


Table 1. Composition of salinizing salts in irrigation solutions constructed to simulate 
increasing salinities typically in San Joaquin Valley drainage waters. 
Salinity level 
(dS m-1) 

 
  Ca2+ 

 

  
 Mg2+ 

 

 
Na+ 

(mol m-3) 

 
SO4

2- 

 

 
Cl- 

 
  2.5   2.5   1.5   13.8    7.0    7.0 
  6.0   6.3   4.9   43.7   21.0   21.1 
  7.0   7.8   5.5   50.9   29.5   24.7 
  8.0   8.3   6.6   58.2   29.5   28.2 
10.0 10.4   8.3   73.3   37.2   35.5 
11.0 11.8   9.3   82.0   42.0   38.5 
12.0 12.6 10.0   88.5   44.9   42.8 
15.0 13.0 13.9 123.0   58.2   59.6 
16.0 13.4 15.5 137.0   63.9   66.4 
20.0 13.5 20.1 178.0   79.0   86.3 
25.0 13.8 27.9 247.0 104.0 111.0 
30.0 14.0 33.6 298.0 124.0 144.0 

 
PA1 column connected to an ESA Coulochem II Electrochemical Detector. Chiro-inositol 
and myo-inositol were separated and identified using paper chromatography (Liu et al., 
2002), and confirmed by NMR 500 MHz (1H) spectra. Starch was enzymatically hydrolyzed 
to glucose and quantified by comparison to a known glucose standard using a Microplate 
Spectrophotometer at 340 nm. 
 Significance of salt effect on sugar and starch concentrations and of their differences 
between species or between salt compositions were analyzed at P≤0.05 using GLM and 
TTEST procedures, respectively, in SAS-2001 statistical package. 
 
RESULTS AND DISCUSSION 
 In addition to myo-inositol, another cyclitol, chiro-inositol, was identified for the first 
time to occur in the two L. species. Murakeözy et al. (2002) reported that L. gmelini 
accumulated significant amount of pinitol, a prevalent stress-inducible cyclitol. However, it 
was not detected in the shoots of both L. perezii and L. sinuatum under either salt- or nonsalt-
stress condition. Apparently different species within the same genus may accumulate 
different cyclitols.  Three common sugars, fructose, glucose and sucrose, were also detected 
in the two L. species.  
 Before salt treatment, myo-inositol and chiro-inositol concentrations were relatively low 
in both leaves and roots even though the three common sugar concentrations were quite high 
(Table 2). Starch level was high in the leaves but low in the roots (Table 2). Salt treatments 
altered soluble sugar accumulation. Most noteworthy is the finding that leaf chiro-inositol 
concentration increased dramatically from 6.4 to 52.8 (L. perezii) and from 2.6 to 72.9 (L. 
sinuatum) µmol g-1 dry weight as salinity increased from 2.5 to 30 dS m-1 (Figure 1A). Such 
large increases indicates that chiro-inositol can contribute significantly to osmotic adjustment 
in stressed plants. Because the seedlings contained little chiro-inositol prior to salt treatment, 
the increase in chiro-inositol level with increasing salinity did not come from its pre-
accumulation but was a salt-induced response of more chiro-inositol synthesis per unit of 
biomass formation. Meanwhile, leaf myo-inositol concentration remained low and showed no 
significant response to salinity (Figure 1B).  
 A significant (P≤0.05) salt effect on leaf glucose and fructose concentrations for both L. 
species was also found. However, the changes in their levels with increasing salinity were 
apparently much less remarkable than chiro-inositol (Figure 1C-D).  Sucrose concentration  
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 Table 2.  Distributions of soluble sugars (µmol g-1 dwt) and starch (mg g-1 dwt) in leaves and roots of  L. 
seedlings of 29 days old grown under nonsalt-stress condition. Values are means ±1 SE, n=3 for leaves and 
n=2 for roots (a pooled sample of 12-40 plants was for one replication.). Total sugar: sum of the individual 
sugars. dwt: dry weight. 

   
decreased significantly (P≤0.05) in L. perezii but showed no significant (P>0.05) change in 
L. sinuatum with increasing salinity (Figure. 1E). Probably as a result, L. sinuatum leaves had 
higher sucrose but lower glucose and fructose concentrations than L. perezii leaves under salt 
stress. This may be related to the difference of their growth vigor under salt stress (Grieve et 
al., 2004) although further evidence is needed to support this contention.  
 No significant (P>0.05) salt effect was found on the sum of the three common sugar 
concentrations for both species. Thus, the chiro-inositol response to salinity mainly 
accounted for the increase trend in total soluble sugar concentration (Figure 1F), and also 
accounted for a carbon partitioning change between soluble sugars, observed in the increase 
in the ratio of chiro-inositol over the sum of fructose, glucose and sucrose (rcofgs), from 
0.034 to 0.29 (L. perezii) and from 0.012 to  0.32 (L. sinuatum) as salinity increased from 2.5 
to 30 dS m-1 (Figure 1H). This preference of more chiro-inositol accumulation over the 
common sugars under the salt stress did not affect starch accumulation in the both L. species 
(P>0.05) (Figure 1G), and did not appear to cause a carbohydrate limitation.  
 Cells might need to accumulate more chiro-inositol for dealing with increasing salinity 
because chiro-inositol is nonreactive (Popp and Smirnoff, 1995), and as a polyol, more 
compatible than the common sugars (Gorham et al., 1981).  Polyols are shown to be effective 
in scavenging radical oxygen species and have protective functions for proteins and 
membrane (Williamson et al., 2002). Both L. species survived of all salt treatments and 
finished their life cycle showing no any visual stress injury (Grieve, et al., 2004). The 
increased chiro-inositol accumulation might be inevitably involved in protecting plants from 
salt-stress damages via those polyol protective functions and played adaptive role for L. 
species salt tolerance.  
 The results from the second year experiment with L. perezii showed the similar responses 
of all leaf soluble sugar and starch concentrations as well as rcofgs to salinities of either San 
Joaquin Valley drainage water or Colorado River water salt composition, compared with that 
from the first year experiment (Figure 1). Overall, the two salt compositions with the same 
series of salinities resulted in no significant (P>0.05) difference in leaf non-structural 
carbohydrate accumulation in L. species. 
 
CONCLUSIONS 
 Chiro-inositol occurs in the two L. species and its enhanced accumulation by salt 
stress contributes to cell stable osmotic pressure increase and appears an important 
physiological process for L. plants to adapt to salt stress. This work also provides new 
information for gene target search in transformation for enhanced crop salt tolerance. 
 
 

 Chiro-
inositol  

Myo-
inositol 

Fructose Glucose Sucrose Total 
sugar 

Starch 

L. perezii 
       Leaf 
       Root 
L. sinuatum 
       Leaf 
       Root 

 
2.7±0.7 
1.5±0.1 
 
2.3±0.2 
1.8±0.1 

 
15.7±0.5 
  6.8±0.1 
 
15.4±1.2 
  7.7±0.8 

 
44.9±0.9 
51.9±1.0 
 
42.1±8.1 
49.6±4.2 

 
42.2±1.9 
32.7±0.5 
 
37.9±5.8 
37.5±3.5 

 
   82.7±5.4 
 120±1.9 
 
  95.6±11.3 
159±18.3 

 
188±7.8 
213±0.2 
 
193±26.0 
256±26.9 

 
166±3.9 
  26.5±2.0 
 
204±16.7 
  25.8±1.7 
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Figure 1. Leaf soluble sugar (A-F) and starch (G) concentrations, and ratio of chiro-inositol over the sum of 

fructose+glucose+sucrose (rcofgs) (H) in response to salinity (San Joaquin Valley drainage water salt 
composition, 67 and 31 days of salinization during vegetative growth in corresponding to the long (180-200 
days) and short (110-120 days) time-to maturity for L. perezii and L. sinuatum, respectively). Total soluble 
sugars are the sum of all the detected sugars. Vertical bars represent ±1 SE, n=3 (tanks). Significant difference 
(P#0.05) between the two species is marked with *. No this mark means no significant difference (P>0.05). 
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