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ABSTRACT 

Treated wastewater produces sewage sludge as a by-product that may have beneficial 

implications on agricultural practices. The effects of sludge amendments on growth, 

morphological and biochemical characteristics of the agro-industrial Tomato cultivar Rio 

Grande were observed. A pot culture experiment was carried out during 4 months (16 

February 2019 to 18 June 2019), at an experimental green house in the locality of Salah 

Soufi, Guelma, north-eastern Algeria. There were significant differences between soil and 

sewage sludge samples. Total nitrogen (20.58 mg/kg) was more available in sewage sludge 

than in soil (N = 2.09 ± 0.3 mg/kg). In contrast, sludge contained less phosphorus and organic 

matter than soil. The observation of the morphological characteristics of the plants showed 

significant variations between the treatments. The germination rates for treated soils 

decreased significantly to reach 50%, compared to the control. Growth patterns (dry and fresh 

weight of leaves and roots) changed significantly (P <0.05) between the treatments. 

Chlorophyll contents of plants in treated soils were more than twice as high as those of the 

control, but started decreasing at 75% amendment rates.  

 

Keywords: Biosolids, environment, plant yields, valorisation, wastewater. 

 

INTRODUCTION 

When wastewater from different 

sources is treated at a wastewater treatment 

facility, it goes through several processes, 

one of which include separation of sewage 

sludge from the effluent (Grobelak et al., 

2019). Unfortunately, the quantity of this 

waste matter has been increasing 

significantly year after year, posing a 

major threat to the environment and to the 

health worldwide. For that reason, 

managed properly, use of sewage sludge is 

an inevitable step in environmental 

conservation plans (Grobelak et al., 2019). 

The main disposal strategy for sewage 

sludge management is reuse, mainly for 

agricultural or landscaping purposes. 

There are many strategies to reuse sewage 

sludge but also many restrictions on the 

use of the given management method 

(Martinez et al., 2003). Several studies 

have indicated that crop production has 

benefitted from land application of sewage 

sludge (Kacprzak et al., 2017; Rulkens, 

2007).  

The use of sludge as a soil amendment 

is widely encouraged among farmers due 

to its high content of organic matter and 

plant nutrients (Bot and Benites, 2005). In 

Algeria, many researchers suggested that 

sewage sludge is a powerful way to 

increase crop yields and enhance soil 

fertilization. Studies suggest that this 

waste matter could help revitalize soils in 

arid zones (Lassoued et al., 2013; Ati, 

2010). However, potentially present 

agrochemicals in sewage sludge could be 

harmful to terrestrial ecosystems as they 

impose severe constraints on crop growth 

and productivity (what is known as the 

environmental stresses) (Lamastra et al., 

2018).  

mailto:alielafri@gmail.com
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Singh and Agrawal (2009; 2010) 

observed an increase in total chlorophyll 

contents in leaves of B. juncea grown in 

tannery sludge amendment; increments in 

protein content and accumulation of 

proline in plants due to sludge 

amendments were also reported. The 

behaviour of these compatible compounds, 

coupled with morphological structure of 

plants is a useful indicator of the degree of 

plant resistance to such environmental 

stresses (Juan et al., 2005).  

This study was conducted to 

demonstrate the utility of sewage sludge 

for agricultural purposes. The main focus 

of this work was to assess potential 

benefits and risks of sewage sludge 

application on land fertility and eventual 

effects on plant production, by recording 

physiological and biochemical variations 

of tomato cultivars (Rio Grande) grown on 

different sewage sludge amendment rates 

in a mini pot culture experiment.  

 

MATERIALS AND METHOD 

 

Study Region  

 

The pot culture experiment was carried 

out during 4 months (from 16 February 

2019 to June 18 2019), at an experimental 

green house built in the locality of Salah 

soufi, Guelma, situated in north-

eastern Algeria, about 65 kilometres from 

the Mediterranean coast. It is a large 

agricultural land at 290 m (above sea 

level.). The climate is sub-humid with an 

average precipitation of 600 mm/year and 

a temperature of 18.5 °C. It is a fertile area 

due to Seybouse river and to a big dam 

ensuring irrigation of a vast perimeter of 

9650 ha (Figure 1) (Kachi et al., 2016). 

The sludge samples used in this 

experiment were obtained from the sewage 

treatment plant of Guelma City.  

 

 

 

 

 

Figure 1. Map of Guelma city, Algeria 

 

Plant Material and Transplanting 

Seeds of tomato cultivars (Rio Grande) 

used in this study were obtained from a 

local farmer, and were sown on 16 

February, 2019 in separate pots (thirty 

seeds were planted in the pot) having a 

mixture of soil and sewage sludge. The 

experiment was laid out in a Completely 

Randomized Design (CRD) with three 

replications. There were three treatments 

consisting of T1 (25 % sewage sludge), T2 

(50 % sewage sludge), T3 (75 % sewage 

sludge) and T0 (Control, no sewage 

sludge) (Figure 2).  

 

 

Figure 2. Layout of the experiment 

 

Biochemical and Physiological 

Determinations  

i. Physiological Parameters  

 

The data was recorded on the 

specific parameters (seed germination, 

https://en.wikipedia.org/wiki/Algeria
https://en.wikipedia.org/wiki/Mediterranean_Sea
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length, fresh weight, dry weight and water 

content) during the course of experiment. 

Seed germination rate was the number of 

seeds germinated as per total number of 

seeds planted from day of germination 

expressed as a percentage. Lengths of 

aerial and root parts (LAP and LRP) were 

recorded. The fresh weight (FW) was 

recorded immediately after the plant 

(aerial and root parts) was harvested and 

the dry weight (DW) was recorded after 

drying the plant (aerial and root parts) at 

80 0C. Water content (WC) was calculated 

from the values of the fresh and dry weight 

recorded previously, applying the 

following formula:  

 

WC (%) = (FW-DW)/FW * 100. 

 

ii. Biochemical Parameters  

 

At the fourth month after sowing, 

plants were carefully removed from their 

pots, washed with tap water to remove any 

attached soil particles, and rinsed with 

deionized water and analysed at the 

laboratory of Centre for Biotechnology 

Research, Constantine, Algeria. 

Chlorophyll content expressed as mg/g 

was estimated according to the method of 

McKinney (1941). Protein, proline, and 

sugar content were measured by the 

method of Bradford (1976); Troll and 

Lindsley (1955); Dubois et al. (1956) 

respectively.  

 

iii. Soil and sludge characteristics  

 

Soil and sewage sludge samples were 

air-dried at room temperature and sieved 

through a 2 mm mesh (to remove as much 

plants material and stones as possible). 

Conductivity of soil (soil: distilled water, 

1:5 w/v) and pH (soil: distilled water, 1:2.5 

w/v) were measured by using the glass-

electrode method, organic matter (OM, %) 

and carbon content (C, %) were 

determined using wet oxidation method 

(Walkey and Black, 1934), total nitrogen 

(TN) was measured using the kjeldahl 

method described by Pansu and 

Gautheyrou (2006). The available 

phosphorus (P, mg/kg) was determined by 

the method of Olsen et al. (1954). 

 

Data Analyses  

 

The data was statistically analysed 

according to the PASW Statistics 18 for 

Windows. Mean values per treatment were 

compared by ANOVA; where significant 

differences (P < 0.05) were indicated, a 

post hoc t-test (LSD: Least significant 

difference) was performed. 

 

RESULTS 

 

Sewage Sludge and Soil Characteristics  

 

The pH of sewage sludge coming 

from the sewage treatment plant of 

Guelma City, was slightly acidic 

(6.76±0.06), and showed a high electrical 

conductance (2091±5.88 µS/cm) as 

compared to the agricultural farm soil. 

Total Nitrogen (20.58 mg/kg) seemed to 

be more available in sewage sludge than in 

the studied soil (Table 1).  

 

Plant Growth Patterns  

 

Seed germination rate (Relative growth 

rate) responses were significantly different 

(P < 0.05) for Tomato cultivar seedlings 

raised in the various soil treatments (Table 

2). Germination rates of our seedlings in 

the treated soil decreased significantly at 

approximately half the value against those 

planted in the control. Also, growth 

patterns changed significantly (P < 0.05) 

among treatments. This fact was specially 

shown by changes in dry weight and fresh 

weight of leaves, where these two 

physiological parameters were higher in 

the treated soil, but did not vary between 

the different amendments rates.  
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Table 1: Physico-chemical characteristics of sewage sludge and soil (Mean ±SD) 

  
Electrical 

conductivity 

 (µS/cm) 

pH Organic 

matter 

(%) 

Phosphorus 

(mg/kg)  

Azote 

(mg/kg) 

Sludge 2091±5.88 6.76±0.06 3.06 ±0.0 4 3.93±0.32 20.58±0 

Soil 272.66 ± 

24.85  

7.4 ± 0.08 10. 52± 0.32 12.62 ±0.43 2.09 ± 0.3 

 

 

 

 

Table 2: Results of the morphological parameters 

 

 

 

Biochemical Determinations 

 

i. Chlorophyll Content 

 

Chlorophyll content differed 

significantly among the seedlings grown in 

the different sewage sludge amendments 

rates (P < 0.05). Chlorophyll values in the 

leaves of plants in treated soil were more 

than twice as high as those measured in 

seedlings raised in the control. It was noted 

that chlorophyll content started decreasing 

at 75 % (T3) amendment rate when 

compared to the precedent (T2) treatments 

(Figure 3). 

 

 

ii. Patterns of Protein, Proline and 

Sugar Allocations 

 

One-way ANOVA was used to 

determine that concentrations of these 

three elements in the tissues of Rio Grande 

leaves showed significant differences 

among control and treated soil (P < 0.05). 

In particular, seedlings grown in treated 

soil (50 % and 75 % amendment rates) had 

remarkably higher contents in their leaves 

compared with those not treated with 

sludge. In contrast, sugar content was 

clearly highest in the control (Figure 4).  

 

 

 

 

 

Treatment Growth 

rate 

(%) 

Dry weight (g) Fresh weight (g) Water content 

(%) 

Leaves Roots Leaves Roots Leaves Roots 

Control 100 ± 

0* 

3.73 

±1.08* 

0.68 

±0.19 

16.9 

±2.17* 

3.75 

±1.15 

78.43 

±3.4 

81.75 ± 

0.48 

T1 (%) 53± 

3.33* 

7.91 ± 

2.01* 

0.86 

±0.36 

34.14 ± 

10.83 

5.03 ± 

2.11 

76.2 ± 

2.98 

82.64 ± 

0.55 

T2 (50%) 57.78 ± 

8.38* 

6.31 ± 

2.31* 

0.98 ± 

0.55 

36.02 ± 

11.41 

5.2 

±2.83 

82.69 ± 

1.25* 

81.04 ± 

0.94 

T3 (75%) 51.11 ± 

13.47* 

7.35 

±1.85* 

0.71 

±0.3 

32.98 

±6.41 

4.5 

±2.36 

78.53 

±1.71 

83.23 

±3.14 
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Figure 3: Chlorophyll values in leaves of Tomato Rio Grande grown in the different sewage sludge 

amendments rates 

 

 

 

 

Figure 4: Patterns of protein, proline and sugar allocations in Tomato Rio Grande grown in the different 

sewage sludge amendments rates 

 

 

DISCUSSION 

The use of sludge as soil 

amendment is widely encouraged. Also, 

increase in soil nutrients due to sewage 

sludge application has been reported by 

previous research (Usman et al., 2012). 

Several studies around the globe have 

previously reported a significantly positive 

effect of compost on seed germination 

rates of tomato (Arancon et al., 2012; 

Atiyeh et al., 2003) and similar results 

have been reported for other plant species 

(Singh and Agrawal, 2010). In contrast, 

our results showed a significantly negative 

effect, where the highest germination rate 

was observed with control while, the 

lowest percentage of seed germination was 

observed with the highest amendment rate. 

This could possibly be related to 

differences in sewage sludge 

characteristics.  
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The compost used in this 

experiment seems to be detrimental to 

germination rates. The high electrical 

conductivity (i.e. high salinity) coupled 

with the acidic character of the sludge 

were possibly the main factors negatively 

affecting seed germination (EC and pH 

values were not conformed to standard 

values recommended agriculture) (Begum 

et al., 2010). Despite their negative effects 

on seed germination, it should be noted 

that the used sludge, produced more 

vigorous seedlings when compared with 

the control (in terms of dry weight and 

fresh weight of plant leaves and roots). 

The enhanced quality of seedlings grown 

under composted soils was mainly due to 

improvement in photosynthesis which 

leads to a high conversion efficiency of 

intercepted light into biomass (higher 

contents of chlorophyll and protein were 

recorded in their leaves).  

In general, factors that influence 

leaf area development and duration as well 

as the conversion efficiency of intercepted 

light into biomass, are critical for plant 

growth (Cannell et al., 1988).  One factor 

that is of central importance in this context 

is deficiency/availability of plant nutrients. 

The most important benefit of sewage 

sludge application in agricultural soils is 

the increased availability of these nutrients 

(Singh and Agrawal, 2010).  

The results demonstrate that plant 

protein accumulation is closely related to 

the applied dosage of sludge. It is possible 

that the nutrient levels (nitrogen as a major 

element that is included in the composition 

of proteins) in the composted soil in this 

study were sufficient to improve growth of 

seedlings and overcome some 

physiological damage. Many authors have 

shown that sludge can be a source of 

nitrogen and its use improves the amount 

of nitrate in the soil (Courtney and Mullen, 

2008). Also, the fertilizer value of sludge 

(nitrogen and phosphorus) is comparable 

to commercialized mineral fertilizers as 

demonstrated by many researchers 

(Bousselhaj, 1996; Antolínet al., 2005; 

Rashid et al., 2017). 

The obtained results in term of 

tomato growth under composted soil 

provided encouraging results in crop 

production. However, changes in some 

important plant component behaviour 

especially sugars and proline foreshadow a 

negative impact. Lower level of reducing 

sugar content in leaf samples obtained 

from the composted soils as compared to 

the control in this study, illustrated 

hardening conditions. In this case, sugar 

concentration decreased because of the 

increased respiration rate and decreased 

rate of carbon fixation as sulfites reacted 

with the aldehydes and ketones of 

carbohydrates and reduced the 

carbohydrate content as was also observed 

by Seyyednejad and Koochak (2013); 

Stambulska et al. (2018). Many 

researchers observed that the more 

resistant plant species show accumulation 

of reducing sugars while less stress-

resistant plants show less accumulation of 

sugars (Kameli andLöselδ, 1993; Keller 

and Ludlow, 1993). 

The second crucial stress indicator 

also showed a negative correlation with 

increasing amendment rates. The amino 

acid proline is accumulated in plant tissues 

in response to a variety of stresses 

(Kocheva and Georgiev, 2008). It is a 

strong reductant and protects cellular 

components against SO2 and OH 

accumulation and protects the enzymes of 

the Calvin cycle (Krishnaveni and Kumar, 

2018). When the plants were given a salt 

source (sludge compost), proline 

accumulated in the tissue at the highest 

rate, these findings are in congruence with 

those of Inal (2002). It is well-known that 

in salt stress conditions, proline 

accumulation in plants increases for osmo-

regulation (Günes et al., 1996). This 

biochemical substance is the universal 

osmolyte and has a defensive action 

against the stress condition as an 

adaptation during any kind of 

environmental stress (Akshita et al., 2018).  
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CONCLUSIONS 

The results of the present 

investigation report that sewage sludge can 

be considered as a good fertilizer as it 

increases organic carbon, total nitrogen 

and available phosphorus in soil. Plants 

grown at different treatment levels showed 

a positive correlation with nutrient 

availability in soil by enhancing growth 

characteristics and biomass yield. 

Unfortunately, a decrease in the reducing 

sugar content and increase in the proline 

content are a major concern due to risk to 

crop production health. This may suggest 

that amendment of sewage sludge in soil 

may be a good option for agricultural 

practices. However, a lower sewage sludge 

use rate is more advisable to safely avoid 

high environmental stress levels and risk 

to crop yield.  

 

CONFLICT OF INTEREST 

 

Authors declare no conflict of interest. 

 

REFERENCES 

 

Akshita C, Nandini T, Sumedha M and 

Trishang U (2018). Variation in 

reducing sugar and proline content 

of saracaasocadue to air pollution. 

Univers J Environ Res Technol., 7 

(2): 75-81. 

Antolín MC, Pascual I, García C, Polo A 

and Sánchez-Díaz M (2005). 

Growth, yield and solute content of 

barley in soils treated with sewage 

sludge under semiarid 

Mediterranean conditions. Field 

Crops Res., 94 (2-3): 224-237. 

Arancon NQ, Pant A, Radovich T, Hue 

NV, Potter JK and Converse CE 

(2012). Seed germination and 

seedling growth of tomato and 

lettuce as affected by 

vermicompost water extracts 

(teas). HortScience., 47 (12): 1722-

1728. 

Ati S (2010). In: Etude de l’effet des boues 

résiduaires sur sol cultivé: 

Dynamique du phosphore et son 

utilisation en zone semi – aride. 

Mémoire de Magister: Université 

El Hadj Lakhdar, Batna: pp 63.  

Atiyeh RM, Subler S, Edwards CA, 

Bachman G, Metzger JD and 

Shuster W (2000). Effects of 

vermicomposts and composts on 

plant growth in horticultural 

container media and 

soil. Pedobiologia., 44 (5): 579-

590. 

Begum SA, Alam MJ, Rahman SS and 

Rahman MM (2010). Effect of 

industrial effluents on the 

germination and seedling growth of 

three leafy vegetables. Bangladesh 

J Sci Ind Res., 45 (2): 101-104. 

Bot A and Benites J (2005). The 

importance of soil organic matter: 

Key to drought-resistant soil and 

sustained food production (No. 80). 

Food and Agriculture 

Organization.  

Bousselhaj K (1996). In: Étude du 

potentiel fertilisant (N et P) de 

deux boues de stations d’épuration 

par lagunage anaérobie et par 

boues activées. Thèses de 3ème 

cycle, Univ. Cadi Ayyad, Fac. Sei. 

Semlalia, Marrakech: pp 171. 

Bradford MM (1976).  A rapid sensitive 

method for the quantification of 

microgram quantities of protein 

utilising the principle of protein-

Dye Binding. Anal Biochem., 72: 

248-254 

Cannell MGR, Sheppard LJ and Milne R 

(1988). Light use efficiency and 

woody biomass production of 

poplar and willow. Forestry: Int J 

For Res., 61 (2): 125-136. 

Courtney RG and Mullen GJ (2008). Soil 

quality and barley growth as 

influenced by the land application 

of two compost types. Bioresour 

Technol., 99 (8): 2913-2918. 



Charchar et al. (2020). Land Application of Sewage Sludge 

J Biores Manag. 7 (2) : 01-09 

8 

 

Dubois M, Gilles KA, Hamilton JK, 

Rebers PT and Smith F (1956). 

Colorimetric method for 

determination of sugars and related 

substances. Anal Chem., 28 (3): 

350-356. 

Grobelak A, Czerwińska K and Murtaś A 

(2019). In: General considerations 

on sludge disposal, industrial and 

municipal sludge. Industrial and 

Municipal Sludge. Butterworth-

Heinemann: pp 135-153. 

Günes A, Inal A and Alpaslan M (1996). 

Effect of salinity on stomatal 

resistance, proline, and mineral 

composition of pepper. J Plant 

Nutr., 19 (2): 389-396. 

Inal A (2002). Growth, Proline 

Accumulation and Ionic Relations 

of Tomato (Lycopersicon 

esculentum L.) as Influenced by 

NaCl and Na_2SO_4 Salinity. Turk J 

Bot., 26 (5): 285-290. 

Juan M, Rivero RM, Romero L and Ruiz 

JM (2005). Evaluation of some 

nutritional and biochemical 

indicators in selecting salt-resistant 

tomato cultivars. Environ Exp 

Bot., 54 (3): 193-201. 

Kachi N, Kachi S and Bousnoubra H 

(2016). Effects of Irrigated 

Agriculture on Water and Soil 

Quality (Case Perimeter Guelma, 

Algeria). Soil Water Res., 11 (2): 

97–104. 

Kacprzak M, Neczaj E, Fijałkowski K, 

Grobelak A, Grosser A, Worwag A 

and Singh BR (2017). Sewage 

sludge disposal strategies for 

sustainable development.  Environ 

Res., 156: 39-46. 

Kameli A and Löselδ DM (1993). 

Carbohydrates and water status in 

wheat plants under water 

stress. New Phytol., 125 (3): 609-

614. 

Keller F and Ludlow MM (1993). 

Carbohydrate metabolism in 

drought-stressed leaves of 

pigeonpea (Cajanuscajan). J Exp 

Bot., 44(8): 1351-1359. 

Kocheva KV and Georgiev GI (2008) 

Changes in foliar proline 

concentration of osmotically 

stressed barley. Z Naturforsch C J 

Biosc., 63 (1-2): 101-104. 

Krishnaveni G (2018). Air pollution 

tolerance index of selected plants 

in Vijayawada city, Andhra 

Pradesh. Int J Green Pharm., 11 

(4): 877-881. 

Lamastra L, Suciu NA and Trevisan M 

(2018). Sewage sludge for 

sustainable agriculture: 

contaminants’ contents and 

potential use as fertilizer. Chem 

Biol Technol Agric., 5 (1): 10. 

Lassoued N, Bilal E, Rejeb S, Guénole-

Bilal I, Khelil N, Rejeb MN and 

Gallice F (2013). Behavior canola 

(Brassica Napus) following a 

sewage sludge treatment. Carpath J 

Earth Env., 8 (3): 155-165.  

Martinez F, Cuevas G, Calvo R and Walter 

I (2003). Biowaste effects on soil 

and native plants in a semiarid 

ecosystem. J Environ Qual., 32: 

472-479. 

McKinney G (1941). Absorption of light 

by chlorophyll solutions. J Biol 

Chem., 140: 315–322. 

Pansu M and Gautheyrou J (2006). In: 

Handbook of soil analysis, 

Mineralogical, organic and 

inorganic methods. Springer-

Verlag Berlin Heidelberg, 

Germany. 

Rashid MM, Kattou’a MG, Al-Khatib IA 

and Sato C (2017). Farmers’ 

attitude toward treated sludge use 

in the villages of West Bank, 

Palestine. Environ Monit Assess., 

189 (7): 353. 

Rulkens W (2007). Sewage sludge as a 

biomass resource for the 

production of energy: overview and 

assessment of the various 

options. Energ Fuel., 22 (1): 9-15. 



Charchar et al. (2020). Land Application of Sewage Sludge 

J Biores Manag. 7 (2) : 01-09 

9 

 

Seyyednejad SM and Koochak H (2013). 

Some morphological and 

biochemical responses due to 

industrial air pollution in Prosopis 

juliflora (Swartz) DC plant. Afr J 

Agric Res., 8 (18): 1968-1974. 

Singh RP and Agrawal M (2009). Use of 

sewage sludge as fertilizer 

supplement for Abelmoschus 

esculentus plants: Physiological, 

biochemical and growth responses. 

Int J Environ Waste Manag., 3: 91–

106 

Singh RP and Agrawal M (2010). 

Biochemical and physiological 

responses of rice (Oryza sativa L.) 

grown on different sewage sludge 

amendments rates. B Environ 

Contam Tox., 84 (5): 606-612. 

Olsen SR (1954). In: Estimation of 

available phosphorus in soils by 

extraction with Sodium 

Bicarbonate. U. S. Department of 

Agriculture Circular N°. 939. 

Stambulska UY, Bayliak MM and 

Lushchak VI (2018). Chromium 

(VI) toxicity in legume plants: 

modulation effects of rhizobial 

symbiosis. Biomed Res Int., 2018: 

1-13. 
https://doi.org/10.1155/2018/803121
3 

Tripathi AK and Gautam M (2007). 

Biochemical parameters of plants 

as indicators of air pollution. J. 

Environ. Biol., 28 (1): 127. 

Troll W and Lindsley J (1955). A 

photometric method for the 

determination of proline. J Biol 

Chem., 215: 655-660. 

Usman K, Khan S, Ghulam S, Khan MU, 

Khan N, Khan MA and Khalil SK 

(2012). Sewage sludge: an 

important biological resource for 

sustainable agriculture and its 

environmental implications. Am J 

Plant Sci., 3: 1708-1721. 

Walkley A and Black IA (1934). A critical 

examination of rapid methods for 

determining organic carbon in 

soils. Soil Sci., 62: 251-254.

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1155/2018/8031213
https://doi.org/10.1155/2018/8031213

	Land Application of Sewage Sludge: Physiological and Biochemical Response of the Rio Grande Tomato
	Recommended Citation

	Land Application of Sewage Sludge: Physiological and Biochemical Response of the Rio Grande Tomato
	Land Application of Sewage Sludge: Physiological and Biochemical Response of the Rio Grande Tomato

