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ABSTRACT

Phaseolus vulgaris and Zea mays scedlings and plants were cultured on
quarter-strength Hoagland nutrient medium with or without increasing
concentrations ol Na,SO,. Sodium sulphate increased the levels of reducing
sugars whereas sucrose and polysaccharides decreased in the treated
seedlings, whole plants and leaves.&-ketoglularic and certain carboxylic acids
of the Krebs cycle increased in all scedlings and plants in response to the
various salt concentrations used, with the exception ol puruvate, &-
ketoglutarate and succinate which decreased in the salinized Phaseolus
vulgaris scedlings. The present results with Na,SO, are discussed in relation
to the elfect of salinity in other plant species and appear to be broadly in
agreement with those other studies.

INTRODUCTION

In a previous investigation (Hasancen et al., 1989), Na,SO, was found to induce
varied reductions in water content and dry matter accumulation in whole
plants and leaves of both Phaseolus vulgaris and Zea mays seedlings. Those
decreases in growth were associated with the acculmulation of Na* and Mg?+,
which occurred concurrently with a reduction in K* and Ca** contents. Further
studies (Younis et al.,, 1989) have shown progressively greater prodcution of
CO, by the same tissues of french bean and maize with increasing
concentrations of Na,SO,. Moreover, marked changes in the total amounts
and in the relative composition of the nitrogen pool were obscrved. The results
obtained showed that Phaseolus vulgaris is highly sensitive to saliniy compared
to Zea mays plants; the latter tolerate levels of up to -6 bars compared to -2
bars in the former.

Changes in carbohydrates and acids after salinity treatments have been
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observed by several workers (Hanson and Hitz, 1982; Handa et al., 1983;
Imamul Huq and Larher, 1983) and sometimes these changes show striking
similarities to the growth changes (Pheloung and Barlow, 1981; Lambers et
al., 1981; Steingrover, 1983, El-Shahaby et al., 1990; Abo-Hamed et al., 1990).

The main purpose of the present study was to investigate further the effef:ts
of increasing Na,SO, salinity with respect to carbohydrates and certain acids
of the Krebs cycle in the leaves, seedlings and whole plants of Phaseolus
vulgaris and Zea mays.

MATERIALS AND METHODS

The experiments were run with seeds of Phaseolus vulgaris (var. Contender)
and Zea mays (var. Giza 2) of approximately the same size. Pure strains of
seeds were kindly supplied by the Agricltural Research Center, Ministry of
Agriculture, Giza.

The procedures for sterilizing seeds, germination and culture conditions as
well as the experimental set-up were essentially those described by Hasaneen
et al., (1989).Seedlings (3 days old), whole plants (11 days old) and leaves (19
days old) were sampled after transplantation into culture media for Phaseolus
vulgaris and after 3, 9 and 15 days respectively for Zea mays.

Analytical methods

Estimation of carbohydrates. Soluble sugars were extracted from dried ground
materials with 80% (V/V) ethanol. The direct reducing value which was
considerd to be equivalent to reducing sugars was determined following the
procedure of Nelson (see Bell, 1955). The total reducing value was estimated
by determining the optical density at 700 nm after hydrolysis by an adequate
amount of invertase. The difference between the total and the direct reducing
values is taken as the sucrose content. Polysaccharides were determined in

the dry residue left after thorough alcohol extraction of soluble sugars (Younis
et al., 1969).

Determination of acids. The method of Freidman and Haugen (1943) was used
for the estimation of keto acids. The methods used for the estimation of oxalic
and citric acids were essentially those of Snell and Snell (1949), and succinic

acid that of Babin (1953) and recoveries of acids added to the extracts were
over 95%.

RESULTS

Changes in carbohydrate “content

In seedlings, whole plants and leaves of both french bean and maize, reducing
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sugars showed progressively greater increase with an increase in the
concentration of Na,SO, (Tables 1,2 and 3). Unlike reducing sugars, the sucrose
and polysaccharide contents were found to decrease in the diffferent tissues
of both plants and at different stages of plant development compared to
controls. However, the magnitude of decrease of polysaccharides with an
increase in concentration of Na,SO, was much more pronounced than with
sucrose. As polysaccharides made up approximately- 80% of total
carbohydrates in controls, it was not suprising to note that changes in
polysaccharides closely followed those of total carbohydrates in the tissues
and plants under study (see tables 1,2,3).

Table 1

Content of carbohydrates in Phaseolus vulgaris and Zea mays seedlings
treated with increasing Na,SO, concentrations. The values listed are given
as mg glucose equivalent/100 g F. Wt. Each value is the mean of 4 samples
* standard error.

Culture medium Reducing sugars Sucrose Polysaccharides | Total carbohydrates

a. Phaseolus vulgaris

Control (Hoagland) 216.0+94 160.0+ 5.8 1439.4 £35.3 | 1815.4+58.8

+Na,SO,; -0.5 bar 2523170 156.3 £ 3.5 499.8+182 |[9084+4.7
+Na,SO,; -1 bar 260.9+1.7 150.0£2.9 523.2+13.5 |]934.1+20.0
+Na,SO,; -1.5bars 275.2+35.8 148.7 £ 5.1 552.9+30.6 |976.8+41.1
+Na,S0,; -2bars 313.9+76 140.3%1.7 752.9 + 29.6 1207.1 £33.5

b. Zea mays

Control (Hoagland) 111.2+3.7 240.8 £7.7 1020.0+11.7 | 1372.0%+58.8
+Na,SO,; -1.5bars 149.7 £5.2 2206+ 1.7 970.1+41.2 1340.4 £ 23.7
+Na,SO,; -3bars 166.8 3.9 210.4+0.5 890.2 +23.5 1267.4+39.6
+Na,S0,; -4.5 bars 186.5+0.5 1989 +5.2 860.3 + 35.2 1245.7 £ 26.4

-+Na,S0,; -6 bars 210.3+6.0 180.2+ 0.7 790.4+ 8.8 1180.9+17.6
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Changes in certain acids of the Krebs cycle

a. In seedlings. In saline treated french bean seedlings, pyruvic acid was found
not to change (-0.5 bars) or to decrease significantly (with -1, -1.5 and -2
bars) compared to controls (Table 4a). With maize seedlings, Na,SO, of
between -3 and -6 bars induced an increase in pyruvic acid content above

Table 2

Content of carbohydrates in Phaseolus vulgaris and Zea mays plants treated
with increasing Na,SO, concentrations. The values listed are given as mg
glucose equivalent/100 g F. Wt. Each value is the mean of 4 samples * standard

error.

Culture medium

Reducing sugars

Sucrose

Polysaccharides

Total carbohydrates

a. Phaseolus vulgaris
Control {Hoagland) 300.3+10.1 225.1+9.4 1702.9+60.5 | 2228.3+75.4
+Na,S0,;-0.5 bar 320.0+11.7 2203+ 6.6 1104.0+29.4 | 16443260
+Na,S0,; -1 bar 332070 216.6+£9.7 10002159 | 1548.8+40.4
+Na,80,; -1.5 bars 340.5+9.1 2002424 990.7 + 35.7 1531.4 £41.9
+Nay,S0,; -2 bars 390.6+11.1 175.6+3.2 870.6+19.1 1436.8+19.9
b. Zea mays

Control (Hoagland) 220.3+7.2 340.3+7.0 1990.4+49.1 | 2551.0+882
+Na,80,;-1.5 bars 250.6+ 6.2 3202482 1614.3 +8.2 2185.1+58.8
+Na,S0,; -3 bars 260.7 £8.0 300.0 % 5.2 12302+17.8 | 1790.9+53.5
+Na,S0,; -4.5 bars 286.3+9.5 290.0+ 3.5 990.6 +23.9 1566.9 £ 38.8
+Na,S0,; -6 bars 3404+ 119 275.0 + 6.4 880.4 +26.7 1495.8 +32.1
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that of controls; at -1.5 bars there was no significant difference (Table 4b).
On the other hand,™-ketoglutarate appeared, in gencral, to show varied
increases with the various concentrations of Na,SO, used when compared

to controls in both plant varieties.

Table 3

Content of carbohydrates in Phaseolus vulgaris and Zea mays leaves treated
with increasing Na,SO, concentrations. The values listed are given as mg
glucose cquivalent/100 g F. Wt. Each value is the mean of 4 samples * standard

cerror.

Culture medium Reducing sugars Sucrose Polysaccharides { Total carbohydrates

a. Phaseolus vulgaris

Control (Hoagland) 180.0 5.2 170.0+5.8 590.2+17.7 940.2 +23.6
+Na,SO,; -0.5bar 192.6+7.4 168.4%10.8 570.7+10.9 931.7+18.0
+Na,S0,; -1 bar 206.4 +3.7 165.7+3.3 540.3 +20.7 912.4+30.8
+Na,S0,; -1.5 bars 220.4%9.6 1602+ 5.4 465.6 £15.0 846.2 £27.1
+Na,S50,; -2 bars 250.3+7.8 130.6+£5.0 400.4+4.3 781.3+184

b. Zea mays*

—

Control (Hoagland) 110.3+4.2 100.5+3.2 990.5+20.9 1201.3 £ 59.6
+Na,S0y; -1.5 bars 1204 £3.7 95.3£25 880.6 +:31.2 1096.3 +56.5
+Na,SOy; -3 bars 136.6 3.8 90.6£2.7 660.6 +18.8 887.8+£25.3
+Na,SO,; -4.5 bars 1464+ 4.9 80.7+2.1 456.6+15.3 683.7+19.8

* Data for -6 bars saline-treated plants are not available.
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Table 4

Content of acids in Phaseolus vulgaris and Zea mays seedlings treated with
increasing Na,SO, concentrations. The values listed are given as mg acid / 100
g F. Wt. Each value is the mean of 4 samples % standard error.

Culture medium Pyruvic of-Ketoglutaric | Citric Succinic Oxalic
a. Phaseolus vulgaris

Control (Hoagland) 17.7+03 15.6+0.7 101.5+0.8 | 208952 108+04

+N2,50,; -0.5 bar 17.2+£0.1 199%0.7 1853+6.0 | 15212 41| 13.6x05

+Na,S0,; -1 bar 15.3£0.2 144402 188.7+5.1 { 1069240 144%0.2

+Na,S0,; -1.5bars 154%0.2 16.7£0.4 163.0+1.8 | 133.8£45| 15.2+0.5

+Na,50; -2 bars 166+03 | 170206 1233+3.1 | 185.8+6.7] 180+05

b Zoa mays

Control {Hoagland) 66.0+35 | 584+1.7 198.0+29 | 201.3+£0.7 | 97.2+4.1
+Na,S0,;-1.5 bars 66.3+0.7 | 589+23 2252+59 | 2207+52 | 102.0+1.1
+Na,50,; -3 bars 724+14 1632+18 2421412 | 2346+82 | 137.2+42
+Na,S0,; -4.5 bars 89.7+£35 | 794£20 2732+1.8 | 2461423 | 1464+3.7
+Na,S0,; -6 bars 824+ 1.1 72.1+£12 2920+4.2 | 3202+1.2 | 1488+4.7

In french bean seedlings, marked accumulation of citric acid was observed
especially at the lower concentrations of Na,SO,. Succinic acid showed
varying decreases in response to the various Na,SO, treatments in the
french bean scedlings whereas oxalic acid contents showed progressively
greater increases with an increase in concentration of the salt used.

With an inc in ¢ i i

With an Increase in concentration of Na,SO,, progressively greater
mncreases n citric, succinic and oxalic acid contents were observed in maize
seedlings.
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Table 5
Content of acids in Phaseolus vulgaris and Zea mays plants treated with
increasing Na,SO, concentrations. The values listed are given as mg acid / 100
g F. Wt. Each value is the mean of 4 samples * standard error.

Culture medium Pyruvic oX - ketoglutaric} Citric Succinic Oxalic
a. Phaseolus ‘M

Control (Hoagland) 247+04 | 31.3x08 206.1+36 | 254182 | 140£0.2
+Na,S0,;-0.5 bar 247408 | 348%17 220.5+62 | 254.0+10.2] 156+0.7
+Na,S0,; -1 bar 258+04 | 38.1%1.2 235.0+88 | 2602+54 | 16402
+Na,S80,; -1.5 bars 323+13 | 31.6x15 2420+7.1 | 276.2£3.6 | 188+0.5
+Na,SO; -2 bars 37.2+07 | 30816 2658+3.4 | 289.1£69 |212+07

b, Zea mays

Control (Hoagland) 426+15 | 400£1.2 392.7+133 | 599.6+17.4 |67.6+25
+Na,50,; -1.5 bars 428+16 | 40017 460.6£13.2 {68062 11.5 |75.6£2.9
+Na,S0,; -3 bars 472+18 | 45018 487.8+8.1 {692.4+14.0 |91.2+24
+Na,S0,; -4.5 bars 543+25 | 53118 4985+ 16.7 [702.2+18.9 (102437
+Na,S0,; -6 bars 67.1£24 | 58923 520.5+12.0 | 7223+ 13.1 [147.2£4.2

b. In whole plants (Table 5a and b). In both french bean and maize plants,
progressively greater increases in pyruvate contents were obtained with
an increase in concentration of Na,SO, compared to controls, except at
the lowest concentrations which had no significant effect.

In french bean plants,&-ketoglutarate did not change with -1.5 and -2 bars
Na,SO, or increased with -0.5 and -1 bars Na,SO, compared to conrols. In
maize plants, the lowest concentration of Na,SO, did not alter the content
ofd-ketoglutarate whereas the higher concentrations induced progressively
greater increases. Progressively greater increases in citric, succinic and
oxalic acid were obtained in both plants with an increase in concentration
of Na,SO,.
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c. In leaves (Table 6a and b). With an increase in concentration of Na,SO,,
progressively greater accumulations of pyruvate,o-ketoglutarate, citrate
and succinate were observed, in general, in both leaves. Oxalate, followed
the pattern of the other acids in maize leaves, but in french bean leaves it

was found either to increase (with -0.5 and -1 bar) or to decrease (with
-1.5 and -2 bars).

Table 6
Content of acids in Phaseolus vulgaris and Zea mays leaves treated with
increasing Na,SO, concentrations. The values listed are given as mg acid / 100
g F. Wt. Each value is the mean of 4 samples + standard error.

Culture medijum Pyruvic X -ketoglutaric | Citric Succinic Oxalic
a. Phaseolus vu_lgziis

Control (Hoagl and) 14.7+0.7 16.3+£0.7 86.2+36 | 1508+57 | 36.0+1.1
+Na,S0,; -0.5 bar 12.8+0.6 14.3+0.2 69.1+2.9 1476+44 | 39.6+0.9
+Na,80,; -1 bar 18.2+0.7 18.5+0.3 86.1+£3.6 160.9+64 | 409+1.7
+NayS0,; -1.5bars 20005 | 20000 117.1+47] 1653+48 | 342+1.8
+Na,S0,; -2 bars 288+ 1.1 30.1£0.6 186.6+5.01 175289 | 304+1.4

b, Zea mays®

Control (Hoagland) 37614 | 35.2+13 200.3+6.0 | 400.2+12.3|40.0+1.3
+Na,S0,; -1.5 bars 407+16 | 378+17 230.6+8.2 | 490.5+114]836x2.1
+Na,50,; -3 bars 53219 | 45621 2708+8.1 | 520.3+11.9| 148449
+Na,$0,;-4.5 bars 54.6£2.6 462+ 1.9 292875 | 552.3+13.1} 285.2+8.3

* Data for -6 bars saline-treated plants are not available.
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DISCUSSION

The analyses reported in the present investigation are indicative of the extent
to which carbohydrates and acid contents were differently affeted by the
different salinity levels.

In response to salinity with Na,SO,, reducing sugars increased whereas
sucrose, polysaccharidbs and consequently total carbohydrates decreased in
the different plant tissues and at the different stages of plant development.
The higher the salinity level used, the greater the response. These changes
may be attributed to an increase in the turnover of hydrolytic enzymes, but
may also result from less utilization of reducing sugars under these conditions
of salinity.

Of interest in this connection, Handa et al. (1983), using cultured tomato cells
adapted to water stress, found that the concentration of reducing sugars in
the cells increased with the degree of adaptation, reaching as high as 600 mM
in the cells, however, the cells were also found to accumulate some sucrose
but the levels of sucrose were 3 to 8 - fold lower than those of reducing
sugars. The sucrose concentration increased in moderately adapted cells but
did not increase with further adaptation to water stress. Our results are in
agrcement with these observations, in that the low tolerant Phaseolus vulgaris
plants were found to accumulate much less reducing sugars than the highly
tolerant plants of Zea mays.

The observed losses in the various carbohydrate fractions as well as total
carbohydrates in seedlings, whole plants and leaves of both genera coincides
with the observed decrease in dry matter (Hasancen et al., 1989) and are far
in excess of the concomitant increases in reducing sugars. Thus the losses in
carbohydrates of seedlings, whole plants and leaves in various salinized culture
media could be primarily due to respiration. This is indeed consistent with
the reported increase in the respiration rate of the same tissues (Younis et
al., 1989). Thus Na,SO, levels seem to have favoured the utilization of sucrose
and starch and the sharp increased rate of CO, production seems to be at the
expense of losses in carbohydrates. However, conversion of carbohydrates to
amino acids is of importance in this connection and cannot be ruled out as
supported by the increased levels of organic and amino acids, in particular of
proline (Younis et al., 1989).

In both Phaseolus vulgaris and Zea mays seedlings, whole plants and
leaves,(-keto as well as organic acids were, in general, variably increased
in response to the various salinity treatments except for pyruvate, -
ketoglutarate and succinate which decreased, in general, in the salinized
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seedlings of Phaseolus plants. The observed increases in the acid components
could be explained as follows: acids, in particular keto acids, play a protective
role in saline habitats in addition to metabolic functions, they may bind
excessive ions absorbed by plants and maintain the electrical neutrality of
the cells and finally neutralizing basic compounds (Strogonov, 1970). In
support of this explanation, several investigators have shown that in different
plant tissues the main carboxylate anions concerned in charge balance during
excess cation uptake are malate (Hiatt and Hendricks, 1967; Triplett et al.,

1980) and oxalate (Osmond, 1967).

In salinized Phaseolus scedlings, the obscrved decreases in pyruvate, ®&-
ketoglutarate and succinate can be correlated with increased amino acid
synthesis (in particular proline) via the amination and transamination systems.
Our results in this respect support those of Rao and Rao (1979) who found
that leaves of salinized groundnut plants showed a sharp decrease in the
amounts ofé-ketoglutarate, pyruvate and glyoxylate and concomitant increase
in glutamic acid, alanine and proline.
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