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SUMMARY

Two experiments were carried out in a greenhouse at the Experimental Farm of Faculty of
Agriculture, Minufiya University, Shibin EI-Kom, Egypt during the two growing seasons of 2021 and
2022 to study the influence of dried sewage rates [0, 5, 10 and 20% (w/sewage: soil)], irrigation with
magnetized water and their interactions on some vegetative growth parameters, plant water relations and
membrane stability (permeability), photosynthetic pigments, some biochemical compositions i.e. (total
soluble sugars, total protein, total free amino acids, proline, activity of some enzymes, some nutrient
minerals, yield and its components of cowpea (Vigna unguiculata subs. punguiculata L. cv. Giza7) and
rocket (Eruca sativa L.) plants as well as behavior some heavy metals and their effect on human health.
Plant samples were taken after 40 and 60 days from sowing.

The obtained results could be summarized in the following:

1. Vegetative Growth parameters:

1.1. Sewage sludge application at different rates significantly increased the plant height, leaf area,

relative growth rate, and fresh and dry weight of root, shoot, and whole cowpea and rocket plants.

1.1.1. The root length of cowpea plants was found to decrease in general with increasing the
concentration of sewage sludge (SS) compared to the control plants in both seasons. Meanwhile,
the root length of rocket plants was significantly increased at the low concentration of SS (5%) in
both two ages and two seasons but significantly decreased in general at the concentrations of 10 and
20% compared to the control plants.

1.1.2. The net assimilation rate (NAR) of cowpea plants was significantly decreased at all SS levels. On
the other hand, the NAR of rocket plants was significantly increased when the plants supplemented
with SS at all levels (5, 10, and 20%) by about 108.2, 153.1 and 110.2% in the 1% season, by 48,
114.1 and 91.8% in the 2" one, respectively. This means that rocket plants responded very
positively to sewage sludge applications.

1.2. Compared to control plants, all growth parameters of cowpea and rocket plants were enhanced by
irrigation with magnetized water.

1.3.  Using magnetic water significantly increased all growth parameters of both plants grown in sewage
sludge amended soil, i.e.,

1.3.1. The maximum increase (%) in dry weights of the root, stem, leaves, and whole cowpea plant was
recorded by the magnetized water interacted with 20% SS (153%) in the root, with 10% SS (108%)
in the stem, with 20% SS (138%) in leaves and with 10% SS (94%) in the whole plant. Meanwhile,
the maximum increase (%) in dry weights of the root, shoot, and whole rocket plant was achieved
by the magnetized water interacting with the level 5% SS [169% in root, 100% in shoot, and 94%
in whole plant].
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1.3.2. The maximum increase in the leaf area of cowpea was found at the SS level of 20 % combined

with magnetic water (116.6%), meanwhile, the highest one in the rocket plant was recorded at the
SS level of 5 % combined with magnetic water (97.2%).

1.3.3. Application of magnetized water at the SS level 5% and 10% gave the greatest increases in RGR of

cowpeas by about 115 and 114%, respectively. Meanwhile, the greatest %increment in rocket
reached about 273% in the plants treated with magnetized water and supplemented by 5 % sewage
sludge.

1.3.4. The magnetic water treatment increased NAR in cowpea plants at the low, moderate, and high SS

2.2.

2.3.

3.2.

3.3.

levels (5, 10, and 20%) by about 199.5, 369.5, and 29.2%, while in rocket plants reached about
515.8, 33.9 and 86.1%, compared with owing SS controls.

Plant Water Relations:

. A gradual decrease in total water content (TWC, %) in leaves of cowpea plants was found with

increasing sewage sludge levels, while TWC in rocket leaves was not significantly affected by
sewage sludge application. RWC in leaves of cowpea plants was slightly decreased at most sewage
sludge rates, meanwhile, RWC in rocket leaves was increased at all SS levels. All levels of sewage
sludge led to a significant increase in the leaf water deficit (LWD) in the leaves of cowpea and
rocket plants. Osmotic pressure (OP) of cowpea and rocket plant was increased with most SS levels
especially the 20% SS level over the control. At most levels, sewage sludge decreased the succulence
degree (DSc) of cowpea and rocket plants compared to control plants. All levels of SS (5, 10, and
20%) recorded markedly increases in TR, ranging from 12.4 to 129.9% at age 40 days; from 57.6 to
84.6% at age 60 days, over the control, whereas in rocket plant SS at most levels, the increase in TR,
ranged from 28 to 78.7% at 40 DAS, from 26.5 to 57.5 % at 60 DAS compared with untreated plants.
Plant water relations, i.e., TWC, RWC, OS, DSc, were increased with magnetic water application,
meanwhile, the leaf water deficit (LWD) and transpiration rate (TR) in cowpea and rocket were
decreased.

Application of magnetized water led to significant increases in the measured TWC, RWC, and OS. In
contrast, DSc, leaf water deficit (LWD), and transpiration rate (TR) in plants grown in SS-amended soil at all
rates were decreased. At the rate of 20% SS amended soil, irrigation cowpea and rocket plants with
magnetized water led to an increase in TWC (16.4% in cowpea, not affected in rocket plants), RWC
(53.8 and 13.7%) and OS (6.9 % and 1.1), whereas the same interaction treatment led to decrease in
LWD (-76.1 and -35.6%), DSc (-8.7, -1.6), LWD (-39.6, -79.7%) and TR (-26.2, 156.7%).

Membrane Integrity (Membrane Permeability):

. 3.1. Cowpea plants showed significant increases in membrane integrity (MI) compared to the

control, reaching 49.5% at the highest SS level (20%). However, rocket plants showed a significant
decrease in MI at the same level, ranging from -22.8 to -24.6%, compared to the non-amended soil
with SS.

Irrigation with magnetic water led to a decrease in the membrane integrity (MI) in cowpea plants at
different ages and the highest decrease was about 27.9%. On the other hand, the application of
magnetic water on rocket plants led to an increase in Ml at different ages and the % increase reached
25.9% compared with untreated plants.

Magnetic water had negative effects on membrane integrity (MI) of cowpea plants grown under
different SS doses. A rate of 20% SS led to a marked decrease in Ml of cowpea plants by about -
30.2% as compared with its owing control plants. In rocket plants, MI was increased significantly
when irrigated by magnetic water, and the highest increase was recorded in the interaction between
magnetic water and the 5% SS level.
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4. Photosynthetic pigments:

4.1. In general, SS at different levels from 5 to 20% caused increases in the concentration of chlorophyll
a, b, a+b, carotenoids, and total photosynthetic pigments as well the ratios of chl. a/b and total
chl./carotenoids in leaves of cowpea plants. On the other hand, the rocket plants showed an opposite
trend in response to SS levels. The application of sewage sludge led to marked decreases in the
above-mentioned photosynthetic characteristics in rocket plants.

4.2. The concentrations of chl. a, chl. b, carotenoids chl. a+b, total photosynthetic pigments and the ratio
of a+b/carotenoids in leaves of cowpea and rocket plants increased with magnetized water treatment
if compared with the untreated plants

4.3. Using magnetized water enhanced all photosynthetic pigment parameters (chl. a, chl. b,
carotenoids, chl. a+b, and total photosynthetic pigments) of cowpea and rocket leaves at all SS rates.
The highest rate of SS (20%) interacted with magnetic treatment gave the highest increase in the
above-mentioned photosynthetic parameters by about 151, 172, 136, 158 and 154% in cowpea; by
about 149, 177, 135, 158 and 153% in rocket plants.

5. Biochemical constituents of cowpea and rocket plants:

5.1. Using sewage sludge at all rates increased the total soluble sugars concentration (TSS), the percentage
of total protein (TP), the total free amino acids (TFAA), proline (Pro), and phenoloxidase enzyme
activity (PPO)in leaves of cowpea and rocket plants, but the peroxidase enzyme activity (POX) in
leaves of cowpea and rocket plants were decreased.

5.2. All the above-mentioned biochemical constituents of cowpea and rocket plants were increased with
magnetized treatment.

5.3. Application of magnetized water led to an additive increase in the biochemical constituents of
cowpea and rocket plants. Generally, the greatest increases in the above-mentioned biochemical
constituents varied in plants under study according to the type of interaction.

- The greatest increase in the TSS in leaves of cowpea plants was found at 20% SS level (by about 89.9%
(1%t season), and 69.2% (2" season)), in leaves rocket plants at 5% SS level (about 6.8 % (1% season),
16% (2" season)), respectively over owing controls.

- The best increase in TP in cowpeas was recorded at the low SS level (5%) by about 47.8 and 41.2% (1%
and 2" seasons), while in rocket plants, recorded at the levels 10 and 20% SS-amended soil, about 32.1
and 32.5%, over their owing controls.

- The highest increase in the TAA content was found at the low SS-amended soil level (5%) by 59.5% for
cowpea plants, by about 33.1% in rocket plants, over their SS control.

- The highest increment in Pro was recorded at the interaction of magnetized water with the 10% SS-
amended soil level in both seasons and plants.

-The magnetized water at the moderate SS level (10 %), gave the best increase in PPO by about 8.5% in
cowpea plants, whereas in rocket plants, at the low SS level (5%) by about 18.2%, in comparison to
owing SS controls.

-At the high SS level (20%), the magnetized water caused the maximum increase in POX by about 37.2%
in cowpea plants, whereas the maximum one in rocket plants recorded at the magnetized water
interacted with the 5% SS level, reached about 28.6%.

6. Mineral nutrient concentrations and uptake of cowpea and rocket plants:

6.1. The concentrations and uptake of N, P, and K in different organs of cowpea and rocket plants
increased with the application of all rates of sewage sludge.

6.2. Remarkable increases were recorded in N, P, and K mineral concentrations and uptake of plants by
treating them with magnetized water.
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6.3. The additive increases in N, P, and K mineral concentrations and plant uptake occurred with
magnetized treatment at all SS levels. Generally, the interactions that led to the greatest increase in N,
P, and K mineral concentrations and uptake in cowpea and rocket plants were varied.

- The highest increment in the concentration of N in leaves of cowpea plants was found at the low SS
level (5%) and its uptake at the high SS level (20%) (about 47.8 and 174.8%, respectively) compared
with owing SS control plants. In rocket plants, the interaction of magnetized water with 20%SS
resulted in the greatest increase (approximately 33.4 and 107.0, respectively) when compared to owing
SS controls.

- The greatest increase in the concentration of P in leaves of cowpea plants was recorded by the
combination of magnetized water and the level of 5% (about 49.4%) and with the high SS level (20%)
for its uptake (about 141.4%) as compared with their owing SS controls. In rocket plants, P
concentration was unaffected by the interaction between magnetized water and SS levels, but P uptake
was positively affected and the best increase in it at the low SS level (5%) (about 85%), compared with
its owing SS control.

- The application of magnetized water increased the concentration and uptake of K in cowpeas at the high
SS level (20%) by about 64.5 and 167.6%, respectively, while in rocket plants, they were recorded at
the low level (5%) by about 18.7 and 127.0% respectively, when compared with their owing SS control.

7. Yield and its components of cowpea plants:

7.1. Yield parameters of cowpea plants grown in sewage sludge amended soil i.e. Pods number/plant, pod
length, the number of seeds per pod, the weight of seeds per pod, pod yield, seed yield, straw yield,
and shelling (%) as well as some biochemical compositions of seeds i.e. total soluble sugars, total
protein, total free amino acids, and the concentrations of N, P, and K in seeds were increased, while
the weight of 100 seeds was decreased under all SS levels.

7.2. All yield parameters and their components of plants were significantly enhanced by the application
of magnetized water treatment.

7.3. The interaction of magnetized water with all SS rates caused marked increases in all yield parameters and its
components of cowpea plants.

- The highest increase in number of pods was recorded at interaction between the magnetizing water with

the SS level of 20% (about 133.3%).

- Magnetized treatment with the low SS rate (5%) gave the highest increase in pod length (about 31.6%).

- The highest increase in the number of seeds per pod was recorded at the interaction between the low SS
levels (5%) and magnetized water (about 43.0%).

- The maximum increases in pod, seed and straw yields as well as weight of 100 seeds were recorded at
the magnetized water interacted with the SS level of 20% treatment (about 93.5, 70.7, 144.7 and 40.9%,
respectively).

- Application of the magnetized water at 5% SS gave the best %increase in shelling percentage (about

48%).

8. Some Chemical constituents of cowpea seeds:

8.1. Application of sewage sludge at all rates resulted in increasing the total soluble sugars concentration
(TSS), the percentage of total protein (TP), the total free amino acids (TFAA), N, P, and K content
in cowpea seed.

8.2. All the above-mentioned biochemical constituents of cowpea seeds were increased with magnetized
water treatment.
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8.3. Application of magnetized water led to an additive increase in the biochemical constituents of
cowpea seeds. Generally, the greatest increases in the above-mentioned biochemical constituents
varied according to the type of interaction.

- The maximum increase (%) of total soluble sugars in cowpea seeds was achieved by the interaction of

magnetized water with the low SS level (5 %).

- The highest percentage increase in protein content was observed when magnetized water interacted with

a 20% SS treatment.

- The highest increase in the TAA content of seed cowpea was found at the interaction of magnetized

water with the level of 5% SS treatment (about 27 %).

-The greatest increase in N and K in cowpea seeds was recorded by the combined of magnetized water

and the level of 10% (about 41.9 and 41.0%, respectively) and with the high SS level (20%) for P
(about 15.4%).

9. Heavy metals and their effects on health:

9.1. Pb and Cd concentration und uptake:

— Application of sewage sludge (20%) caused a marked increase in the concentration and uptake of Pb in
root, shoot, seed and whole plant of cowpea reached to 975% and 508% in root, 1200% and 1073% in
shoot, 1775% and 2873% in seeds and 1135% and 1323% in whole cowpea plant, respectively, in
rocket plant, the % increase was 983% and 467% in root, 1020% and 1475% in shoot and 994% and
1260% in whole plant compared to the untreated plants.

— Irrigation cowpea and rocket plants grown in 20% SS-amended soil by magnetized water led to a great
reduction in Pb concentration and uptake in all plant organs, reached about -72 and -30% in root, -69
and -48% in shoot, -87 and -83% in seeds and -74 and -61% in cowpea whole plants, while in rocket
plants reached -55 and -44% in root, -68 and -65% in shoot and -58 and -55 in whole rocket plants,
respectively.

—Sewage sludge treatment caused a higher increase in Cd concentration and uptake in the above-
mentioned organs of cowpea plants, by 980 and 525% in roots, 967 and 859% in shoots, 1076 and 1694
in seeds, and 987 and 1151% in whole plant, respectively, in rocket plants, they were 957 and 450% in
root, 850 and 1215% in shoot and 918 and 1164% in whole plant, compared to the untreated control.

— Cd concentration and uptake were markedly decreased in the plants treated with 20% SS-amended soil
by about -67 and -16% in root, -75 and -57% in shoot, -79 and -73% in seeds, and -71and -57% in
whole cowpea plants, respectively; whereas in rocket plants, the %reductions were -59 and -49% in
root, -63 and -60% in shoot and -61 and -57% in rocket whole plant.

9.2. Pb and Cd bioaccumulation or bio-concentration factors (BAF or BCF), Pb

and Cd translocation factors (TF):

- The bioaccumulation factor (BCF) of Pb were 2.48 and 2.75, in cowpea and rocket plants treated with
20%SS, respectively, indicating that these plants are hyper-accumulator plants. Irrigation of these plants
with magnetized water caused a great reduction in BCF values and became 0.65 and 1.12 for cowpea
and rocket, respectively.

- BCF of Cd were 1.48 and 1.65 in cowpea and rocket plants treated with 20% SS, respectively. When
these plants were irrigated with magnetized water, the BCF values decreased and became 0.43 and 0.65.

- The TF values of Pb metal from root to shoot were 0.61 and 0.43 in cowpea and rocket plants treated
with 20% SS, respectively. Treating these plants with magnetized water led to a sharp decrease in TF
for rocket plants and became 0.31, but did not reduce in cowpeas.

- TF values of Cd achieved 0.59 and 0.51 in cowpea and rocket plants supplemented by 20% SS dose,
respectively. These TF values were decreased by irrigation with magnetized water and reached 0.47 and
0.44, respectively.
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9.3. Carcinogenic Risks (CR):

- Carcinogenic Risks (CR) values exceeding 1 x 10 cause significant cancer risks.

- The CR values of Pb were 3.75 x 10 and 7 x 106 for the treated cowpea and rocket plants with 20% SS
dose, whereas CR values become 0.5 x 10° and 2.25 x 10 for the same plants irrigated with
magnetized water.

- the CR values of Cd were 2.44 x 10 and 6.62 x 10 for the treated cowpea and rocket plants with 20%
SS and irrigated with normal tap water, whereas CR became 2.44 x 10®and 2.25 x 10 for the same
plants irrigated with magnetized water.

- This means that the obtained results of CR values of Pb and Cd for cowpea and rocket plants grown in SS-
amended soil at 20% level irrigated with magnetized water showed that using cowpea seeds and rocket
plants as foods can be said safein terms of Carcinogenic Risks.
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