose, citric acid, the SSC, and the osmotic potential were
Thus, we investigated the relationship between osmoregulatitatermined by a refractometer and an isopiestic psychrometer at
and the sugar accumulation in fruit by measuring the water st26€ in the same sample.
of tissues while Satsuma mandarin were subjected to water stresSugar component and acidity analysisorder to investigate
using mulch cultivation. Also, we analyzed soluble solid concetive effect of water stress on sugar accumulation in fruit, the
trations measured with Brix refractometers and compared this wittmposition of sugars in fruit was analyzed using 7 fruit (x =119.0
osmotic potentials measured using isopiestic psychrometry. +9.1 g, n =7 for mulch-grown plants; x = 119.8.6 g, n = 7 for
well-watered plants) obtained from both water-stressed and well-
Materials and Methods watered trees at harvest time on 9 Dec. HPLC was used to identify
and quantify the sugars in the fruit. About 20 g of pulp was
Plant materials.Experiments were performed on twenty 13aomogenized for 5 min with a Polytron homogenizer (Brinkman
year-old Satsuma ‘Nankan 20-Gou’ mandarin tré#sifs unshiu Instruments, Westburg, N.Y.) in 10 volumes of 80 % (by volume)
Marc.) grafted orfPoncirus trifoliatarootstocks at Ehime experi-ethanol. The extract was filtered through a Whatman glass
mental station orchard in 1991. The flowering season of Satsumiarofibre filter, rinsing the insolubles with the above solution. In
mandarin is about the middle of May, and fruit are harvested fromtler to concentrate the filtrated solution, the filtrate was evapo-
late November to early December. Before mulch treatment, ralled on a rotary evaporator (RE-2, Tokyo Rika Kikai Co., Tokyo)
trees were thinned to one fruit per 25-30 leaves in early Augast36C under reduced pressure. The concentrated solution was
when average fruit size varied from 20-30 g. Mulch cultivatidittrated through a 0.4%un filter (Waters, Millipore Corp., Mil-
was accomplished by laying micro-perforated vinyl sheets (Tyvéard, Mass.). A 104l sample was injected into the HPLC (LC-3A,;
DuPont) on the orchard floor of 10 trees for about 4 montBhimadzu) equipped with a refractive index detector (RID-2A;
beginning from early August to early December after stoppifpimadzu). Sugars were separated using a SCR-101N column
irrigation. Tyvek is made of double-layered films and has polarigghimadzu) maintained at 60C and water as solvent at a flow rate
for water permeation. Rainfall is impermeable through the filrof 1.0 ml/min. Sucrose, glucose, and fructose were identified and
while water vapor from soil can escape so that the soil where giu@ntified by comparison with peaks produced by a known stan-
mandarin trees were grown could be dried during mulch treatmeatd sugar solution with a reporting integrator (C-R2X, Shimadzu).
under field conditions. Plant tissues of mulched (water-stress&itjatable acidity was determined for each fruit juice by titration
and control (well-watered) trees were collected to measure thaing 0.1n NaOH with an endpoint of pH 8.1 and converted to
water status, sugar, and acid contents. citric acid concentrations in fruit. Because citric acid has molecu-
Water status measuremerihe water status of plant tissues anlér weight of 192.12 with 3 -COOHSs, one equivalent gram of citric
soil was determined using the isopiestic psychrometer (Boyer aiedl is 192.12/3 = 64.04 g, and thus, 1.0 ml of 0NaOH is
Knipling, 1965). Sail, fine roots, pericarps, and vesicles weeguivalent to 6.40 mg of citric acid. The similar conversion was
sampled at predawn (i.e., between 5 anghto minimize the confirmed in juice of several varieties of oranges and mandarins
effect of transpiration on the water status of plants. About 500 &hachin, 1986; Sinclair, 1961).
of soil were sampled at a depth of 20 cm from the soil surface attwo
to three locations under the canopy. Four fine roots 1.5 cm long Results and Discussion
were collected at the same place where the soil was sampled. The
roots were placed on the bottom of the psychrometer sampling cupT he effect of water stress on water status of soil and root tissues.
More than five fruit were collected at the middle of outer side of ti¢hen soil was covered with Tyvek film, water potential of soil
canopy for each sampling. The area of about 1 Dafmericarp where plants were grown in the mulch treatment became much
was excised from a fruit and placed on the bottom of the samplioger than in the well-watered treatment (Fig. 1). Heavy rainfall
chamber immediately after excision. Three juice vesicles aue to a typhoon caused a temporary increase in soil water
tracted from a fruit, and their surface was wiped off with tisspetential of mulch treatment in late September. Rain water seeped
paper. Before the sampling, thermocouple chambers were coatealsoil through joining parts of Tyvek sheets. However, the soil
with melted and resolidified petrolatum (Boyer, 1967). The chamater potential under mulch treatment ranged from —0.90 to —1.80
bers were loaded with plant tissues immediately after their eXtdPa, whereas that of the control ranged from —0.02 to —0.27 MPa
sion or isolation. Immediately after water potential measuremerfi&g. 1). Simultaneously with soil water potential measurements,
osmotic potentials were determined on the same tissues by fréezwater status of fine roots and pericarp of fruit was measured at
ing at —70C and thawing them at 25C, respectively (Ehlig, 19¢2edawn during the mulch treatment. Fine roots in the control

J. AvER. Soc. HorT. Sci. 121(3):466—472. 1996. 467



J . 4 ! [ 0 ] T T T
5 @\.%RH e - B A
" Watered
——— 3 .
©
a
£ w -1.0} -
< -1.0F 4 &
= ' = :
@ . 2 l
-Bl c T
o ) Mulch //+ . % _ ““45 ¥ w (watered)
€ // a - 2.0 ™ t#“ - ._A 7
— T T !
— I N
- 2.0 o . - i _‘_ s \\—-41}’ w {mulch)
f \ R . A - \/P ¥ s {watercd}
1 Sept. 1 Oct. 1 Nov. 1 Dec. N \f _ _;__ - m - AW s (mulcn)
Date -3.0F j 1 i : \ §
! ) ) . ) 1.0 T ! ; T
Fig. 1. Seasonal changes in water potential of the soil where Satsuma mandaririffees B
were grown under well-wateredl§ and mulch-grown «) conditions. Soil L
samples were taken 20 cm below the soil surface at two to four locations u@er Lo \*fzﬁ~ ,ﬂJ W p (watered)
the canopy and water potentials were measured using isopiestic psychrom%rs.o 5} - _*—"— = | I :_/"" -
Each point is the mean of two to four observatibissandard deviation. o T “'T ¥ p (mulch)
5 .
|_
plants had slightly lower water potentials than the water potential g 1 L 1 s
of the soil surrounding them (Figs. 1 and 2A). Water potentials of 18ept. 1 0ct 1 Nov. ec:
the fine roots of the mulch-grown plants ranged from —1.1 MPato Date

—1.5 MPa (Fig. 2A) and were higher than the water potential of g 3. seasonal changes i) (water potential®w;1,e ) and osmotic potential

surrounding soil in October and November (Figs. 1 and 2A). ThigVs;a, 4), and B) turgor @ p; ,0) of pericarp of Satsuma mandarin fruits.

suggested that water could be relocated from deeper location in then symbolsi{, A, ) indicate pericarp of fruits formed in well-watered trees

Soil 0 roots located near the soil surface. Even though waiEdco%eq Syt ) hdtete percar of s rmedin it oroun

potential of soil for the mulch treatment was 1.0 MPa drier than the

control (Fig. 1), turgor of fine roots of mulch-grown plants was

maintained above 0.4 MPa (Fig. 2B). The turgor of the fine rostots of well-watered plants (Fig. 2B). The decrease in water

inthe mulch treatment became slightly lower than the turgor of fipetential of the fine roots of mulch-grown plants was compensated
by a coincidental decrease in osmotic potential of the fine roots

0 Y 1 T T A (Fig. 2A), resulting in turgor maintenance of the fine roots (Fig.
:%y%r/‘}““‘ By w (watered) 2B). Thus, osmoregulation was occurring in the fine roots when

water potential of soil decreased due to mulch treatment.
Y Water relations of fruitWater potential of fruit pericarp pro-
- duced in the well-watered plants began to decrease in October and
AL ~® Tw(muich) | wentdownto-1.8 MPain December (Fig. 3A), although the water
R ﬁ\l « (watersu) | POteNtial of soil and fine roots did not decrease (Figs. 1 and 2A).
The decrease in water potential of the pericarp of the control plants
T A s (muich) ] was not related to water stress, but to the ripening process of fruit.
Water potential of the fruit pericarp produced in the mulch-
20 . . . | grown plants began to decrease from October, and was continu-
. ously 0.5-0.7 MPa lower than that in the control plants (Fig. 3A).
Bl The decrease in water potential was compensated by a decrease in
1.0F b p (watered; osmotic potential in both treatments (Fig. 3A). Thus, the turgor of
: //Jl pericarp of fruit produced in the mulch-grown plants was similar
i T | /_/_,{5/ ¥ p (muleh) to that of the control plants under water stress conditions (Fig. 3B).
057 . : " 7
-—*_.__

-1.0}

Potential {MPa)

T Because turgor was maintained while water potential became
) 'T"“ IT lower, it was apparent that significant dehydration in pericarp cells
: was not taking place during the mulch treatment. If dehydration
1 1 i 1 had taken place significantly from pericarp cells, turgor would
1 Sept. 1 Oct. 1 Nov. 1 Dec. have also been lost significantly due to a decrease in cell volume
Date in pericarp cells during mulch treatment because changes in
relative cell volume4V/V) must be in positively direct proportion

Fig. 2. Seasonal changes i) (water potential'fw;0 e ) and osmotic potential tg changes in cell turgoA ) by cell wall bulk compliance (B),
(Ws;A, A), and B) turgor & p;m ,00) of fine roots of Satsuma mandarin trees qt

20 cm below the soil surface. Open symbals f, 0) indicate roots taken from e"AV./V =B Awp (Nonaml and Boye_r, 1.9.90)' Because osmotic
well-watered trees and closed symbels @, m ) indicate roots taken from muich- Potential of mU|Ch'_g rown plants was significantly |0_W€r than_We”'
grown trees. Each pointis the mean of two to four observatitaadard deviation. watered plants (Fig. 3A), the decrease of osmotic potential was

Turgor {(MPa)
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Fig. 4. Seasonal changes A (vater potentialPw;[],e ) and osmotic potential iy 5 seasonal changes in soluble solid concentration (SSC) measured as % solutes
(Ws;a,0), andB) turgor (Pp;m 1) of vesicles of Satsumamandarin fruits. Open qthe fruitjuice extracted from fruits formed in mulch-grown énd well-watered
symbols (0 ,A, 1) indicate vesicles isolated from fruits formed in well-watered (0) Satsuma mandarin trees. The SSC was measured by using a refractometer.
trees, and closed symbots,(a, m) indicate vesicles isolated from fruits formed gach point is the mean of five observatiargandard deviation.
in mulch-grown trees. Each point is the mean of two to three obseration
standard deviation.

caused not only by the ripening process of fruit but also by active
accumulation of solutes. Therefore, osmoregulation actively oc-
curred in the pericarp of fruit produced in the mulch-grown plants.
Fruit juice vesicles were isolated from fruit pulp withou
damaging vesicle membranes, and water potential of juice vesi@s
was measured. In the well-watered control plants, water potenfail
of fruit juice vesicles was lower than that of fruit pericarp it~
September and October. Starting in November, the water potentthl
of juice vesicles was higher than that of fruit pericarp (Figs. 3A a
4A). When the soil was covered with mulch, water potential
juice vesicles began to decrease gradually (Fig. 4A). AIthou@ -
water potential of the juice vesicles of the mulch-grown planis
decreased as the soil water potential decreased (Figs. 1 and 44\),
turgor of fruit vesicles was generally larger in the mulch-grows
plants than in well-watered plants (Fig. 4B). Because osmo
potential of juice vesicles in mulch-grown plants was significantl
lower than in well-watered plants (Fig. 4A), osmotically active)
solutes accumulated significantly more in juice vesicles in mulch-
grown plants than in well-watered plants. Because turgor of juice
vesicles at harvest time was larger in mulch-grown plants thanin _2 0

-1.0}

Watered
1.5}

well-watered plants (Fig. 4B), juice vesicles may be more turgid in 1 I i A 1
mulch-grown plants than in well-watered plants. These résults 8 10 12 14 16
indicate that osmoregulation actively occurred in fruit juice vesicles o

under mulch treatment. SSC ( /0)

The SSC in fruit produced in the mulch-grown plants incréased
as the water potential and osmotic potential of fruit vesicleig. 6. Relationship between soluble solid concentration (SSC) and osmotic potential
decreased (Figs. 4Aand5). Because the SSC indicates cell solutfBrees to0 T e e otontal s  funcion of SSC
concentratlon, th.e de(.:reas.e Inosmotic pOte.ntlaI mdu;ates accu I fruit in well-watered ?reatment g y=-0.814— 0.05@2@.36), andy=-0.382
lation of solutes in fruit vesicle cells. Osmotic potential meaSl""915)0.109x (2= 0.85) for fruitin mulch treatment. Each plot represents data collected
with psychrometers was compared with osmotic potential of celtom fruits produced in well-watered and mulch-grown Satsuma mandarin trees
sap extracted from tissue using osmometers. Because both valeescollected between 28 Aug. and 9 Dec. 1991.
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Table 1. Effect of water stress induced by mulching on concentrations of sugars and acidity of Satsuma mandarin fruit.

Sugar concn (m) Total sugar content  Acidity
Treatment Fruit weight (g)  Pulpweight (g) Sucrose Glucose Fructose Total sugar  per pulp (mmol/pulp) M) (m
Mulch 119.0£9.1 91.6t£ 7.0 214+ 11 116+ 4 171+ 13 501+ 22 45+ 2 40+ 1
Watered 119.2 5.6 91.2+ 4.3 174+ 11 87+ 8 122+ 10 383t 27 35+ 3 36+ 2
Significance NS NS * ** o *k b **

“Values represent the meanhe standard error (n = 7).

YSampled on 9 Dec. 1991.

*Pulp indicates fruit whose pericarp was removed.

WAcidity is expressed as mmol of citric acid per liter of fruit juice.

Ns®™ Nonsignificant or significant @ = 0.05 or 0.01 by Studentisest, respectively.

were similar (Hashimoto and Nonami, 1990; Nonami and Schulze,To compare SSC values measured in solution made from single
1989), decreases in osmotic potential measured with psychrahemicals with SSC values measured in Satsuma mandarin fruit,
eters indicate increases in concentrations of osmotically activater potential of solution was converted to osmotic pressure,
solutes in cells. Measurements of SSC with the refractomeiesuming that solutions were contained in the ideal osmometer. Also,
confirmed active accumulation of osmoatically active solutes iine absolute value of osmaotic potential measured in fruit vesicles was
fruit vesicle cells. assumed to be equivalentto values of osmotic pressure of fruit vesicle
When the osmotic potential of fruit juice vesicles was plotted ealls having the ideal semipermeable membrane.
a function of SSC, the fruit juice extracted from mulch-grown We examined the relationship between the SSC measured with
plants exhibited a steeper slope than fruit juice extracted from w#ie refractometer, and the osmotic pressure of sucrose, fructose,
watered plants (Fig. 6). At the same SSC value, the osmafliscose, and citric acid solutions made from commercially avail-
potential of the fruit juice extracted from mulch-grown plants wable chemicals. When osmotic pressure of citric acid, glucose,
lower than that of the fruit juice extracted from well-waterefluctose, and sucrose solution was plotted against SSC, osmotic
plants. The chemical composition of fruit juice extracted fropressure of the citric acid solution showed a linear relationship
mulch-grown plants was different from the fruit juice extractadith SSC and a similar slope as glucose and fructose against SSC
from well-watered plants. (Fig. 7). The slope of osmotic pressure of sucrose solution against
Because the growth of fruit was adjusted by reducing tB&C exhibited about half of the steepness of the slope of fructose,
number of fruit per tree, the weight of individual fruit produced iglucose, and citric acid (Fig. 7). Because osmotic pressure indi-
mulch-grown plants was similar to that of fruit produced in wethtes the chemical potential of water, the quotient of SSC divided
watered plants. We analyzed the sugar components and acidityyimolecular weight of solutes is related with activity of water in
fruit of similar size collected from mulch-grown and well-wateresblution. Therefore, the quotient of SSC divided by molecular
trees at harvest time. Fruit produced in the mulch-grown plants gght of solutes is proportional to molar concentrations of solutes
higher concentrations of sucrose, glucose, and fructose (Tablérlgolution. Thus, SSC values measured with the refractometer are
The sugar content per fruit without pericarp was significantigdicating the weight of solute contained in solution per unit
larger in mulch-grown plants than in well-watered plants (Tablelume of solution.
1). The acidity in fruit produced in mulch-grown plants was Because there are many kinds of solutes mixed together in fruit
slightly higher than that in fruit produced by well-watered plant®lls, the interpretation of SSC measured in Satsuma mandarin
(Table 1). These results indicate that water stress inducedfrijt may not be so simple. SSC measured with Satsuma mandarin
mulching increased not only concentrations of sucrose, glucdsait was located between the line formed by sucrose and the line
and fructose but also the absolute sugar content in the fruit. formed by citric acid and monosaccharides (i.e., glucose and
Relationship between refractometer measurements and pgayetose) (Fig. 7). The line of the well-watered plants was located
chrometer measuremente quality of fruit is frequently evalu- closer to that of sucrose, and the line of the mulch-grown plants was
ated by measuring SSC with a refractometer. The measuremkraated closer to that of the monosaccharides (Fig. 7). This indi-
can be done quickly, and refractometers are available at low coated that smaller sized molecules tended to accumulate when SSC
The SSC of Satsuma mandarin fruit is known to consist mainlyinéreased as osmotic pressure increased. Thus, smaller sized
sugars (i.e., sucrose, fructose, and glucose) and citric acid (Daitdecules were contributing to high osmotic pressure in cells. This
and Sato, 1985). The refractometer was calibrated using sucidea was supported by the analysis of sugar concentrations in fruit
solutions of known concentrations, and the percentage scale isown in Table 1. Mulch-grown plants accumulated glucose and
cates gram of sucrose in 100 g of sucrose solution. Becausdrtintose significantly more than well-watered plants, although
relative specific refractivity of sucrose is 1.031 (Wolf et al., 198@ucrose and citric acid also accumulated more in mulch-grown
the weight percentage of sucrose exhibits a 1:1 relation with §8&nts than well-watered plants.
of sucrose as defined for the refractometer scale when the refracFhe effect of dehydration on fruit during mulching cultivation
tometer was calibrated (data are not shown). Similarly, because8hgar accumulation can be expected in Satsuma mandarin fruit if
relative specific refractivity of fructose and glucose is 1.021 atitk fruit juice is concentrated by dehydration (Sugai and Torikata,
1.031, respectively (Wolf et al., 1980), the weight percentagel®76). If so, the total sugar content per fruit must be equal, because
fructose and glucose exhibited a 1:1 relation with SSC (data anly water must be lost from fruit during the process of dehydra-
shown). Because the relative specific refractivity of citric acidtion. In order to test such a possibility, the sugar content in the
0.951 (Wolf et al., 1980), the weight percentage of citric acédjual-sized fruit were analyzed to compare water-stressed and
deviated from a 1:1 relation with SSC, and its slope was slightigntrol plants at the harvest time (Table 1). Water stress that
steeper than the regression equation of sucrose, fructose, imatoigtased the concentration of sucrose, fructose and glucose was
glucose against SSC when it was calibrated (data not shown)ound to resultin higher total sugar content in fruit than those of the
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¥ T e T T active osmoregulation in Satsuma mandarin fruit.

During osmoregulation under water stress, cells must rely on
imported solutes to lower osmotic potentials of cells faster than a
decrease in water potential of the surrounding environment to
prevent a decrease in cell volume due to dehydration. Kadoya
(1973) reported that thH&C activity of the ethanol soluble fraction
in the fruit increased in comparison with that of the ethanol
insoluble fraction with decreasing moisture supply. The increase
of the'“C activity in the ethanol soluble fraction is thought to be an

-~} accumulation of solutes, consisting mostly of sugars and organic
- acids during osmoregulation in the vesicles. When translocation of
P photosynthate was studied using steéi@p, feeding technique,
LA Asakura et al., (1991) reported that water stress enhanced the rate
e of photosynthate partitioning in the fruit more than that of the leaf
- and stem, even though the amount of the total photosynthates in
A/f' Sucrose Satsuma mandarin was decreased under water stress conditions.
i Further, because fruit-thinning technique was used in mulch-
. grown plants in the present study, there were more leaves per fruit
LA in the mulch treatment than in the control. It is possible that the
| i X X A sugar accumulation in the fruit is partially caused by both larger
8 10 12 14 16 source activity and an increase of the partitioning rate in translo-
SSC (0 /D) cat!on of photosynthates into fruit under water stress in addition_ to
active osmoregulation. However, monosaccharide accumulation
Fig. 7. Osmotic pressure of Satsuma mandarin fruit vesicles of mulch-grown HM“UICh'grown_ tregs indicated metabqllc Changes in the process
well-watered trees, citric acid, monosaccharide (i.e., glucose and fructose) @h@smoregulation in Satsuma mandarins.
sucrose solutions as a function of soluble solid concentration (SSC). Regression
equations were as follows; citric acml){ y = 0.178xy? = 0.99; monosaccharide Literature Cited
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