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Abstract Four different kinds of water treatment were applied to examine the change of contents of malic acid and shikimic
acid as well as its relationship with biomass in the roots of Taxodium distichum seedlings all data being calculated in dry
weight under mimic soil water change in the hydro-fluctuation belt of the Three Gorges Reservoir Region. The main
purpose was to find the mechanism of the plant’s metabolic adaptation to water level changes. The water treatments were 1

normal growth water condition i.e. CK with soil water content being 60% —63% of soil water field capacity 2 light
drought water stress condition 1i.e. TI with soil water content being 47% — 50% of soil water field capacity 3  soil
water saturation condition i.e. T2 with soil water content being saturated and 4 soil submersion condition i.e. T3
with soil being submerged 1 ¢cm . Different water treatments had different effects on the biomass as well as on the contents
of malic acid and shikimic acid in the taproot lateral root and the whole root of T. distichum seedlings among which T3
had the most significant influence. The contents of malic acid and shikimic acid in the taproot of T3 during the entire
experimental period were significantly decreased by 28.0% and 16.4% respectively compared to CK. In contrast being
compared to CK the contents of malic acid and shikimic acid in the lateral root of T3 were significantly increased by
105. 7% and 152.6% respectively which directly led to their significant increase by 32.7% and 26.2% respectively

in the whole root of T3. However the contents of either malic acid or shikimic acid did not significantly differ among T1

T2 and CK respectively in the taproot lateral root and the whole root. Throughout the overall experimentation the biomass
of taproot showed no significant difference between the four treatments but the biomass of lateral root in T3 was significantly
decreased by 38.3% and 40.8% as compared to that in CK and T1 respectively. Thus a significant reduction of 31.9%
and 31.1% was exhibited in the biomass of the whole root in T3 compared to CK and T1 respectively whereas there was
no significant difference to that of T2. The content of malic acid in taproot was not significantly correlated with either the
content of shikimic acid or the biomass of taproot lateral root and the whole root. However a significant correlation was
found between contents of malic acid and shikimic acid in the lateral root and the whole root respectively and that
significant relationship was also displayed between the contents of malic acid and shikimic acid and biomass in the lateral
root and the whole root respectively. Under circumstances of soil dynamic submergence in the hydro-fluctuation belt 7.
distichum seedlings will take full advantage of the lateral root to develop abilities of metabolic adaptation with a significant
increase of contents of malic acid and shikimic acid as well as a reduction of root biomass to respond to the environment of
submergence in contrast to such responses of maintaining metabolism and growth at the same level of CK to the environment

of light drought and water saturation.
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Table 1 ANOVA of the effects of different water treatment on the secondary metabolites and biomasses in the roots of 7. distichum seedlings

Character F  F value Probability Significance
Content of malic acid in taproot mg/g DW 3.252 0.025 *
Content of malic acid in lateral root mg/g DW 7.208 0.000 % ko
Content of malic acid in total root mg/g DW 1.905 0.134 ns
Content of shikimic acid in taproot mg/g DW 2.774 0.046 *
Content of shikimic acid in lateral root mg/g DW 16.947 0.000 % ok %
Content of shikimic acid in total root mg/g DW 6.361 0.001 w
Biomass of taproot g/plant DW 0. 864 0.463 ns
Biomass of lateral root g/plant DW 5.947 0.001 R
Biomass of total root g/plant DW 3.740 0.014 *
Significance levels % % % p<0.001 =* % p<0.01 =* p<0.05 nsp>0.05 “DW” “DW” means dry weight
2.2
3
T1 CK 5 TI CK P=0.493 Tl
T2 T3 CK 3
3 T3 CK T2
T3 CK 16.4% 2 T1
T2 T3
CK T1 T2 152.6% 170.4% 158.5%
26.2% 41.5% 30.8% TI T2 CK
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Fig. 2 The change of malic acid content in the roots of T. distichum seedlings under different water treatments
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Fig. 3 The change of shikimic acid content in the roots of T. distichum seedlings under different water treatments
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Table 2 Mean contents of malic acid shikimic acid and biomasses in the roots of 7. distichum seedlings over the study period =+ SE
Treatment Content of malic acid mg/g DW
Taproot Lateral root Total root
CK 3.256 +0.266" 6.743 £0.692" 5.170 £0.505"
Tl 2.999 +0. 146° 7.533 +0. 625" 5.570 +0.398
i) 2.862 £0.234% 7.780 £1.261° 5.471 £0. 704
T3 2.346 +0. 184" 13.871 +1.883" 6.859 +0.512°
Content of shikimic acid mg/g DW
Treatment
Taproot Lateral root Total root
CK 17.385 +0.949° 6.799 +0. 675" 11.520 +0. 695"
Tl 15.307 +0.601 6.352 £0.417" 10.270 +0. 398"
T2 16.268 +0.776" 6.645 +0.930" 11.108 +0.720"
T3 14.528 +0.578" 17.176 +2.262° 14.535 +1.006*
Treatment Biomass g/plant DW
Taproot Lateral root Total root
CK 0.044 +0. 006* 0.047 +0.005* 0.091 +0.009°
Tl 0.041 =0.004* 0.049 +0.003* 0.090 +0. 006*
T2 0.039 £0.005° 0.039 £0. 004 0.078 +0. 008"
T3 0.033 £0.004* 0.029 £0.003" 0.062 0. 005"
Significance levels # % % p<0.001 % % p<0.01 # p<0.05 nsp>0.05 “DW” “DW” means dry

weight

different groups

3

Different letters marked in each column represent significant differences among

Table 3 Correlations between metabolites and biomasses in the roots of 7. distichum seedlings

Item Malic acid Malic acid Malic acid Shikimic ~ Shikimic acid Shikimic acid Biomass of ~ Biomass of
content of content of content of  acid content  content of content of taproot lateral root
taproot lateral root root of taproot lateral root root
-0.04
Malic acid content of lateral root
Malic acid content of root 0.213 0-811
.1 .12 . o
Shikimic acid content of taproot 0.188 0-123 0.273
~0.163 s o -0,
Shikimic acid content of lateral root 0-16 0.723 0.421 0.034
Shikimic acid content of root -0.074 0.594 0.369° 0.316 0.844°
. -0.192 -0.106 -0.393 " -0.312"" -0.04 -0.027
Biomass of taproot
. . 0.06 -0.382"" -0.229 = -0.046  -0.408 " -0.495*"  0.344""
Biomass of lateral root
. -0.094 -0.281"" -0.388"" -0.233* -0.251" -0.291""  0.856"" 0.781""
Biomass of root
® % a=0.01 Correlation is significant at the 0.01 level 2-tailed — * a=0.05
Correlation is significant at the 0.05 level 2-tailed
1920 Juncus
20

effusus
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