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Table 1. Selected physicochemical properties of the soil used in the experiment.

33l 3K Al s by A 055 St Gas
Sk 2l EC :
Cd Mn Fe Zn k P N : pH Soil depth
r Soil texture o
(mg.kg™) (%) dSm (cm)
1.2 54 69 25 2503 24 0.19 S S 7.27 2.3 0-30
Sandy Loam
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Table 2. The results of analysis of variance showing the effects of experimental treatments on yield and growth

indices of tomato.

Sl e (1 Sle
(mean of squares)

3l am s Ol pars Gt.»

< plis | alyy el S 035 il il Lot 035 o5 3,50ee  Degree of freedom Source of variations
Plant height  Dry weight of root  Dry weight of aerial part  Fruit yield
s
84.3+ 113.1%% 456.1%* 91349.9%* 5 308 e
Cadmium levels
1253 8%+ 74 8%+ 184.3%% 146486.8%* 3 i an
Biofertilizer levels
o3 355 peadlS sl
1.13 ns 10.5 ns 82.5% 13394.047%* 15 Cadmium levels *
Biofertilizer levels
ol glas
30.4 129 354 4569.6 48 el

Experimental error

J‘bﬁf}“))\ ‘.Lﬁjboch—wjé‘)‘ébf'u g,._uj.vA.vnS)

* *% and ™ are significant in 5 and 1 percent and non-significant respectively.
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Figure 1. The effects of biofertilizer (A) and Cadmium levels (B) on yield of tomato.
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Table 3. The interactive effects of different levels of soil Cd and Biofertilizer on yield, dry weight of aerial part
and elemental concentration of aerial and root parts of tomato.

Sk, e ke ol cble ol cble Sy ohle
s i J’%Vw sl e aly) o sl e sl e s

= o Yield Cu concentration  Fe concentration  Fe concentration  Zn concentration Treatment

Dry weight of in aerial part in root in aerial part in aerial part

aerial part (@ pob) (mg. kg")

15.6¢ 122.5¢ 16.9% 78.4¢h 69.06" 36.6"" CoM,
18.8>" 392.5% 23.5%¢ 178.8%¢ 179.9® 86.3" CoM,
19.9>¢ 190.8%" 53.4° 137.4°" 92.794" 39.7%¢ CoM,
15.25¢ 426.8* 31.5° 257.5% 199.9* 53.5° CoM;
14.1%¢ 150.01¢1 15.5% 92.08¢ 58.8" 30.5¢" My
23.7° 457.6° 27.6™¢ 123.7% 156.6"° 81.9° M,
21.3%¢ 240.2°% 54.2° 208.7% 72.1¢ 34.4%° CiM,
42.6° 389%® 25.7%¢ 231.8% 193.1° 48.5" CiM;
10.9¢ 114.4% 1228 73.8¢1 552" 34.2%" C,M,
22.1% 343.2% 19%h 96.25 125.2%% 41.6*¢ CoM1
14.2°¢ 98.9" 30.8° 166.9°" 103.1°¢ 31.1°F M,
13.5%¢ 204.9%¢ 29.8% 206.05% 154.5%¢ 29.9¢T C,M;
10.3%¢ 93 48N 9.7¢h 64.4" 48 3% 23.3%f C:M,
18.7°F 297.4%¢ 12.7% 146.09°¢ 109.5¢" 40.1>¢ M,
11.4°¢ 136.6% 27.8%¢ 109.9¢1 82.4% 25.3%f C:M,
13.2°¢ 65.9" 19.1>" 180.2%¢ 135.2%¢ 357" CsM;
7.1% 95 2N 49 36.8 27.6' 20.8%f CsM
11.8° 228.8°F 11.3¢ 114.7¢ 86.094" 34.7°" CM,
9.1°% 5.5 24.1%¢ 75651 56.7" 21.9%f CM,
12.5%¢ 94,580 21.4%¢ 141.6°¢ 106.2°F 31.3%" CM;
6.58 84.1¢h 6.8" 50.61 37.9M 16.01" CsM,
9.7¢4¢ 136.9¢ 7.0 5491 4120 27.7¢F CsM,
7.6" 49 41 19.6™" 80.9¢ 60.7" 17.5 CsM,
7.03"% 102.45 16.5% 83.4¢1 62.6" 25.06%" CsM;

A s pae Ao )5 0 ClaMﬁ ol Ll 5l s S 22 O S Pl glls 45 (g3l O}:.wjlh)éﬁ
The numbers in each column has at least one letter in common are statistically non-significant at the 5 percent level.

(S 6;}1'"5 Y ¢}:.n3\5 ()de:‘ Ay =Cs 5 ¥ =C4 Y+=C3 O\ =C, 0 =C,4 gfi.p =Cy)
(Co=0, C;=5, C=10, C5=20, C4~40 and Cs=80 mg Cd. Kg'] soil)
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Figure 2. The Effects of biofertilizer (A) and Cadmium levels (B) on biomass of aerial part of tomato.
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Figure 3. Effects of biofertilizer (A) and Cadmium levels (B) on biomass of root of tomato.
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Figure 4. Effects of biofertilizer (A) and Cadmium levels (B) on height of tomato.
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Table 4. The results of analysis of variance showing the effects of experimental treatments on micronutrient
concentrations of aerial part of tomato.

Sla e Sl
(mean of squares) O ‘ o
P B ELIBUE ) O s &
S o 0 &3 -
~ ? Degree of freedom Source of variations
Mn Fe Cu Zn
(mgkg")
5y
653.7%%  12250.4%*%  768.1%*%  1932.03%* 5 3 ol
Cadmium levels
516.8%  30083.3**F  1920.2%*  2409.8%* 3 S 28 T
Bio fertilizer levels
s} ES 5y
384" 1691.7* 91.2 259.8* 15 ) 25 e
Cadmium levels * Bio fertilizer levels
2le sl cllast
182.3 850.6 Yo/% 137.1 48 e S

Experimental error

S

.L.T:Lv@ J‘}L;.JJJ:.; Bt \ o 3 [ CE—-/ BE] J‘}L;.JJ Ve n 9 :KA

* *% and ™ are significant in 5 and 1 percent and non-significant respectively.
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Table 5. The results of analysis of variance showing the effects of experimental treatments on micronutrient
concentrations of tomato root.

Sla e Sl
(mean of squares) O | W
P - S5 a3 O s &
R ey o 5 .
~ < Degree of freedom Source of variations
Mn Fe Cu Zn
(mgkg")
s
1154.5%%  18353.8%*%  2413*  3764.7% 5 3 ol
Cadmium levels
978.2%  41650.7%*%  535.08%*  4587.2%* 3 i an
Biofertilizer levels
Lo * Sy
49.4ns  2995.7%  17.2ns 85.8" 15 ) 25 e
Cadmium levels * Biofertilizer levels
byl glas
322.7 1435.5 87.6 270.3 48 el

Experimental error

S

AEL e ls e J;)Mp\‘MﬁOCEMJ;Jb S ;.,._JJSA;.n)M‘%

* ** and ™ are significant in 5 and 1 percent and non-significant respectively.
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Figure 5. Effects of biofertilizer (A) and Cadmium levels (B) on Fe concentration of aerial part and root of

tomato.
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Figure 6. Effects of biofertilizer (A) and Cadmium levels (B) on Zn concentration of aerial part and root of

tomato.
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Figure 7. Effects of biofertilizer (A) and Cadmium levels (B) on Cu concentration of aerial part and root of

tomato.
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Figure 8. Effects of biofertilizer (A) and Cadmium levels (B) on Mn concentration of aerial part and root of

tomato.

o4



WAL (1) o )lond d0) s Jlasly adgi 9 SI& Cap a4y pul

Sy el (Sbar S olS i 5 alss i 3
o) Olr 35 e S (S5401 Ols 4 5
S ols OLE Shagsy cpl S Ad St e S
sy 5l Al e e slas S LS C‘“A;

(5 5 4l
sl P el s S i) o Shee
oty S8 b s Bl s (S par oS olS i
obe coble il (il gl e s ba

5l S s 5K 5 s (s ] S
s S sS 3 )8 1 s (S8 san S oS 4y
spsedlS s SLs So 0y ol sl
s S e S polis L 0T LA RS0
L ole ol clle 5K 5 s ol (g3, Aol

vﬁ;?ﬁegu)ﬂ\”ﬁgsgsugg
M) L S 5, S w4 g Ldas sl
S alS el s el s glasles 4 s

Sy g sl a:jﬂ sl s Uﬂ.aslS o o

&l

1.Adewole, M.B., Awotoye, O.0., Ohiembor, M.O., and Salami, A.O. 2010. Influence of
mycorrhizal fungi on phytoremediation potential and yield of sunflower in cd and Pb
polluted soils. J. Agric. Sci. 55: 17-28.

2.Ahmad, F., Ahmad, I., and Khan, M.S. 2006. Screening of free-living rhizospheric bacteria for
their multiple plant growth promoting activities. Microbial Research. 36: 1-9.

3.Al-Karaki, G.N., and Clark, R.B. 1998. Growth, mineral acquisition and water use
bymycorrhizal wheat grown under water stress. J. Plant Nutr. 21: 263-276.

4.Amirabadi, M., Rejali, F., Ardakani, M. R., and Borji, M. 2009. The effect of mycorrhizal
fungi inoculum and Azotobacteria on uptake of inorganic nutrients by forage corn (SC704)
at different levels of phosphorus. J. Soil Res. 23: 1. 107-115. (In Persian)

5.Ardakani, M. 2000. Evaluation of biological fertilizers in sustainable agriculture wheat.
Ph.D. Thesis, Department of Science and Research. Pp: 85-89. (In Persian)

6.Ardakani, M.R., Sani, B., Noormohammadi, Gh., Khosravi, H., and Farahbakhsh, A. 2007.
Comparison of Bio fertilizers inoculation on soybean yield and production efficiency.
Proceedings of the National Conference of ecological agriculture. Pp: 3344-3347. (In Persian)

7.Azcorn, R., and Barea, J.M. 1975. Synthesis of auxins, gibberellins and cytokinins by
Azotobacter vinelandi and Azotobacter beijerinckii related to effects produced on tomato
plants. Plant Soil. 43: 609-619.

8.Bagyako, M., Georg, E., Romheld., V., and Buerkert, A. 2000. Effects of mycorrhizal fungi
and Phosphorus on growth and nutrient uptake of millet, cow pea and sorghum in West
African. Soil J. Agric. Sci. 135: 399-407.

9.Bagyaraj, D.J., and Menge, J.A. 1978. Interaction between a VA mycorrhiza and Azotobacter
and their effects on rhizosohere microflora and plant growth. New Phytology. 80: 567-573.

10.Bashan, Y., Holguin, G., and Bashan, L. 2004. Azospirillum-plant relationships:
physiological, molecular, agricultural, and environmental advances. Can. J. Microbiol.
50: 521-577.

11.Basu, M., Bhadoria, P.B.S., and Mahapatra, S.C. 2008. Growth, nitrogen fixation, yield and
kernel quality of peanut in response to lime, organic and inorganic fertilizer levels.
Bioresource Technology. 99: 4675-4683.

12.Becerril, F.R., Calantzis, C., Turnau, K., Caussanel, J.P., Belimov, A.A., Gianinazzi, S.,
Strasser, R.J., and Pearson, V.G. 2002. Cadmium accumulation and buffering of cadmium in
dusted stress by arbuscular mycorrhiza in three Pisum sativum L. genotypes. J. Exp. Bot.
53:371. 1177-1185.

13.Behl, R.K., Narula, N., Vasudeva, M., Sato, A., Shinano, T., and Osaki, M. 2006. Harnessing
wheat genotype xdAzotobacter strain interactions for sustainable wheat production in
semi-arid tropics. Tropics. 15: 1. 123-133.

T



oS 2ol g (x5

14.Beygi, S., Gholchin, A., and Shafie, S. 2011. Effect of nutrient nitrogen and molybdenum on
quantitative and qualitative traits and nitrate concentrations in hydroponic cucumber. Science
and Technology of Greenhouse Culture. 2: 6. 37-48. (In Persian)

15.Bolan, N.S., Adriano, B.C., and Mani, P.A. 2003. Immobilization and phytoavailibility of
cadmium in variable charge soils. II. Effect of lime addition. Plant and Soil. 251: 187-198.

16.Caris, C., Hordt, W., Hawkins, H.J., Romhel, V., and Eckhard, G. 1998. Studies of iron
transport by arbuscular mycorrhizal hyphae from soil to peanut and sorghum plants.
Mycorrhiza. 8: 35-39.

17.Chen, B.D., Li, X.L., Tao, H.Q., Christie, P., and Wong, M.H. 2003. The role of arbuscular
mycorriza in Zinc uptake by red clover growing in a calcareous soil spiked with various
quantities of Zinc. Chemospher. 50: 839-846.

18.Clark, R.B., and Zeto, S.K. 1996. Mineral acquisition by mycorrhizal maize grown on acid
and alkaline soil. Soil Biology and Biochemistry. 28: 1405-1503.

19.Egamberdiyeva, D. 2007. The effect of plant growth promoting bacteria on growth and
nutrient uptake of maize in two different soils. Applied Soil Ecology. 36: 184-189.

20.Egamberdiyevaa, D., and Hoflich. G. 2003. Influence of growth-promoting bacteria on the
growth of wheat in different soils and temperatures. Soil Biology Biochemistry. 35: 973-978.

21.Ehyayei, M., and Behbahanizade, A. 1993. Methods of chemical analysis of soil. Soil and
Water Research Institute. 1: 893. 1-122. (In Persian)

22.Facchinelli, A., Sacchi, E., and Mallen, L. 2001. Multivariate statistical and GIS-based
approach to identify heavy metal source in soils. Environmental pollution. 114: 313-324.

23.Fulchieri, M., and Frioni, L. 1994. Azospirillum inoculation on maize (Zea mays L.): effect
on yield in a field experiment in central Argentina. Soil Biology Biochemistry. 26: 921-923.

24.Glick, B.R., Penrose, D.M., and Li, J.A. 2002. Model for the lowering of plant ethylene
concentrations by plant growth promoting bacteria. J. Theor. Biol. 190: 63-68.

25.Goldberg, S.P., Smith, K.A., and Holmes, J.C. 1983. The effects of soil compaction,
forms of nitrogen fertilizer, and fertilizer placement on the availability of manganese to
barley. J. Sci. Food Agric. 34: 657-670.

26.Govedarica, M., Miliv, V., and Gvozdenoviv, D.J. 1993. Efficiency of the association
between Azotobacterchroococcum and tomato varieties. Plant Soil. 42: 113-120.

27.Gupta, M.L., Prasad, A., Ram, M., and Kumar, S. 2002. Effect of the vesicular-arbuscular
mycorrhizal fungus Glomus fasciculatum on the essential oil yield related characters and
nutrient acquisition in the crops of different cultivars of menthol mint (Mentha arvensis)
under field conditions. Bio resource Technology. 81: 2. 77-79.

28.Heggo, A., Angle, J.S., and Chaney, R.L. 1990. Effects of vesicular arbuscular mycorrhizal
fungi on heavy metal uptake by soybeans. Soil Biology and Biochemistry. 22: 865-869.

29 Hetrick, B.A.D., Wilson, G.W.T., and Figge, D.A.H. 1994. The influence of mycorrhizal
symbiosis and fertilizer amendments on establishment of vegetation in heavy-metal mine
spoil. Environmental Pollution. 86: 171-179.

30.Jacoud, C., Faure, D., Wadoux, P., and Bally, R. 1999. Initiation of root growth
simulation by Azospirillum lipoferum CRT1 during maize seed germination. Can. J.
Microbiol. 45: 339-342.

31.Kabata-Pendias, A., and Pendias, H. 2001. Trace elements in soils and plants. CRC Press,
BocaRaton, florida. 413p.

32.Kader, M.A., Main, M.H., and Hogue, M.S. 2002. Effects of Azotobacter inoculants on the
yield and nitrogen uptake by wheat. On Line J. Biol. Sci. 2: 259-261.

33.Kapulnik, Y., Sarig, S., Nur, A., Okon, Y., and Henis, Y. 1982. The effect of Azospirillum
inoculation on growth and yield of corn. Israel J. Bot. 31: 247-255.

34 Khan, M.S., and Zaidi, A. 2007. Synergistic effects of the inoculation with plant growth
promoting rhizobacteria and an Arbuscular mycorrhizal fungus on the performance of wheat.
Agriculture and Forestry. 31: 6. 355-362.

1



WAL (1) o )lond d0) s Jlasly adgi 9 SI& Cap a4y pul

35.Khan, M.S., Zaidi, A., Wani, P.A., and Oves, M. 2008. Role of plant growth promoting
rhizobacteria in the remediation of metal contaminated soils. Environmental Chemistry
Letters. 10: 23-29.

36.Khavazi, K., and Malakuti, M.J. 2001. Proceedings of the country's need for industrial
production of bio fertilizers, Dissemination of Agricultural Education. Ministry of
Agriculture. Pp: 12-59. (In Persian)

37.Khoramdel, S., Kuchaki, A., Kasiri Mahallati, M., and Ghorbani, R. 2008. The use
of biological fertilizers on growth indices of black cumin. J. Agric. Res. 6: 2. 285-293.
(In Persian)

38.Kothari, S.K., Marschnnere, H., and Romheld, U. 1991. Contribution of VA mycorrhizal
hyphe in acquisition of phosphorus and zinc by maize. New Phytologist. 117: 649-665.

39.Kotsiras, A., Olympios, C.M., and Passam, H.C. 2005. Effects of nitrogen form and
concentration on yield and quality of cucumbers grown on rockwool during spring and
winter in southern Greece. J. Plant Nutr. 28: 2027-2035.

40.Li1, X., George, E., and Marschner, H. 1991. Extension of the phosphorus depletion zone in
VA-mycorrhizal white clover in a calcareous soil. Plant and Soil. 136: 41-48.

41.Lorenz, N., Hintemann, T., Karmarewa, T., Katayama, A., Yasuta, T., Marshner, P., and
Kandeler, E. 2006. Response of microbial activity and microbial community composition in
soil to long term arsenic and cadmium exposure. Soil Biology Biochemistry. 38: 1430-1437.

42 Madhaiyan, M., Poonguzhali, S., and Sa, T. 2007. Metal tolerating methyl trophic
bacteria reduces nickel and cadmium toxicity and promotes plant growth of tomato
(lycopersicon esculentum L.). Chemosphere. 69: 220-228.

43 Nezarat, S., and Gholami, A. 2009. Dual inoculation of Azospirillum and Pseudomonas
bacteria to improve nutrient absorption in maize. J. Agric. Ecol. 4: 1. 25-32. (In Persian)

44 Nieto, K.F., and Frankenberger, W.T. 1991. Influence of adenine, isopentyl alcohol and
Azotobacter chroococcum on the vegetative growth of Zea mays. Plant Soil. 135: 213-221.
45.Page, A.L., Miller, R.H., and Keeney, D.R. 1986. Methods of soil analysis. Part 2.2™M ed.

Agron. Monogr. 9. ASA and SSSA, Madison, WI. 312p.

46.Pan, B., Bai, Y.M., Leibovitch, S., and Smith, D.L. 1999. Plant growth promoting
rhizobacteria and kinetin as ways to promote corn growth and yield in a short growing
season area. Europ. J. Agron. 11: 179-186.

47 Parsa-Motlagh, B., Mahmoodi, S., Sayyari-Zahan, M.H., and Naghizadeh, M. 2011. Effect of
mycorrhizal fungi and phosphorus fertilizer on concentration of leaf nutrients and
photosynthetic pigments of common bean (Phaseolus vulgaris L.) under salinity stress
condition. Agroecology. 3: 2. 233-244. (In Persian)

48 Rajkumar, M., and Freitas, H. 2008. Effects of inoculation of plant-growth promoting
bacteria on Ni uptake by Indian mustard. Bioresource Technology. 99: 3491-3498.

49.Ribaudo, C.M., Paccusse, A.N., Rondanini, D.P., Curu, J.A., and Fraschina, A.A. 1998.
Azospirillum- maize association: effects on dry matter yield and nitrate reductive activity.
Agricultura Tropica et Subripica. 31: 61-70.

50.Rohitashav-Singh, B.K., Sharma, V.K., and Singh, R. 1993. Response of forage maize
(Zea mays L.) to Azotobacter inoculation and nitrogen. Ind. J. Agron. 38: 555-558.

51.Ronaghi., A., Parvizi, Y., and Karimian, N.A. 2001. Effect of Nitrogen and Manganese on
the Growth and Chemical Composition of Spinach. Science and Technology of Agriculture
and Natural Resources. 5: 4. 71-83. (In Persian)

52.Roy, S., Bhattacharyya, P., and Gosh, A.K. 2004. Influence of toxic metals on activity of
acid and alkaline phosphate enzymes in metal contaminated landfill soils. Austr. J. Soil Res.
42:339-344.

53.Salardini, A. 2003. Principles of plant nutrition, volume one. Fundamental aspects, second
edition, Tehran University Press. 344p. (In Persian)

)



oS 2ol g (x5

54.Samar, M., and Khosravi, H. 2002. The effects of four strains of Azotobacter on growth and
nutrient uptake by apple trees. Proceedings of the Tenth International Congress of Soil
Science Iran, Karaj, Pp: 1-4. (In Persian)

55.Sarwar, N., Saifullah Malhi, S.S., Zia, M.H., Naeem, A., Bibia, S., and Farida, G. 2010.
Role of mineral nutrition in minimizing cadmium accumulation by plants. J. Sci. Food Agric.
90: 925-937.

56.Scott, S.J., Jones, R.A., and Williams, W.A. 1984. Review of data analysis methods for seed
germination. Crop Science. 24: 1192-1199.

57.Sharaan, A.N., and El-Samie, F.S.A. 1999. Response of wheat varieties to some environmental
influences. 1. Effect of seeding rates and N fertilization levels on growth and yield of two
wheat varieties (Triticum aestivum L.). Annals of Agricultural Science. 44: 589-601.

58.Shirazi, S.S., Ronaghi, A., Karimian, N., Yasrebi, J., and Emami, Y. 2012. Effect of
cadmium toxicity on nitrogen and phosphorus uptake and shoot growth characteristics of
seven varieties of rice. Science and Technology of Greenhouse Culture. 3: 9. 71-86.
(In Persian).

59.Siddiqui, Z.A. 2004. Effects of plant growth promoting bacteria and composed organic
fertilizers on the reproduction of Meloidogyne incognita and tomato growth. Bioresources
Technology. 95: 223-227.

60.Stoeppler, M. 1991. Cadmium, in metals and their compounds in the environment. Life
Science. 3: 219-232.

61.Sun, Y., Zhou, Q., Xie, X., and Liu, R. 2010. Spatial, sources and risk assessment of heavy
metal contamination of urban soils in typical regions of Shenyang, China. J. Hazardous
Mater. 174: 455-462.

62.Suneja, S., Lakshminarayana, K., and Gupta, P.P. 1994. Role of Azotobacter chroococcum
siderophores in control of bacterial rot and Sclrotinia rot of mustard. Ind. J. Mycol. Plant
Pathol. 24: 202-205.

63.Wu, S.C., Cao, Z.H., Li, Z.G., and Cheung, K.C. 2005. Effect of biofertilizer containing
N-fixer, P and K solubilizers and AM fungi on maize growth: greenhouse trial. Geoderma.
125: 155-166.

64.Yaghubzade, F., Eradatmand, D., and Yusefirad, M. 2011. Comparison of sunflower and
maize plants in phytoremediation of cadmium in soils. First National Congress on Science
and Technology of Agriculture, University of Zanjan. Pp: 1-4. (In Persian)

65.Yusefirad, M., and Karbalaei Esmaeil, M.R. 2010. Effects of mycorrhizal fungi on uptake of
macronutrients and some morphological traits in sunflower cultivars (Heliantus annus L.).
Second National Conference on Agriculture and Sustainable Development: Opportunities
and Challenges Facing. Pp: 1-13. (In Persian)

66.Zahir, A.Z., Arshad, M., and Khalid, A. 1998. Improving maize yield by inoculation with
plant growth promoting rhizobacteria. Pak. J. Soil Sci. 15: 7-11.

67.Zhang, Q., and Jiang, G. 2008. High levels of heavy metals in rice (Oryza sativa L.) from a
typical E-waste recycling in southeast China and its potential risk to human health.
Chemosphere. 71: 1269-1275.

T



J. of Soil Management and Sustainable
Production, Vol. 5(3), 2015
hitp://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Effects of biological fertilizers on yield and concentrations
of micronutrients in organs of tomato under cadmium stress

*A. Nemati' and A. Golchin’
'M.Sc. Graduate, Dept. of Soil Science, University of Zanjan,
*Professor, Dept. of Soil Science, University of Zanjan
Received: 06/10/2013; Accepted: 09/28/2014

Abstract

Background and Objectives: Soil pollution by heavy elements such as cadmium, zinc and
lead, because of adverse effects of the elements on human health and living organisms, have
been a matter of concern in recent decades. Lots of effort has been made to block the entrance
of these elements into natural and biological cycles. For this purpose, different methods for
decreasing the availability of the elements have been assessed and chemical and physical
approaches have been used. But the methods are expensive and sometimes destroy the physical
and chemical properties of soils. Thus, it is better to use biological methods to decrease the
availability of heavy metals in soils since these methods are inexpensive and environmentally
friendly.

Materials and Methods: An experiment was aimed to assess the effects of biological fertilizers
on yield and yield components of tomato under cadmium stress. This experiment was factorial
and had a completely randomized design and three replications. Three combinations of
biological fertilizers including M;: Azotobacter bacteria + Mycorrhizal fungi +Azosperillium
bacteria, M,: Mycorrhizal fungi + Bacillus bacteria + Pseudomonas bacteria + Azotobacter
bacteria, M;: Pseudomonas bacteria + Azotobacter bacteria + Mycorrhizal fungi and
My: treatment without biological fertilizers (control) was used. The levels of soil cadmium were
0,5, 10, 20, 40 and 80 mg Cd/kg soil.

Results: The results of this study showed that application of biological fertilizers increased
yield and growth indices of tomato and caused the concentrations of micronutrients to increase
in aerial part and the root of this plant. The highest yield was obtained from the M, treatment, so
that it was significantly different from the other treatments. By contrast the M; treatment was
not significantly different from the control. The yield and growth indices of tomato plant
decreased as the levels of soil cadmium increased. The cadmium level of 80 mg Cd/kg soil
decreased tomato yield by 67% compared with control.

Conclusion: The results of this research showed that inoculation of soils with biological
fertilizers decreased the adverse effects of cadmium on tomato plants and due to higher yield
and performance of the M1 treatment, this treatment is recommended for decreasing the adverse
effects of cadmium in polluted soils.
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