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A Simulation of Salt and Alkali Mixed Ecological Conditions and
Analysis of Their Stress Factors in the Seedlings of Aneurolepidium

chinense
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Abstract: According to the salt components in extent alkaline soil in the west of Jilin Province of China,
two neutral salts NaCl and Na,SO, and two alkalic salts NaHCO; and Na,CO; were selected for this study.
The selected salts were mixed in various ratios according to the varying ranges of salinity and pH in the
natural soil and the tolerability of Aneurolepidium chinense (Trin.) Kitag to the salt-alkaline stress. Six
treatment groups (labeled as A,...,F) with gradually increased proportion of alkalic salt were set. And in
each group, five concentration treatments were 50, 125, 200, 275 and 350 mm respectively. The sum total
was 30 combinations with different salinity and pH.

Seeds of A. chinense. were collected from a natural grassland located in the west of Jilin Province of
China and were sown in 17 cm (D). plastic pots of washed sand. All pots were put outdoors and
artificially kept out of rain. The seedlings were grown under natural conditions by the sand culture
method, and sufficiently watered with Hoagland nutrient solution every two days. Evaporated water was
replenished with distilled water at other times. Each pot retained 40 plants.

When the seedlings were 4 weeks old, they were subjected to stress. The seedlings growing uniformly
(96 pots) were selected and randomly divided into 32 portions with 3 pots per portion (3 replications).

Among the 32 portions, 1 portion was a control (CK); 1 portion was used to determine the growth index
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at beginning treatment; others 30 portions were various stress treatments and were labeled as A1, A2...
F5 respectively. Control plants were maintained by watered with nutrient solution; various stress
treatments all took nutrient solutions containing stress salts as the treatment solutions. Stress treatments
were performed at 4:00~5:00 p. m. , by watering the plants thoroughly with 500ml of treatment solution,
divided 3 times for a pot. From next morning., the amount of evaporated water was determined by
weighing and the evaporated water was replenished with distilled water every day.

Sampling was taken after 7 d of treatment. The physiological indices of RGR (the relative growth
rate), tillers, rhizomes, electrolyte leakage rate in leaves and the contents of Na™, K", and proline in
shoots were determined. Taking the RGR of control as 100%, the percentages of the RGR of various
treatments relative to control were calculated. The pH values of various treatment solutions were
determined with a digital pH meter. The buffer capacity was equal to the millimole amount of H" needed to
make the pH of 1 L. treatment solution dropped to equal with the control by titrating with HCI.

The data obtained all were the average of 3 replications. A statistics analysis on correlation coefficient
and multivariate regression was performed by using a program Microsoft Excel.

A regular changing of pH values was shown in 30 salt combinations. The pH values increased from
group A to group F with increasing alkali salt proportion. Within a treatment group. pH values increased
with increasing total salt concentration. The range of pH values among groups is greater than within a
group. In consideration of the main toxic ion Na™, its concentration increased as 112.5 mmol/L. per
concentration treatment; the Na¥ concentrations are 75, 187.5, 300, 412.5, and 525.5 mM
corresponding to the five salt concentrations in a treatment group. In consequence, 30 salt-alkaline
conditions with different salinity and pH were established. Their salinity coverage is from 50 mmol/L to
350 mmol/L; [Na™ ] coverage is from 75 mmol/L to 525 mmol/L; pH coverage is from 7. 14 to 10. 81.

Because the salt component, salinity, and pH in the 30 simulated salt-alkaline conditions were similar
with the conditions in natural salt-alkaline soil, these simulated salt-alkaline conditions reproduced the
natural complex salt-alkaline conditions. The way to establish complex salt-alkaline conditions was a
practicable method for researching complex salt-alkaline stress.

The plants of E5, F4, and F5 three groups all died after stress treatments because the stress
strengths were over their tolerability.

The buffer capacity had the greatest total correlation degree between stress factors and seven strain
indices, which indicated that alkalic salt was determinant in causing the strains. According to the results of
correlation analysis, four stress factors salinity, buffer capacity, pH, and [Cl ] probably could represent
all the stress factors.

Above four stress factors were taken as independent variables, X, =buffer capacity, X,=salinity, X,
=pH. and X, =[Cl ]. The strain indices were taken as dependent variables i.e. ¥ =RGR and so on.
Multivariate regression analysis was performed for each strain index using the formula Y=a+56,X,+56.X,
+ 0;X; + 0,X,. The importance of each stress factors was compared according to their standardized
regression coefficients (4'). The effects of regression were estimated by the coefficient of determination
(R™).

The results showed that there were perfect linear correlations between every strain index and the four
stress factors. The effects of the four stress factors on the strain indices were significantly different.
Buffer capacity and salinity were dominant factors for all strain indices; pH and [Cl~ ] were significantly
less important and might be neglected in some cases. The relationships between different strain indices and

various stress factors were also different. It is reasonable to consider the salinity plus buffer capacity as the
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strength value of salt and alkali mixed stress.

Key words :salt stress; alkali stress; stress factor; salinity; buffer capacity
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Table 2 Data of stress factors for various treatments

Stress factors

Treatment pH Salinity Buffer capacity [Na™] [Cl] [SO3~] [HCO3z] [CO3 ]
(mmol/L) (H " mmol) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

Al 7.14 50 0.01 75.0 25.00 25. 00 0. 00 0. 00
A2 7.18 125 0. 02 187.5 62. 50 62. 50 0. 00 0. 00
A3 7.19 200 0.03 300. 0 100. 00 100. 00 0. 00 0. 00
A4 7.26 275 0. 04 415.5 137.50 137.50 0. 00 0. 00
A5 7.31 350 0. 05 525.0 175. 00 175. 00 0. 00 0. 00
Bl 7.95 50 8. 00 75.0 12.50 25.00 12.50 0. 00
B2 8. 13 125 26.50 187.5 31. 25 62.50 31. 25 0. 00
B3 8.18 200 33. 50 300. 0 50. 00 100. 00 50. 00 0. 00
B4 8.23 275 42.50 412.5 68. 75 137.50 68. 75 0. 00
B5 8. 44 350 62. 00 525.0 87.50 175. 00 87.50 0. 00
Cl 8.55 50 19. 80 75.0 2.50 22.50 22.50 2.50
C2 8. 77 125 48. 40 187.5 6. 25 56. 25 56. 25 6.25
C3 8. 79 200 76. 00 300. 0 10. 00 90. 00 90. 00 10. 00
C4 8. 85 275 107. 00 412.5 13.75 123. 80 123. 80 13.75
C5 8. 94 350 144. 00 525.0 17.50 157. 50 157.50 17.50
D1 9.58 50 28.90 75.0 12. 50 12.50 12.50 12.50
D2 9.69 125 72.30 187.5 31. 25 31. 25 31. 25 31. 25
D3 9.77 200 113. 00 300. 0 50. 00 50. 00 50. 00 50. 00
D4 9.92 275 166. 00 412.5 68.75 68.75 68. 75 68. 75
D5 9. 96 350 217.00 52580 87.50 87.50 87.50 87.50
E1l 10. 30 50 43.90 75.0 22.50 2.50 2.50 22.50
E2 10. 48 125 103. 00 187.5 56. 25 6.25 6. 25 56. 25
E3 10. 49 200 167. 00 300. 0 90. 00 10. 00 10. 00 90. 00
E4 10. 50 275 216. 00 412.5 123. 80 13.75 13.75 123. 80
F1 10. 61 50 50. 20 75.0 2.50 2.50 22.50 22.50
F2 10. 63 125 134. 00 187.5 6.25 6.25 56. 25 56. 25
F3 10. 71 200 227.00 300. 0 10. 00 10. 00 90. 00 90. O
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Table 3 Data of strain values for various treatments

Strain values

RGR C /) ¢/ ) Natf K+
Treatment Tillering rate Rhizome number Na™ content K™ content  Proline content lElierlth
eakage rate
(%) (number/plant) (number/plant) (mmol/g dw) (mmol/g dw) (pmol/g dw) %)
Al 105.0 1.28 0. 88 0.23 0.75 4. 34 7.26
A2 91.9 1. 10 0.71 0. 31 0. 74 4. 74 7.49
A3 74.1 0. 86 0. 64 0. 38 0.71 11.56 9.19
A4 39.0 0.71 0.61 0.50 0. 66 16. 28 11.13
A5 11.1 0.53 0.49 0.75 0.58 46. 97 23. 30
Bl 100. 7 1.23 0. 85 0. 24 0.74 5.10 7.24
B2 88.3 0.96 0. 69 0. 34 0.71 5.92 9. 00
B3 52.0 0.90 0.63 0. 39 0. 69 14. 45 11.38
B4 34.8 0.62 0.52 0.51 0.63 18.52 17.05
B5 4.1 0. 45 0. 44 0.79 0.51 50. 58 27.15
Cl 99.3 1.19 0.78 0. 25 0.73 5.42 8.59
C2 84.5 0. 89 0.57 0. 36 0.70 8. 81 10. 55
C3 44. 9 0. 68 0.53 0.41 0. 60 17.52 13.05
C4 22.7 0.48 0.49 56 0. 56 26.19 27. 40
C5 —2.9 0. 35 0. 39 0. 85 0.49 56. 45 37.55
D1 93.0 0.99 0.70 0.28 0.71 6.10 10. 00
D2 73.6 0.91 0.59 0. 44 0. 65 9.94 12.50
D3 26.7 0. 66 0. 39 0. 74 0.55 26.19 19. 40
D4 9.2 0. 27 0. 20 1.10 0.51 65.93 36. 30
D5 —10.7 0. 06 0.11 1.14 0. 46 94. 84 51.00
El 92.4 0.91 0.67 0. 29 0. 68 6.77 10. 90
E2 58.1 0. 84 0. 49 0.61 0.58 24. 39 22.90
E3 —1.1 0.46 0. 30 0. 84 0.49 52. 84 38.70
E4 —10.8 0.16 0. 20 1.13 0. 46 90. 32 49. 40
F1 86. 2 0. 82 0. 62 0. 30 0. 66 7.77 11.70
F2 57.3 0.70 0.43 0. 69 085’5 35.22 25. 30
F3 —5.7 0.33 0.14 1. 16 0. 44 71.80 51. 30
4
Table 4 Correlation coefficients between stress factors and strain indices
Strain index
RGR Na' K
Stress factor Tillering Rhizome Na* Proline Electrolyte
K™ content
rate number content content leakage rate
pH —0. 3185 —0. 4470 —0.5978 0. 4857 —0.5907 0.4478 0.5614
Salinity —0.8778  —0.8233  —0.6748 0.7149 —0.6971 0. 7088 0. 6303
. —0.7474 —0. 8086 —0.9092 0. 8734 —0.8937 0. 8550 0.9270
Buffer capacity
[Na*] —0. 8774 —0.8228 —0.6741 0.7143 —0.6963 0. 7080 0.6294
[Ccl—] —0.4921 —0.4143 —0. 3106 0.4031 —0.2948 0.4155 0.2693
[SO3 ] —0.4234 —0.3323 —0.1013 0.1515 —0.1537 0.1541 0. 0496
[HCO; ] —0.5409 —0.5586 —0.4892 0. 4380 —0.5554 0.4170 0.4796
[CO3 ] —0.6017 —0. 6654 —0.8124 0.7918 —0.7627 0.7788 0. 8290
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