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Table 1- Some physical and chemical properties of soil samples used in this research

Soil property Method of analysis
o 2.21dS mt ghedl J5 o)lac
EC Saturated paste extract
ol elal J5
pH Saturated paste
ECC Titartion
il P9 Fog et
Texture Loam Hydrometer
S s 43 kg S ISl
Organic carbon Walkley-Black
o B a 3.1mg kg o
Auvailable P Olsen
Available K Ammonium acetate
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Table 2- ANOVA for the effect of organic and inorganic acids on some quantitative and qualitative characteristics of corn

Ol S gilio o Soh S O s a5
S.0.V Treatment Block Error C.V. (%)
ey 8 2 16
df
e o 5 0 1411 * 0.044 ns 0.13 113
Fresh weight of shoot
tlyp i S 12.72 % 0.027 ns 0.10 118
Dry weight of shoot
Mﬁ_’: 039 27.21 ** 0.024 ns 0.22 10.1
Fresh weight of tuber
“i_ s 19.42 ** 0.047 ns 0.21 9.70
Dry weight of tuber
lph i 4 038 1.157 ** 0.002 ns 0.003 7.57
Ratio of shoot to tuber
S oo 0.821 ** 0.011 ns 0.004 3.42
Proline of leaf
2 oo 2.647 * 0.001 ns 0.002 3.76
Proline of tuber
Sl 7418 * 0.3ns 0.004 10.10
Amino acid of leaf
o el 87.36 * 0.37ns 0.017 8.21
Amino acid of tuber
S 12242 % 0.98 ns 0.18 118
lonic leak of leaf
_“ﬁ s el 197.07 ** 1.02 ns 0.003 7.93
lonic leak of tuber
S glone 43 254.013 ** 1.04 ns 0.03 9.11
Soluble sugars of leaf shoot
24 Jolona 3 186.15 ** 1.08 ns 0.08 10.25
Soluble sugars of tuber TF
S el 117.23 * 1.3ns 1.12 9.72
Starch of leaf
ol b 118.43 * 1.45ns 1.15 8.33

Starch of tuber
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Table 3- Mean comparison of growth traits of Radish (Raphanus sativus L.) in different treatments of organic and inorganic

acids

Joss w’? ! 2 bak Kk o NP o 0 O 019
(5 as9) o2 sl sl

Treatment Ratio of shoot to Tuber dry Tuber fresh Shoot dry Shoot fresh

tuber (Fresh weight)  weight (g pot?)  weight (g pot?)  weight (g pot?)  weight (g pot?)

1 155b 1.11dc 10.16 ¢ 0.65c¢ 6.55¢
2 146 b 147c 14.64 b 0.97 a 10.03 a
3 1.44b 1.36 ¢ 13.30b 0.91 ba 9.25 ba
4 1.93b 1.77 ba 17.13a 0.86 ba 8.86 b
5 2.08 a 191a 17.60 a 0.85 ba 8.47h
6 0.46¢e 0.35f 3.22e 0.68 ¢ 7.04c
7 0.75d 0.71e 6.49d 0.82b 8.71b
8 0.75d 0.74 ¢ 6.93d 0.88 ba 9.19 ba
9 1.08c 0.94d 8.32 cd 0.71c 7.68 bc
10 0.99 ¢ 0.98d 8.99 cd 0.89 ba 9.11 ba

L)l LSD (9051 5l okl b (g5 sime M3 o y3  Jlon] rans 53 ()bl plas 1 gty 53 s Chgy>
The same letters in each column were not statistically significant at 5% of probability level based on LSD test.
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Table 4- The effect of organic and inorganic acids on some quantitative triats of Radish (Raphanus sativus L.)

Sl 0N Jgr Gl 5, gy iy oM O S dwlgiel S 3 IS dewlgiel 03 gy Sy odon
Treatment lonic Leakage of  |onjc leakage ~ Total Amino acid Total amino acid of Tuber proline Leaf proline
tuber (%) of leaf of tuber leaf (1 mol gt DW) (1 mol g DW)
(%) (L mol g DW) (L mol g DW)
1 34.2Db 21.1bc 13.89d 1293 ¢ 1.48d 0.95d
2 270¢c 22.2 bc 12.48d 13.26 ¢ 2.89¢ 0.97d
3 251c 21.3 bc 11.74d 1341c 293¢ 0.96d
4 273c 208¢ 11.43d 12.82 ¢ 298¢ 10.01d
5 26.3¢c 22.1bc 11.49d 13.69 ¢ 290 ¢ 0.98d
6 66.85 a 324a 27.11c 18.33b 9.21b 1.33¢
7 383D 2440 3441a 2347a 1334 a 157b
8 352D 251D 31.16 ab 24.09a 14.27 a 1.66 a
9 38.7Db 247D 30.97 b 2321a 1462 a 165a
10 39.2Db 251D 31.27 ab 22.94 ab 1351 a 1.69a

505 LSD (yg0;l 3l odlisl b (g5 gxe M3 doyd & Jloin] das p3 ()bl Has 51 gt o 50 Glass g >
The same letters in each column were not statistically different at the 5% of probability level based on LSD test.
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Table 4 (continued)- The effect of organic and inorganic acids on some guantitative triats of Radish (Raphanus sativus L.)
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Treatments Tuber starch Leaf starch Total soluble sugars of Total soluble sugars of
(mg g_]_ DW) (mg g_]_ DW) tuber leaf
(1 mol g-1 DW) (1 mol g-1 DW)
1 16.4 ba 19.7b 277 ¢ 42.61b
2 171a 224 ba 26.2¢ 52.37a
3 16.2 ba 213D 284c 50.22 a
4 15.8 ba 23.8 ba 28.3¢c 52.27 a
5 16.7 ba 211b 27.2¢ 51.39a
6 111c 19.7b 36.2b 53.65 a
7 15.9 ba 205D 494 a 52.19a
8 14.2b 21.1b 50.8 a 54.17 a
9 15.6 ba 209D 516a 51.09 a
10 15.9 ba 19.8b 504 a 52.88 a

)15 LSD (9051 5l o2kl b (g5 me M3 2o y3 B Jlosts] rlans 55 (g )lol s 1 gty > Sy gy
The same letters in each column were not statistically different at 5% of probability level based on LSD test.
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Introduction: Plant growth promoting bacteria are beneficial microorganisms that produce plant resistance
to a variety of biological and non-biological stresses, including drought, extreme temperatures, salinity, toxic
metals, etc, and increase plant productivity and yield. The use of these microorganisms as biological agents in
increasing soil fertility and improving agricultural productivity has been studied by many researchers, so a
proper understanding of their effect on drought resistance can be effective in water resources management.
Useful in field and reducing environmental effects of using chemical fertilizers. The purpose of this study was to
investigate the effect of some bio-fertilizers on growth and some physiological and biochemical characteristics
of red radish and in comparison with potassium sulfate application under drought stress.

Material and Methods: In other to investigate the effect of application of bio-fertilizers containing
potassium-soluble bacteria (Pseudomonas koreensis and Pseudomonas vancouverensis), phosphorus-solubilizing
bacteria (Pseudomonas putida) and nitrogen-fixing bacteria (Pantoea agglomerans) on plant growth and
function, this experiment was done with 10 treatments and three replications in the form of completely
randomized design in greenhouse. Finally the statistical population consisted of 30 pots of 10 treatments and
three replications for red radish. Drought stress was applied in such a way that the apparent symptoms of stress
were seen in the plants and the amount of water used was the same for all plants. The experiment was carried out
in greenhouses and nylon pots with a capacity of 6.5 kg were used. The soil was prepared using a calcareous soil
of Zanjan University research field. Its absorption was less than critical. Organic matter content was 0.4% and
lime equivalent was 14.1% pH of soil 7.57 and EC of abstract soil paste was 2.21. Pots were treated with
municipal water for 25 days after planting. EC values of water was 400 uS / cm that irrigated the plants every
three days. The desired bio-fertilizers were added to the pots with irrigation water. After 25 days, 15 pots of
treatments 4 to 6 were subjected to drought stress. 40 days after planting before drying of the plants, weight,
moisture content of plant tissue, leaf proline content, total free amino acid, and total soluble sugars in leaf extract
were measured. Analysis of variance was performed using SAS software and LSD test at the 5% level was used
to compare the means.

Results and Discussion: Results of analysis of variance showed that the effect of different treatments on
aerial fresh weight was significant at 1% level. Fertilizer treatments under stress and non-stress conditions
significantly increased aerial fresh weight. Among non-stress treatments, the highest fresh weight was obtained
from treatment 2 (10.03 g / pot) and the lowest was in control treatment (6.55 g / pot). Among the drought stress
treatments with application of different fertilizers used, treatment 8 (9.19 g / pot) had the highest and treatment 6
(7.04 g / pot) had the lowest fresh weight. Application of potassium sulfate fertilizer increased the fresh weight
of aerial part both under stress and non-stress condition. Potassium soluble bio-fertilizer alone and in
combination with other bio-fertilizers increased radish aerial fresh weight, which was not significantly different
from potassium sulfate fertilizer. In radish, drought stress affected the tuber fresh weight more. The radish plant
uses the water of the tuber reserve in drought stress so that the leaves are less susceptible to stress. In non-stress
conditions, application of potassium sulfate fertilizer and bio-fertilizers in radish increased yield. Potassium
sulfate effect was greater. In stress conditions, the effect of bio-fertilizers was more than potassium sulfate in
stress condition. The effect of potassium soluble bio-fertilizer application was almost identical with the
combined application of different biofertilizers. Drought stress increased the concentration of proline, amino
acids and soluble sugars in leaves and tubers of radish. Increasing concentration of these compounds indicated
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that plants were resistant to drought. Application of potassium sulfate and bio-fertilizers decreased these
concentration and the effect of bio-fertilizers was more than that of potassium sulfate. The amount of ion leakage
also increased under drought stress but leakage decreased by using potassium sulfate and bio-fertilizers. Drought
stress also reduced the starch concentration in leaves and tubers of radish, which is a consequence of drought
stress.

Conclusion: In general, application of potassium sulfate and bio-fertilizers moderated the effects of drought
stress and in some cases the effect of biofertilizers was greater. Integrated use of bio-fertilizers was not
significantly different from the use of potassium soluble bio-fertilizer alone. So, the results of this study showed
that the use of bio-fertilizers can be included in the plant nutrition program as a factor in reducing the negative
effects of stress on plants.

Keywords: Amino acid, lonic leak, Nitrogen solubilizer, Phosphorus solubilizer, Proline



