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Study on moss: the content of amino acid, the feature of nutritive elements and

its resistance to draught in the biotic crusts in arid and semi-arid regions
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Abstract: The research of mosses usually focuses on how they adjust themselves to the arid environment and on how the
nutrients vary within the mosses. The study takes moss crust soils and mosses which grow in arid and semi-arid regions as
research materials to explore the mechanism by researching upon the component changes of amino acid of mosses growing in
different regions. upon their nutritive elements and soluble sugar changes and upon moss crust soil nutritive elements. Two of

research regions are selected, one is in the typical steppe region in Erdos Plateau, Inner Mongolia. The other is in the steppe
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desert in southern edge of Tengger Desert, Ningxia Hui Autonomous Region.

An experimental analysis reveals that seventeen types of amino acids found in mosses plants were mostly similar to the
components in higher plants, aspartic acid (Asp) , glutamic acid (Glu), leucine (L.eu) and arginine (Arg) were large in
amount, accounting for 50%. The lowest content has been determined for cystine and the highest for Glu. The amount of
proline (Pro) was also low, averaging 3. 12%. Bryum argenteum distributed in steppe desert region had a significant difference
(p<<0.05) in the amount of ten types of amino acids (including proline) with comparison of those distributed in steppe, while
only Pro in Didymodon vinealis had significant difference (p<C0.05). B. argenteum distributed in steppe desert region had a
significant difference (p<C0.05) in the amount of seven types of amino acids with the comparison of D. wvinealis in the same
region and fourteen types in steppe. and all of this indicated that the contents of amino acids in B. argenteum were more likely
to vary than those in D. winealis with the change of environmental factors. The amount of lysine (Lys) and Arg in various
species of mosses in different regions was at the same and relatively stable level, but the amount of Pro was similar within one
region and differed greatly in different regions. The average of total amount of amino acids in B. argenteum was higher than
that in D. wvinealis. An analysis of nutritive elements of moss plants and crust soils showed that mosses had a strong ability to
concentrate nutritive elements with the highest N and lowest P in amount, and the amount of nutritive elements of Ca, Mg and
K varied in different mosses, which showed that mosses had a strong ability of choosing and absorbing. Ca was more easily
concentrated owing to its higher ability of the cation exchange. Plant/soil accumulation ratios are an important tool in
understanding the relative availability of elements to plants. The lowest accumulation ratio has been calculated for P and the
highest, for K, whereas Ca and Mg varied in different mosses, and in most mosses in this experiment, accumulation for Mg
was higher than accumulation for Ca. It showed that the relative availability of Mg was higher than Ca in mosses in arid and
semi-arid regions where soil is of great Ca concentration. Favorable ratios for vascular plants are considered to lie between 10
and 14, while ratios>>16 indicate P-limited growth conditions in community level. N:P-ratios is 10. 25 in B. Argenteum in our
experiment in steppe desert, Syntrichia caninervis 13.59, D. wvinealis 15.78, and N:P-ratios is 11.91 in B. Argenteum in
typical steppe, D. wvinealis 15. 78, Pterygoneurum subsessile 11.37. N and P were not the N-limited and P-limited factors in
mosses growing. The relative element analysis displayed that the correlated relation between N and P was a significant
correlation and the correlated relation between Ca and Mg was significant too (p<(0.05). The relation between K and Ca, Mg
was a negative correlation (»p<C0. 01), which showed that the relation of K to Ca and that of K to Mg were restrictedly related.
An analysis of soluble sugar and Pro showed that with the increase of rain, the amount of the both apparently tended to
decrease , which had something to do with the resistance to draught.

Key words :biotic crusts; moss; nutritive elements; amino acid; proline; soluble sugar
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Table | Changes of amino acid contents in different mosses and different plots
EERE xiE N FI4E HEM 288 48K HER FEM REM SR ZEM RAH AN BEM FAE HEE AHEE HEN BER SENE
Species of masses Distribution place K Asp  Thr Ser Gl Gly Ala Cys Val Met ® e Leu Try 8 Phe Lys HIS Arg Pro # TcAa
B ARBEEYET 0,93  6.43  0.37 134 042 0.62 012 0,59  0.21 0.42 068 0.22 042 031 018 0.72  0.4] 8.60
Bryum argenteum 1956 1.09 0,48 0.42 1,53 0.5% 072 011 0,68 019 Q.46 .81 0,30 050 064 0.21 059 0.31  9.61
1964 L18  0.53  0.44  1.5¢ 0.5 0.5 014 073 023 0.47 .81 040  0.8¢ 095  0.2¢ 064 Q.38 10.79
1581 0,75 6.3z 0.27 0.4 (.30  0.47 0,08 045 011 028 0.49 0.17  0.32  0.42  £.14  0.37  0.20 6.08
mRue 0.83 0.3 0,30 1.06 0.37 0.5 0.1 0.3 011 032 65 018 0,36 0.5 .15 0.4 014 670
KEs 0.80 034 0N 1.05 040  0.45 0.10 046 0.20 0,31 .52 016 035 038  0.i3 041 0,21 6.59
+oEmY .03 6.42  0.36  1.32 G50 0.57 012 059 017 0.37 061 0.20 0.44 0.63 0,19 0.85 0,23 862
1 at i g HEHREETE 0.70 0.2 0.26 0.9 0,37 0.48 0.08  0.4% 018  0.33 0.4 017  0.3¢ 047 016 045 0.28  6.53
Iidyniodon. vinealis
1956 0.98 0,42 0.36 1,31 0.47  0.60  0.08 0,55 0.13  0.35 0.64 0.21 041 054 0,21 0.5 0.37 8.19
1564 0.93 0,39  0.32 120 051 060 0.08 0.5 015 0.3 070 0.22 043 0.57 .20 0.47  0.33 8.04
EAS 0.60  0.27  0.23  0.7%  0.34 037 016 043 0.04  0.27  0.46 0.13 0,33 0.35 017 0.0  0.15 581
HER:? L0l 040 034 123 @35 0,60 0.09 0.5  0.13 0,35 0.3 0.21  0.41 053 017 0.78  0.26 804
VR 4 35 8 ARMEYE .09  0.53  0.54  1.43 &6l 0.8 011 066 0.22 045  0.91  0.33 0.5 L12 0.8 072 0.41 11,36
Crossidium crassinerve
BES 1.0§ 0.4  0.45 149  0.60 0.75 012 0,67 021 0.4 079 0.28 0.53 070 0.21  0.68 0,27 Q.70
BERE Hilpertia BREEVE 0.83 044 054 1.35 0.54 0.8)  0.07 @53 017 033 072 013 037  0.67 0,38 0.50 0,33 8.83
velenovskyi
KR 0,57  0.25 0,24 0.8 0,27 037  0.08 0,37 007 0.22 037 011 0,28 0.40 010 0.26 0.15 4.93
£ 1 # Peerygoneurum
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Table 2 Mean different of amino acid contents in different mosses and different regions
Bryum argenteum Didymodon. wvinealis Mean different
Amino acid I I I N 1 . Ly
contents (/) Steppe desert Typical steppe Steppe desert Typical steppe ‘
ASP 1.07+0.126 0.8940.125 0.87+0.149 0.7740.215 0. 180 0.103
THR 0. 484 0. 050 0.3640.052 0.3740. 068 0.33+0.065 0.120* 0.036
SER 0.4140.036 0.3240.032 0.31%0.050 0.2840.055 0. 086" 0. 030
GLU 1.49+0.130 1.14+0.153 1.17+£0. 162 0.9940. 240 0.343" 0.176
GLY 0.524+0.087 0.4340.073 0.45+0.072 0.3740.038 0. 090 0. 083
ALA 0.7040. 068 0.5140. 060 0.5640. 069 0.4940.115 0.186* 0.073
CYS 0.1240.015 0.1140.011 0. 0840. 000 0.0940.010 0.016 —0.010
VAL 0.67+0.070 0.5240. 066 0.5340.037 0.48-+0. 066 0.150* 0. 046
MET 0.21-+0.020 0.1640. 046 0.15+0.025 0.1140.066 0. 050 0. 040
ILE 0.45+0.026 0.3340.032 0.3540.025 0.3140.040 0.116* 0.043
LEU 0.7740.075 0.5540. 055 0.6140.108 0.5540. 085 0.220* 0. 060
TYR 0.3140.090 0.1840. 020 0.20+0.026 0.1740.404 0.126" 0.033
PHE 0.57+0.200 0.3840. 049 0.39+0.047 0.3740. 040 0.190 0.023
LYS 0.7040. 226 0.5040.125 0.5340.051 0.4640.094 0.196 0. 070
HIS 0.2140.030 0.1640. 030 0.1940.026 0.16=40.017 0. 053" 0. 030
ARG 0.6540. 065 0.5640. 254 0.49+0.058 0.6640.219 0.093 —0.170
PRO 0.37+0.051 0.234+0.015 0.3340. 045 0.20+0. 055 0.140* 0.126*
Total (%) 9.66=+1.096 7.33+1.116 7.5840.918 6.794+1.138 2.330" 0.793
+ mean+tsd(n=10); T T-test; * (p<<0.05) The mean difference is significent at the 0. 05 level
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Table 3 Changes of nutrient contents in different mosses and it’s soil of crusts in fixed dunes in steppe desert and sandy land in typical steppe

(percent in dry matter)

N(%) P(Y%) Na(%) K(%) Ca(%) Mg (%)
Spots
Moss Soil Ratio Moss Soil Ratio Moss Soil Ratio Moss Soil Ratio Moss Soil Ratio Moss  Soil Ratio
I 1956a(B) 1.94 0.0752 25.8 0.183 0.0403 4.5 0.087 0.0013 66.9 0.756 0.0029 260.7 0.507 0.0104 48.8  0.499 0.0024 207.9
1964a(B) 2.12 0.0646 32.8 0.210 0.036 5.8 0.081 0.0017 47.6 0.776 0.0018 431.1 0.480 0.0104 46.2  0.370 0.0054 68.5
1981a(B) 2.11 0.0313 67.4 0.210 0.0277 7.6 0.110 0.0006 183.3 0.785 0.0015 523.3 0.661 0.0060 110.2 0.497 0.0017 292.4
1956a(S) 2.31 0.0431 53.6 0.174 0.0326 5.3 0.072 0.0007 102.9 0.451 0.0017 265.3 0.641 0.0056 114.5 0.418 0.0132 31.7
1956a(D) 1.78 0.0779 22.8 0.128 0.0389 3.3 0.055 0.0008 68.8 0.409 0.0012 340.8 0.645 0.0096 67.2 0.394 0.0039 101.0
1964a(D) 1.57 0.0548 28.6 0.089 0.0368 2.4 0.060 0.0006 100.0 0.376 0.0012 313.3 0.782 0.0088 88.9 0.392 0.0044 89.1
I HJW@®B) 1.60 0.0411 38.9 0.115 0.0369 3.1 0.078 0.0008 97.5 0.735 0.0011 668.2 0.566 0.0044 128.6 0.402 0.0029 138.6
HJW(D) 1.73 0.0.0811 21.3 0.164 0.0458 3.6 0.075 0.0007 107.1 0.424 0.0013 326.2 1.130 0.0064 176.6 0.463 0.0024 192.9
SELC(B) 2.24 0.0494 45.3 0.226 0.0371 6.1 0.150 0.0021 71.4 0.600 0.0007 857.1 0.804 0.0068 118.2 0.497 0.0034 146.2
SELC(P) 1.83 0.0509 36.0 0.161 0.0426 3.8 0.130 0.0015 86.7 0.733 0.0012 610.8 0.913 0.0088 103.8 0.597 0.0034 175.6
* B Bryum argenteum; S  Syntrichia caninervis; D Didymodon. vinealis; P Pterygoneurum subsessile; 1 Steppe

desert region; I Typical steppe region; HJW ;s SELC
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Table 4 Statistically significant relations (Pearson correlations) between nutrient element characteristics within Bryum argenteum and the soil

crusts in different plots

N(m) N(S) P(m) P(s) Na(m) Na(s) K(m) K(s) Ca(m) Ca(s) Mg(m) Mg(s)
N(m) 1
N(S) —0.198 1
P(m) 0.984** —0.150 1
P(s) —0. 380 0.794* —0.300 1
Na(m) 0.252 —0.373 0. 282 —0.024 1
Na(s) —0. 248 0.267 —0.263 —0. 057 —0.175 1
K(m) 0. 005 —0.142 —0.125 —0.620 —0. 500 0. 385 1
Ks) —0.293 0. 335 —0. 301 —0.073 —0. 140 0. 656 0.529 1
Ca(m) —0.160 —0.028 —0.016 0.458 0.566 —0. 248 —0.933"* —0.358 1
Ca(s) —0.284 0.717 —0.210 0. 355 —0. 361 0.701 0.112 0.731 —0.40 1
Mg(m) 0.166 0.098 0. 313 0.439 0.258 —0.575 —0.876"* —0.540 0.807* —0.096 1
Mg (s) —0.379 —0.012 —0.482 0. 094 —0.536 —0.138 0.251 —0.390 —0. 380 —0.363 —0.324 1
N(m) N Stands for the N content in moss; N(s) N Stands for N content in moss crust soil;
Others are the same  * * (p<<0. 01)Correlation is significent at the 0. 01 level (2-tailed); = (p<<0.05)

Correlation is significent at the 0. 05 level (2-tailed)
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