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Abstract 
The present work has been performed to study the growth and metabolic ac-
tivities of three broad bean cultivars (Giza 843, Sakha 1, and Giza 716) which 
are shown to have different response to sewage sludge applications and to de-
termine the effects of phytohormones IAA or SA. Along with identifying the 
mechanisms of broad bean response and the role of growth regulators (200 
ppm of IAA or 10 mM of SA) in counteract sewage sludge effects is ex-
amined. The situation can be recorded that growth parameters fresh, dry 
matter and water content of pods were significantly increased as increasing 
SSL in cv. Giza 843 and in cv. Sakha 1 up to 70% level. However, these para-
meters were markedly decreased as increasing SSL in cv. Giza 716. Length 
and number of pods were unchanged in cv. Sakha 1, increased in cv. Giza 843 
while, they were decreased in cv. Giza 716 with increasing SSL. Phytohor-
monal application stimulated growth parameters in pods of three tested 
cultivars Giza 843, Sakha 1 and Giza 716 with sewage sludge treatments. 
Soluble sugar and soluble protein contents were decreased as increasing SSL 
in both cv. Sakha 1 and cv. Giza 716. In cv. Giza 843, soluble sugar was sig-
nificantly increased while soluble protein was decreased as increasing SSL. 
Proline content was unchanged in cv. Sakha 1, increased in cv. Giza 716 
while, it was decreased in cv. Giza 843. Metabolites (soluble sugar, soluble 
protein and proline) showed variations in three broad bean cultivars to IAA 
or SA application plus sewage sludge treatments. In cv. Giza 716, SS treat-
ment increased Zn, Ni, PB and Cu. In cv. Giza 843, SS treatment decreased 
Zn, Pb, and Cu while increased Ni. In cv. Sakha 1, SS treatment decreased 
Zn, Ni, Pb and Cu. Phytohormonal treatments showed an increasing or de-
creasing effect in heavy metals in three tested cultivars. 
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1. Introduction 

Agriculture actions in the El-Minia distinct of central Egypt hinge on water re-
moval from the River Nile along secondary canals. Maximum of cultured land 
are watered by saturating methods that next generate an additional of subsoil wa-
ter. A result of the constant rise in the water quantity, soil strength and salt con-
centrations are affected, which clues to problems of water logging. For these rea-
sons, drilling of the El-Moheet drain is directed to decrease the water level, mainly 
on the western bank of the Nile Valley. This drain receives sewage, industrial, and 
agronomic unwanted waters from other negligible drains. The main danger is the 
straight linking between this drain and the River Nile through a subsidiary Etsa 
drain. However, contamination is probable for groundwater in the region 
around the drain as exposed by Abdel-Dayem, (2011) [1]. The region between 
nearby the drains was sensibly chosen for polluted soil [2] [3] [4].  

Sewage sludge is waste organic wide and biogenic compounds especially ni-
trogen and phosphorus which are essential for plant growth [5] [6] [7]. Con-
versely it also contains heavy metals in addition to those classified as poisonous 
(Cd, Cr, Cu, Hg, Ni, Pb and Z) [8] [9]. Provisional on the concentration and ex-
posure time, an assumed metal can carriage environmental and fitness risks 
which are unified with its bulk to bioaccumulation the food chain [10]. The 
highest community origins of heavy metals in sewage sludge are national and 
manufacturing wastewaters and deterioration of sewage systems, as well as sur-
face run from recognized areas or streets [11] [12]. Zeid and Abou El Ghate 
(2007) [13] showed that seed germination and growth of bean seedlings were 
fortified by irrigation with sewage water. Growth encouragement was attended 
with increase pigment production, carbohydrate, nucleic acids, and nitrogenous 
compounds, except amino acids N was reduced. Increased enzymes activity 
(amylase, invertase and protease) with sludge treatments may be due to the 
presence of specific ions which action as activator for these enzymes. Additioal-
ly, the effect of sewage sludge on nutrient uptake and growth parameters of larch 
seedlings (Larix decidua), minerals and heavy metals and scattering were studied 
by Bourioug (2014) [14]. The extreme foremost metals in sludge were Zn and 
Cu. Sludge differences in hormone and stress prompting activities of municipal 
wastewater in straight activated sludge wastewater use plant water [15]. Corres-
pondingly, Klimas et al. (2016) [16] stated that presentation of products as 
composts covering phytohormones in plants. Growth corrected of signals sys-
tem improved nutrient uptake, improved stress and decease resistance and de-
layed aging. Bucker-Neto et al. (2017) [17] demonstrated the role of phytohor-
mones, abscisic acid and brassinosteroid and ethylene in signaling pathways, 
defense mechanisms and alleviation of metal toxicity. Actually, Tytla et al. 
(2019) [18] worked on the contamination and potential ecological risk of seven 
heavy metals (Cd, Cr, Cu, Ni, Hg, Pb and Zn) in the sewage sludge accumulat-
ing from a wastewater treatment positioned in the most industrialized area of 
Poland. 
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Thus the present work was carried out to illustrate the effect of sewage sludge 
and interactive with phytohormones (IAA or SA) on growth, metabolites and 
heavy metals on three broad bean cultivars.  

2. Material and Methods 
2.1. Experimental Sites and Sewage Sludge Treatments 

Broad bean plant is important economic crop plant and considers the first plant 
food for Egyptian people because it contains highly benefit protein and other 
essential elements for man healthy. In Egypt, faba beans is the most common 
fast food item in the Egyptian diet, eaten by rich and poor alike. Egyptians eat 
faba beans in various ways. The prepared beans, called fulmedames, are then 
eaten with bread. Faba bean is an excellent source of protein (20% - 25%), cal-
cium (0.15%), phosphorus (0.50%), lysine (1.5%) and methionine-cysteine 
(0.5%) in dry weight. It is also an excellent source of complex carbohydrates, die-
tary fiber, choline, lecithin, minerals and secondary metabolites (phenolic and le-
vo-dihydroxy-phenylalanine (L-DOPA), which is the precursor of the neuro-
transmitter dopamine and naturally found in seedlings, green pods and beans [5]). 
Broad bean seeds (cv. Giza 843, cv. Sakha 1 and cv. Giza 716) were obtained from 
one of the active breading programs directed by Prof. Dr. Esmat Waly and Prof. 
Dr. Saeyd Abdellah, Faculty of Agriculture, Assiut University, Egypt. The culti-
vation of plants started from 7 December 2018 to 7 May 2019. Broad bean seeds 
were surface sterilized by immersion in a mixture of ethanol 96% and H2O2 
(1:1) for 3 minutes, followed by several washings with sterile distilled water. 
The concentrations of sewage sludge applications were prepared as follows: 

Control: clay soil: was prepared by mix 100% clay soil + 0.0% sewage sludge.  
*20% sewage sludge: was prepared by mix 20% sewage sludge + 80% clay soil. 
*50% sewage sludge: was prepared by mix 50% sewage sludge + 50% clay soil. 
*70% sewage sludge: was prepared by mix 70% sewage sludge + 30% clay soil. 
*100% sewage sludge: was prepared by mix 0.0% clay soil + 100% sewage sludge. 
Ten seeds were sown per each pot. Each pot contained 3.6 kg of garden clay soil. 

All pots were irrigated with tap water for four weeks until full germination. After one 
month the pots were irrigated with the following Moheet drain water of the desired 
concentrations: 0.0%, 20%, 50%, 70% and 100% in each tested pots with the same 
concentrations of sewage sludge treatments and were classified into three groups. 

2.2. Sewage Treatment and Combined with IAA  

From three of previous groups which treated with different sewage concentra-
tions (0%, 20%, 50%, 70% and 100%), one group was sprayed by 200 ppm of 
IAA, the other group was sprayed with 10 mM of SA. In order to maintain the 
osmotic potential, the soil moisture content was kept near the field capacity us-
ing tap water. The seedlings were left to grow in natural conditions under these 
conditions for 150 days. At the end of the experimental period (5 months) yields 
of the pods were determined.  
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2.3. Laboratory Analysis for Metabolites 

To determine the dry matter yields of pods, they were dried in an oven at 80˚C. 
Successive weighting was carried out until the constant dry weight of each sam-
ple was reached. The soluble sugars were determined by the method of anthrone 
sulphoric acid which was stated by Fales (1951) [19]. The soluble proteins were 
determined according to the method adopted by Lowery et al. (1951) [20] and 
proline by Bates et al. (1973) [21]. 

Statistical Analysis 
The triplicate sets of the experimental data for the different tested parameters 

were subjected to the one way analysis of variances (ANOVA) test in accordance 
with the experimental design using the SPSS program, version 13.0 and the means 
were compared using the least significant differences, L. S. D. at P levels of 0.05% 
(Steel, 1960) [22]. 

3. Results 

3.1. Growth Parameters as Affected by Sewage Sludge and  
Phytohormones Applications 

Fresh, dry matter and water content of pods in cv. 843 were significantly in-
creased as increasing SSL with percent 137.2%, 204.9% and 191.2% at 100% level 
of SS (Table 1 & Figure 1). Additionally, length and number of pods were be-
came unchanged with increasing SSL treatments (Figure 2(a), Figure 2(b)). In-
creasing sewage sludge level application stimulated the production of fresh, dry 
matter and water content in pods of cv. Sakha 1 up to 70% SSL, after that, a 
sudden inhibition effect was induced (Table 1 & Figure 1). The percent of in-
crease was 183.2%, 199.0% and 169.6% at 70% SSL compared with control plants 
(Table 1 & Figure 1). Correspondingly, length and number of pods in cv. Sakha 
1 were increased with increasing SSL reached a maximum percent value at 70% 
SSL with percent 303% and 181.2% and then, a surprising reduction was induced 
at 100% SSL (Figure 2(a), Figure 2(b)). Fresh, dry matter and water content of 
pods in cv. 716 were significantly decreased as increasing SSL application with 
percent 32.5%, 42.3%, and 29.4% at 100% level as compared with unsludge plants 
(Table 1). Additionally, length and number of pods were also reduced as elevating 
SSL treatment with percent 21.9% and 60.2% at 100% level (Figure 2(a), Figure 
2(b)). Treatment cultivars Giza 843 and Sakha 1 with either IAA or SA induced a 
stimulation effect on fresh, dry matter, water content, number and length of pods 
especially at higher sewage sludge treatments (Table 1, Figure 1 & Figure 2(a), 
Figure 2(b)). This effect was more pronounced in Sakha 1 cultivar than cv. Giza 
843. Phytohotmonal application was generally enhanced the production of fresh, 
dry matter, water content, length and number of pods in cv. Giza 716 at 50% to 
100% sludge application when compared with non-hormonal plants treatments 
(Table 1, Figure 2(a), Figure 2(b)). This stimulation trend was more pronounced 
at IAA than SA application and at higher SSL. 
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Figure 1. Interactive effect of sewage sludge and phtohormones (IAA or SA) on 
water content in pods of Giza 843, Sakha 1 and Giza 716 cultivars. 

 

 
(a) 

 
(b) 

Figure 2. Interactive effect of sewage sludge and phtohormones (IAA or SA) on 
length (a) and number (b) in pods of Giza 843, Sakha 1 and Giza 716 cultivars. 
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Table 1. Effect of different sewage sludge levels and interaction with IAA or SA treatments on fresh and dry matter in pods of 
broad bean cultivars Giza 843, Sakha 1 and Giza 716.  

Treatment 
SS levels 

Cv. Giza 843 Cv. Sakha 1 Cv. 716 

F. m. % D. M. % F. M. % D. m.  % F. m. % D. m. % 

C 4.9 100 0.856 100 4.49 100 1.56 100 15.1 100 2.9 100 

20% 6.0 147.6 1.20 140.2 6.51 144.9 2.03 130.1 11.6 76.8 2.0 68.9 

50% 8.7 177.8 1.98 231.3 6.59 146.8 2.51 160.9 5.9 39.1 1.1 37.9 

70% 10.4 211.2 2.6 3.1.4 8.08 179.9 3.11 199.3 4.7 31.1 1.5 51.7 

100% 9.92 202 2.2 252.3 2.27 50.7 0.33 21.1 4.5 29.8 0.95 32.7 

C + IAA 7.54 153.6 1.5 171.7 13.7 305.1 2.78 187.9 6.9 45.7 1.3 44.8 

20% + IAA 9.08 148.9 2.1 248.8 10.3 229.4 3.21 115.4 6.7 44.4 1.7 58.6 

50% + IAA 11.8 241.9 2.7 320 12.7 282.8 4.82 308.9 8.6 56.9 1.5 51.2 

70% + IAA 10.7 2 18.4 2.8 327.1 11.5 256.1 3.11 199.3 9.8 64.9 1.8 62.1 

100% + IAA 10.4 211.8 2.2 257.0 10.4 231.6 1.40 89.7 9.77 64.7 1.9 65.5 

C + SA 13.8 281 2.98 348.1 6.5 144.8 1.52 97.4 11.3 74.8 1.9 65.5 

20% + SA 10.5 213.8 2.9 334.1 10.5 233.8 2.86 183.3 11.6 76.8 1.9 65.5 

50% + SA 9.1 84.5 2.1 247.6 9.0 200.4 3.42 219.2 11.4 75.5 2.6 89.7 

70% + SA 11.1 225.9 2.9 335.3 9.9 220.5 3.79 242.9 11.9 79.1 2.6 89.7 

100% + SA 4.9 100 0.856 100 8.4 187.1 1.83 117.3 12.5 82.8 2.7 93.1 

L. S. D. 0.05% 0.95 1.20 0.95 0.87 0.65 0.88 

The mean difference is significant at the 0.05% level. 

3.2. Metabolites as Affected by Sewage Sludge and  
Phytohormones Applications 

Soluble sugar and soluble protein contents were decreased as increasing SSL in 
both cv. Sakha 1 and cv. Giza 716 (Table 2). However, in cv. Giza 843 soluble 
sugar was significantly increased, soluble protein was markedly decreased as 
increasing SSL (Table 2). Proline content showed a variable response in the 
three tested cultivars, while became unchanged in cv. Sakha 1, significantly in-
creased in cv. Giza 716 and markedly decreased in cv. Giza 843 compared with 
control plants (Table 2). IAA treatments induced mostly unchanged effect in 
soluble sugar, soluble protein and proline contents in three tested cultivars. 
Except for this trend there was an increasing effect in soluble sugar and proline 
content in cv. Giza 843 and soluble sugar and protein in cv. Sakha 1 at 50% 
and 70% SSL only. On the other side, sewage sludge exhibited a marked reduc-
tion in the accumulation of proline in cv. Sakha 1. Application of SA with se-
wage sludge treatments induced mostly unchanged effect or tended to decrease 
in soluble sugar, soluble protein and proline contents in three broad bean culti-
vars (Table 2). Excluding for this pattern there was an accumulation trend in 
soluble sugar in cv. Sakha 1 and proline in both cultivars Giza 843 and Giza 716 
(Table 2). 
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Table 2. Effect of different sewage sludge levels and interaction with IAA or SA treatments on soluble sugar (mg·g−1 d. m.), soluble 
protein (mg·g−1 d. m.) and proline (mg·g−1 d. m.) content in pods of broad bean cultivars Giza 843, Sakha 1 and Giza 716. 

Treat. 
SS levels 

Cv. Giza 843 Cv. Sakha 1 Cv. Giza 716 

S. Sug. % S. Prot. % Prol. % S. Sug. % S. Prot. % Prol. % S. Sug. % S. Prot. % Prol.    % 

C 29.5 100 46.9 100 0.78 100 50.3 100 43.9 100 0.75 100 78.5 100 43.1 100 0.62 100 

20% 35.2 119.3 38.8 82.7 0.56 71.8 49.0 97.4 51.6 118 0.69 92.0 46.4 63 42.3 98.1 0.51 82.3 

50% 45.8 155.2 42.6 90.8 0.42 54.1 44.9 89.3 52.9 1 20.5 0.74 98.6 47.7 60.7 39.2 90.9 0.70 113 

70% 45.4 153.9 37.6 80.2 0.36 46.2 44.8 89.0 48.2 109.8 0.63 84.0 33.2 42.3. 38.9 90.3 0.69 111 

100% 45.4 153.9 32.6 69.5 0.39 50 40.0 79.2 51.3 116.8 0.73 98.3 33.2 42.3 38.9 90.3 0.79 127 

C + IAA 56.8 192.5 51.3 109.4 0.72 92.3 45.1 89.7 30.8 70.2 0.64 85.3 38.9 49.6 43.8 102 0.63 102 

20% + IAA 42.9 145.4 38.5 82.1 0.69 88.5 47.1 93.6 37.8 86.1 0.64 85.3 56.2 71.6 42.7 99.1 0.63 102 

50% + IAA 49.7 167.5 45.5 97.0 0.70 89.7 44.5 88.5 35.5 80.9 0.43 57.3 56.2 71.6 43.5 100.9 0.72 116 

70% + IAA 47.9 162.3 37.4 97.0 0.79 101.3 47.6 94.6 46.8 107 0.51 68.0 42.3 53.9 42.2 97.9 0.72 116 

100% + IAA 55.9 189.5 41.9 89.3 0.76 97.4 53.1 106 47.5 108.2 0.59 78.7 37.6 47.9 42.3 98.1 0.70 113 

C + SA 32.0 108.5 23.8 50.7 0.65 83.3 79.8 159 21.6 49.2 0.70 93.3 39.7 50.6 21.2 49.2 0.81 131 

20% + SA 37.4 126.8 36.0 76.7 0.77 98.7 80.5 160 25.9 58.9 0.78 104 39.7 50.6 39.8 92.3 0.81 131 

50% + SA 37.6 127.5 23.4 49.9 0.63 80.8 59.2 117.7 22.4 51.0 0.71 95.7 32.5 41.4 39.8 92.3 0.88 142 

70% + SA 36.0 122 25.9 55.2 0.78 100 65.1 129.4 36.0 82.0 0.65 86.7 33.3 42.4 42.3 98.1 0.76 123 

100% + SA 44.3 150.2 47.1 100.4 0.76 97.4 59.3 1 17.9 44.9 102.3 0.65 86.7 41.6 96.5 31.4 72.8 0.81 131 

L.S.D. 0.05% 1.3 1.05 0.65 1.3 1.2 0.35 1.1 1.0 0.85 

The mean difference is significant at the 0.05% level. 

3.3. Micronutrient as Sewage Sludge and Phytohormones  
Applications  

In cv. Giza 843, sewage sludge application with 100% level illustrated no marked 
change in Zn while a slight increase in Ni content was detected (Figure 3(a)). 
However, a huge reduction was observed in the accumulation of both Pb and Cu 
which reached to over a half value in relation with their control. No marked change 
in the accumulation of Zn and Ni was observed in plants grown with SS plus IAA 
treatment (Figure 3(a)). On the other hand, Pb and Cu ranked against each other, 
while Pb was markedly decreased, Cu was markedly increased reached 0.861 mg/g. 
d. m. in relation with its control 0.339 mg/g d. m. Plants of cv. Giza 843 grown un-
der SS plus SA exhibited a significant reduction in the contents of Zn, Pb and Cu. 
Except Ni showed a smooth increase in relation with control plants (Figure 3(a)). 
Sludge application decreased the contents of Cu, Pb, Ni and Zn in pods of Sakha 1 
(Figure 3(b)). Treatment cv. Sakha 1 plants grown at 100% SSL plus IAA was mar-
kedly increased all tested minerals (Cu, Pb, Ni, and Zn) compared with sludge 
treatment. Plants treated with SS plus SA showed an increasing effect in the accu-
mulation of both Zn and Ni, while exhibited a reduction in Pb (which reached a 
0.04 mg/g d. m. in relation with control 0.068 mg/g d. m.) and Cu (which reached a 
0.204 mg/ g d. m. in relation with control 0.229 mg/g d. m.) (Figure 3(b)). Sludge  
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(a) 

 
(b) 

 
(c) 

Figure 3. Interactive effect of sewage sludge and phtohormones (IAA or 
SA) on Cu, Pb, Ni and Zn contents of pods in cultivars Giza 843 A, Sakha 1 
B and Giza 716 C. 

 
application with 100% level induced in cv. Giza 716 an increasing effect in the 
accumulation of Ni, Zn, Pb and Cu (Figure 3(c)). The most increasing effect 
was recorded in the accumulation of Pb which reached 0.046 mg/g d. m. in rela-
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tion with control 0.018 mg/g d. m. The contents of Zn became more or less un-
changed while a slight reduction was induced in the accumulation of Ni and Cu 
in cv. Giza 716 treated with SS plus IAA (Figure 3(c)). On the other side, a huge 
accumulation of Pb reached 0.478 mg/g. d. m. in relation with control 0.046 
mg/g d. m. under 100% SS plus IAA treatment. Cv. Giza 716 treated with SS plus 
SA induced an increasing effect in both Zn and Ni while, unchanged effect was 
recorded in both Pb and Cu (Figure 3(c)).  

4. Discussion 

From the present results it can be demonstrated a variable response of three 
broad bean cultivars to increase sewage sludge levels. While both cultivars Sakha 
1 and Giza 843 responses positively to increase SSL, cv. 716 responses negatively 
to these treatments. According to this response can be arranged broad bean cul-
tivars in the following rank cv. Giza 843 followed by cv. Sakha 1 followed by cv. 
716. Fresh, dry matter, water content, length and number of pods in cv. Giza 843 
at all SSL and in cv. Sakha 1 up to 70% SSL were increased. Here sewage sludge 
acts as a biofertilizer. Sludge may constitute an upright fertilizer as it is a good 
source of phosphorus (P), nitrogen (N), organic matter, and micronutrients [23] 
[24] [25] [26] [27]. Correspondingly, Mazen et al., (2010) and Abdel Latef et al. 
(2015) [28] [29] showed an increase in growth parameters (fresh, dry matter and 
pigments) with sludge applications. Additionally, Urbaniak et al. (2017) [30] 
showed that increase willow (Salix sp.) biomass, leaf length and Chl. a and b 
contents and a decline in detoxifying enzyme under sewage sludge treatments. 
Wyriwicka et al. (2018) [31] explained that willow biomass by reading good 
conditions for plant growth associated with protection against oxidative damage, 
efficient functioning of antioxidant system and maintain of osmotic balance, the 
soil environment and plant roots, reduction of lipid peroxides in leaves and 
roots CAT activity increase and proline in roots. However, sewage sludge appli-
cation can establish a threat to the environment because of its relatively high 
HMs concentration. It is worthy to note that in cv. Sakha 1 sewage sludge appli-
cation up to 70% exhibited an stimulation in growth parameters while at 100% 
level a significant inhibition was recorded. This may be due to the addition of 
common clay soil to sewage sludge diminished the drastic effect of toxic com-
pounds.  

The present data were recorded that a lowering effect in production of fresh 
dry, matter and water content in cv. Giza 716 with SSL applications. This sup-
ported by studies that have been cited by Singh and Agrawal (2008) [32] empha-
sized negative effects of these toxic elements on growth of plant, groundwater 
value, and long-term soil fertility. Faced with this problem, it is necessary to ex-
plore the risks and benefits provided to authorize or not the SS spreading on 
forest parcels. Sludge application was markedly decreased Cu, Pb, Ni and Zn in 
relation with control in both cv. Giza 843 and cv. Sakha 1. This reduction was 
more prominent in case of Cu and Pb which reached a half-value than control 
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plant. This reduction in heavy metals concentrations was associated with in-
crease of fresh, dry matter, water content, length and number of pods which re-
flected on the lowering toxic effects on plant metabolism. On the other side, in 
cv. Giza 716, there is an increase in the accumulation of Cu, Pb, Ni and Zn in 
relation with control with sludge sewage application. This is concomitant with 
inhibition in fresh, dry matter, water content length, and number of pods and 
increasing damaging effects of heavy metals. Most of the studies were devoted to 
follow up the outcome of high concentrations of metals when sewage sludge was 
applied [33]. The use of sludge in agriculture within the European Union (EU) is 
now synchronized only by the limits of heavy metals (Cd, Cu, Hg, Ni, Pb and 
Zn) listed in Council Directive 86/278/EEC. Directive was to encourage the safe 
use of sewage sludge in agriculture in order to prevent damaging effects on soil 
and transference to plants, animals and humans. Several European countries 
moreover forced more stringent. Directives and laws and set restrictions for 
concentrations of other heavy metals. The most public additional limit is set for 
chromium [34]. In cv. Giza 843, Zn and Ni became unchanged with sewage 
sludge plus IAA treatments, while there is a huge reduction in Pb, an opposite 
trend was observed in Cu increased in both control and with sludge treatments. 
On the other hand, plants sprayed with SA significantly decreased Zn, Pb and 
Cu with sewage sludge applications. In cv. Sakha 1, the contents of Cu and Pb 
were decreased with SS plus SA and with control plants, while Ni and Zn were 
slightly increased. In plant treated with SS plus IAA increased all tested heavy 
metals (Cu, Pb, Ni and Zn) especially Cu and in Pb which reached 4-fold than 
corresponding levels. In cv. Giza 716, SS plus IAA decreased Cu and Ni in both 
control and SS treatments, while increased Pb in both control and in sludge ap-
plications which reached 100-fold than reference control. Plant exposed to SS 
plus SA applications induced an increasing in Zn and Ni heavy metals in both 
control and SS applications. The mechanism of tolerant strategy in response to 
sewage sludge application was variable between different tested cultivars. So, the 
increase in soluble sugar in cv. Giza 843 and soluble protein in cv. Sakha 1 which 
concomitant with the enhancement effect of sewage sludge as fertilizer in dry 
matter production of these two cultivars and increase their tolerance. While the 
sensitivity in pods of cv. Giza 716 was related with reduction in soluble sugar 
and soluble protein which reflected in lowering dry matter production. El-Tayeh 
et al. (2011) [24] showed highest dry matter was detailed by application of se-
wage sludge. Soluble sugar and proteins improved in roots while soluble protein 
reduced in shoots by increasing sewage sludge at 30% level. Mazen et al., (2010) 
[28] was illustrated that generally adding sewage sludge to soil enhanced soil 
texture raised organic matter contents, total sugar and proteins. Wyriwicka et al. 
(2019), [35] showed that cucumber plants grown in sewage sludge rise soluble 
protein. Application of SS to forest plantations could potentially increase tree 
growth and wood making and improve several soil features [36]. Abdel Latef et 
al. (2015) [29] stated that sewage sludge applications effect on biochemical anal-
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ysis (sugar, protein, free amino acids, and proline and antioxidant enzymes ac-
tivity) of maize plants. Dar et al. (2018) [26] illustrated that sugar and protein of 
Brassica juncea improved as increasing sludge submissions. Proline has different 
roles in plant metabolism, became unchanged in cv. Sakha 1 while a reduction 
was recorded in cv. Giza 843. This indicated that proline has not any significant 
role in cv. Sakha 1. While in cv. Giza 843, proline reduction was contributed in 
increasing its tolerant to sewage sludge application, here proline cannot consider 
as a sign of stress. On the other side proline tended to increase in cultivar cv. 
Sakha 1 which indicating that proline acts as a sign of stress. The increasing 
trend in the accumulation of proline in Brassica juncea under sewage sludge 
treatments was detected by Dar et al. (2018) [26]. Martins et al. (2016) [37] sug-
gested that regardless of the benefits of using sewage sludge as organic compost, 
can induce genetic injury in plants. The potential risks to health products after 
the intake of food cultivated in sewage sludge-amended soils. Sewage sludge 
comprises compounds which could be damaging to the ecosystem such as heavy 
metals, organic pollutants and pathogens [38]. IAA treatment increased soluble 
sugar and proline in cv. Giza 843, soluble sugar and protein in cv. Sakha at 
higher SSL (70% and 100%) and mostly in cv. Giza 716. Additionally, SA treat-
ments induced an increasing effect in soluble sugar in cv. Sakha 1 while increas-
ing effect in the accumulation of proline content in both cultivars 716 and Giza 
843 which reached at the later obove 2-fold as compared with corresponding 
control plants. Bucker-Neto et al. (2017) [17] has prolonged view of how plant 
hormones can adjust and assimilate growth responses to various environmen-
tal cues to sustain life. The role of ABA, auxin, brassinosteriod and ethylene in 
signaling pathways defense mechanisms and mitigation of heavy metal toxicity 
was investigated. Heavy metal affects on auxin metabolism, exogenous IAA 
can release endogenous levels of auxin that rise root biomass [39]. Counterac-
tion of IAA and heavy metal can used as protective mechanism against poiso-
nousness in crop plants or as useful tools in phytoremediation programs for 
detoxification of polluted areas [40]. Sakr et al. (2012) [41] were indicated that 
ascorbic acid, salicylic acid, yeast extract, thyme oil and mycorrhizal inocula-
tion had useful effect established by minting yield and decreasing heavy metal 
uptake as well as elevating stress-related metabolites as phenols. Salicylic acid is 
a universal plant phenolic compound that has been used in many plant species 
to relieve heavy metal toxicity by directive plant growth, reducing heavy metal 
uptake and scattering in plants, protecting membrane integrity and stability, 
scavenging reactive oxygen species and improving antioxidant defense system 
and positive photosynthetic capacity. SA functions as significant molecule in-
volved in several important genes expression [42] [43] [44]. Sharma et al. (2020) 
[45] was illustrated that SA interacts with other plant hormones (auxin, abscisic 
acid and gibberellins) and encourages the stimulation of antioxidant compounds 
and enzymes thereby changing heavy metal treated plants and helping in coun-
teraction heavy metal stress. 

https://doi.org/10.4236/***.2020.*****


H. M. Abd El-Samad et al. 
 

 

DOI: 10.4236/***.2020.***** 891 American Journal of Plant Sciences 
 

Therefore, the strategy mechanisms in response broad bean cultivars to se-
wage sludge treatments were different and phtohormones applications had a 
positive effect in alleviation sewage sludge effect.  
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