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ABSTRACT 
 

In a pot experiment, the interactive effects of sewage sludge (SS) and arbuscular-mycorrhizal (AM) 
colonization on nutrients uptake and growth of barley plant (Hordum vulgare L.) were studied.  The experiment 
was arranged in a completely randomized design consisting of a 4× 3 factorial combination of four SS rates (0, 
10, 20 and 30 g Kg−1 soil) and three mycorrhiza states (Glomus intraradices, Glomus mosseae   and without 
mycorrhiza). The treatments were replicated three times. The result of this study showed that both shoot and 
root dry weights of M plants were significantly greater than those of NM plants. Root colonization of barley 
plant by G. intraradices was higher than by G. mosseae. This resulted in a greater mycorrhizal growth response 
of G. intraradices than that of G. mosseae. Increasing SS increased plant dry weight of both M and NM plants, 
although the beneficial effects of mycorrhizal colonization of both AM fungi was decreased with increasing SS. 
In NM treatment, increasing SS increased leaf P concentration. Mycorrhizal colonization of both AM fungi 
significantly increased leaf P concentration at all SS levels. Despite mycorrhizal growth response, mycorrhizal P 
response was not much affected by SS application. Inoculation of the soil with both of AM fungi stimulated 
significant H. vulgare growth and significantly increases in shoot tissue content of P, K, Fe, Mn, Zn and Cu. The 
experimental setup provided a suitable tool for evaluating SS in combination with AM fungi as a biological 
fertilizer for its beneficial effects on H. Vulgare plant growth. 
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Introduction 

 
Unprecedented growth in urban population has 

resulted in the generation of huge quantities of 
wastewater worldwide. Sewage sludge is generated 
as a result of wastewater treatment processes. Safe 
disposal of the sewage sludge is one of the major 
environ mental concerns. Land application and land 
filling are suggested to be the most economical and 
useful options of sewage sludge disposal. Sewage 
sludge, being organic waste, is a good source of plant 
nutrients such as N, P, K, Ca, Mg, Fe, etc. as well as 
other organic constituents [17]. It can be used 
agriculturally as a fertilizer and soil conditioner [5]. 
Sewage sludge may also contain high levels of toxic 
metals such as Pb, Cd, Ni, Cr, Hg, etc. due to the 
mixing of industrial wastewater with sewage [7, 26]. 
Several authors have demonstrated that organic 
amendments (i.e., biosolids) can contribute to the 
rehabilitation of mineral sand mines [25] and the 
application to land offers an environmentally 

acceptable and agronomically favorable means of 
waste disposal [24]. In addition, the application of 
biosolids can restore the local ecosystem and 
improve soil structure and fertility [19]. 

Arbuscular mycorrhizal (AM) associations play 
important roles in this nutrient cycling through their 
microbial activity and their involvement in plant 
nutrient acquisition [2]. The extra radical mycelium 
connects plant roots to the surrounding soil 
microhabitat increasing the soil volume exploited by 
host plants this allows plants to survive in nutrient 
and/or water depleted zones [18]. 

Mycorrhizal hyphae transport mineral nutrients 
over greater distances from depleted zones than do 
roots. Thus, under low nutrient conditions AM-
colonized roots may have an enhanced uptake of 
relatively immobile macro and micronutrients [10, 
29]. The addition of two AM fungi (Glomus 
intraradices Schenck & Smith and G. deserticola 
Trappe, Bloss & Menge) and composted sewage 
sludge to soil has been shown to improve the growth 
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of Juniperus oxycedrus L. as well as the N and P 
contents in its shoot tissues [1]. On the other hand, 
soil microorganisms are known to influence the 
development of mycorrhizal symbiosis [4]. We 
hypothesised that the sewage sludge application to 
soil would increase the plant growth and that this 
would be more pronounced in combination with AM 
fungi inoculation. 

 
Material and Method 

 
2.1. Preparation of sewage sludge and soil: 

 
A surface layer of a calcareous soil was 

collected at Ahvaz located (Khouzestan, 

Southwestern of Iran) and mixed with sand in the 
ratio 1:2 (sand: soil). Sewage sludge was collected 
from a municipal wastewater plant in Ahvaz. The 
sludge heavy metals concentration applied in this 
study was below the harmful limit suggested by 
Chilean legislation for sludge application in soils. 
Sewage sludge and soil were autoclave at 121C, 
0.11 MP for 2 h. Sewage sludge at the desired 
amounts were mixed throughout the soil to achieve 0, 
10, 20 and 30 g SS kg-1 soil. The soil at different SS 
levels was packed into PVC pots 300 mm long and 
200 mm in diameter. Some chemical characteristics 
of the soil used in this experiment are given in Table 
1.

  
 
Table1 Chemical characteristic of sewage sludge and soil 

 Sewage sludge soil 
Organic mater (%)  10.81 1.32 
EC (dS m-1) 1:5 w/v, soil/water. 10.90 3.51 
pH*  7.71 7.42 
P (NaHCO3 extraction) mgkg-1 13.01 9.01 
K  mgkg-1 440.01 96.01    
Fe  mgkg-1 28.21 4.81 
Mn  mgkg-1 13.22 2.12 
Zn mgkg-1 12.12 2.31 
Cu  mgkg-1 8.31 1.71 

* 1:5 and 1:2.5 w/v, soil/water for SS and soil, respectively. 

 
Each pot containing 3 Kg sterilized soil. The pH 

of soil samples was determined in a 1:2.5 (v/v) 
suspension of soil in H2O. For the sludge the pH of 
samples was determined in a 1:5 (v/v) suspension of 
sludge and in H2O. Electrical conductivity was 
measured on samples that were mixed with water at a 
ratio of 1:5 (sample: water) and shaken for 30 min. 
Standard methods [8] were used to determine the 
principal properties of the soil and sewage sludge 
samples; each sample was analyzed in triplicate. The 
total organic matter content was determined using 
dichromate oxidation followed by titration with 
ferrous ammonium sulphate. Olsen-P was measured 
using the Olsen P test, in which inorganic P is 
extracted from soil with 0.5 MNaHCO3 at pH 8.5[23] 
and K (by flame photometry) concentrations were 
also determined [15]. Available Fe, Mn, Zn and Cu 
were determined by DTPA method [14]. The mean 
values measured in sewage sludge and soil sample 
are listed in table1. 

    
2.2. Plant material, AM colonization and growth 
condition: 

 
Seeds of barley (Hurdum vulgare L.) after 

sterilization were germinated in moistened sand.  6 
uniform seedlings were transplanted into each pot 
containing 3 kg air dry mixed soil. Inoculum was 
obtained from pot cultures of sorghum colonized by 

Glomus intraradices or by Glomus mosseae. For the 
mycorrhizal treatments, each seedling was inoculated 
by placing 20 g air-dry inoculum in each planting 
hole. All pots were transferred to a glasshouse and 
grown for 16 weeks.  

 
3. Measurements: 

 
Shoots (leaf and stem separately) were harvested 

after 4 months and weighed after they were dried at 
70C for 2 d. The roots were carefully washed with 
water to remove soil, cut into 1 cm segments and 
thoroughly mixed. Sub-samples of roots were taken 
for determination of root length, mycorrhizal 
colonization [22] and dry weight. Root lengths were 
determined by the line intersect method [11]. For 
determination of nutrients concentration in plant, the 
dried roots, stems and leaves were separately grinded 
and sieved to < 1mm, dried – ashed at 500 0C, 
dissolved in 2N of hydrochloric acid (HCl) and made 
50 ml volume with hot distilled water. Potassium (K) 
was measured by a flame photometer. Plant 
phosphorous (P) concentration was measured using 
vanadomolybdo phosphoric acid yellow color 
method [28]. Iron (Fe), Manganese (Mn), Zinc (Zn) 
and Copper (Cu) concentrations were measured by 
atomic emission / absorption spectrometry. 
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4. Experimental design and statistical analysis: 
 
The experiment was arranged in a completely 

randomized design consisting of a 4× 3 factorial 
combination of four SS rates (0, 10, 20 and 30 g Kg−1 
soil) and three mycorrhiza states (Glomus 
intraradices, Glomus mosseae and without 
mycorrhiza). The treatments were replicated three 
times. Statistical procedures were carried out with 
the SPSS software, version 11.0 (SPSS Inc., 1989–
2001). Statistical significance was determined at 
P<95%. Data sets were tested for normality and 
equal variance (Kolmogorov Smirnov and Cochran's 
C test, respectively) and a log transformation was 
applied when significant departures from normality 
were found. 

  
Results:      

 
The statistical analysis obtained in the 

experiment is given in Table 2. The main effects of 
mycorrhizal colonization and SS on shoot dry 
weight, number of tiller and spike and some nutrient 

uptake by barley plant were significant (Table 3). 
Increasing SS from 0 to 30 g kg-1 soil increased plant 
dry weight (Table 3). Similarly, leaf P, K, Fe, Mn, 
Zn and Cu concentrations were increased with 
increasing SS. No significant effects on shoot dry 
weight, number of tiller and spike were observed as 
SS was increased from 20 to 30 g kg-1 (Table 3). 
Both G. intraradices and G. mosseae increased shoot 
dry weight of barley plant at all levels of SS 
application (Table 4). A similar trend to that of shoot 
dry weight was observed for number of tiller and 
spike. However, mycorrhizal growth response of 
barley plant decreased as SS was increased (Table 4). 
The effect of mycorrhizal colonization of G. 
intraradices on shoot dry weight, number of tiller 
and spike were more pronounced compared to G. 
mosseae. The percentage of root length colonized by 
G. intraradices was higher than by G. mosseae. Root 
colonization decreased as SS was increased. 
Mycorrhizal colonization increased leaf P, K, Fe, 
Mn, Zn and Cu concentrations. This increase was 
higher for G. mosseae than for G. intraradices.

  
 

Table2: Significance of the main treatment effects and their interaction based on factorial ANOVA 
F - value  

Interaction(AM×SS) Sewage Sludge(SS) Mycorrhizae(M) Parameters 
** ** ** Colonization (%) 
** ** ** Shoot dry weight 
ns ** ns Root dry weight 
** ** * Number of tiller 
** ** * Number of spike 
* ** ** Leaf K concentration 
** ** * Leaf P concentration 
** ** ** Leaf Fe concentration 
** ** ** Leaf Mn concentration 
** ** ** Leaf Zn concentration 
** ** ** Leaf Cu concentration 

*, p<0.05, **, p<0.01, ns = not significant  
 
Table3: Root colonization, plant growth parameters, K, P, Fe, Mn, Zn and Cu concentrations in Hordum vulgare colonized by  

G.intraradices (Mi) and  G.moseae (Mm) as affected by sewage sludge 

 The same letter within each row indicates no significant difference between means (P<0.05) 

 Mycorrhizae(M) Sewage Sludge rate (g  kg-1 soil) 
Parameters NM Mi Nm 0 10 20 30 

Colonization (%) 0a 35.97b 23.42c 33.09a 21.9b 15.65bc 8.55c 
Shoot dry weight (g pot-1) 12.44a 16.32b 14.08c 7.1a 13.44b 18.16c 19.76c 
Root dry weight (g pot-) 1.69a 1.72a 1.78a 0.83a 1.8b 2.01b 2.17b 
Number of tiller 10.17a 13.08b 11.25a 7.11a 11.11b 16c 15.78c 
Number of spike 8.92a 11.5b 10.92c 5.78a 10.11b 13.33c 12.56c 
Leaf K concentration (%) 1.51a 2.36b 1.61a 1.79a 1.97a 2.34b 2.52b 
Leaf P concentration (%) 0.157a 0.181b 0.175b 0.115a 0.168b 0.187c 0.17b 
Leaf Fe concentration(mg kg-1dm) 194.08a 264.35b 313.1c 277.43a 297.24b 369.8c 350.8d 
Leaf Mn concentration(mg kg-1dm) 50.69a 53.31b 53.8b 49.01a 55.28b 57.09c 59.69d 
Leaf Zn concentration(mg kg-1dm) 55.31a 61.83b 66.62c 49.71a 62.44b 65.65c 67.23c 
Leaf Cu concentration(mg kg-1dm) 21.81a 21.86a 25.78b 22.03a 22.91b 24.13c 23.54c 
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Table4: Root colonization, plant growth parameters, K, P, Fe, Mn, Zn and Cu concentrations of Hordum vulgare colonized by 
G.intraradices (Mi), G. mosseae (Mm), non – mycorrhiza (NM) under diff erent level of sewage sludge 

The same letter within each row indicates no significant difference between means (P<0.05) 
 
Discussion: 

 
In broad terms the results of this study confirm 

the previous finding on the effect of SS on nutrient 
uptake and growth of non-mycorrhizal plant. The 
observed increase in plant growth with increasing SS 
might be due, at least in part, to an increase in net 
mineralization of organic matter as have been shown 
earlier [3]. Similarly, long-term application of SS 
significantly increased the growth of barley plant 
[20]. Application of sewage sludge increased the 
yield of all plant species [6]. In the present study, 
improved plant dry weight and number of tiller and 
spike with increasing SS have also been attributed to 
the increase in uptake of P, K, Fe, Mn, Zn and Cu. 
Mycorrhizal colonization of barley plant either by G. 
intraradices or by G. mosseae increased plant dry 
weight at all SS application levels. Similarly, both 
shoot and root dry weights of mycorrhizal Juniperus 
oxycedrus L. were significantly increased in the 
presence of sewage sludge [1]. The percentage of 
root colonization by G. intraradices was higher than 
by G. mosseae. The observed decrease in 
mycorrhizal growth response with increasing SS is 
matched with the decline in the percentage of root 
length colonized as SS increased. The decline in the 
root colonization with increasing SS can be attributed 
to an increase in soil P content, a finding similar to 
that of other studies [21].    

The concentration of nutrients and heavy metals 
in tissue plants grown in the sewage sludge amended 
soil has been evaluated. The pattern of distribution 
and accumulation of nutrients and heavy metals in 
plants and soils varied with soil type, plant species, 

phenology and chelating effects [16]. Higher 
concentrations of Fe, Cu and Zn in plants grown in 
sludge-amended soil were observed [12]. Similarly, 
the use of SS can linearly increase Cu and Zn 
concentrations in snap beans (Phaseolus vulgaris L.) 
as SS was increased [9]. In the present study, the 
beneficial effects of both AM fungi on increasing P, 
K, Fe, Mn, Zn and Cu uptake by barley plant were 
observed as SS was increased. The effects of AM 
fungi on increasing P, Zn and Cu uptake by plants 
are well documented [13,27]. While, there are 
conflict results on the effect of mycorhizal 
colonization on K, Fe and Mn uptake.  

In conclusion, our results clearly indicate that 
addition of SS to the soil which was very low in 
organic content increased plant growth parameters 
and improved plant nutrition. This increase was 
greater as barley plant colonized either by G. 
intraradices or by G. mosseae. The beneficial of 
effects of mycorrhizal colonization in term of 
mycorrhizal growth response decreased with 
increasing SS. However, mycorrhizal P response was 
not decreased as SS was increased.   
 
Reference 

  
1. Alguacil, M., F. Caravaca, P. Díaz-Vivancos, J. 

Hernández, A. Roldán, 2006. Effect of 
arbuscular mycorrhizae and induced drought 
stress on antioxidant enzyme and nitrate 
reductase activities in Juniperus oxycedrus L. 
grown in a composted sewage sludgeamended 
semi-arid soil. Plant Soil., 279: 209-18. 

30 20 10 0 Sewage sludge 
Mm Mi M0 Mm Mi M0 Mm Mi M0 Mm Mi M0 fungi 
11.3314b 

0a 
29.0330.72

0a 26.4c 
40.21

0a 
27.67

42.33b 0a Root colonization (%) 

19.2119.2819.1118.9619.0718.5412.8214.5210.95
8.15c 11.45b 2.27a Shoot dry weight (g) 

0.06b 
0.88b 

- 2.21b 2.82b - 
17.0032.60

- 259c 404b - 
Mycorrhizal growth 

response (%) 
2.36a 2.54a 1.89a 1.62b 1.69b 1.16a 1.96ab 2.72b 1.49a 0.85a 1.05a 0.57a Root dry weight (g) 
18.3321a 

18a 
18.3319.33

17a 11a 
13.67

9.67a 7.33a 9.33b 5.00a Number of tiller 

13a 
14.3312.3313.3313.67

13a 
10.67

13b 10a 7.33c 8.67b 1.67a Number of spike 

1.92a1.96b 
1.86a 1.96c 2.16b 1.61a 2.22b 3.09b 1.7a 3.2c 2.36b 1.34a Leaf K concentration (%) 

32.8539.14
30a 

32.0835.0926.8821.1523.2315.5512.70
12.71b 2.04a Leaf P content (mg) 

9.49c 
30.45

- 
22.0130.52

- 
36.0449.41

- 
521.6522.1

- 
Mycorrhizal P response 

312.8302.8271.6455.7393.3377.2231.1251.9212.6252.6
226b 

208.3Leaf Fe concentration (mg 
 d. wt.) 

74b 67.3a 63.3a 56.1a 55.5a 
53.33

56.1a 55.5a 
53.3348.37

45.43b 
41.00Leaf Mn concentration 

(mg kg-1 d. wt.) 
72.7367.46

61.5a 
71.3367.9657.6671.3367.9657.6660.66

47.33b 
41.13Leaf Zn concentration 

(mg kg-1 d. wt.) 
24.0624.16

22.4a 28.8b 21.8a 
21.78

28.8b 21.8a 
21.7825.26

20.43a 
20.40Leaf Cu concentration 

(mg kg-1 d. wt.) 



616 
Adv. Environ. Biol., 6(2): 612-617, 2012 

 

 

2. Amora-Lazcano, E., R. Azco´n, 1997. Response 
of sulphur cyclingmicroorganisms to arbuscular 
mycorrhizal fungi in the rhizosphere of maize, 
Appl. Soil Ecol., 6: 217_/222. 

3. Antolin, M.C., I. Pascual, C. Garcia, A. Polo, M. 
Sanchez-Diaz, 2005. Growth, yield and solute 
content of barley in soils treated with sewage 
sludge under semiarid Mediterranean conditions. 
Field Crops Res., 94: 224–37. 

4. Arriagada, C.A., M.A. Herrera, I. García-
Romera, J.A. Ocampo, 2004. Tolerance to Cd of 
soybean (Glycine max) and eucalyptus 
(Eucalyptus globulus) inoculated with arbuscular 
mycorrhizal and saprobe fungi. Symbiosis., 36: 
285-99. 

5. Banerjee, M.R., D.L. Burton, S. Depoe, 1997. 
Impact of sewage sludge application on soil 
biological characteristics. Agric Ecosyst 
Environ., 66: 241–9. 

6. Chitdeshwari, T., P. Savithri, S. Mahimairaja, 
2002. Effect of sewage biosolid composts on the 
yield of crops. Indian J. Environ. Protect., 
21(10) : 911-912. 

7. Dai, J.Y., Chen, Ling, Zhao, Jian-fu, M.A., Na, 
2006. Characteristics of sewage sludge and 
distribution of heavy metal in plants with 
amendment of sewage sludge. J. Environ. Sci., 
18: 1094–1100. 

8. Dane, J.H., C. Topp, 2002. Methods of soil 
analysis, Part 4. Physical MethodsSSSA Book 
Series, No. 5. Madison, WI: SSSA.  

9. Dowdy, R.H., W.E. Larson, J.M. Titrud, J.J. 
Latterell, 1978. Growth and metal uptake of 
snap beans growth on sewage sludge amended 
soil. A four year study. J. Environ. Qual., 7: 
252–257. 

10. Faber, B.A., R.J. Zasoski, R.G. Burau, K. Uriu, 
1990. Zinc uptake by corn as affected by 
vesicular arbuscular mycorrhizae, Plant Soil., 
129:  121_/130. 

11. Giovannetti, M., B. Mosse, 1980. An evaluation 
of techniques for measuring vesicular arbuscular 
mycorrhizal infection in roots. New Phytologist., 
84: 489e500. 

12. Hernandez, T., J.I. Moreno, F. Costa, 1991. 
Influence of sewage sludge application on crop 
yields and heavy metal availability. Soil Sci. 
Plant Nutr., 37(2): 201–210. 

13. Jakobsen, I., E.J. Joner and J. Larsen, 1994. 
Hyphal phosphorus transport, a keystone to 
mycorrhizal enhancement of plant growth. In 
Impact of Arbuscular Mycorrhizas on 
Sustainable Agriculture and Natural Ecosystems. 
Eds. S Gianninazzi and H Schuepp. pp 133-146. 
Birkhauser Verlag, Basel, Switzerland. 

14. Lindsay, W.I. and W.A. Norvell, 1978. 
Development by a DTPA test for zinc, iron, 
manganese and copper. Soil Sci. Soc. Am. J., 42: 
421-428. 

15. MAFF, 1986. The Analysis of Agricultural 
Materials. Ministry of Agriculture, Fisheries and 
Food Technical Bulletin 27. Her Majesties 
Stationary Office, London. 

16. Mahler, R.J., F.T. Bingham, G. Sposito, A.L. 
Page, 1980. Cadmium enriched sewage sludge 
application to acid and calcareous soils, relation 
between treatment, Cd in saturated extracts and 
Cd treatment. J. Environ. Qual., 9: 359–364. 

17. Martinez, F., G. Cuevas, R. Calvo, I. Walter, 
2003. Biowaste effects on soil and native plants 
in a semiarid ecosystem. J. Environ. Qual., 32: 
472–479. 

18. Marschner, H., B. Dell, 1994.  Nutrient uptake in 
mycorrhizal symbiosis, Plant Soil., 159: 89-/102. 

19. Mata-González, R., R.E. Sosebee, C. Wan, 
2002. Shoot and root biomass of desert grasses 
as affected by biosolids application. J Arid 
Environ., 50: 477–88. 

20. Miah, Md. Yunus, Chiu, Chih-Yu, Hayashi, 
Hiroaki, Chino, Mitsuo, 1999. Barley growth in 
response to potassium fertilization of soil with 
long-term application of sewage sludge. Soil Sci. 
Plant Nutr., 45(2): 499–504. 

21. Nadian, H., S.E. Smith, A.M. Alston and R.S. 
Murray, 1996. The effect of soil compaction on 
growth and P uptake by Trifolium subterraneum: 
interactions with mycorrhizal colonisation. Plant 
and Soil., 182: 39-49. 

22. Phillips, J.M. and D.S. Hayman, 1970. Improved 
procedure for clearing roots and staining 
parasitic and vesicular- arbuscular mycorrhizal 
fungi for rapid assessment of infection. 
Trans.Br. Mycol. Soc., 55: 158-161. 

23. Olsen, S.R., L.E. Sommers, 1982. Phosphorus. 
In: Page AL, editor. Methods of soil analysis. 
Part 2 Wisconsin, USA: ASA-SSSA. pp: 403–
30. 

24. Oudeh, M., M. Khan, J. Scullion, 2002. Plant 
accumulation of potentially toxic elements in 
sewage sludge as affected by soil organic matter 
level and mycorrhizal fungi. Environ Pollut., 
116: 293. 

25. Rate, A., K. Lee, P. French, 2004. Application of 
biosolids in mineral sands mine rehabilitation: 
use of stockpiled topsoil decreases trace element 
uptake by plants. Bioresour Technol., 91: 223–
31. 

26. Singh, R.P., M. Agrawal, 2007. 
Effectsofsewagesludgeamendmentonheavymetal 
accumulation and consequen tresponsesof Beta 
vulgaris plants. Chemosphere., 67: 2229–2240. 

27. Smith, F.A., I. Jakobsen and S.E. Smith, 2000. 
Spatial differences in acquisition of soil 
phosphate between two arbuscular mycorrhizal 
fungi in symbiosis with Medicago truncatula. 
New Phytologist, 147: 357-366. 

28. Subramanian, K.S. and C. Charest, 1997. 
Nutritional, growth and reproductive responses 
of maize (Zea mays L.) to arbuscular 



617 
Adv. Environ. Biol., 6(2): 612-617, 2012 

 

 

mycorrhizal inoculation during and after drought 
stress at tasseling , Mycorrhiza, 7: 25-32. 

29. Tobar, R.M., R. Azco´n, J.M. Barea, 1994. The 
improvement of plant N acquisition from an 

ammonium-treated, drought-stressed soil by the 
fungal symbiont in arbuscular mycorrhizae, 
Mycorrhiza., 4: 105_/108. 

 
 
 


