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Abstract: In higher salt tolerant plants adaptation to saline conditions is associated with osmotic adjust-
ments leading to the accumulation of low molecular weight solutes. This thesis mainly treats with the ca-
pacity of salt-tolerant plants from Yuncheng saltlake to accumulate soluble solutes. Yuncheng saltlake
(350°E, 110°N) located in the south of Shanxi Province and at the foot of Zhongtiao Mountains. With the
elevation of 320m, the mean annual precipitation of 600mm and evaporation of 1734mm. Serious salinized
soil because of strong evaporation is becoming apparently into the restrictive factor of the vegetation
growth and development in the area. All plants (eight dicotyledons and two monocotyledons) in this
study were collected on low-lying land in May 2000. Inorganic soluble solutes were extracted by distilled

* were determined by emis-

water from dried and pulverized plant materials. Further, K, Na' and Ca®
sion spectrum in a AtomScom 25 inductived coupled plasm atomic emission spectrometry (ICP-AES);
NO; was measured by colorimetry with sulfanilamide reagent and Cl™ by tiltration with Hg(NO;),. Or-
ganic constituents were analyzed with fresh samples. Soluble sugars (SS) were extracted with 80%
ethanol and then determined with anthrone/sulfuric acid; Following extraction in distilled water, prolines
and amino acids (AA) were determined with ninhydrin reagent and organic acids (OA) with NaOH. Fur-
thermore, some indices were performed for water contents, succulent degrees, total contents of inorganic
solutes ,total contents of organic solutes, ratios for K/Na,Na/Cl.Pro/AA and AA: SS: OA, COP (cal-
culated osmotic potential) and the percentages of each solute in COP.

The results are as following: 1) The water contents and succulent degrees in above-grounds of di-
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cotyledonswere higher than those of monocotyledons, especially.those of Tripolium vulgare . Salicornia
europaea,Suaeda salsa » Kochia scoparia respectively over 80% and over 6. 3; 2) The variations of total
organic solutes were much wider than that of total inorganic solutes within different plants . Dicotyledons
(except Limonium bicolor) contained lower levels of K" and lower ratios of K/Na in above-grounds than
monocotyledons, while the former accumulated much larger quantities of Na™ than the latter, but distinct
differences between Na®™ and K" in monocotyledons, as had been reported by several authors, were not
found. The Na/Cl ratios in dicots (except Limonium bicolor) were >1, but the values in monocots was
about 1. Higher Ca*" and Mg*" levels were found to be a feature of Limonium bicolor, NO; occurred in
lowest concentration in all these species and it was more greatly in monocotyledons than in dicotyledons
3) The quantities (mmol/gFW ) of total organic solutes were less than that of total organic solutes in
each species . The accumulations of soluble sugars and amino acids in monocotyledons were more than
those in dicotyledons (except Lycium chinense). The contents of soluble sugars (SS) and amino acids
(AA) and organic acids (OA) in Tripolium vulgare s Salicornia europaea presented in the order SS>>0A
>AA, in Artemisia lavandulaefolia SS™>AA>OA, in other plants AA>>SS>OA. Dicotyledons con-
tained higher pro/AA ratios than monotyledons, this indicated that other amino acids except prolines
were greatly synthesied or built up in monocots under saline conditions. Proline levels in T7ipolium vul-
gare » Salicornia europaea, Suaeda salsa » Kochia scoparia, Limonium bicolor were considerably lower
(<7pmol/gFW), but the pro/AA ratios were higher than other plants; 4) The percentages of total inor-
ganic solutes in COP (the total osmotic potential of each solute which was determined) of dicots(>>75%)
were higher than that of monocots (<(75%) ,especially in Tripolium vulgare ,Salicornia europapea ,
Suaeda salsa and Kochia scoparia » whose total inorganic solutes accounted for over 95% of COP. Among

these inorganic solutes, Na

made greatest contributions to cop in dicotyledonous plants and K" in mono-
cotyledonous ones. Soluble sugars accounted for less of COP than amino acids in monocots, so they could
not act as a major compatible osmotica of these two monocots. The contributions of prolines to cop were
very small (<{4%), particularly in the species with stronger salt-tolerance, such as Tripolium vulgare,
Salicornia europaea, Suaeda salsa, Kochia scoparia,Limonium bicolor where prolines only accounted for
less than 1% of COP.

On the whole, these ten species from Yuncheng Saltlake possessed special ways to adapt themselves
to salt environment. The above -mentioned traits of them may be connected with the soil features of the
saltlake and their particular physiological mechanisms to salinity, such as salt -dilution (like Suaeda
salsa) ssalt-resistance (like Phragmites communis) and salt-secretion (like Limonium bicolor ).
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Fig. 1 Water content of different plants
1. Tripolium vulgare 2. Salicornia europaeas 3. Suaeda salsas 4. Kochia scoparias 5.

Limonium bicolor, 6.

patientia s 9. Phragmites communis, 10.

35°%, -

(Salicornia europaea) .

Artemisia Lavandulaefolia, 7.

. 320m B

10

(Artemisia Lavandulaefolia) .

Cyperus glomeratus

(Suaeda salsa) .

Lycium chinense, 8.

13.2C,

(Kochia

(Lycium chinense) .

Rumex



2.2
C D,
Na™ , Na™ s
Na* . , K"
K+ 189pmol/(g FW), 4 s K*
s s K* . s N
Ca’" Mgt , 110pmol/(g FW), NO; )
NOy
14
B i 3% Above-ground
g 12r O #4 F 4 Below-ground
3
:
;
2
el
H
.
-]
T
KWHAE Species
2 ( D)
Fig. 2 Succulence degree of different plants (Notes are the same as those in Fig. 1)
K/Na 1, 1. N N s
K/Na . , Na/ClI>1( , Na/Cl
<D, Na/Cla~1,
2.3
C 2, D
s 1/8,1/20 1/6, s
. 44.37pmol/(g FW), 6 . . . \ .
, 7pmol/(g FW), Pro/AA . , Pro/
AA
9, 60% b
10% .
. C 2, N
> > s > > s > >
2.4
COP( s ) C 3, (Na™ K™,
Ca** \Mg”*.Cl~ \NO3;) COP 70%, . . N COP
95%. Na®+Cl~ COP , COP 75% 89%.

CcOP >75%) (<75%), K* COP .



356 22

1 (above-ground ) (below-ground ) (TOT (pmol/g
FW))
Table 1 Content of inorganic ions in above-ground and below-ground of different plants (TOT is the total content of

inorganic ions)

TOT Nat K™ Ca?t  Mg?t (I NO; K/Na  Na/Cl

Species Collected part
Above-ground 783 354 47 58 47 262 15 0.13 1.35
Tripolium vulgare Below-ground 895 347 125 134 88 201 — 0. 36 1.73
Above-ground 1518 860 46 33 50 517 12 0. 05 1. 66
Salicornia europaea Below-ground 1257 554 89 105 65 444 — 0.16 1.25
Above-ground 1288 783 59 56 108 259 23 0.08 3.02
Suaeda salsa Below-ground 691 272 118 17 82 202 — 0.43 1.43
Above-ground 850 374 117 188 86 65 20 0. 31 5.75
Kochia scoparia Below-ground 765 173 202 223 98 69 — 1.17 2.51
Above-ground 1087 225 97 141 226 392 6 0.43 0.57
Limonium bicolor Below-ground 819 173 169 188 118 171 — 0.98 1.01
Above-ground 733 212 172 93 67 156 33 0.81 1.36
Artemisla lavandulaefdiu Below-ground 959 199 244 251 128 137 — 1.23 1. 45
Above-ground 921 497 84 94 97 149 8 0.16 3.34
Lycium chinense Below-ground 705 239 112 128 147 79 — 0.47 3.02
Above-ground 713 303 113 39 75 174 9 0.37 1.74
Rumer patientia Below-ground 850 243 97 219 133 158 — 0. 40 1.54
Above-ground 747 136 189 155 89 134 44 1.39 1.01
Phragmites communis ~ Below-ground 615 144 123 159 40 149 — 0. 85 0.97
Above-ground 739 159 203 99 87 153 38 1.28 1.04
Dyperus glomeratus Below-ground 699 194 134 104 62 205 — 0. 69 0.95
2 (TOT). (AA) . COP s
(SS), (OA) (Pro) (pmol/g FW) COP B .
Table 2 Content of total organic solutes (TOT) amino acids ’ cop
(AA) .soluble sugars (SS),organic acids (OA) ,proline (Pro) X COP
in above-ground of different plants ) COP
Species TOT AA SS OA Pro PZZ/ AA:SS:0A s y
36.96 9.12 16.17 11.67 6.05 0.66 1:1.77:1.28 N N N N
27.63 6.33 14.48 6.82 3.94 0.62 1:2.29:1.08 cop (<120,
45.1217.62 16.77 10.73 5.75 0.33 1:0.95:0.61 3
39.6217.85 11.49 10.28 2.78 0.16 1:0.64:0.57
132.49 74.87 31.25 26.37 6.72 0.09 1:0.42¢0.35 ’ Na
R ,Na"
171.7059.41 68.92 43.3735.80 0.60 1:1.16:0.73 [12]
272.1783.59 73.75 14.8339.74 0.22 1:0.40:0.08 IO\I ‘
142.8869.43 53.37 20.0822.33 0.32 1:0.77:0.38 ‘
C 2, 1), Na™
237.3330.32 80.34 26.6713.45 0.10 1:0.62:0.20
268.81177.60 69.83 21.3819.77 0.11 1:0.39:0.12 °
* 1 The same as table 1
Na®™ CI~- s

K+ [13.15 R Na+
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Table 3 Percentage of each solute contributed to the calculated osmotic potential (COP) in above-grounds of different
plants
. COP Percentage in COP (%)
Species  (MPa) g 0OS  Na* K* Ca?* Mg’ ClI= NO;y AA SS OA Pro
—2.03 95.49 4.51 43.17 5.73 7.07 5.73 31.95 1.83 1.12 1.97 1.42 0.74
—3.82 98.21 1.79 55.68 2.98 2.14 3.24  33.47 0.78 0.41 0. 94 0.41 0.26
—3.89 96.62 3.38 58.73 4.43 4.20 8.10 19.43 1.72 1.32 1. 26 0.80 0.43
—2.16 95.23 4.77 41.96 13.10 21.06 9.63 7.28 2.24 2.00 1. 29 1.48 0.31
—2.76 89.14 10.86 18.45 7.95 11.56 18.53 32.14 0.50 6. 14 2.56 2.16 0.55
—2.24 81.02 18.98 23.43 19.01 10.30 7.41 17.24 3.65 6.57 7.62 4.79 3.96
—2.97 77.19 22.81 41.65 7.04 7.88 8.13 12.49 0.67 15.39 6.18 1.24 3.33
—2.11 83.31 16.69 35.40 13.20 4.56 8.76 20.33 1.05 8.12 6.24 2.35 2.6l
—2.44 72.23 27.77 13.81 19.20 15.75 9.04 13.61 4.47 13.24 8.16 2.71 1.37
—2.47 73.33 26.67 15.78 20.14 9.82 8.63 15.18 3.77 17.62 6.93 2.12 1.96
1S: inorganic solutes, OS. organic solutes, AA: amino acids, SS: soluble sugars,
OA. orgainc acids, Pro: prolines  * 1 The same as table 1
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