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4. Results
Many recent researches concluded that the bioremoval of
heavy metals can be affected significantly by physiochemical
parameters of the aqueous solutions, such as pH, ion strength and
concentration, contact time and by other characteristics of the
biomass as biomass dosage.
4.1 Optimum pH for metal ions bioremoval:

The effect of different pH values on metal ions (Cd*?, Pb+2,
Ni*?, Zn*? and Cu*?, respectively) bioremoval efficiency of different
algal biomass are given in Tables (2- 6) and Figures (1- 5).

It is obvious that the removal efficiency decreased at low
acidic and high alkaline pH and the optimum pH value for high
metals adsorption by algae ranged from pH 5 to pH 7.

The data presented in Table (2) and Figure (1) show that the
maximum removal percent of Cd*? ion by C. mediterranea and U.
lactuca at pH 5.0 were 71.6 and 64.1%, respectively, 58.8% by J.
rubens at pH 6, and 55.8% by P. capillaceq at pH 7.0.

In respect of biosorption of Pb™, the data in Table (3) and
Figure (2) revealed that the biosorbtion of Pb*?*was more efficient at
PH 5.0 by U. lactuca, C. mediterranea and J. rubens (95.9, 79.5 and
79.2%, respectively). Also, P. capillacea reached a plateau at pH
6.0 and remove 83.6% of pb™ from the solution.

Data of Table (4) and Figure (3) indicated that at pH 5 the

maximum Ni** uptake by U. lactuca were 83.4% and J. rubens
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81.1% at pH 7. While the maximum removal of Ni*? by C.
mediterranea and P. capillacea at pH 6 reached 75.98 and 74.9%,—
respectively.

It is clear from Table (5) and Figure (4) that 7i*? absorption—
percentage reached maximum by P. capillace, U. lactuca and J.
rubens 98, 93 and 81.3%, respectively, at pH 6.0, and 76.7% by C.
mediterranea at pH 5.0.

As can be seen from Table (6) and Figure (5) that the=
maximum removal efficiency of Cu*? at pH 6.0 was detected by J.
rubens and C. mediterranea, 91.7 and 78.1%, respectively.
Whereas, P. capillace remove 77.1% at pH 4, and U. lactuca
remove 75% at pH 6.
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Table (2): Effect of pH on Cd*? removal percentage by different
algal powder.

pH

Algal species

Chlorophyta| U.lactuca | 5.9 |27.438.4| 64.1| 50 [49.6[ 45.5 [42.4 759
C 5.9 |18.655.4] 716 |549]652[45 13213

mediterranea 2.5

Rhodophyta| . rubens |37.8 |42.8] 43 |57.33/58.8]50.7] 46.9 [44.6 12.7
P. capillacea | 6.7 |120.9(34.9 42.9 | 46 [55.8(/27.9[18.4 13

Table (3): Effect of pH on Pb*? removal percentage by different
algal powders.
pH

2 (3] 4 5 6 71| 8 9 | 10
Algal species

Chlorophyta| U. lactuca |19.7|12.7) 29.6 [95.9] 69.6 |79.3|62.7| 50 |4 s

G 3.7 |13.4|28.16{79.5|61:03(58.4|32.4 28.7 |, o
mediterraneq

Rhodophyta|  J. yubens |13.4]44.1] 282 [79.2] 65.7170.9|20.6/27.03 8.5
P. capillacea) 23.2|29.6| 59.5 [69.7| 83-6 |82.9{13.4/ 253 | 5 5

Table (4): Effect of pH on Ni*? removal percentage by different
algal powders.

PHl 2 | 3| 4 5 6 7 8 9] 10
Algal species

Chlorophyta| U. lactuca [13.4(23.5]48.5[83.4 | 66.6 60.8 | 73.2 1 61]66.5

C 75.98(52.051 29.3 | 15
9.1 |25.6(49.28(64.08 6.3

mediterranea
J. rubens 12.6(31.9|52.89(70.24] 78.9 [81.06]20.85/3.8 1.5
P. capillacea| 34 137.9/33.9( 64.4 | 74.9 [29.38] 31.7[17[ 6 5

Rhodophyta
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Table (5): Effect of pH on Zn"? removal percentage by differentil
algal powders.
pH

Algal species 2 3 4 S 6 7 8 9 |10

Chlorophyta| U. lactuca 205 39 [59.4(85.2] 93 |66.7|50.4|52.7|41.5

C. 62 148.9120.6] 9.1
12 [36.9p52.1376.7 5.8

mediterranca

J rubens  130.2158.5[76.6|77.981.3{61.4|55.9 439|227
P. capillacea | 59 |78.1|86.7 91.5| 98 [73.7]61.8|44.2125.3

Rhodophyra

Table (6): Effect of pH on Cu*? removal percentage by differents

algal powders.
pH

213145 l6]|7]8])9|1C
Algal species

Chlorophyt 75 142.8142.7|58.4
U lactuca [10.7]25.9(33.9|74.5 38

a

C. 78.1(51.5({38.4|154
4.119.3(365]48.1 3.
Rhodophyt | mediterranca

a 7 rubens |19.8(33.2(43.9(87.1{91.7{50.5|31.4 11.8} 6.
P. capillacea |36.5|55.8|77.1] 76 48.8152.33130.7| 16 |12
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Fig. (1): Effect of pH on Cd** removal percentage by different algal
powders,
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Fig. (2): Effect of pH on Pb*? removal percentage by different algal

powders.
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Fig. (3): Effect of pH on Ni*? removal percentage by different algal powders—
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Fig. (4): Effect of pH on Zn*? removal percentage by different algal
powders.
120 -
—&~ U lactuce
s C. Mtachterranea
100  —s—Jrubens .
) —— P.czpilace
g
£ 80
g
:
T 60 1 r
>
g
g 40 .
¥ R
S -
20 1 4
<
0 T v T T T T T T 1
0 2 3 4 § 6 7 8 9 10

pH value

Results

60



Cu*? removal percentage

Fig. (5): Effect of pH on Cu*? removal percentage by different algal
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4.2 Optimum contact time for metal ions bioremoval:

The effect of different contact periods (5 min., 10 min., 20m=
min., 60 min. and 120 min.) on metal ion bioremoval efficiency of=
different algal biomass, are given in Tables (7- 11) and Figures (6 —
10) for the metal ions (Cd+2, Pb*?, Ni*2, Zn™ and Cu*?_
respectively).

It is clear from the obtained results that the efficiency of=
metal ion bioremoval increased as contact time increased. For—
almost all cases, the highest metal ion concentrations removed by—
different test algae was achieved at 60 minutes and above that it was
more or less constant. The maximum efficiency of metal ion
bioremoval at 60 min ranged between 38.2% and 90.3% for

different algal sp. powders.
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Table (7): Effect of contact time on Cd*? removal percentage by
different algal powders.

Time| 5 |[10mi| 20 60 | 120mi

Algal species min | n min | min n

Chlorophyt

U.lactuca 212 33 | 437 | 643 | 61.5
a

C.
1171292 | 432 | 52.6 | 89.23
Rhodophyt | mediterranea

a J. rubens 10 [14.48| 28.6 | 65.6 | 38.16

P. capillacea | 695 | 13.8 | 24.8 [38.16] 395

Table (8): Effect of contact time on Pb*? removal percentage by
different algal powders.

Time| 5 [(10mi| 20

Algal species min| n min

60 min| 120min

Chlorophyt

U.lactuca 2591234 156 | 488 | 59.6
a

C
82 |246| 56 | 834 ( 87.7

Rhodophyt | mediterranea
a J. rubens 17.4 | 15.6 | 38.31 | 74.02 | 77.27

P. capillacea |12.59 | 31.8 | 63.7 | 75.12 | 632
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Table (9): Effect of contact time on Ni*? removal percentage by—
different algal powders.

Time; 5 60 | 120mi
10min|20 min
Algal species min min n
Chlorophyt
U. lactuca 10.8 | 25.5 | 35.4 | 43.5 | 47.39
a
C.
164 | 33.1 | 49.5 | 68.9 76
mediterraned
Rhodophyta
J. rubens 12.8 | 20.5 | 45.6 | 61.1 | 56.45
P. capillacea {4.12| 62 | 114 | 595 61.2

Table (10): Effect of contact time on Zn'? removal percentage=
by different algal powders.

Time| 5 |10mi| 20 60 | 120mi
Algal species min [ n min | min n
Chlorophyt
U. lactuca |15.36{48.26|79.80 | 80.4 | 81.6
a
C.
13.2 | 422 | 62.5 | 749 | 935
Rhodophyt | mediterranea
a J. rubens 258 | 45.5 | 54.68 | 69.9 | 67.5
P. capillacea | 12.5 | 35.9 | 7747 | 90.26 88.2
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Table (11): Effect of contact time on Cu*? removal percentage
by different algal powders.

Time 10mi | 20 60 | 120mi
5 min
Algal species n min | min n
Chlorophyt
U lactuca 19 | 428 | 72.3 | 79.95 | 80.43
a
C. mediterranea| 21.5 | 35 |48.13] 52.6 | 89.2
Rhodophyt
J. rubens 248 | 50.6 | 68.5 | 89 95.4
a

P. capillacea |17.75| 34.8 | 62.6 | 77.8 | 74.01
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Fig. (6): Effect of contact time on Cd"* removal percentage by different—
algal powders.
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Fig. (7): Effect of contact time on Pb 2 removal percentage by different algalm
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Fig. (8): Effect of contact time on Ni*? removal percentage by different algal
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Fig. (9): Effect of contact time on Zn*? removal percentage by different

algal powders.
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4.3 Optimum algal biomass for metal ions bioremoval:

Data in Tables (12- 16) and Figures (11- 15) show the effect of
algal biomass on metal ion bioremoval efficiency. The results
clearly reveal that the efficiency of metal ion bioremoval increases
as algal biomasses increases from 1 g/L to 2 g/L to 5 g/L to 10 g/L.
to 20 g/L and 40 g/L. With all algae, the highest value of metal ions
removal percentage was observed at 40 g/L and the maximum
effictency for removal of metal ions ranged between 86.7% by U.
lactuca and 68.1% by P. capillacea for Cd, 92.7% by C.
mediterranea and 79.7% by P. capillacea for Pb, 94.52% by
P.capillacea and 65.34% by J. rubens for Ni, 92.7% by J. rubens
and 89.3% by C. mediterranea for Zn, 92.6% by J. rubens and
71.2% C. mediterranea by for Cu.
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Table (12): Effect of algal biomass on Cd™ removal percentage

by different algal powders.

Biomass dosage

Algal species

1g/L

2
g/L

5
gL

10
o/L

20
g/L.

40
g/L

Chlorophyta

U, lactuca

29

12.9

279

59.9

87.1

86.7

Rhodophyta

C.

mediterranea

7.2

36.8

56.1

73

81.9

83.4

J. rubens

5.6

24.7

50.6

57.5

49.3

74.9

P. capillacea

3.8

8.01

16.7

364

56.4

68.1

Table (13): Effect of algal biomass on Pb*? removal percentage

by different algal powders.

Biomass dosage| 1g/ | 2 5 10 | 20 | 40
Algal species L |glL|g/l| g/L | g/l g/lL
Chlorophyt 53.9 85.93
U lactuca |6.7|20.5 59.3 80.12
a 7
C 95.2
94 123.7163.5| &4 92.7
mediterranea
Rhodophyt
32.8 83.5
a J. rubens |2.48 ¢ 43.6| 76.1 89.3
P. capillacea |79 |18.2(45.7169.35(47.98| 79.7
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Table (14): Effect of algal biomass on Ni*> removal percentage
by different algal powders.

Algal species

Biomass dosage

lg/L

2
g/lL

5
g/L

10
g/LL

20
g/L

40
g/L

Chlorophyta

U. lactuca

3.7

8.5

28.9

47.7

97

91.78

Rhodophyta

C.

mediterranea

17.3

45.3(59.2

61.8

73.7

79.9

J. rubens

1.5

5.8

36.2

66.5

67.2

65.34

P. capillacea

1.2

7.3

224

62.32

93.5

94.52

Table (15): Effect of algal biomass on Zn"? removal percentage

by different algal powders. |
Biomass dosage 2 10 20 40
1g/L 5 g/LL
Algal species g/L g/l | g/l | g/LL
Chlorophyta| U. lactuca |4.55|17.4|35.62(78.62| 67.6 90.9
C 85.7
20 (357|574 | 78.1 89.3
mediterranea
Rhodophyta
J. rubens |5.89(13.8|243 | 745 | 88.9 | 92.7
P. capillacea 11.43122.5| 46,9 | 86.9 [ 79.32 | 89.9
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Table (16): Effect of algal biomass on Cu™ removal percentage
by different algal powders.

Biomass dosage 2 10 | 20 | 40
) lg/L 5g/L
Algal species g/l gL | g/l | gL

Chlorophyta| U. lactuca |10.4(35.964.24| 71.3 [79.81] 803

C. 66.3
12.6129.1| 48.9 | 56.5 71.2

mediterraneaq
Rhodophyta

J. rubens 4.6 116.9/48.2|755|79.4| 92.6
P. capillacea | 5.1 |15.4]42.16(82.16/83.53] 82.95
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Fig. (11): Effect of algal biomass on Cd*? removal percentage by different
algal powders.
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Fig. (12): Effect of algal biomass on Pb*? removal percentage by different
algal powders.
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Fig. (13): Effect of algal biomass on Ni*> removal percentage by different
algal powders.

120 1 oy imenee

—— C. mediteranca
100 —s— Jrubans

° ~- P. capilacea " e 4
o
2 w0+ A
o - o
£
o
2 gy
"
>
£
£ 4
Z 20 -
0 LS . . . , \
Q 1 2 ] 10 20 40

Biomass dosage (gL}

Results

72



Fig. (14): Efifect of algal biomass on Zn*? removal percentage by different
algal power powers
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Fig. (15): Effect of algal biomass on Cu*? removal percentage by different
algal Powders.
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4.4 Effect of irrigation with low quality water before and __
after algal treatment.

This part of study show the effect of irrigation with low—
quality water contained different concentrations of heavy metals—
(Cd*?, Pb'%, Ni%, Cu™ and Zn*?) before and after marine algal
treatment on the final germination percentage, seedling enzymes,
some vegetative growth parameters, photosynthetic pigments and
some chemical components of wheat grains and faba bean seeds.

4.4.1 The final percentage germination of seeds:

The final percentage germination values of wheat grains and
faba bean seeds at 7 days from planting as influenced by low
quality water irrigation before and after algal treatment are
presented in Table (17) and graphically in Figure (16).

4.4.1.1 Wheat:

The data revealed that using El- Batts drainage water in
irrigation significantly inhibited wheat grains germination by
23.33%, than irrigation with Nile fresh water (control). However,
the reduction in the final percentage germination was only 13.33%
than the control when El- Batts drainage water was treated by algae.
On the other hand, it was clear that increasing heavy metal
concentration in synthetic solutions from 20 to 60 or 100 ppm
caused more and remarkable inhibition in wheat grains germination
by 33.33, 36.67 and 43.34%, respectively, when compared with
corresponding control. Irrigation with synthetic solutions contained
20, 60 and 100 heavy metals after algal treatment raised wheat
germination percentage at 7- days when compared to non-algal
treated ones by 15.0, 21.05 and 33.54%, respectively.
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4.4.1.2 Faba bean:

The final percentage germination of faba bean seeds irrigated
with El- Batts drainage water before algal treatment was
significantly decreased by 16.67%, than irrigation with Nile fresh
water. However, irrigation with algal treated water of El- Batts
drainage gave an increase in seed germination percentage to reach
about 96.66%. Irrigating seeds with synthetic solutions contained 20
or 60 ppm heavy metals before algal treatment inhibited the
germination percentage significantly by 40%, as compared with the
Nile fresh water (control) and without any differences between the
two synthetic concentrations. However, a sharp inhibition in the
germination percentage was occurred by using synthetic solution of
100 ppm concentration of heavy metals, and the germination
percentage reached 46.66% only.

It is obvious that treating synthetic solutions contained 20, 60
and 100 ppm with algae and used it in irrigation, increased the
germination percentage of faba bean seeds than non-treated
solutions by 13.33% for these statements.

4.4.2 Seedling enzyme activities:
4.4.2.1 Peroxidase (U/gm F.W.):
4.4.2.1.1 Wheat:

Data in Table (17) and Figure (17) indicate that irrigation
with El. Batts drainage water and synthetic solution contained 20,
60 and 100 ppm of heavy metals before algal treatment caused very
highly significant reductions in seedling peroxidase activity by
13.76, 25.38, 58.46 and 64.32%, respectively, when compared with
Nile fresh water irrigation.
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Using algal treated water in irrigation gave fluctuated effectil
on seedling peroxidase activity. Irrigation with El- Batts drainage=
water or synthetic solution of 20 ppm heavy metals after algalil
treatment significantly reduced the seedling peroxidase enzyme by—
11.92 and 28.9% when compared with corresponding untreated withem
algae. However, irrigation by synthetic solution contained 60 or 10 (o
ppm heavy metals concentration decreased peroxidase activity
Treatment of these two synthetic solutions (60 and 100 ppm) by=
algae leads to increase in seedlings peroxidase activity by 48.96andil

46.84%, respectively.
4.4.2.1.2 Faba bean:

It is clear form Table (17) and Figure (17) that irrigation withm
El Batts drainage water or synthetic solutions contained 20, 60 andil
100 ppm of heavy metals before algal treatment gave very highly=
significant increases in seedling peroxidase activity by 24.60,22.75 -
26.11 and 23.63%, respectively, when compared with the Nile freshm

water irrigation.

On the other hand, irrigation with algal treated water causedl
decrease in seedling peroxidase activity than the non- algal treatedl
water by 24.57, 23.78, 2.07 and 11.34% for El- Batts drainage water
and synthetic solutions 20, 60 and 100 ppm heavy metals_
respectively.

4.4.2.2 Catalase (U/gm F.W.):
4.4.2.2.1 Wheat:

The results in Table (17) and Figure (18) demonstrated tha#
the maximum catalase activity in wheat seedlings was detected fromm
irrigation with Nile fresh water (control).
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Irrigation with El- Batts drainage water or synthetic solutions
contained 20, 60 and 100 ppm of heavy metal without algal
treatment gave very highly significant decrease in catalase activity
than the control by 60.6, 81.7, 81.82 and 735.75%, respectively.

The irrigation with algal treated El- Batis drainage water
significantly reduce catalase activity in seedlings compared with
non- treated drainage water by 57.7%.

Treatment synthetic solutions of 20, 60 and 100 ppm heavy
metals with algae gave significant increases in catalase activity in
seedlings than non-algal treated water.

4.4.2.2.2 Faba bean:

As can be seen from Table (17) and Figure (18) that
irrigation with El- Batts drainage water exhibit a very highly
significant decrease in catalase activity of faba been seedlings by
53.33% than the control. However, in the case of non-treated
synthetic solutions, the catalase activity of seedlings detected from
irrigation with 20 or 60 ppm heavy metals solution significantly
reduced by 70.91 and 33.33% than irrigation with the Nile fresh
water, respectively.

Regarding, irrigation with synthetic solution contained 100
ppm heavy metals , the catalase activity of seedlings significantly
increased than the control (Nile fresh water) by 10.6%.

It can be noticed that irrigation with algal treated water
caused very highly significant increases in the catalase activity,
comparing with irrigation by non-algal treated water, except at 100
ppm heavy metals of algal treated, the catalase activity reduced.
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Table (17): Effect of low quality and algal treated irrigation water on [inal percentage germination (%)
of seeds and seedling enzymes of wheat and faba bean.

Wheat Faba bean
: Seedling ' Seedling Final Scedling Scedling
W ; g
ater treatments oor :._ﬁ.“”__”wﬁ_:.. (%) Peroxidase mnz_n_uwm (U/gm.| germination Peroxidase |[Catalase (U/gm.
Bert ) (Uigm. F.W) ! F.WV) (%) (Ulgm, F.W) F.W)
Nile fresh water (control) | 100.00 +0.58 59.51 £0.08 6.00 £0.01 100.0 £0.58 24,179 £0.02 30.000 £0.43

Fl-Batts drainage water | 76.67** 3.3 | 51.32%** £0.09 2.36%+% +0.02 | 83.33* x44 [30.127%** £0.04 [14.000*** £0.07
5520 | 66.67*** £33 | 44.40%¥* £0.17 “‘ [.10%** 20.04 | 60.00*%* 22,9 120.679%** 10,03 | 8.727*** 10.06

Non-algal

$.5.60 63.33%%* £33 | 24.72*%% £0.05 U L00%ex <004 | 60.00%* £5.8 [30.4924** +0.69 (20.000*** +0.10
treated water

S5 100 | 56,6777 533 [2123%F 20,01 | 1.46%** 2001 | 46.67%** +4.4 [29.892*** +0.03 | 33.161** +0.08

ELBatts | 86.67n.s. £3.3 [ 45.21%** £0.07 | 1.60*** £0.0] | 96.67n.s. £3.3 | 22.725*** £0.14 18.180*** £0.02
$.5.20 | 76.67 ns. £3.3 | 31.57*%* 0,11 2.91%%% +0.09 | 73.33n.s. £3.3 22.620*** 1047 14.000%+% £0.10

Water treated

with mixture of
8.8.60 76.67* £3.3 | 36.67%** £0.66 . 3.09*** 00! | 73.33ns +3.3 [29.861n.s. £0.08 |34.910*** £0.04

55100 1 70.00ns. £5.8 | 31.18%%* 20.09 | 4.09%** =0.02 | 60.00n.s. £2.9 [26.502*** £0.05 |21 818"+ £0.02

algal powder

Non significant ns.  atP»0.05 Highly significant (**) atP=0.0I1

Significant (*) aP=<005 Very highly significant { ***) al P £0.001

$.8.20 = Synthetic solution of heavy metals (4 ppm of Cd. 4 ppm of Pb, 4 ppm of Ni, 4 ppm of Zn and 4 ppm of Cu)

$.5.60 = Synthetic solution of heavy metals (12 ppm of Cd, 12 ppm of Pb. 12 ppm of Ni, 12 ppm of Zn and 12 ppm of Cu)
$.8.100 = Synthetic solution ol heavy metals (20 ppm of Cd. 20 ppmn of Pb, 20 ppm ol Ni, 20 ppm of Zn and 20 ppm of Cu)
Mixture of algal powder (10 gm of powder of U. luctuca, C. meduerranea and J, richens)
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Germination (%)

Fig. (16): Effect of low quality and algal treated irrigation water on the final percentage germination of

120 1 wheat and faba bean seeds,
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Seadling peroxidase (Ufgm F.W.)

74
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Fig. {17): Effect of low quality and algal treated irigation water on peroxidase activity (Uigm F.W.) of wheat and
faba bean seedlings.
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Seedling Catalase (U/gm F.W.)

Fig. (18): Effect of low quality and algal treated irrigation water on catalase activity (U/gm
F.W.) of wheat and faba bean seedlings.

M Wheat 0 Faba bean

Results

81

Nile fresh

) 9 o =] [=3 Q ) Q =] o
. Lo N @ = 8 L o @ e
2 T mER 0 « @ gl @ 9 "

. [ * : o c 0 0
g0 L 53 o 1£3 o
C w3 w .m
non-algal treated water water treated with mixture of algal powder




4.4.3 Vegetative growth parameters:

The data obtained and the mean values/plant were computedill
for shoot height, root length, fresh and dry weights, leaf number andil
leaf area/ plant.

4.4.3.1 Wheat:
4.4.3.1.1 Shoot height (cm):

The results presented in Table (18 and 19) and Figure (19)m=
indicated that shoot height of wheat plants were significantly=—
affected by different irrigation treatments used at 5 and 9- weeks oldii
plants. The maximum shoot height values at 5 and 9- weeks oldil
plants (16.8 and 35.07 cm) were attained from irrigation with the=
Nile fresh water (control). Irrigation with El- Batts drainage water—
before algal treated significantly decreased shoot height at 5 and 9—
weeks old plants by 20.24 and 16.65%, respectively, compared_
with the control, however, algal treated water of El- Batts drainage=
decreased the shoot height at 5 and 9- weeks old plants by 15.48~
and 6.67%, respectively, compared with the control. Using the=
synthetic solutions contained 20, 60 and 100 ppm heavy metals
caused very highly significant reductions in shoot height at 5- weeks=
old plants by 31.55, 32.74 and 40.48%, respectively, and at 9—
weeks old plants by 19.87, 22.81 and 28.63%, respectively, as=
compared to the control. Generally, irrigating wheat plants with El—
Batts drainage water before or after algal treated increased the shoots
height at 5 and 9- weeks old plants than all the synthetic solution.
(20, 60 and 100 ppm heavy metals) before or after algal treating.
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However, high significant differences in shoot height were
noticed at 5 or 9- weeks old plants between synthetic solutions of 20
ppm and 60 ppm heavy metals, either before or after algal treatment,
but increasing heavy metal concentrations in irrigated water from 20
to 100 or from 60 to 100 ppm before or after algal treatment
significantly decreased shoot height at 5- weeks old plants by 32.74
and 40.48% and at 9- weeks old plants by 22.81 and 28.63%,
respectively, compared with the control. The corresponding values
of heavy metal concentrations decrease shoot height of wheat plants
irrigated with algal treated water at 5- weeks old plants by 24.40 and
33.33%, and at 9- weeks old plants by 13.89 and 22.07%,
respectively.

It is obvious that increasing heavy metals concentration in
irrigated water significantly decreased the shoot height of wheat
plants at 5 or 9- weeks old plants. Irrigation with algal treated low
quality water showed significant increases in shoot height of all
water treatments, but still less than the Nile fresh water.

4.4.3.1.2 Root length (cm):

Data represented in Table (18 and 19) and Figure (20) point
out that the root length of wheat plants irrigated with Nile fresh
water was significantly higher than those irrigated with El- Batts
drainage water or synthetic solutions of 20, 60 and 100 ppm heavy
metals at 5- weeks old plants by 20.16, 42.92, 42.92 and 68.84%,
respectively, and at 9- weeks old plants by 17.74, 25.0, 38.12 and
64.11%, respectively. Also, root length of wheat plants irrigated
with El- Batts drainage water increased than those irrigated with
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synthetic solution of 20 ppm heavy metals at 5 and 9- weeks by—
19.18 and 6.17%, respectively.

It is clear that as the heavy metals concentration increased inms
irrigated water the reduction in root length increased significantly —
However, the bioremediation of heavy metals from irrigated water—
(algal treated water) leads to an increase in root length of wheat=

plants over the non- algal treated water.

These results concluded that irrigating wheat plants with low—
quality water caused adverse effects on the root length at the twom
growth stages (5 and 9- weeks old). Also, the reduction in the root=
length was significantly increased with increasing the heavy metals—
concentration in irrigation water, compared to the control. In_
addition, treated algal water increased the root length at 5 and 9—
weeks old plants over the non- algal treated ones .

4.4.3.1.3 Shoot fresh weight (gm):

As can be noticed from Table (18 and 19) and Figure (21)
that the shoot fresh weight of wheat at the two growth stages (5 and
9. weeks old) appeared to decrease due to low quality water
irrigation before or after algal treatment, as compared to the Nile

fresh water irrigation.

Irrigation with El- Batts drainage water before or after algal
treatment significantly reduced the shoot fresh weight at 5- weeks-
old plants by 28.95 and 18.86%, respectively, and at 9- weeks old
plants by 16.18 and 8.22%, respectively, when compared with Nile

fresh water (control).
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Treatment of synthetic solution (20, 60 and 100 ppm heavy
metals) with algae increase shoot fresh weight at 5- weeks old plants
by 12.42, 20.0 and 23.88%, respectively, and at 9- weeks old plants
by 15.76, 6.53, and 12.93%, respectively, over the non- algal treated
synthetic solutions. Increasing heavy metals concentration in
irrigated water to 100 ppm gave the lowest fresh weight of wheat
shoot (1.340 and 2.243 gm) at 5 and 9 weeks plant old.

4.4.3.1.4 Shoot dry weight (gm):

The data listed in Table (18 and 19) and Figure (22) reflects
the effects of different irrigation treatments on the shoot dry weight
of wheat plants.

The maximum shoot dry weight at 5 and 9- weeks old plants,
1.e. 0.375 and 0.807 gm, respectively, were obtained from the Nile
fresh water, whereas irrigation with synthetic solution of 100 ppm
heavy metals gave the minimum shoot dry weight values of wheat
plants (0.261 and 0.423 gm).

Irrigation with El- Batts drainage water increased shoot dry
weight at 5- weeks old plants by 6.46, 12.59 and 19.92% and at 9-
weeks old plants by 11.34, 28.89 and 62.41%, than the shoot dry
weight of plants irrigated with synthetic solutions contained 20, 60
and 100 ppm of heavy metals, respectively.

On the other hand, treating El- Batts drainage water or
synthetic solutions of 20, 60, and 100 ppm heavy metals with algae
caused increases in shoot dry weight more than the non- treated
ones at the two growth stages, but the values obtained still below the
control value.
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4.4.3.1.5 Leaf number/ plant:

The data illustrated in Table (18 and 19) and Figure (23
clearly show that using the Nile fresh water (control) for irrigatiormm
‘ncrease the leaf number/ plant at 5 and 9- weeks old plants (5.35=
and 7.67 leaves/ plant), whereas high significant reductions in the=
leaf number/ plant (2.66 and 4.33 leaves/ plant) at 5 and 9- week=
old plants, were observed when using the synthetic solution of 10(
ppm heavy metal concentration for irrigation.

In case of using El- Batts drainage water in irrigation, the=
leaf number/ plant was decreased non- significantly at 5 and highum
significantly at 9- weeks old plants by 1876 and 30.51% —
respectively, compared with the control. However using El- BattsS
algal treated water reduced the leaf number/ plant at 5 and 9- weeks=
old plants than the Nile fresh water by 12.57 and 13.04%
respectively, without significant effect.

Using algal treated synthetic solution of 100 ppm heavy metals=
in irrigation reduced the leaf number/ plant at 5 weeks plant old by=
25% than algal synthetic solutions of 20 or 60 ppm heavy metals_
Similar finding were obtained at 9- weeks old. Algal treatment of5
El- Batts drainage water and synthetic solutions of 20, 60 and 100m
ppm heavy metals concentration increased the leaf number/ plant
than the non- algal treated ones at 5- weeks old plants by 7.62-
20.12, 20.12 and 12.78%, respectively, and at 9- weeks old plantss
by 12.57, 12.57, 13.40 and 15.47%, respectively.
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4.4.3.1.6 Leaf area/ plant (cm?):

The results presented in Table (18 and 19) and Figure (24)
revealed that irrigation with the Nile fresh water produced the
maximum leaf area at 5 and 9- weeks old plants, i.e. 116.53 and
181.27 cmz, respectively, whereas, the minimum leaf area/ plant at 5
and 9- weeks old plants (57.27 and 81.57 cm®) were resulted from
irrigation with synthetic solution contained 100 ppm heavy metal
concentration,

The leaf area/ plant at the two growth stages, obtained from
irrigation with El- Batts drainage water (80.23 and 133.53 cm?)
exceeded those observed from irrigation with synthetic solutions of
20, 60 and 100 ppm by 20.88, 23.05, and 40.09 %, respectively, at
5- weeks stage and by 12.66, 24,18 and 63.70%, respectively, at 9-
weeks stage.

Using synthetic solutions of 20, 60 and 100 ppm heavy
metals in irrigation gave significant differences in leaf area/ plant at
5 and 9- weeks old plants.

Algal treating of El- Batts drain water and synthetic solution
20, 60 and 100 ppm heavy metals concentration increased leaf area/
plant than the non- algal treated ones at 5- weeks stage by 20.03,
17.01, 15.84 and 15.89%, respectively. At 9- weeks of treatment the
corresponding increment values were 19.43, 19.49, 26.17 and
31.21%, respectively.

It can be concluded that as the concentration of heavy metals
in irrigation water increased, the leaf area/ plant of wheat
significantly decreased, but treating these water with algae can
induced an inhibition to this reduction in leaf area/ plant at the two
_growth stages.
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Table (18): Effect of low quality and algal trea

parameters of wheat plants at 5- weeks from planting.

ted irrigation water on some vegelative growth

S weeks
Water Shoot fres t g L. are:
) Shoot height Root length 1ot fresh m_::w dry Leaf no. per eafarea per
treatments (cm) (em) weight weight lant plant
HIJ
(m) (gm) P (em?)
Nile fresh water 16.8 +0.44 5.97 +0.12 228 +0.03 0.375 +£0.01 5.33 +0.33 116.53 +6.9
{control)
E-Eﬂ,“._.,_.m_.suﬁ 13.4%% 20.17 | 4.97% 2023 | 1.62%¢* £0.03 [0.313 ns. £0.02/4.33 ns. £0.33 1 80.23% £7.3
Non-aleal | 5520 | [ 5%%% 10.25 |d.17%%* 10.07| 1.61**% £0.04 [0.294%* £0.001| 3.33** +0.33 | 66.37%% %23
troated | S-S.60 | 11.3%7* 0.2 | 4.17%* 7022 | LA5%%* £0.07 |0.278%* £0.01 | 3.33** +0.33 | 65.20** 3.4
water | $.5.100 | 10.0%%* +0.09 [3.53%*%* $0.23| 1.34%** £0.04 | 0.261%* £0.02 2.67** £0.33 | 57.27** 3.6
water | ELBates | 142 ns. #0.29 [543 n.s. £0.19| L.85** £0.04 [.334 n.s. +0.03]4.67 n.s. +0.33 | 96.30 n.s. 3.2
treated | $.5.20 (3177 0.12 | 483** £0.12 | 1.81**£0.01 [0.317 n.s. 20.01)4.00 n.s. £0.58| 77.67* 1.3
with S.5.60 | 12.7%%* £0.12 [4.77 ns. £0.18| 1.74* 20.02 [0.305 n.s. 10.01}4.00 n.s. +0.58| 75.53 n.s. £2.5
mixtare
of algal | §.5.100 | 11.2** <023 [4.03 ns. 20.15] L.66%* +0.04 [0.297 n.s. £0.01]3.00 1.5, +0.58 | 66.37 n.s. +2.4
powder
Non significant ns.  atP=>0.05 Highly significant (**) alP £ 001
at P < 0.001

Significant

$.8.20 = Synthetic solution of he
5.5.60 = Synthetic solution of he
5.5.100 = Synthetic solution ol heavy metals (20 ppm ol Cd,
Mixture of algal powder (10 gm ol powder of U. luctuca, C. mee

")

at P < 0.05
avy metals (

Very highly significant ( ***)

4 ppm of C'd, 4 ppm of P'b, 4 ppm o
avy metals (12 ppm of Cd, 12 ppm of Pb, 12 ppm of Ni,
20 ppm of Pb, 20 ppm of Ni,
fiterranca and J. rubens)

fNi, 4 ppm of Zn and 4 ppm of Cu)
12 ppm of Zn and 12 ppm of Cu)

20 ppm of Zn and 20 ppm of Cu)
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Table (19): Effect of low quality and algal treated irrigation water on some vegetative growth
parameters of wheat plants at 9- weeks from planting.

Results
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9 weeks
Water . =
{reatments Shoot height Root lengih  Sheot fresh weightShoot dry weight Leaf no. /plant Leaf u..ﬁw\_:n_:
{em) (em) (gm) (gm) (em”)
Nile fresh wat
e lreshwatery 507 +0.58 7.50 £0.26 4.053 £0.06 0.807 £0.01 7.67 £0.33 181.27 £3.7
(control)
1-Batis drainag
Ba ,W”_M_,._::wn 20.23%%% +024 | 6.37* +0.23 3.397% £0.19 | 0.687%%* 10.01 | 5.33%*+0.33 |133.30%%% +4 8
Non- | S.8.20 | 28.10%** £0.17 | 6.00%* 20.12 | 2.957*** +0.06 | 0.617%%*£0.02 | 533** +0.33 [L18.53%*% +4.6
algal | §.8.60 | 27.00%** 10.46 | 5.43** 2020 | 2.860%** +0.06 | 0.533%** +0.02 | 5.00% <0.58 [107.53%%% +3.]
treated
watey | 55100} 25.03%%% £0.47 | 4.57%%% £0.20 | 2.243%** £0.04 | 0.423%¥% 10,02 | 4.33**£0.33 |81.57*%* +2.5
Water (El-Battsf 32.73%* +0.35 | 6.97 n.s, £0.27 | 3.720 n.s. 20.10 | 0.747* £0.01 6.00 ns. 20.58 [ 159.47+% 31,7
treated | §.5.20 | 30.67*** +0.24 | 6.67* +0.12 3.423*% +0.03 | 0.693%* +0.01 | 6.00 n.s. 20.58 | 141.63%* £1.7
with "5 60 | 30.20%* +0.40 6.30* 0,23 3.047 ns. £0.04 | 0.603* £0.01 5.67 n.s. £0.33 | 135.67** 2.7
mixture
of algal| $ 5.100] 27.33#%* 1026 | 5.20% 20.12 2.533*% £0.07 (1.497** 20,01 | 5.00n.s. £0.58 [ 107.03%% +2.5
powder
Non significamt  n.s.  at P> 0.05 Highly significant (**) al P £0.01
Significant (*) aP<0.05 Very hightly significant ( #%% ) at P £0.001

5.8.20 = Synthetic solution of heavy metals (4 ppm of Cd, 4 ppm of Pb, 4 ppm ot Ni. 4 ppm of Zn and 4 ppm of Cu)

3.5.60 = Synthetic solution of heavy metals (12 ppm of Cd, 12 ppm of Pb, 12 ppm of Ni, 12 ppm of Zn and 2 ppm of Cu)
5.5.100 = Synthetic solution of heavy metals (20 ppm of Cd, 20 ppm of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
Mixture of algal powder (10 gm of powder of U. lactuca, C. mediterranca and J. rubens)




Nile
fresh

Fig. (19): Effect of low quality water and algal treated irrigation water on shoot height
(cm) of wheat plants at 5 and 9-weeks from planting.
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Fig. {20): Effect of low quality water and algal treated irrigation water on root length (cm)
of wheat plants at 5 and 9-weeks from planting.
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Fig. (21): Effect of low quality water and algal treated irrigation water on shoot fresh weight
(gm) of wheat plants at § and 9-weeks from planting.
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Fig. (22): Effect of low quality water and algal treated irrigation water on shoot dry weight
{gm) of wheat plants at 5 and 9-weeks from pianting.
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Leaf number per plant
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Fig. (23): Effect of low quality water and algal treated irrigation water on leaf number
per plant of wheat at 5 and 9-weeks from planting.
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Fig. (24): Effect of low quality water and algal treated irrigation water on leaf area per plant
An_s )} of wheat at 5 and 9-weeks from planting.

B 5-weeks 8 9weeks

water
(control)

El- Batts

drainage

water

S$.5.20
5.5.60

non-algal treated water

El-Batts
drainage
water
8.8.20
8.5.60

water treated with mixture of algal powder

Results

95



4.4.3.2 Faba bean:
4.4.3.2.1 Shoot height (cm):

It is clear from data recorded in Table (20 and 21) and Figure
(25) that irrigating faba bean plants with El- Batts drainage water
caused significant decreases in shoot height at 5 and 9- weeks old
plants than the control by 8.11 and 6.33%, respectively. However,
the shoot height of faba bean irrigated with algal treated of El-Batts
decreased than the control by 3.38 and 3.10%, respectively. These
results revealed that using treating low quality water with algae in
irrigation caused an remarkable increases in shoot elongation as a

result of heavy metals removal by algal powders.

The adverse effect of heavy metals in irrigated water on faba:
bean shoot height can be noticed clearly when the synthetic
solutions contained 20, 60 and 100 ppm heavy metals were used in.
irrigation. The shoot height at 5- weeks old of faba bean plants
irrigated with El- Batts drainage water before algal treatment was
superior than those obtained from synthetic solutions of 20, 60 and
100 ppm heavy metals concentration by 1.38, 3.57 and 8.09%,
respectively, whereas after algal treatment the superiority of El-
Batts water over the synthetic solutions (20, 60 and 100 ppm) irx
shoot height reached 2.69, 5.0 and 8.39%, respectively. Similar

results were achieved at 9- weeks old plants, where shoot height
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resulted from El-Batts drainage water before algal treatment was
higher than those obtained from synthetic solutions 20, 60 and 100
ppm by 2.64, 3.27 and 6.64%, respectively. After algal treatment,
shoot height of El-Batts was higher by 2.35, 3.73 and 7.34%,
respectively, for algal treated synthetic solutions of 20, 60 and 100

ppm heavy metals.

It could be concluded that irrigation faba bean plants with
low quality water significantly decreased shoot height of plants at 5
or 9- weeks old plants, when compared with Nile fresh water
irrigation, but the reduction at 9- weeks old plants was less than at
5- weeks old plants. However, algal treating for low quality water
induced pronounced increase in shoot height than non- algal treated

water,
4.4.3.2.2 Root length (cm):

Table (20 and 21) and Figure (26) indicated that root length
of faba bean plants was varied due to different treatments of

irrigated water at the two growth stages, i.e. 5 and 9- weeks old.

The maximum root length at 5 and 9- weeks old plants
(11.17 and 13.97 cm) was observed with the Nile fresh water,
whereas the lowest ones (6.47 and 8.80 cm) were detected from

irrigation with synthetic solution of 100 ppm heavy metals.
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Irrigation with El- Batts drainage water significantly—
decreased root length at 5 and 9 weeks old plant by 12.26 andil
8.88%, respectively, compared with the control. However, irrigationmm
with El- Batts algal treated water decreased the root length at 5 andil
9 weeks by 7.52 and 4.08%, respectively, when compared with Nile=

fresh water, but without any significant differences.

Algal treatment of synthetic solutions 20, 60 and 100 ppm
heavy metals leads to an increase in the root length of 5- weeks old
plants, over non- treated ones by 13.36, 19.40 and 12.83%,
respectively, whereas the corresponding values in root length at 9-

weeks old plants were 7.31, 8.37 and 7.16%, respectively.

It is obvious that treating low quality water by algal powder
resulted in an increase in root length, but this increment are still

below the control values.
4.4.3.2.3 Shoot fresh weight (gm):

The results presented in Table (20 and 21} and Figure 27)
revealed that the highest fresh weight of faba bean at 5 and 9- weeks
old plants, i.e. 26.07 and 46.40 gm, respectively, were observed
from irrigation by Nile fresh water (control). However, irrigation

with non- treated synthetic solution at level 100 ppm heavy metals
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gave the lowest shoot fresh weight (18.38 and 35.07 gm,

respectively).

Irrigating faba bean plants with algal treated water of El-
Batts or synthetic solutions of heavy metals resulted in increases in
shoot fresh weight at 5- weeks old plants than the non- algal treated
water by 4.82, 5.72, 4.84 and 6.91%, respectively, and by 4.02,
4.62, 5.09 and 3.22%, respectively for 9- weeks old plants.

These results proved that the faba bean shoot fresh weight
significantly decreased at the two growth stages as heavy metals
concentration increased in irrigated water and this adverse effect
can be reduced by treating low quality water used in irrigation with

algal powder.
4.4.3.2.4 Shoot dry weight (gm):

Table (20 and 21) and Figure (28) showed that using the Nile
fresh water in irrigation gave the highest shoot dry weight at the two
growth stages, i.e. 4.620 and 9.766 gm, respectively.,

Irrigation with El- Batts drainage water significantly
decreased shoot dry weight at 5 and 9- weeks old plants by 20.35
and 12.62%, respectively, comparing to those obtained from the
‘Nile fresh water. However, the differences between shoot dry
“weight of plants irrigated with algal treated, observed from El- Batts
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drainage water and synthetic solution of 20 ppm heavy metals at Sem

and 9- weeks old plants were non-significant.

Algal treated of low quality water, i.e. El- Batts drainage—
water, synthetic solutions contained 20, 60 and 100 ppm heavy—
metals led to increases in shoot dry weight than the same non- algal
treated ones at 5- weeks old plants by 7.34, 7.37, 10.30 and
10.39%, respectively, and at 9- weeks old plants by 7.79 ,11.02_
12.55 and 7.60%, respectively.

It is evident from the previous results that using algae in
treating of low quality water is a beneficial method in raising the

shoot dry weight of faba bean plants at the two growth stages.

4.4.3.2.5 Leaflets number/ plant:

Table (20 and 21) and Figure (29) clarified that irrigating
faba bean plants with synthetic solution of 20, 60, and 100 ppm
heavy metals concentration significantly decreased the leaflet
number/ plant at 5- weeks old plants by 13.94, 17.42 and 22.30%,
respectively, and at 9- weeks old plants by 19.61, 20.98 and
26.86%, respectively, compared to irrigation with Nile fresh water
(control).

On the other hand, algal treated El- Batts drainage water or
synthetic solutions of 20, 60 and 100 ppm heavy metals induced

increases in the leaflets number/ plant than non- algal treated ones at
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5- weeks old plants by 7.69, 9.31, 12.66 and 12.11%, respectively,
whereas the corresponding values of increment at 9- weeks old
plants were 6.67, 6.58, 7.44 and 6.43%, respectively.

It is evident that the sharpest reduction in the leaflets
number/ plant at 5 and 9- weeks old plants was occurred when
plants were irrigated with non- algal synthetic solution of 100 ppm
heavy metals, compared with the control, whereas treating this
water with algae reduced the inhibition effects of heavy metals on
leaflets appearance at 5 and 9- weeks old plants by 12.11 and
6.43%, respectively.
4.4.3.2.6 Leaflets area/ plant (cm?):

The data recorded in Table (20 and 21) and Figure (30)
indicate that the leaflets area/ plant in this study were significantly
varied from each other at the two vegetation growth stages, due to
the effect of different irrigation treatments.

Very highly significant reductions in leaflets area/ plant were
occurred when plants were irrigated with low quality water either at
5 and 9- weeks old plants, comparing to the Nile fresh water.

In the case of irrigation with El- Batts drainage water, the
leaflets area/ plant at the two growth stages were significantly
reduced by 45.61 and 21.57%, respectively, than the control.
However, the leaflets area/ plant, obtained from El- Batts drainage
water were superior than those detected from irrigation with

synthetic solutions of 20, 60 and 100 ppm heavy metals
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concentration by 12.99, 20.82 and 32.11%, respectively, at 5- week=
old plants and by 27.21, 30.70 and 45.46%, respectively, at 9—
weeks old plants.

On the other hand, treating the low quality water (i.e. El—
Batts drain, synthetic solutions contained 20, 60 and 100 ppm heavy—
metals) with algae increase the leaflets area/ plant than the non—
algal treated ones at 5- weeks old plants by 62.70, 51.72, 53.13 andil
47.70%, respectively, and at 9- weeks old plants by 15.66, 21.52 _
16.40 and 15.52%, respectively.
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Table (20): Effect of low quality and algal treated irri

parameters of faba bean plants at 5- weeks from planting.

gation water on some vegetative growth

S weeks
Water Shoot fresh hoot flet
Shoot Root cc. res S Ew dry Leaflets Leafle
(reatments height {cm) length (cm) weight weight ne. /plant area/plant
i LIl
& & (gm) (gm) (cm?)
Nile fresh w:
fefreshwater 1 60+0.40 11.17 +0.15 26.07 $0.73 4.64040.13 | 2874088 | 602.9+15
{control)
El-Batts draj
mswaﬂ.:;mm 27.20% :0.46 | 9.80** £0.12 | 2013** 037 | 3.680* £0.22 D6.0n.s. +0.58 327.0%* 584
Non-algal | 8.8.20 | 26.83%* +0.18 | 823*** £0.19 | 2029** 2020 | 3.680** 10.12 24,7%* £0.33 [ 200.2%%* +7 |
treated ) S.8.60 | 26.23** £0.29 | 6.70*** 0.21 | 19.83*% 2041 | 3.300°* 2014 23.7%* £0.33 | 271.4%*% 113
WAIC  1S.8.100] 25.00%** £0.12 | 6.47%%% 20.24 | 18.38%*% 1033 3.080%** +0.07 [22.3** £0.88 | 248.0*** 16.8
Water | El-Batts] 28.60 n.s. 20.50 | 10.33 ns. #0.23 [ 22.18 n.s. #0.23 | 3.950 ns. 40.17 28.0 n.s. £0.58] 533.5%%% ]2
treated with| S.8.20 | 27.83* +0.22 9.33* %023 | 2147 n:5.20.43 | 3.930 ns. £0.12 | 27.0* 40,58 | 440.3%%* 104
mixture of | $.5.60 | 27.17 n.s. +0.38 | 8.00 n.s. 045 | 20.79 ns. 20.54 3.640 ns. £0.05 [ 26.7** +0.33 [ 415.6*** 17 6
lgal ms:‘._e_ S.S.100] 26.20* 032 | 7.30n.s. £0.40 | 19.65 n.s. £0.45 | 3.400 ms. 20.10 25.0 n.s. £0.58] 366.6%¢* 3. |
Non significant n.s.  atP > (.05 Highly significant (*) atP <0.01
Significant (*) atP<0.05 Very highly significant ( ***) at P £0.001

S.8.20 = Synthetic solution of heavy metals (4 ppm of C
S.5.60 = Synthetic solution of heavy metals
S.5.100 = Synthetic solution of heavy
Mixture of algal powder (10 gin of powder of U/,

metals (20

d. 4 ppm of Pb, 4 ppm of Ni,
(12 ppm of Cd, 12 ppm ol Pb, [2 ppm of Ni, 12
ppm of Cd, 20 ppm of Pb, 20 ppm of Ni,
lactuca, C. mediterranea and J. rubens)

4 ppm of Zn and 4 ppm of Cu)
ppm of Zn and 12 ppm of Cu)
20 ppm of Zn and 20 ppm of Cu)
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able (21): Etlect ot low quality and algal treated 1rrigation water on some vegetative growth

parameters of faba bean plants at 9- weeks from planting.

9 weeks
Wate Le:
r Shoot height | Rootlength | rovt fresh Shootdry || \Flets no. caf lets
treatments (em) (cm) weight weight /olant area/plant
(gm) (gm) P (em?)
Nile fresh water |55 6040031 | 13.9710.18 | 46400z | 97673023 | S51.0£L7 1271.50 £19
(control)
BI-Bules drainage | 49.07++ 2038 | 12.73+£0.26 | 41.533*20.75 | 8.567" 2020 |450ns.£1.7 | 997.20%* x46
Non-algal S.8.20 | 47.97%%* £0.15 | 9.57*** £0.33 | 37.667** +0.52 [ 7.567**-+0.30 | 41.0** +0.58 T8I.8T*** &7
treated | S.5.60 | 47.67*** £0.23 | 9.20%** £0.23 | 37.300*%* £0.69 | 7.433** 20.30 [ 40.3** +0.88 | 762.97*** 120
water [ §.5.100] 46.00%** +0.45 | 8.80%** £0.26 | 35.066%** £0.60 | 6.667*** +0.15 | 37.3** +0.88 | 685.53*** +33
Water Cil-
50.97* £0.38 [13.40 n.5. £0.26] 43.200 n.s. £0.53 [ 9.233 ns. £0.19 | 48.0 n.s. £1.7 1153.40* £36
treated Batts
with 5.8.20 | 49.77%** £0.18 110.27 n.s. 20,22 39.400* £0.26 | 8.400 n.s. 20.26 | 43.7* 20.33 052.60%* +17
mixture of| § 5,60 | 49.07* 10.35 [9.97 n.s. £0.26 [ 39.200 ns. +0.32 | 8.367 n.s. 20.32 [43.3 n.s. £0.88 888.07* £28
algal
powder S.8.100147.23 ns. £0.26 | 9.43 n.s, £0.18 | 36.200 n.s, 2052 | 7.167* £0.12  |39.7 n.s. £0.67| 791.90 n.s. £31
Non significant n.s.  atP>0.05 Highly significant (**) at P £0.01
Significant (*) aP=005 Very highly significant (( ***) at P £0.001

5.5.20 = Synthetic solution of heavy metals (4 ppm of Cd. 4 ppm ot Pb. 4 ppm of N1, 4 ppm of Zn and 4 ppm of Cu)

$.5.60 = Synthetic solution of heavy metals {12 ppm of Cd, 12 ppm of Pb, 12 ppm ot Ni, 12 ppm of Zn and 12 ppm of Cu)
S.5.100 = Synthetic solution of heavy metals (20 ppm ol Cd, 20 ppm of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
Mixture of algal powder (10 gin ot powder of LU lactuca, C. mediterranea and J. rubens)
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Fig. (25): Effect of low quality water and algal treated irrigation water on shoot height
(cm) of faba bean plants at 5 and 9 - weeks from planting.
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Fig. (26): Effect of low quality water and algal treated irrigation water on root length
(cm) of faba bean plants at 5 and 9-weeks from planting.
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Fig. {27): Effect of low quality water and algal treated irrigation water on shoot fresh welight
{gm) of faba bean plants at 5 and 9 - weeks from planting.

B 5-weeks M S-woeks

water

{control)

El-Batts
drainage

water

$.8.20
$.5.60
§.5.100

non-algal treated water

El-Batts
drainage
water

$.8.20
8.5.60
8.5.100

water treated with mixture of algal powder

Results

107



Shoot dry wieght (gm)
o--r\:m.nu:m-:mwsﬁ

Fig. {(28): Effect of [ow quality water and algal treated irrigation water on shoot dry weight
(gm) of faba bean plants at 5 and 9 weeks from planting.
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Fig. (29): Effect of low quality water and algal treated irrigation water on leaflets number

Leaflets number per plant
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Fig. (30): Effect of low quality water and algal treated irrigation water on leaflets
area per plant of faba bean at 5 and 9-weeks from planting.
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4.4.4 Photosynthetic pigments:
4.4.4.1 Wheat:

Photosynthetic pigment contents, i.e. chlorophyll a, b,
carotenoids and total pigments in relation to irrigation with treated
and non- algal treated drainage and synthetic solutions were
estimated in wheat leaves at 5 and 9 weeks old plants are presented
in Table (22 and 23) and graphed in Figures (31 and 32). It is clear
from the results that, chlorophyll a and b, a+b, carotenoids and total
pigments at the two vegetative growth stages (5 and 9- weeks old
plants) appeared to decrease by increasing heavy metals
concentration when irrigated with low quality water. However, there
was an increase in all pigments content as a result of the irrigation
with algal treated water of all heavy metal concentrations (El-Batts,
synthetic solutions 20, 60 and 100 ppm) compared with non- treated

ones.

Maximum values of chlorophyll a at 5 and 9- weeks old
plants were observed in plants irrigated by Nile fresh water (2.730
and 7.627 mg/gm F.W.), followed by El-Batts algal treated water
(2.423 and 6.137 mg/gm F.W.), then aigal treated synthetic solution
of 20 ppm heavy metals (2.13 and 4.84 mg/gm F.W.).

Concerning, chlorophyll b at 5 and 9- weeks old plant
irrigation with Nile fresh water gave the highest values, i.e. 1.34 and
3.86% mg/gm F.W., respectively. However irrigation with non-
treated El-Batts water or synthetic solutions caused highly
significant reduction in chlorophyll b at 5-weeks old plants by
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61.44, 63.41, 66.05 and 78.67%, respectively, when compared withmm
the control. At 9-weeks old plants the corresponding reductiornm
percentage were 29.66, 42.44, 64.96 and 89.22%, respectively. Ormm
the other hand, treating El- Batts water or synthetic solutions of 20—
60 and 100 ppm with algae induced very highly significant—
decreases in chlorophyll b than the control at 5- weeks old plant by=
3.32, 14.53, 19.64 and 32.67%, respectively. At 9- weeks old plant—=
the reduction percentage than the control were 15.46, 32.05, 43.33
and 73.09%, respectively.

Regarding the carotenoids content at 5 and 9- weeks old_
plants, the maximum values were detected from irrigation with Nile
fresh water (2.880 and 5.340 mg/gm F.W.). Irrigation with algal
treated drainage and synthetic solutions gave non-significant
increases in the carotenoids content than non-algal treated ones at 5

and 9- weeks old plants; but they were lower than the control.

With respect to total pigments, the highest total pigment
values at 5 and 9- weeks old plants (6.954 and 16.830 mg/gm F.W.)
were obtained from irrigation with Nile fresh water, whereas the
lowest ones (3.641 and 7.240 mg/gm F.W.) were obtained from
non-algal synthetic solution of 100 ppm heavy metals. The algal
treated of El- Batts drainage water significantly increased the total
pigments at 5 and 9- weeks old plants by 32.34 and 18.72%,
respectively, compared with the non-algal treatment drainage. These
obtained results were found to be true for the algal treated synthetic
solutions of 20, 60 and 100 ppm heavy metals concentration at 5

and 9- weeks old plants.
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Table (22): Effect of low quality and algal treated irrigation water

wheat plants at 5- weeks from planting.

on leaf pigments content of

5 weeks

:.M“W”M“ ts Chlorophyli{a) | Chlorophyll (b) Q__cqo__”_v_.e__ at Carotenoits Totrl pigments
(mgfgm F.W.) (mg/gm F.W.) (mg/gm F.W.) (mg/gm F.W.) (mg/gm F,W.)
Nile fresh water (control) 2.730 £0.16 1340 20.047 4.07040.11 2.830 +0.28 6.954 £0.22
E1-Batts drainage water 1813* £0.17 | 0.830%** 20.013 | 2.643** £0.18 | 2.110ns 2024 | 4.753** £0.37
. S.520 | 1677°*0.127 | 0.820°** =0.012 | 2497%** x0.13 | 1.630% 20.17 4.123%* £0.30
Z:-AH“SE SS5.60 | 1.563**40.05 | 0.807°%* t0.008 | 2370%** £0.05 | 1427°*0.13 | 3.797**0.14
SS.000 | 1.500%%0.11 | 0.750%** 0.007 | 2.250%%* £0.10 | 1.390**10.18 | 3.641%**0.16
| ElBatts | 2423*30.12 | 1.297%*%:0.004 | 3720 0.12 | 2571ns.20.14 | 6292 2025
Water treated With g T3 130 ns. 2019 | 1170+ 20019 | 3301*2019 | 1830052012 |  5.131% £0.20
a_,._”_h”.ao”.m.._mu_ SS.60 | 1.980%*10.09 | 1.120°**0.020 | 3.100** 20.09 | 1.787ns.=022 | 4.887* £0.26
SS.100 | 1750 s $0.05 | 1.010%** £0.024 | 2.765** 20.64 | 1.513 ns 2015 | 4.273 ns. £0.20
Non significant n.s.  at P> 0.05 Highly significant {(**) atP < (.01
Significant (*) atP<0.05 Very highly significant ( ***) at P £ (.001

$.5.20 = Synthetic solution of heavy metais (4 ppm of Cd, 4 ppm of Pb, 4 ppm of Ni, 4 ppm of Zn and 4 ppm of Cu}
5.5.60 = Synthetic solution of heavy metals (12 ppm of Cd, 12 ppm of Pb, 12 ppm of Ni, 12 ppm ol Zn and 12 ppm ot Cu)

5.5.100 = Synthetic solution of heavy metals (20 ppm of Cd. 20 ppm of Pb, 20 ppm of Ni. 20 ppm of Zn and 20 ppm of Cu)
Mixture of algal powder (10 gm of powder ol U lactica, C. mediterranca and J. riehens)
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Table (23): Effect of low quality and algal treated irrigation water on leaf pigments content
wheat plants at 9- weceks from planting.

of

9 wecks
Wat Chl hy
:.nEEM__._ 18 Chlorophyll {a) |Chlorophy(l (b) _Hmﬂwﬂvu__ Carotenoids Total pigments
. 2 AVA rfpm FAV. Y Y, fom F.AY,
(mg/gm F.AV.) | (mg/gm F.W.) (mglam E.W.) (mg/gm F.W.) {mg/gm F.W.}
Nile fresh water (control) 7.627 045 3.860 £0.12 11.490 £0.08 5.340 £0.20 16.830 £0.030
El-Batts drainage water S267** £0.37 | 2.977%¢ 0,06 | 8.247%** £0.04 2.950** £0.4| 11.197*** £0.06
5.5.20 4.390%* 031 | 2.710%* 10,10 | 7.100%** £0.13 2.610** +0.32 9.710*** 10.12
Non-algal treated z
water : 5.5.60 4.193%% 10,42 | 2.340%%* £0.10| 6.536*** 20.06 2.433%% £0.35 8.960™** £0.02
§.5.100 3413%% £0.30 |2.040%*% +0.07 [ 5.450***+0.09 | 1.790*** £0.25 | 7.240*** £0.03
El-Batts | 6.137 ns. 40,32 | 3.343%* +0.06 | 9.483%**+0.11 | 3.813ns £0.37 | 13.293%** +0.02
'y - H
Water treated with =0 i 5 0.25 [2923 ns. £0.05|  7.763** 007 | 3317 ns5.£0.21 | F1.080%** £0.03
mixture of algal
powder $.5.60 4,790 ns, £0.10 | 2.693* £0.08 7.483%* 10,18 3.017 ns. 2035 | 10.503*** £0.09
S.5.100 | 3.863 n.s £0.24 |2.230 ns. £0.02 ) 6.090** £0.04 2143 ns £0.11 | 8.233%*% £0.01
Non significont ns.  atP~0.05 Highly significant (**) aP <001
Significant (*) aP<005 Very highly sigrificant ( **#) alP <0.001

$.5.20 == Synthetic solution of heavy metals (4 ppm of Cd, 4 ppn
§5.60 Synthetic solution of heavy metals (12 ppm of Cd, 12 p
§.5.100 = Synthetic solution of heavy me

Mixture of algal powder {10 gm of powder of U. lactuca, C. medirerranca and J. rubens)

1 of Pb, 4 ppm of Ni. 4 ppm of Zn and 4 ppm ol Cu)
pm of Pb, 12 ppin of Ni, 12 ppm of Zn and 12 ppm of Cu)
tals (20 ppm of Cd. 20 ppm ol Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
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Fig. {31): Effect of low quality and algal treated imigation water on Phiotosynthetic
pigments content (mg/am F.W.) of wheat plants at §- weaks from planting.
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Fig. {32):Effect of low quaty and algal treated iigation water on leaf photosynthetic pigments content
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4.4.4.2 Faba bean:

The data recorded in Table (24 and 25) and Figures (33 and
34) demonstrated that the photosynthetic pigments in faba beamn
leaflets (chlorophyll a, chlorophyll b, chlorophyll a+b, carotenoids
and total pigments) at 5 and 9- weeks old plants from planting were
significantly affected by different untreated irrigation treatments
applied in this study.

It is evident that irrigating faba bean plants with low quality
water, i.e. El-Batts drainage water or synthetic solution of 20, 60
and 100 ppm heavy metals caused considerable reduction in
chlorophyll a at 5- weeks old plants by 27.98, 48.09, 49.63 and
55.50%, respectively, when compared with plants irrigated by Nile
fresh water. However, the corresponding reduction values in
chlorophyll a at 9-weeks old plants were 21.57, 29.57, 30.32 and
34.22%, respectively.

The results revealed that treating El-Batts drainage water
with algae gave non-significant difference in chlorophyll a at 5 and
9- weeks old plants, as compared with the control.

Increasing heavy metal concentrations in irrigated water
before algal treatment from 20 to 60 or 100 ppm decreased
significantly chlorophyll a at 5 and 9-weeks old plants. Also, the
treated water of 20, 60 and 100 ppm heavy metals increased
chlorophyll a content in leaflets at 5 and 9- weeks old plants, but

without significant differences.
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Regarding chlorophyll b in Iecaflets of faba bean, results
indicated that the maximum values were resulted from irrigating
with Nile fresh water at 5 and 3-weeks old plants.

Irrigating with El-Batts drainage water reduced chlorophyll b
by 34.89 and 23.06% at 5 and 9- weeks old plants than the control.
More reduction in chlorophyll b were noticed as heavy metals
concentration in irrigated water increased at 5 and 9- weeks old
plants.

Irrigation with algal treated water of El-Batts drainage or
synthetic solutions of 20, 60 and 100 ppm heavy metals at 5 and 9-
weeks old plants caused increases in chl b than the non-treated

water.

Concerning the carotenoids content of faba bean leaflets, data
illustrated in Table (24 and 25) and Figures (33 and 34) show
gradual decreases in carotenoids with increasing heavy metals
concentration in irrigation water. The maximum carotenoids
content at 5 and 9- weeks plants old were observed from using Nile
fresh water, followed by algal treated water of El-Batts drainage.
The lowest carotenoids values at 5 and 9- weeks plants old (1.050
and 3.717 mg/gm F.W.) were detected from irrigation with synthetic

solution contained 100 ppm heavy metals.

The results indicated that irrigation with El-Batts drainage
water at S-weeks old plants significantly increased carotenoids than
irrigation with synthetic solution of 20 ppm heavy metals. On the
other hand, there was highly significant increase in carotenoids at 9-
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weeks old plants to a value near that obtained from with Nile fresimm
water irrigation due to algal treatment of El-Batts drainage water—

and synthetic solution of 20 ppm heavy metals.

With respect to total pigments at 5 and 9- weeks old plant=
the results revealed that increasing heavy metals in irrigation water—
induced substantial role in total pigments reduction in faba bearmm
Jeaflets. Total pigments were significantly decreased at 5 and 9—
weeks old plants by irrigation with El-Batts drainage water—

compared to the control.

Irrigation by treated low quality water, i.e. El-Batts andil
synthetic solutions of 20, 60 and 100 ppm heavy metals with algae=
resulted in significant increases in total pigments than non- treated—
ones at 5- weeks plants by 29.89, 37.30, 34.09 and 33.38%,
respectively, whereas the corresponding values at 9- weeks old™
plants reached 12.43, 12.25, 13.1 and 8.02%, respectively.

As a general trend, the obtained results pointed out that
photosynthetic pigments content of faba bean leaflets irrigated with_
algal treated water increased as plant age increased from 5 to 9-
weeks. Also, the photosynthetic pigments were significantly
inhibited with using low quality water contained different
concentrations of heavy metals, comparing with Nile fresh water.
However, bioremediation of heavy metals (algal treated water)
caused remarkable increases in photosynthetic pigments than the
non- algal treated ones, but this increment did not reached the levels
that obtained by using Nile fresh water, either at 5- weeks or at 9-

weeks old plants.
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Table (24): Effect of low quality and algal treated irrigation water on leaf pigments content of
faba bean plants at 5- weeks from planting.

5 weeks

Wate

frea :_:u“._ s Chlorophyl! (a) | Chlorophyll (b} | C hlorophyil (a+b) | Carotenoids | Total pigments
(mg/em F.W,) | (mg/gm F.W,) (mg/egm F.W.) {mg/gm F.W,) [ (mg/gm F.W.)

Nile fresh water (control) 3.506 £0.02 2.396 £0.03 3.903 +0.05 2.930 £0.05 8.833 +0.06

El-Batts drainage water 2525%* 1022 | 1LA60*** +0.5] 4.089*** +0.19 2.067%* £0.15 6.155%* +£0.34

S.5.20 1.820%#¥ £0.05 | 1,160*** £0.05 2.980%** 10.01 1.623%* £0.22 | 4.603*** +0,22
8.5.60 LI6T*** £0.17 | 0.950%** +0.13 2.717*** £0.12 1.400%** £0.04 | 4.117*** +0.10
S.5.100 | 1.560%+* £0,12 | 0.813%** +0.4 2.373%%* £0.2] 1O50%** £0.04 | 3.423%++ 10,17
El-Batts } 3.055n.s.20.03 | 2.113%* ~0.06 5.168** +0.06 2.827** +0.10 7.995*%* +0.15
S.8.20 | 2.430%** £0.03 | 1.710%** +0.03 4.140%** £0.05 [ 2180 n.s. +0.13 | 6.320** +0.17
5.8.60 |2.157 ns. £0.31 | 1.340 n.s. +0.10 3.496* £0.22 2.023** £0.12 5.519** +0.19

Non-algal treated
water

Water treated
with mixture of

algal powder
5.5.100 | 1.767 n.s. 2006 | 1.157 n.s. +0.11 2923 ns. 20,11 1.647* +0.18 4.567** £0.07
Non significant  n.s.  at P> 0.05 [ighly significant (*) atP <0.01
Significant (*) atP<0.05 Very highly significant ~ ( ***) atP £0.001

8.5.20 = Synthetic solution of heavy metals (4 ppm of Cd, 4 ppm ol Pb, 4 ppm of Ni, 4 ppm of Zn and 4 ppm of Cu)

8.5.60 = Synthetic solution ol heavy metals (12 ppm of Cd, 12 ppm of Pb, 12 ppm of Ni, 12 ppm of Zn and 12 ppin of Cu)
5.5.100 = Synthetic solution of heavy metals (20 ppm of Cd. 20 ppm of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
Mixture of algul powder (10 gm of powder of U, fuctuea, C. mediterranea and J. rubens)
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Table (25): Effect of low quality and algal treated irrigation water

faba bean plants at 9- weeks from planting.

on leaf pigments content of

9 weeks
Water Chl 9] Carotenoid
Chlorophyll {a)| Chlorophyll (b) forophy b Total pigments
treatments /mm F.W.) | (mg/em F.W.) (a+b) mg/gm F.W.)
(mg/gm F.AV.) | (mgfgm F.W. (mg/gm E.W.) | (mg/gm F.W.) (mg/gm F.W.
Nile fresh water (control) 9.243 +0.10 5.303 +0.35 14,547 +0.44 5243 20.06 19.790 £0.50
El-Batts drainage water 7.240* £0.52 4.080* +0.26 11.320%* £0.23 | 4.423*** =007 | 15.743%* +0.35
N oal d S5.520 [6.510%** £0.31| 3.590*% +0.23 | 10.100** 1£0.39 [ 4.307+%* 10,03 | 14.497** +(.42
Non-algal treat
0 [ SS60_[6443%% £0.37| 2.183% 2039 | 8.627°% 2057 | 4.163% 027 | 12.790%%% 2031
w
S5.5.100 |[6.080*** £0.16|2.037%** 021 | 8.117*** 2033 | 3.717**+0.22 | 11.833*** +0 45
. El-Batts |7.703 n.s. £0.42 [4.B03 n.s. £0.23 | 12.5307F £0.22 | 5.197** +0.08 | 17.703** +0.17
Water treated Witk g 950 s, 2034 [ 4.137 ns. £0.12 | (1087 s 2034 ] 318777 20.16 | 162737 20.50
mixture of algal
powder 5.5.60 ]6.907 n» £0.11]2.823 n.s. £0.17| 9.730 n.s. £0.19 [ 4.733 n.s.+0.20 [ 14.463* +0.39
SS5.000 16380 ns. +0.14 | 2.407 s, 20,13 | 8.787 n.s. 2.8 |4.003 n.s. +0.43 | 12.790 n.s. +0.49
Non signiticant 0.5, alP~0.05 Highly significant (**) at P < (.01
Significant (*) wP<0.03 Very highly significant ( ***) at P < 0.001

5.8.20 = Synthetic solution of heavy metals (4 ppm of Cd, 4 ppm of Pb, 4 ppm of Ni, 4 ppm of Zn and 4 ppm of Cu)

S.5.60 = Synthetic solution of heavy metals (12 ppm of Cd, 12 ppm of Pb, 12 ppm of Ni, 12 ppm of Zn and 12 ppm of Cu)
S.5.100  Synthetic solution of heavy metals (20 ppm of Cd. 20 ppm of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
Mixture of algal powder (10 gm of powder of U lactuca, C. medirerranea and J. rubens)
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Fig. (33): Effect of low quallty and algal treated irrigation water on
photosynthetic pigments content (mgfgm F.W.) of faba bean plants at 5- weaks

from planting.
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Fig. {34} Effect of low quality and algal treated Irrigation water on leaf pholosyntheli
pigments content {mg/gm F.W.) of faba bean plants at 9- weaks from planting.
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4.4.5 Chemical components of seeds:
4.4.5.1 Total carbohydrate content (%o):
4.4.5.1.1 Wheat:

The results presented in Table (26) and Figure (35) reveal that
the total carbohydrate content values in wheat grains were varied
significantly due to the different low quality water, before and after

algal treatment.

The highest carbohydrate content value (77.98%) was=
obtained from the Nile fresh water (control), whereas the lowest one=
(40.21%) was detected from irrigating wheat plants with synthetic—=
solution at level 100 ppm of heavy metals concentration.

Irrigating wheat plants with El-Batts drainage water—
significantly reduced the total carbohydrate content of grains by—
27.0%, however algal treatment of El-Batts reduced the grains—
carbohydrate content by 22.29%, when compared with the control
treatment. These results proved that the application of algal powder—
to treat El-Batts drainage water caused a significant decrease in the
adverse effect of low quality water on the total carbohydrate content

of grains.

It is evident that increasing the heavy metals concentration in
irrigation water from 20, 60 and 100 ppm, resulted in very high
significant decreases in the total carbohydrate content of wheat.
grains, than those obtained from the control by 37.87, 44.40 and
48.44%, respectively.
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The algal treated of El-Batts drainage water and synthetic
solutions of 20, 60 and 100 ppm of heavy metals concentration
caused highly significant increases in total carbohydrate content,
than those obtained from non- algal treated ones by 6.46, 13.95,
15.4 and 9.82%, respectively.

4.4.5.1.2 Faba bean:

The data illustrated in Table (27) and Figure (35) indicate
that irnigating faba bean plants with the Nile fresh water gave the
highest value of total carbohydrate content in seeds (65.36%),
whereas the lowest value (35.3%) was resulted from irrigation of

synthetic solution of 100 ppm heavy metals concentration.

Irrigating faba bean plants with El-Batts drainage water and
synthetic solutions of 20, 60 and 100 ppm levels of heavy metals
concentration significantly decreased the total carbohydrate in seeds
by 25.0, 35.0, 41.0 and 46.0%, respectively, when compared with
Nile fresh water.

The reductions in total carbohydrate content of seeds,
obtained from plants irrigated with algal treated El-Batts drainage
water and synthetic solutions of 20, 60 or 100 of ppm of heavy
metals concentration reached about 21.0, 29.0, 34.0 and 40.0%,
respectively, compares with Nile fresh water.

It is evident that treating the low quality water of El-Batts
drainage and synthetic solutions of 20, 60 or 100 of ppm heavy
metals with algae induced very high significant increases in total
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carbohydrate of faba bean seeds by 4.0, 6.0, 7.0 and  6.0% o

respectively, than the same values before algal treatment.

These results reveal the synergetic effect of algal treatment=
on improving the quality of irrigation low quality water and its role=

in reducing the adverse effects of heavy metals in water.
4.4.5.2 Total protein content (%):

4.4.5.2.1 Wheat:

The results shown in Table (26) and Figure (36) reveal thamm
water treatments have significant effects on the total protein contenum
of wheat grains. Irrigating wheat plants with the Nile fresh water=
significantly increased the total protein content in grains than those&
resulted from irrigation with El-Batts drainage water and synthetic—
solutions of 20, 60 and 100 ppm of heavy metals concentration by—
17.69, 25.07, 36.93 and 47.02%, respectively. However, the totalll
protein content of grains resulted from irrigation with Nile freshm
water was surpassed those obtained from algal treated water of El—
Batts drain and synthetic solutions of 20, 60 or 100 ppm of heavy=
metals concentration by 1233, 19.04, 28.14 and 38.96%

respectively.

On the other hand, treating El-Batts drain water and synthetic
solution of 20, 60 or 100 ppm of heavy metals concentrations
significantly increased the total protein content of wheat grains over
the non- algal treated ones by 4.77, 5.07, 6.86 and 5.30%..

respectively.
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—4.4.5.2.2 Faba bean:

The results of Table (27) and Figure (36) show that irrigating
faba bean plants with Nile fresh water gave the highest protein
content of seeds (20.7%), whereas the lowest protein content in
seeds was observed from irrigation with synthetic solution of 100
ppm level of heavy metals concentration (12%). Irrigating with El-
Batts drainage water decreased the total protein content of seeds by
4.55 than that obtained from Nile fresh water. Also, irrigating faba
bean plants with algal treated water of El-Batts drain showed very
highly significant effect on total protein content of seeds when
compared with the non-algal treated water of El-Batts drain.

Regarding the effects of irrigation with synthetic solutions of
20, 60 or 100 ppm of heavy metals concentration on total protein
content of seeds, the data indicate that the total protein content of
faba bean seeds were significantly reduced by 6.0, 6.83 and 8.7%,
respectively, compared with that obtained from Nile fresh water.

On the other hand, a very weak increases in total protein
content were resulted from using algal treated synthetic solutions of
20, 60 and 100 ppm level of heavy metals concentration, as
compared with the non-algal synthetic solutions treatments.
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4.4.5.3 Heavy metals content (mg/kg):
4.4.5.3.1 Wheat:

The effects of low quality water before and after alga
treatment on the heavy metals content, L.e. Cd*?, Pb™, Ni*?, Zn'” an—

Cu*? in wheat grains are presented in Table (26) and Figure (37).

It is clear that the lower heavy metals content in wheat graine

(Cd™, Pb*2, Ni*?, Zn'? and Cu'®) were resulted from irrigation witl—

the Nile fresh water (control).

The values of Cd™2, Pb*2, Ni*%, Zn*? and Cu*? in wheat grain=
were varied significantly from each other due to the low quality—

water content of these heavy metals either before or after algalll

treating.

Irrigation with El-Batts drainage water after algal treating=
induced very high significant decrease in wheat grains content fromm
Cd*?, Pb'2, Ni%, Zn"and Cu? by 22.0, 21.77, 22.05, 17.4] and
60.62%, respectively, than irrigation with raw El- Batts drainage=

water.

The heavy metals content in wheat grains (Cd*, Pb*%, Ni_
Zn*? and Cu*?®) were significantly increased by 10.31, 69.89, 2.64,_
40.15 and 64.77%, respectively, by increasing these heavy metals-
concentration in irrigation water from 20 to 60 ppm and before algal
treating. On the other hand, increasing the heavy metals-
concentration from 20 to 60 ppm in synthetic solutions after algal

treatment resulted in significant increases of Cd*, Pb*, Ni%, Zn'>
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and Cu’* content in wheat grains by 9.54, 17.42, 1.15, 7.88 and
65.51%, respectively. These results reveal that the using of treated
low quality water in irrigation caused pronounced reduction in
heavy metals content of wheat grains than non-algal treated water
even though the concentration of heavy metals increased in

irrigation water, except for Cu*? content.

It is obvious that rising the heavy metals concentration in
irrigation water to 100 ppm, either for non-algal treated or algal
treated water resulted in the higher values of heavy metals content
in wheat grains, but the increase of heavy metals content of wheat
grains resulted from algal treated water was less than that obtained
from irrigation with non-algal treated water.

4.4.5.3.2 Faba bean:

The results recorded in Table (27) and Figure (38) reveal that
the heavy metals content of faba bean seeds were significantly
affected by low quality water used in irrigation before and after
algal treatment,

The minimum heavy metals content, i.e. Cd*, Pb**, Ni%*,
Zn** and Cu?* in faba bean seeds were observed from irrigation with
Nile fresh water (control), whereas irmgating with synthetic solution
of 100 ppm heavy metals gave the maximum faba bean seeds
content from heavy metals.

Irrigating faba plants with algal treated water of El-Batts
drain showed very high significant decrease in heavy metals content

of seeds, i.e. Cd"™%, Pb™, Ni*%, Zn™ and Cu*? by 20.71, 31.56, 26.53,
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20.29 and 40.12%, respectively, compared with irrigation by non—
treated El- Batts drainage water.

Increasing heavy metals concentration in synthetic solution=
from 20, 60 and 100 ppm, significantly increased the faba bear—
seeds content from Cd™ by 2.68 and 17.61%, Pb*™ by 46.21 anc—
93.21%, Ni? by 0.47 and 15.18%, Zn™ by 24.44 and 35.26% anc—
Cu*?by 35.71 and 92.0%, respectively.

On the other hand, there was a very high significant decrease=
in heavy metals content of faba bean seeds, i.e. cd*, Pb*?, Ni*?
Zn'? and Cu*? by 27.17, 4342, 25.34, 21.04 and 55.42%—
respectively, after using algal treated water of 20 ppm heavy metals=
in irrigation, in comparison with non-algal treated corresponding=
ones. However, using algal treated water contained 60 ppm heavy—
metals in irrigation caused very high significant decrease in Cd?_
Pb*2, Ni*2, Zn*?and Cu'? in faba bean seeds by 17.98, 33.36, 24.03—
31.98 and 10.51%, than the same heavy metals resulted from-
irrigation with non-algal treated water of 60 ppm heavy metals_
Also, irrigation with algal treated water of 100 ppm heavy metals—
significantly decreased cd?, pb*, Ni*?, Zn™ and Cu™ content inm
faba bean seeds than the same ones resulted from irrigation withe
non-algal treated water by 15.32, 45.02, 28.54, 37.21 and 22.18%,

respectively.

It could be concluded that algae play an effective role in_

reducing heavy metals effects of low quality water.
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Table (26): Effect of low quality and algal treated irrigation water on some chemical components
of wheat grains at harvesting.

Wheat
Wate
Vater Total Carbohy- Total protein Heavy metal
treatments drate A cd” 5 Ni7 Zn” Cu™
{%) (mg/kg) (mufke) (mpfkem) (my/ke) (mg/kg)
N m_m _,M ”ﬁc,%a_. 77.9840.026 | 9380012 | 0.412:0.026 | 0.436+0.059 1410+0.12 | 220040034 | 1.097 £0.006
C
Ll-Batts 36.9273% £0.059 |7.9744* $0.021[ 6.946%** £0.12 [15.640* 4+ $0.093{13.613*** £0.021] 20.850%* £0.23 | 1.699++ +0.098
drainage water
Non- S5.8.20 1 48.45%% 10,11 |7.50*** 10,10 [9.120%** 0,14 122.205%** +0,26 |15.407%*% +0.019|22.930%%» 20.091( 2.027*** 0.1 |
Emu_n 5.5.60 | 43.36%* 2013 [6.85%** 10.025] 9,990 == £0.27 [37.725%%¢ 0.091]15.812% ** +:0.042(32. [ 40+ ** #0.034 3.340*** +0.067
treate
water |S.5.100| 40.21%%* £0.16 6.36%** £0.035[11.318%*» HO.21150.600%** £0.089; 17.560%** +0.2] [37.520%*% 10.02114.623%%* +0.013
Water El- 6O.60%** £0.015 [8.35%* +0.025| 5.418** +0.18 12.235*#* +0.073]10.610*** £0.047{ |7.220%** +0.14 | 0.669*** £0.018
treated | Batts
with | §5.20 | 55.21+** +0.031 7.88*+% #0.012(7.135%%* +0,034[17.190%* +0.087]12.180*** +0.031{ 18.585*** +0.15 1.238** +0.059
mixtur
cof | 5.5.60 | 50.04%** +0,030 (7.32%** +0.015[7.81a¢%+ F0.0481 20.185%%* 10,12 |12.314%¢* +0.032 20.086*** £0.048] 2.049*** 10 75
_“!M“m_www S.5.100] 44.16%** £0.017 [6.75%** 20,017 9.615** £0.16 [34.545%+% +0.11 | 14.)20%#» 10,14 121 460*** +0.086/3,101%** 40035
Non significant ns. alP=>0.05 Highly significant (**) atP <0.01
Significant (*) atP<0.05 Very highly significant { **#*) at P £0.00]

5.5.20 = Synthetic solution of heavy metals (4 ppmol C
3.8.60 = Synthetic solution of heavy metals (12
S.5.100 = Synthetic solution of heavy metals (2
Mixture of ulgal powder (10 gm of powder of U, luctuca, €.

d, 4 ppm of Pb, 4 ppm of Ni, 4 ppm of Zn and 4 ppm of Cu)
ppm of Cd, 12 ppm of Pb, 12 ppm of Ni,
O ppmofCd,2

12 ppm of Zn and 12 ppm of Cu)
0 ppm of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
mediterraned and J. rubens)
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Table (27): Effect of low quality and algal treated irrigation water on some chemical components
of faba bean sceds at harvesting.

Faba bean

Wat
arer Tatal Carlohy- Total protein Heavy metal
treatments drate p cd? T Nt Zn* Cu™
(%) (mg/kg) {mg/ka) (mg/kg) {mg/kg) (mg/kg)
Nile fresh water | 45 36 10 026 0.689 +0.080 | 04620080 | 2.12640.068 | 13.9400.11 | 1.050 £0.007
(control)
El-Batts w..__:_mmo 490290 £0.044(16.15%** 20.012/6.260% % +0.053| 18.865°** £0.12]12.830%#* 10.074/17.995%** £0.073|1.163%** +0.004
waler

Non- | §.8.20 [42.48%** +0.010 8.894**% 20 11 N3.880%** +0.039 14.640%** +0.27[20.305%*% +0,034]] 750*** 10.019)
_we_w_m 4 | 5:5.60 [38.56%** +0.035 9.132%*%* 20.071[34.915%** £0.13[14.710*** £0.091[25.380%** £0.04212.375%** +0.042
water | 5.8.100[35.29%** +0.012 10.460%** 20 04446.140*** £0.50]16.980*** +0.066{27. 586*** £0.03 1[3.360*** +0.003
Water | Bl lo; g3urs 10005 5.186%** £0.065| 14.340*** £0.13 [ 10.140>** £0.1 | |14.960*** 20,0830.830*** +0.024
treated | Batts

with | $.5.20 [46.40%** +0.036 6.994%4% £0.076(16.650%%% £0.11 |1 1.680*** £0.077]16.850%** +0.053{1.126*** +0.046
”ﬂuﬂmuw S.5.60 [43.14%** 10,004 7.740%%% £0.073|26.180*** £0.15[11.860%** £0.09¢ 19.230*** +0.13 | 2.148* 10.052
powder | $.5.100 {39.22%** +0.031 9.070%** £0.003[3].816*** +0.12[13.210%** +0.02620.105%** +£0.093]2.750*** +0 011

Non significant ns. atP 0,05 Highly significant (**) at P <0.01
fi ghly
Significant (*) alP=<005 Very highly significant ( #%* ) at P £0.001
g hly sig

5.8.20 = Synthetic solution of heavy metals (4 ppm of Cd, 4 ppm of Pb. 4 ppm of Ni, 4 ppm of Zu and 4 ppm of Cu)

3.5.60 = Synthetic solution of heavy metals (12 ppm o Cd, 12 ppm ol Pb. [2p
5.5.100 = Synthetic solution of he

Mixture of algal powder (10 g of powder of U factuca, C. mediterranca and J. rubensy

pm of Ni, 12 ppm of Zn and 12 ppm of Cu)
avy metals (20 ppm of Cd. 20 ppin of Pb, 20 ppm of Ni, 20 ppm of Zn and 20 ppm of Cu)
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Total carbohydrate content%

Fig. (35): Effect of low quality and algal treated irrigation water on total carbohydrate persentage of wheat
grains and faba bean seeds at harvesting.
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Total protein content%
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Fig. (36): Effect of low quality and algal treated irrigation water on total protein percentage of
wheat grains and faba bean seeds at harvesting.
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Heavy meatals content (ma/kg)

Heavy metals content (mgrkg)

Fig. (37): Effect of low qualtty and algal treated imigation water on the heavy metals content (mafkg)
of wheat grains at harvesting,
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Fig (38}: Effect of low quality and algal trezted inigaion water on the hieavy metals content {mgkg) of
® faha bean seeds at harvesting.
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