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Effect of Soil Water Deficit on Vitamin C, Sugar, Organic Acid, Amino Acid and Carotene Contents of
Large-fruited Tomatoes

Kazufumi Zushi* and Naotaka Matsuzoe * *

Faculty of Agriculture, Kagoshima University Korimoto, Kagoshima 890

Summary

The effect of soil water deficit on vitamin C, sugar, organic acid, amino acids and carotene
contents in fruits of five large-fruited tomato cultivars was examined.
1. The effect of soil water deficit on vitamin C content per fresh weight varied, depending on the
cultivars; in some cultivars vitamin C content increased, whereas in others it was unaffected.
2. The amounts of glucose and fructose per fresh weight in water-stressed plants were larger than
those of control treatment in almost all cultivars, but they were the same on dry weight basis.
This indicates that the soil water deficit merely reduced water accumulation by the fruits.
3. The amounts of organic acid and free amino acid (per fresh and dry weights) were increased
by water deficit treatment. Furthermore, the effect of the treatment on the composition of
organic and free amino acids was different which suggests that soil water deficit affects the meta-
bolic pathway of organic and free amino acids in tomato fruits.
4. In red and pink type cultivars, soil water deficit tended to increase the amount of lycopene
per fresh weight in the outer pericarp region but it had no effect on the amount and distribution
of the yellow pigments, g-carotene and xanthophyll.
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Fig. 1. Relation between soil moisture and output voltage of a
moisture meter.
“ Moisture percentage to field capacity.
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Fig. 2. Amount of irrigation (ml) per plant and maximum and
minimum temperature (°C) during experiment.
Temperature was represented by moving average of five
days.

EXD@h ok, BMELY-D TR XA b T -1
SNORETUEBER L H 5 7=,

AFRBERFFE 4RI LA L avBIZEREY -
DTR V)~ LSO RETHEKSHBX LD E
oz, HMEXRD TR BE DSNORE TR
Biahol, /TVBIIERENZ) TRERE TR
XHANBREDE» 5%, THEL-D T vy A8k
REP', ‘B8 BXU'RNZAMA T — 0 THRX2E»
VYO ER OEGRELLMEY DALY

EY = DEMEY 7D DS TIAE R

27,

- a3

12V

Table 2. Effect of soil water deficit on vitamin C contents
in tomatoes.

Vitamin C (mg/100g)

Cultivar Treatment
per fresh per dry
weight weight
Hausu momotarou Deficit 12.9 1339
Control 10.4 134.6
wx? n. s.
Houryu Deficit 17.0 152.4
Control 135 192.4
Best of all Deficit 16.8 2329
Control 14.0 220.5
n.s. n. s.
Oujyu Deficit 10.6 150.2
Control 11.8 207.2
n.s. wE
Jubilee Deficit 9.9 147.16
Control 8.2 148.27
* n.s.

“+ %% * and n.s. indicate significant differences by T test at 1 % level,

5 % level and no significant differences respectively.

Table 1.  Effect of soil water deficit on stem, leaf and fruit weights in tomatoes.

Stem Leaf Fruit
Cultivar Treatment —— —
Fresh Dry Fresh Dry Fresh Dry Percentage
weight  weight weight  weight weight  weight of dry
(& 69) (8) (&) g (g matter (%)
Hausu momotarou Deficit 112 163 17 23 92.1 9.21 9.64
Control 156 218 20 29 1153 8.65 7.74
" (75 (85) (79) Y n.s. ok
Houryu Deficit 102 159 15 19 108.2 8.48 10.67
Control 149 202 18 24 137.5 9.05 7.03
(68) (79) (83) 79 n.s. n.s. *
Best of all Deficit 126 158 16 19 79.5 5.66 7.25
Control 166 207 21 26 83.4 5.21 6.35
) (76) (76) (76) (73) n.s. n.s. *E
Oujyu Deficit 131 165 16 19 167.4 11.04 7.05
Control 163 184 16 21 186.6 1091 . 572
(80) (90) (100) (90) n.s. n.s. *k
Jubilee Deficit 114 125 15 15 177.0 11.18 6.74
Control 178 148 22 17 209.8 11.57 5.53
64 (84) (68) (88) * a.s. o

" Figures in parentheses indicate the percentage of values for deficit to those obtained for control.
¥ ## #and n.s. indicate significant differences by T test at 1 % level, 5 % level and no significant differences

respectively.
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Table 3. Effect of soil water deficit on Brix, glucose and fructose contents in tomatoes.

. % fresh weight % dry weight
Cultivar Treatment Brix
(%) Glucose Fructose Glucose Fructose
Hausu momotarou Deficit 6.1 2.8 2.9 29.2 30.2
Control 4.9 2.1 23 27.0 30.2
o ** *& n.s. n.s.
Houryu Deficit 6.6 2.8 3.0 252 26.5
Control 49 2.1 24 257 29.5
¥k ek sk n. s. . s.
Best of all Deficit 5.7 1.7 1.8 23.1 24.3
Control 5.1 1.6 1.7 24.6 27.1
wk n. s. n.s. n.s. wx
Oujyu Deficit 5.7 2.0 2.1 28.7 29.3
Control 5.1 1.5 1.6 26.1 28.6
&k Hk *3% n. s. n.s.
Jubilee Deficit 5.5 1.7 1.8 255 26.6
Control 4.7 14 1.5 25.3 27.5
Hk * * n.s. n.s.

* #*_* and n.s. indicate significant differences by T test at 1 % level, 5 % level and no significant differences

respectively.
Table 4. Effect of soil water deficit on organic acid contents in tomatoes.
% fresh weight % dry weight
Cultivar Treatment

Oxalic Citric Malic PCA®  Oxalic Citric Malic PCA
Hausu momotarou  Deficit 0.18 0.72 0.043 0.017 1.84 7.44 0.449 0.177
Control 0.15 0.51 0.047 0.007 2.01 6.58 0.614 0.094

w5 ** n.s. ** n.s. * n.s. *
Houryu Deficit 0.19 0.89 0.093 0.011 1.74 8.01 0.825 0.100
Control 0.16 0.61 0.044 0.007 1.95 7.44 0.546 0.085

ok *% *k T ok *k ET3 *
Best of all Deficit 0.16 0.59 0.066 0.009 2.23 8.11 0910 0.127
Control 0.14 0.39 0.064 0.005 2.15 5.96 0.980 0.081

* * n.s. * n. s. * n.s. *
Oujyu Deficit 0.13 0.63 0.046 0.013 1.87 8.89 0.655 0.187
Control 0.11 0.48 0.037 0.012 1.89 8.19 0.637 0.193
w ** n.s. n.s. n. s. n.s. n.s. n.s.
Jubilee Deficit 0.13 0.60 0.036 0.014 1.94 8.92 0.543 0.207
Control 0.12 0.47 0.041 0.011 2.13 8.46 0.743 0.200
n.s. *ox n.s. n.s. 1. s. n. s. * n. s.

z

y

PCA = Pyrrolidonecarboxylic acid
#*_* and n.s. indicate significant differences by T test at 1 % level, 5 % level and no significant differences
respectively.
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Table 5. Effect of soil water deficit on sugar-acid ratio in tomatoes.

Cultivar Treatment Sugar'—amd
ratio
Hausu momotarou Deficit 6.00
Control 6.16
ns.’
Houryu Deficit 4.86
Control 5.53
*%
Best of all Deficit 421
Control 5.67
*k
Oujyu Deficit 4.81
Control 4.98
n.s.
Jubilee Deficit 4.50
Control 4.63
n. s.

* #* and n.s. indicate significant differences by T test at 1 % level and
no significant differences respectively.

Table 6. Effect of soil water deficit on free amino acid contents in
tomatoes (mg/100g fresh wt).

Amino acid contents (mg/100g fresh wt)

Cultivar Treatment
. . - . gino ¥ -Amino-
Glutamic Glutamine ~ Aspartic Asparagine butyric
Hausu momotarou Deficit 234.1 136.7 52.1 38.7 125.8
Control 128.1 624 25.6 16.0 58.5
k% 7 ki Tk ETY %
Houryu Deficit 1122 1286 40.9 276 1279
Control 115.3 784 251 16.7 67.0
*% *% *k *% *%
Best of all Deficit 2156 129.3 435 280 724
Control 1512 56.9 276 123 29.1
% * * * *%
Oujyu Deficit 141.8 1223 40.8 337 1237
Control 1418 110.1 355 302 81.6
n.s. n.s. n.s. ns. n.s.
Jubilee Deficit 186.7 106.5 46.5 325 64.4
Control 126.8 812 29.4 219 55.0
** n.s. e n.s. n.s.

? #%_# and n.s. indicate significant differences by T test at 1 % level,
5 % level and no significant differences respectively.
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Table 7. Effect of soil water deficit on free amino acid contents in
tomatoes (mg/100g dry wt).

Amino acid contents (mg/100g dry wt)

Cultivar Treatment
. . . . 7 -Amino-
Glutamic Glutamine ~ Aspartic Asparagine 7 butyric

Hausu momotarou - Deficit 2429 1425 540 403 1311
Control 1652 812 332 209 758

sk 2 * *% *% *
Houryu Deficit 1552 1166 367 250 1151
Control 1416 963 308 207 822

n.s. n.s. n.s. ns. ok
Best of all Deficit 2977 1779 600 386 998
Control 2328 876 425 190 449

* *¥% *% L i3
Oujyu Deficit 2014 1736 578 479 1752
Control 2485 1920 621 527 1413
ns. n.s. .s. n.s. n.s.
Jubilee Deficit 2784 1589 694 485 954
Control 2288 1468 531 397 996
n.s. n.s. * n.s. I s.

“ %% * and n.s. indicate significant differences by T test at 1 % level,

S % level and no significant differences respectively.

Thbbd, REOLZIYV CEHERRIBEANDKELC
kDRKB2D (R5, 1990 ; EE S5, 1980), #IZX
BREDEXRTBESZBIZIVEL L -DICHERNIZE
AIVCHERIZEOVHPELS LH#EEREINS, X512,

TEARGHRIZE 2EHEL-DDOEL IV CHED
BT, "FY—ZX06E83I Yy CARDBEROIH,
HBENNIEE IV ChH Y 2 VR ELERD SRR
OIREIZERT 2L FEL 65, BEICK - THEEK
SHIRBZNSDERD B W HBRRIKIZE 2 280
BErsr-D LRI IhbOHERIZDWTIZISHE,
FEMICEH S 2z L 720,

REOHEERT, ERENLD THLEAAFHRIZLD
BE o7, EMENLD TIINEBICER o7z,
Mitchell & (1991 b) &, EBEHIZHT 3 b~ P RED
HMEL-DDOANTY - ZERIILEASHIFRAEIC X
BRAAPVADEELEZ T ENELTHED, RERS
FEROBRE L 72, LEASBIRIC L 2REZNESR
OHEFEY 20 OB, FIZRENNDOKIBE O
FHCEDECEIRFEEROEISER T 3 LRI h
7.

REOBEL LVUHERERERI, LEEKSHIRIZLD
EREY-DTEEIETHA2HERLEL<H5 (5HS,
1987 ; Mitchell 5, 1991a; Rudich, 1977 ; i, 1968 ;
Wik - JIE, 1989). Zh &5 @ T, Mitchell 5 (1991 a)
FREBEED s T UBERIE, TEARSEIRIZE D Ak
EHY-DTEEMT 3 ¥8EWEL ) TREASL, VY
THRERBIIERE, EWELZD THEMNT 5 LBRTn
5. —7, &L (1968) i b~ M REOLBEEEIT K
EY-DTIREMT 22, WHEY-D TERENI L

NI | -El ectronic Library Service



Japanese Society for Horticultural Science (JSHS)

932 T — 5 - FAVNELRE

Fruit region
Treatment

cv. Hausu momotarou

Deficit
Outer pericarp
Control
Deficit
Locular
Control
Deficit
Inner pericarp
Control
20
Deficit .
Outer pericarp
Control
Deficit
Locular
Control
Deficit
Inner pericarp
Control
20
cv. Bestofall
Deficit
Outer pericarp
P Control
" Deficit
Locular
Control
Deficit
Inner pericarp
Control )
0 20 60 2

Lycopene
(ug/g fresh wt)

Yellow pigment
(ug/g fresh wt)

Fig. 3. Effect of soil water deficit on lycopene and yellow pigment contents per fresh weight in tomatoes.

Each holizontal bar indicates the standard error.
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