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Effects of neutral and alkaline salt stresses on the growth and physiological metabolism of

Kentucky bluegrass
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Abstract: In order to investigate the effects of neutral and alkaline salt stresses on growth, leaf electrolyte leak-
age, chlorophyll content, photosynthetic characteristics, proline content and organic acid metabolism, two
Kentucky bluegrass (Poa pratensis) cultivars, ‘Midnight” (tolerant of saline-alkaline conditions) and ‘Voyag-
er ]I’ (sensitive to saline-alkaline conditions) were subjected to neutral and alkaline salt treatments in hydro-
ponic culture in growth chambers. The growth rate, chlorophyll content and photosynthesis decreased and leaf
electrolyte leakage increased significantly under both types of salt stress, particularly under alkali stress. The
tolerant cultivar showed less variation in response to the two salt stresses than the sensitive one. Leaf proline
content only increased under neutral salt stress in both cultivars and no increase was observed under alkali

stress. Oxalic acid was the only organic acid secreted by roots of either cultivar and increased significantly un-
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der alkali stress. The contents of leaf and root malic acid, citric acid and succinic acid in both cultivars hardly
changed under neutral salt stress, but increased under alkali stress, with greater increase in ‘Midnight’ than in
‘Voyager [l 7. Alkaline salt stress caused more damage to Kentucky bluegrass than neutral salt stress. Under
neutral salt stress, proline accumulation was the key metabolite associated with change in the osmotic poten-
tial. Under alkaline salt stress, organic acids were linked to regulation of pH values in the plant and the rhizo-
sphere. Midnight, the cultivar tolerant of both types of salt stress, can maintain a higher photosynthesis rate
and organic acid metabolism, and stronger ability to regulate pH in the plant and in the rhizosphere under neu-
tral and alkaline salt stresses. In summary, Midnight possesses stronger tolerance to neutral and alkaline salt
stresses in Kentucky bluegrass.
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Table 1 Changes of pH values before and after treatment in the culture solution

i i fib 3L 1 ] YRR (pH 5.8)  #h i (pH 5. 8) 4% B W38 (pH 8. 0) LD P38 (pH 10. 0)
Cultivar Days of treatment (d) Control Salt stress Mild alkali stress Severe alkali stress
7% Midnight 0 5.81+0.00b 5.85+0.00b 8.05+0.00a 10. 04+0. 00a
7 6.78+0. 15a 6.45+0. 16a 7.62+0.12c 9.12+0. 20c
k41 115 Voyager 11 0 5.8140.00b 5.85+0.00b 8.0540.00a 10. 04+0. 00a
7 6.88+0.11a 6.56+0.12a 7.87+0.10b 9.55+0.18b

 : F P BUE Ry - 348 £ SD; [ 8 OR[N F K S o7 B3 ] — A 35 P9 9 A o 26 AS () Ab 3B () I 7% 25 5 f 28 1 (P<<0. 05 il P<<0.01) . T[],
Note: Values in the Table are means= SD; Values followed by different lowercase letters and capital letters within a column indicate significant

differences between two cultivars at different treatment days at P<C0. 05 and P<Z0. 01 levels. The same below.
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Table 2 Effect of salt and alkali stress on the photosynthesis in Kentucky bluegrass
HESH an il XHE(pH 5.8)  #hMhE (pH 5.8) ARJEMPMA (pH 8. 0) F MM E (pH 10.0)
Photosynthetic parameters Cultivar Control Salt stress Mild alkali stress Severe alkali stress
Wt 4 3 % Net photosynthetic 1% Midnight 15.5+1.13Aa 10.440. 96Ba 6.540.75Ca 3.540.56Da
rate [pmol/(m? + )] k4T #% 11 % Voyager [I 15.3+1.61Aa 9.4-0.91Ba 4.1+0.55Ch 1.2-40.61Db
S fLS E Stomatal conductance 4% Midnight 0.28140.012Aa 0.15240.011Ba 0.103=£0.010Ca 0.07940. 009Da
[mol/(m?* « s)] WRAFH 15 Voyager I 0.29240.014Aa 0.11440.009Bb  0.081=40.003Ch 0.02540.002Db
7% P& 3 % Transpiration rate 4% Midnight 4,244+0.51Aa 3.13£0.201Ba 2.04-£0.198Ca 1.0240.101Da
[mmol/(m? « s)] WATE 1S Voyager Il 4.3440.42Aa  3.01%+0.178Ba 1.5940. 204Cb 0.81%0. 189Db
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Fig. 4 Effect of salt and alkali stress on the leaf
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Table 3 Effect of salt and alkali stress on the organic acid content in leaves of Kentucky bluegrass mg/g FW
A PR Fh 2 i Xt B (pH 5. 8) ;i pH 5.8 REEBMIA (pH 8.0)  EEEB MG (pH 10.0)
Types of organic acid Cultivar Control Salt stress Mild alkali stress Severe alkali stress

B i Oxalic acid 7% Midnight 19.5+2.03Aa 20.142.78Aa 16.5+1.55Ba 15.6+1.56Ba
IiK457# 11 5 Voyager [l 22.4741.98Aa 19.4+1.65Aa 14.1%1. 25Ba 11.2+1.16Cb
SERER Malic acid ‘F % Midnight 3.8+0.26Ca 4.0+0.31Ca 5.6+0.41Ba 12.3+0.89Aa
k15 # 115 Voyager Il 3.6+0.42Ca 3.920. 29BCa 4.2-0.33Bb 9.420. 92Ab
FrAg IR Citric acid ’F- % Midnight 40.5%+5.10Ca 45.743.45Ca 58.3=+4.18Ba 108.68.47Aa
ik41# 11 5 Voyager I 45.6+4.21Ba 48.442.78Ba 50. 53, 04Bb 85.448.94Ab
BE I Succinic acid F- 7% Midnight 8.5+0.86Ca 9.34+1.10Ca 22.3+1.08Ba 38.5+2.01Aa
JiK157# 11 5 Voyager [l 10.8+1.91Ca 11.7+1.78Ca 15.341.04Bb 22.341.98Ab
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Table 4 Effect of salt and alkali stress on the organic acid content in roots of Kentucky bluegrass mg/g FW
i HLIR P it il MER(PH 5.8) B8 (pH 5.8)  BERMA(pH 8,00 TEHHNA (pH 10.0)
Types of organic acid Cultivar Control Salt stress Mild alkali stress Severe alkali stress

B Oxalic acid F % Midnight 3.71+0.53Aa 2.35+0.16Ba 1.0240.03Ca 0.337£0. 06Da
AT H 15 Voyager 1 4.5040. 64Aa 2.0540.91Ba 0.7540.05Ca 0.46+0.04Da
SERER Malic acid ‘F- % Midnight 1.35+0. 12Ba 1.01+0.11Ca 2.1640.19Aa 1.43+0.19Ba
k4T # 11 %5 Voyager I 1.2340.13Aa 0.98=+0.09Bb 1.3440. 23Ab 1.1240.12Ab
FrEERR Citric acid F-#% Midnight 8.35%0.61Ba 7.25%0.81Ba 14.35+1.53Aa 7.65+0.60Ba
if41# 11 5 Voyager I 6.3540.57Ab 5.357+0. 48Bb 2.86=+0.21Ch 1.98+0.17Db
BE IR Succinic acid 7% Midnight 5.34+0.50Bb 4.237£0.71Ba 11.50+1. 28Aa 10.65+E1.11Aa
lik417# 11 5 Voyager [l 6.7540.42Aa 3.83%0.21Ca 7.35740.86Ab 5.3470.89Bb
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Fig.5 Effect of salt and alkali stress on the organic

acid secreted by root in Kentucky bluegrass
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