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ABSTRACT: Two pot experiments were carried out during the
two winter successive seasons of 2003/2004 and 2004/2005 in the
wire-house ¢f Agric. Bot. and Plant Pathology Dept., Fac. Agric.,
Zagazig University, to investigate the effcct of sewage sludge
application, sewage water irrigation and their interactions on growth
characters, chlorephyll content, enzymes activities, yield and its
components, seed chemical composition and organs stracture of
lupine plants cv. Giza 1.

The obtained results indicated that, application of sewage
siudge at the rate of 2 % and/or the recommended rate of NPK
significantly increased plant height, leaf area, dry weight of different
plant parts, chlorophyil a, b and carotenoids in leaf tissues as well as
total carbohydrates, total sugars and total protein in seeds of lupine
plants. Also, both seeds weight and number of seeds per plant, 100-
seeds weight, and P content in seeds were increased, while
application of recommended NPK increased K content in seeds. Onp
the other hand, catalase and peroxidase activities were significantly
increased up to 1 % sewage sludge, while sewage sludge application
at 2 % significantly decreased it.

Irrigation lupine plants with sewage water significantly affected
leaf area, stem and leaves dry weight/plant, chlorophyll a and b in
leaf tissues, protein and nitrogen content in seeds. While, it did not
significantly affect plant height, root dry weight, carotenoids content
in leaf tissues, catalase and peroxidase activity in leaves, total
carbohydrate, yield and its components and K content in seeds.

The most effective interaction treatment for increasing plant
height, leaf area, drv weight of different plant. parts, total
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carbohydrates, total sugars, total protein in seeds, yield and its
components was application of 2 % sewage sludge + irrigation with
100 % sewage water. Catalase and peroxidase activities were at
maximum values with the interaction between 1 % sewage sludge
+ 100 % sewage water.

Application of 2 % sewage sludge or irrigation with 100 %
sewage water increased Cr, Cd, Ni and Pb in lupine seeds, While
application of sewage sludge increased the thickness of blade,
midveinal bundle, palisade tissue and spongy tissue of leaves. On the
other hand, application of sewage sludge increased number of both
cortical layer and cortex thickness of stem.

Key words: Lupinus termis ¥, sewage sludge, NPK, sewage water,
heavy metals, morphelogy, physiclogy, anatomy.

INTRODUCTION to cause toxicity to plants in soils
. ) \ y treated with large amounts of
Lupinus termis Forsk (Egyptian 450001 sudge for 2 number of
lupm_e) I.las been known and years (Nadia, 1997).
practiced in Egypt as early as 2000
vears before Christ. The name of Sewage sludge contains more
the species (termis) is an arabic than 50 % of its weight organic
name. The lupine is important matter. humic acid and fulvic acid
winter puise crop, used mainly asa  represent the most important
green manure in the light soil. constituents in this organic matter
Lupine crop is a good source of since they form organo-metal

high quality protein, oil, and complexes. Sewa_lge sludge
other uses. P. K., micronutrients and heavy

. . metals; ie, Fe, Zn, Mn, Cu, Pb,
The sources of toxic amounts of Ni, and Cd (EI-Said, 1987).

trace elements in soil are mainly
due to using of sewage sludge in Application of sewage sludge to
agriculture and intensive  agricviture soils increased plant

fertilization. Whereas, commercial height. number of leaves/plant and
fertilizers may contain small leaf area (Eleiwa er al. 1996 on

amounts of trace elements as faba bean), dry weight (Shata e
impurities. Heavy metals are likely @/, 1990 on Egyptian clover).
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photosynthetic pigments (Abdel-
Sabour and Abo EL-Seoud, 1996
on sesame), Activity of catalase
ana peroxidase (Chakrabarti and
Chakrabarti 1988 on wheat and
Jiang. 1996 on maize and
Abdorhim e «l., 2004 on wheat),
vield (El-Sokkary and El-Keiy,
1989 on alfalfa and wheat; Park et
al., 1991 on barley and soybean
and Derar and Eid, 1996 on
wheat), and increased levels of N,
P and K in grain (Mashaly ef al,
1993 on bean and Derar and Eid
1696 on wheat), aise application of
sewage water to agriculture soil
increased the activity of catalase
and peroxidase (Chakrabarti and
Chakrabarti 1989 on cotton crop),
and increased yield of maize
{Kutera and Czyzyk. 1992) .

Addition of mineral N + P
stimulated plant height of lupine
plants (Mohamed, 1985); increased
plant height, icaf surface area,
number of pods, 1000-seeds
weight and yields of green manure
green gram (Sardana and Verma
1987). The highest values of total
number of branches and pods per
plant, 100-seed weight and seed
vield/feddan as well as N content
in seeds of lupine plants were
obtained from using NPK in
combination compared to other
treatments (El-Far et al., 2001).

Water is considered as the most
important agent for all types of
life. Water quality is generally

described through a set  of
variables relating 0
physicochemical and binlogical
properties.

In Egypt, the valuable limited
water resources necessitate, the
refuse of agricultural drainage
water and sludge water in
irrigation to meet the future
agricultural expansion and
development needs specially in
sandy soils.

Therefore, the aim of this work
was 10 study the effect of sewage
sludge application and sewage
water  irrigation on  growth,
physiological and anatomical traiis
of lupine plants under FEgyptian
conditions.

MATERIALS AND
METHODS

This work was carried out
during the two winter successive
seasons of  2003/2004  and
2004/2005 under  wire-house
conditions at the Experimental
Farm, Faculty of Agriculture,
Zagazig University.

Sandy soil used in this
experiment was collected from
Abou-Hammad  city,  Sharkia
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Governorate, the mechanical and
chemical analyses of the used soil
carricd out according to Black
(1965) are illustrated in Table 1.
The scil distributed in plastic pots
of 40 ¢cm inner diameter (upper and
jower diameter) and 45 cm height
filled with 20 kg soil.

Seeds of lupine ¢v. Giza ! were
obtained from the Legume Res.
Dept., Field Crops Res. Inst,
Agric. Res. Center, Mimstry of
Agric., Giza, Egypt. Fifteen seeds
were sown in each pot on 1
November in both seasons afler
inoculation with  root  nodules
bacterta ( Rhizobium legieninosarum),
at 23 days from sowing they were
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thinned to leave ten uniformity
plants per pot.

Sewage sludge was taken from
the waste water treatment plant at
Serabium city, Ismaillia
Governorate, Egypt. Characteristics
of sewage sludge are presented in
Table 1.

Sewage water samples were
coliected from  waste  water

treatment station at Zagazig citv in
special plastic coantainers (25 L
capacity) and taken immediately to
site of pots to be used for irrigation
of lupine plants at the three water
regimes; i.¢., 100 % tap water as
controi, 50 % tap water + 50 %

Table 1. Physiological and chemical properties of soil, sewage sludge,
sewage water and tap water used in experiment

< . Sewage Sewage Tap
Parameters Soil siudge water  water
Mechanical analysis:
Sand % 83 - -
Silt % H
Clay % 6 - -
Texture: sandy - -
Chemical analysis:
E.C (dS/m) 0.87 0.760 2.80 092
pH 7.36 7.480 $.01 7.14
Organic matter % 0.0% 3118 1.07 0.15
N (ppm} 11.20 25.180 19.56 2.54
NaHCQ, extractable P mg/kg 3.10 13.250 715 1.68
NH,OAC- extractable K mg/kg  20.10 45200 31.34 0.27
DTPA-extractable C mg/kg:
Cr (ppm) 0.007 0.029 0.018 0.012
Pb (ppm) 6.017 0.000 0.027 0.159
Cd (ppm) ).025 0.004 0.025 0.067
Ni (ppm) 0378  0.047 0.388 0.428
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sewage water and 100 % sewage
water. Characteristics of sewage
water and tap water are presented
in Tuble 1.

The experiment included 15
treatments  which  were  the
combination between three rates of

sewage sludge and NPK
recommended plus control
(control, NPK recommended,

0.5 %, 1 % and 2 % sewage sludge
rates) and three sewage water
ireigation (100 % T.W., 50 % T.W.
+ 50 % S.W. and 106 % S.W.).
These treatments were arranged in
randomized complete block design
with three replications. Each
treatment involved six pots which
divided to three pots for measuring
plant growth and physiological
characters and three pots for yield
and yield components of lupine
plants.

The recommended NPK rate
was added in the form of urea
(46.5 % N) at rate of 40 kg/feddan
(0.8 g/pot), calcium
superphosphate (15.5 % P»0,) at
rate of 200 kg/feddan (4 g/pot) and
potassium sulphate (48 % K,0) at
rale of 50 kg/teddan (1 g/pot).

All amount of P, half amount of
K and third amount of N fertilizers
were added to the soil before
sowing, whereas, the rest amount

of K fertilizer was added at
45 days from sowing and two
thirds of N were divided into two
portions and added at 30 and
60 days after sowing. The other
normal agricultural treatments
irrigation,  best  control, weed
control, ctc. of growing Ilupine
plants were practiced.
DataRecorded

Plant Growth

Arandom sample of three pots
was taken from each plot ar S0
days after sowing and  the
following data were recorded:
plant height (cm), leaf area (cm)
and dry weight/plant (g) of
different plant organs which dried
at 707 C till constant weight.
Physiclogical Characters

Photosynthetic pigments

The photosynthetic pigments
were extracted from the second
fresh leaf from the plant tip of cach
treatment using pure acetone
according to the method described
by Fadeels (1962). The pigment
concentration (chlorophyl! a, b and
carotenoids) were  determined
according to method described by
Wettestein (1957).

Catalase and peroxidase
activity
The methods described by

Feinstein (1949) and by Purr
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(1950) were used to determine
catalse and peroxidase activity,
respectively.

Seeds Constituents

Mineral nutrients (NPK)

Chemical determination
of nitrogen, phosphorus and
potassium content were carried out
using the acid digest of the dry
lupine seeds according to Piper
(1947).  Total nitrogen was
estimated colourimetrically using
Nisslar solution (Naguib, 1963),
total phosphorus was determined
colourimetrically as described by
Murphy and Riley (1962). In
addition, total potassium
estimation was carried out using
Flamephotometer as mentioned by
Brown and Liileland (1946).

Carbohydrate fractions and
sugars and total protein

Carbohydrate  fraction was
determined in the dried samples of
seeds of all treatments
photometrically according to the
method described by Bemfeld
(1955) and Miller (1959). Total
protein (%) was determined by
multiplying total nitrogen x 6.25.

Heavy metals in seeds

Heavy metals; ie., Ni, Pb, Cd
and Cr were determined with an
atomic  absorption  apparatus

(Unicam Sp  1900) atomic
absorption spectrophotometer.

Yield and its Components

Dry pods of each pot were
harvested at proper maturity stage
then counted and weighed in each
pot and the following parameters
were calculated: number of
seeds/plant, weight of seeds/plant
and 100-seeds weight.

Anatomical Traits

The anatomical studies were
carried out only in the second
season to follow the changes
occurring in Egyptian lupine plant
as affected by sewage sludge and
sewage water application. Samples
were taken from the first basal
node of stem, the second leaf tip
and the main root after 35 days
from sowing according 1o the
methods of Johanson (1940) and
the following data were recorded.

Root structure

Root diameter. pith diameter.
phloem thickness, secondary tissue
thickness, xylem and pith
thickness and periderm thickness.

Stem structure

Stem diameter, pith diameter,
epidermis thickness, tissue outside
pith cavity, number of cortical
iayers and cortex thickness.
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Leaf structure

Upper ecpidermis  thickness,
lower epidermis thickness,
midveinal bundle thickness,
palisade tissue thickness, spongy
tissue  thickness and  blade
thickness.

Statistical analysis

All the data were subjected to
statistical analysis of variance
according to  Snedecor and
Cochran (1982). Means separation
was done by L.8.D. at 0.05 and
0.01 levels of probability.

RESULTS AND
DISCUSSION

Plant Growth
Morphological Characters

Results in Table 2 show that
application of sewage sludge or
NPK at recommended ratc
significantly increased plant height
and leaf area compared to control.
The highest plant height and
maximum leaf area were recorded
with 1 %, 2 % sewage sludge or
NPK  recommended.  Adding
sewage water Irrigation to lupine
plants did not show any significant
effect on plant height, but it
significantly affected leal area.
Sewage sludge at 2 % gave the
greatest leaf area compared to the
other sewage water treatments.

The interaction between different
treatments did not reflect any
significant effect on plant height
and leaf area.

Since sand soil had low organic
matter and low mineral nutrients as
shown in Table 1, sewage sludge
can improve its content of organic
matter;” and this mn tumn led to
improve soil propertics such as soil

water holding capacity, soil
fertility and increase mineral
availability and this in turp

increase plant growth parameters.

These results are in agreement
with those reported by Eleiwa ef
al., 1996 on faba bean, regarding
plant height, and leaf area/plant.
They found that application of
sewage sludge to faba bean plants
increase plant height and number
of leaves/plant. Also, Mchamad
(1985) on lupine. Sardana and
Verma (1987} on green gram and
El-Far er al. (2001) on lupine who
found that NPK increased plant
height, leaf area and total number
of branches.

Dry weight

Data in Table 3 reveal that
adding sewage sludge significantly
increased the dry weight of
different plant parts; ie. 1oots.
stems and leaves in comparison
with control. Also. application of
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Table 2. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A x 1) on plant height and leaf area of lupine plants at 90 days after sowing during seasons
of 2003/2004 and 2004/2005

Characters Plant height (cm) Leaf area (cm”)
1% season {2003/2004) 2" season (2004/2005) 1% season (2003/2004) 2™ season (2004/2005)
Treatments 100 % 50% 100 % Mean 100 % 50 % 100 % Mean 100 % S0% 100% Mcan 100% 350% 100% Mean
= I T™W TW SW TW TW SW ™ TW  SWwW TW T.W SW
— ( ) +50 % +50 %o +50 % +50 %
(A) - S.W S.W S W SW
Control 48.60 44.30 45.30 46.11 55.60 51.66 52.33 53.22 13.92 13.98 14.01 13.97 13.15 13.70 14.12 13.66

Mineral nutrients (NPK) 52.30 50.00 52.30 51.55 62.33 61.00 60.60 61.33 18.40 18.54 19.12 18.69 19.50 19.79 19.36 19.55
0.5 % sewage sludge 47.00 48.60 48.30 43.00 59.30 58.00 58.30 58.55 §5.01 16.21 16.13 1578 15.47 1554 16.77 15.92

1 % sewage sludge 49,00 49.60 50.60 49.77 60.30 62.30 60 30 61.00 18.97 19.89 19.89 19.58 20.03 i9.76 21.54 20.44
2 % sewage sludge 59.60 61.30 60.60 60.66 69.60 71.60 74.00 71.77 20.04 19.97 20.26 20.09 21.45 21.94 2278 22.05
Mean 51.33 50.80 51.53 -~ 0146609361.13 - 172717721788 - 179218141891 -
L.S.D. for (A) H  Ad @A) M A (A I  AD {A) (b (A“D

£33

4817 NS NS 539" NS ONS 065 0507 NS 136" 077 NS

T.W: Tap water ; S.W: Sewage water. : NLS.: Not significant at 0.05 or 0.01 levels of probability.



Table 3. Effect of sewage sludge application {A), sewage water irrigation (I) and their interactions
(A x I) on roots, stems and leaves dry weight of lupinc plants at 90 days after sowing
during seasons of 2003/2004 and 2004/2005

Characters Root dry weight (g) Sst‘ems dry /wei&‘t (g) Leave dry weight (g)
1 season (2003/2004)
Treatments 100%  50%  100% Mean  i00%  50%  100%  Mean  100% 0%  100%  Mean
- TW OTW=+50  SW TW  TW SW TW  TW+  SW
e —_— 4)) 0% S W +350 %o 50% S.W
(A) \“\\\‘ S.W
Contro} 1.78 1.52 1.58 1.62 5.09 587 6.11 5.69 3.86 4.53 432 423
Mineral nutrients (NPK) 167 1.97 1.98 1.87 7.16 739 6.21 6.92 6.37 5.51 468 552
0.5 % sewage sludge 232 206 221 220 4.52 5.97 4.05 4.85 5.33 5.59 449 512
1 % sewage sludge 237 228 200 227 622 728 606 652 547 7.63 795 708
2 % sewage sludge 2.45 2.33 266 242 919 1056 691 8§88 1026 1400 824 10.84
Mean 208 203 208 - 6.43 7.41 5.87 - 6.30 7.44 5.94 -
L..S.D. for (A) 43! (AxD) {A) (I (Ax]) (A H (AxI)
049" NS NS. 075" 0587 131" 116" 090" 2017
2 season {2004/2005) .
Conmrol 1.8} 1.55 1.59 .65 4.16 5.98 5.25 5.13 5.52 5.97 5.18 555
Mineral autrients (NPK) 1.65 1.95 1.95 1.85 7.18 7.34 6.13 6.88 8.03 6.91 6.78 724
0.5 %% sewage sludge 236 237 273 249 437 512 4.00 4.50 6.15 597 563 591
% sewage sludge 2.40 2.27 [.91] 2.19 6.12 7.39 6.18 6.56 6.82 639 8.25 7.15
2 % sewage sludge 219 242 260 240 928 1044 593 888 1104 1080 906 1030
Mean 2.08 2.11 2.16 - 6.22 725 3.70 - 7.5] 7.21 6.98 -
18D, for (A) 0 (AXI) (A (0 (A1) (A) (0 (A<D
0537 NS N.S. 034" 026" 059" 059" 046"  1.03"

T.W: Tap water

: S.W: Sewage water.

; N.S. Not significant at 0.05 or 0.01 levels of probability.
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NPK gave the same effect of
sewage sludge. Regarding sewage
water irrigation, it is clear that
irrigation of lupine plants with
sewage water significantly
increased stem and leaves dry
weight, but did not significantly
affect root dry weight 1 both
seasons. The interaction between
the two factors significantly
affected both stem and leaves dry
weight, but did not reflect
significant effect on root dry
weight.  The  best  interaction
treatment was application of 2 %
sewage sludge + irrigation with
150 % sewage water. The
increment  in  dry weight of
different plant organs of lupine
plants may be due to the increase
in plant growth parameters resulted

from adding sewage sludge
{Table, 3).
Nitrogen is an important

constituent of protoplasm and
other biological agents (Mengel
and Kirkly, 1978). In addition,
Gardener ef al (1985) deciared
that P is an essential component of
the energy transfer compounds,
genetic information system, cell
membranes and phosphoproteins.
Obtained results are in accordance
with those reported by Shata ef al.
(1990) on Egyptian clover and
Eleiwa er al. {1996) on faba bean.

They reported that adding sewage
sludge to the abovementioned
plants increased dry weight/plant.

Plant Chemical Composition
Photosynthetic pigments

Obtained data in Takble 4 reflect
that, increasing sewage sludge
application @ignificantly increased
chlorophyil a, b and carowenoids
concentration in leaf tissues.
Application ot NPK recommended
rate 1ncreased the abovementioned
photosynthetic pigments compared
to control. {rrigation of lupine
plants  with  sewage  water
significantly increased chlorophyl!
a and b concentration, but did not
show  significant  effect c¢n
carotencids in both seasons of
study. There were sigoificant
interaction effect between the iwo
studied factors regarding
chlorophyll a. b and carotenoid in
the  two seasons, except
chlorophyll a in the first season
and carotenoid in the second one.

The favorable effect of manure
application on enhancing leaves
tissues pigments was reported by
Hseth and Hsu (1993) who

reported that use of manure
increased soil acidity, organic
matter, available P. cxtractable

Mg, Mn and Zn and this in turp
may affect lcaves pigments. These



Table 4. Effect of sewage sludge application {A}, sewage water irrigation (1) and their interactions
(A % 1) on chlerophyll a, b and carotenoids of lupine leaves at 90 days after sowing during
seasons of 2003/2004 and 2004/2005

Chlorophyll (a} Chlorophyll (b) Carotenoids
Characters (mg/g F.W.) (mg/g F.W.) (mg/g F.W.)
1% season (2003/2004)
Treatments 100%  350%  100% Mean  100%  S0%  100%  Mean 100%  50%  i00%  Mean
TW  TWwW+ SW TW  TW+H0  SW TW TW+50 SW
[ ¢} 50 % %S W % §W
(A) T S.W
Control 1.76 1.76 1.64 1.71 0.50 046 0.4l 0.46 0.98 0.95 0.99 0.97
Mineral nutrients (NPK)  2.97 3.02 2.94 2.97 0.69 0.73 0.68 0.70 1.06 1.10 1.02 1.06
0.5 % sewage sludge 296 297 291 2% 060 063 070 064 083 088 090 0.87
1 % sewage sludge 2.94 3.05 2.96 2.98 0.77 0.75 0.70 0.74 1.30 1.33 1.25 1.29
2 % sewage sludge 3.01 3.05 2.99 3.02 0.87 0.87 .79 0.84 1.2} 1.24 1.28 1.24
Mean 272 277 2.68 - 0.69 0.69 066 - 1.08 1.10 1.09 -
L.S.D. for (A) ) (AxI) (A) M (A<D (A) (D (Ax1)
0077 005" NS 004" 002 0.07" 004" N.S. 0.05"
2" season (2004/2005) ‘
(Control 1.22 078 0.81 0.94 0.23 0.19 0.27 0.23 1.22 0.83 0.57 0.87
Mineral nuirients (NPK)Y  0.89 1.19 1.07 1.05 028 .28 .16 0.24 0.94 1.22 1.01 1.05
0.5 % sewage siudge 0.88 0.67 0.65 0.73 0.13 010  0.17 0.13 0.83 0.63 0.70 0.72
1 % sewage sludge 1.14 1.06 112 1.10 0.27 0.34 .34 0.31 1.20 1.1 1.65 1.32
2 % sewage sludge 1.66 0.61 1.30 1.19 0.44 .21 0.35 033 1.65 0.59 1.66 1.30
Mean 1.16 0.86 (.99 - 0.27 22 0.26 - 1.16 0.87 1.11 -
L.S.D. for (A) (M (A1) (A) (N (AxD) (A) (D) (AxI)
032" 025 0.56" 0.06° 063 0.10" 040" N.S. N.S.

T.W: Tap water . S.W: Sewage water. » N.S.: Not significant at 0.05 or 0.01 levels of probability.
- F.W: Fresh weight.
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results agree with those reported
by Abdel-Sabour and Abo El-
Seoud (1996) who found that
organic-waste compost enhanced

photosynthetic ~ pigments  of
sesame.
Catalase and peroxidase
activity

Data in Table 5 show that,
sewage sludge at 1 % was the best
treatment for increasing the
activity of catalase and peroxidase
in the two seasons, except catalase
in the second one. Generally
application of sewage sludge at
different used rates or the
recommended dose of NPK
significantly increased the activity
of the two nientioned previously
enzymes. On the other hand,
irrigation of lupine plants with
sewage water did not show
significant effect on enzymes
activity on the two seasons. There
were no significant interaction
effect on catalase and peroxidase
activities in leaves of lupine plants
in both studied seasons. The most
effective interaction treatment was
adding 1 % sewage sludge +
irrigation with 100 % sewage
water.

These results are in agreement
with those reported by Chakrabarti
and Chakrabarti (1988) on wheat,

E]—MosallamY, et al.

Jiang and Jiang (1996) on maize
and Abdorhim et al, (2004) on
wheat. They found that sewage
sludge increased the activity of
catalase and peroxidase. Irrigation
of cotton crop with 100 and 66 %
sewage water increased the activity

of catalase and peroxidase
(Chakrabarti and Chakrabarti,
1989).

Seed Chemical Constituents
Total carbohydrate, sugars
and protein
Data in Table 6 show that, the

content of total carbohydrate, total

sugars and total protein in lupine
seeds were significantly affected
by both sewage sludge and NPK
application. The most favorable
treatment for increasing the
previously mentioned traits was
application of 2 % sewage sludge.

Application of sewage water

irrigation significantly increased

protein and sugar contents in seeds
of lupine in both seasons, except
sugar content in the first season.

On the other hand, carbohydrate

content was not affected by

sewage water irrigation in the two
seasons. The interaction between
the two studied factors did not
reflect any significant effect on
carbohydrate and sugars. But it had
significant effect on protein
content in lupine seeds in the two



Table 5. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A % I) on catalase and peroxidase activity of lupine leaves at 90 days after sowing during
seasons of 2003/2004 and 2004/2005

Catalase (pm/g/min)
—— 1% season (2003/2004) 2™ season (2004/2003)
Treatments 100%TW 50%T.W 100%SW  Mean 100%T.W 50%T.W 100%SW  Mean
+50 % S.W +50 % S.W
“
A) <
Control 140.00  139.33 14033  139.89 13233 13233 13367 132.78
Mineral nutrients (NPK) 17633 17633  179.67 17744 18567 187.00 18567 186.11
0.5 % sewage sludge 166.67 16600 16633 16633 16533 16633 16667 166.11
1 % sewage sludge 181.67 18200 18233 182.00 184.67 18433 18467 184.55
2 % sewage sludge 174.67 17567 17633 17555 19567 193.33 19400 194.33
Mean 167.87 167.87  169.00 2 17273 17267  172.93 -
L.S.D. for (A) 1)) (AxI) A) m (AXI)
5147 N.S. N.S. 450" N.S. N.S.
' Peroxidase (um/g/min)

Control : 40.00 4500 4333 ° 4278 5100 5033 5067 5067
Mineral nutrients (NPK) 6533 6400 6533 6489  67.00 6600  66.00  66.33
0.5 % sewage sludge 5800 5600 5633 5678  49.00 51.00 5033  50.11
1 % sewage sludge 6733 6800 6800 6778 7500 7567 7633  75.67
2 % sewage sludge 5500  54.67 5500 5489 6433 6633 6633  65.67
Mean 57.13 57.53  57.60 . 6127 6187  61.93 .
L.SD. for (A) ) (AxI) (A) ) (AXI)

3.89" N.S. N.S. 322" N.S. N.S.

T.W: Tap water ; S.W: Sewage water. ; N.S.: Not significant at 0.05 or 0.01 levels of probability.
; pm: Micromole
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Table 6. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions -

(A x 1) on total carbohydrate, sugars and protein content of lupine seeds during seasons of
2003/2004 and 2004/2005

Charasters Total carbohydrate content (%) Total sugar content (%) Protein content (%)
1% season (2003/2004)
Treatments 100% 50% 100% Mean 100% 50% 100% Mean 100% 50% 100%  Mean
TW TW+ SW TW TW+ SW TW TW+ SW
50 % 50% 50 %

(A) SW S.W SW
Control 2400 2433 2433 2422 987 1070 1035 1031 2520 23.54 2381 24.18
Mineral nutrients NPK) 2633 26.00 2433 2555 1425 1449 14.51 1442 2483 2581 2548 2537
0.5 % sewage sludge 23.67 23.67 23.67 23.67 10.80 1225 1208 11.71 23.89 2439 2535 24.54
1 % sewage sludge 24.67 27.33 2633 2611 1271 13.16 13.92 1326 2633 29.99 2947 28.60
2 % sewage sludge 2533 29.00 28.67 27.67 1588 1536 1674 1599 2929 3129 3254 31.04
Mean 24.80 2607 2547 - 1270 13.19 13.52 - 2591 27.00 2732 -
L.S.D. for (A) @ (AXD) (A) 4)) (AXI) A) ) (AxI)

208" NS, N.S. 1.10° 062’ N.S. 047" 036" 0.81"

2™ season (2004/2005)

Control 25.00 23.67 2400 2422 1082 12.15 1190 11.62 25.17 2579 2692 2595
Mineral nutrients (NPK) ~ 27.67 28.00 29.00 2822 15.17 15.68 1623 1569 28.79 33.37 3837 33.51
0.5 % sewage sludge 2467 23.67 2433 2422 1228 1324 1230 12.61 31.08 31.02 3233 31.47
1 % sewage sludge 26.67 29.67 2933 2855 1563 15.16 1629 1569 32.87 34.16 3506 34.03
2 % sewage sludge 28.67 28.00 29.00 2855 16.39 1636 16.73 1649 3571 4021 41.17 38.36
Mean 26.53 26.60 27.13 - 1406 1452 1469 - 3032 3291 3477 -
L.S.D. for @A - O (AxI) (A) ) (AXD) (A) 1) (AXD)

217" . NS N.S. 1.10" N.S. N.S. 045" 035" 078"

T.W: Tap water ~ ; S.W: Sewage water.  ; N.S.: Not significant at 0.05 or 0.01 levels of probability.
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seasons. The best interaction
treatment was adding 2 % sewage
siludge + 100 % sewage water
irrigation,

Content of N, P and K

Adding sewage sludge to lupine
plants significantly increased N
and P contents in seeds, while
application of NPK significantly
increased K content in sceds in
both seasons. The best results were
obtained with 2 % sewage sludge

followed by NPK  mineral
irrigation  lupine piants  with
sewage water significantly

increased N content in seeds, but
did not affect P and K content in
seeds. The interaction between the
two studied facrors did not reflect
significant efiect in this respect
(Table. 7). Sewage  sludge
application increased levels of N, P
and K in grain (Mashaly er al,
1993 on beans; Derar and Eid,
1996 on wheat).

Heavy metals in seeds

Data in Table 8 illustrate that
increasing sewage sludge
application rate increased Cr, Cd,
Ni and Pb content in lupine seeds,
while application of mineral NPK
did not increase it, except Ni
content which increased by NPK
recommended dose application
compared to control. The same

data in Table 8 show that irrigation
of lupine plants with sewage water
increased the four determined
heavy metals; ie., Cr, Cd, Ni and
Pb in seeds of lupine plants
compared to irrigation with tap
water. The highest seed contents of
heavy metals were recorded with
2 % sewage sludge or irrigation
with 100 % sewage water. Also it

is clear thai. the interaction
between the two tested factors
increased the heavy  metais

accumulation in lupine seeds up to
the highest used levels from the
two factors. The highest Cr. Cd, Ni
and Pb contents in seeds of lupine
plants were recorded when plants
were fertilized with 2 % sewage
shudge + irrigation with 100 %
sewage water.

These results are similar to
those obtained by Chaney er al.,
(1978) on lettuce plants. It could
be concluded that there is no risk
factor on human health f{rom
bioaccumulation of heavy metals
in lupinc seeds producd from
lupine plants fertilized with 2 %
sewage sludge in sandy soil.
Content of Cd and Pb in lupine
seeds are still far below the
background level and did not reach
the admissible residual contents as
shown in Table §&. Since,
recommended limits for heavy
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Table 7. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions

(A x I) on nitrogen, phosphorus, and potassium content of lupine seeds during seasons of
2003/2004 and 2004/2005 ~

L

Nitrogen content (%) Phosphorus content (%) Potassium content (%)
Chatfiotesg 1% season (2003/2004)
Treatments 100% 50% 100% Mean 100% .50% 100% Mean 100% 50% 100% Mean
TW TW+50 SW TW TW+50 SW TW TW+50 SW
D % S.W %S.W %S.W
A)
Control 403 376 3.80 38 046 047 048 047 194 216 192 2.00
Mineral nutrients (NPK) 397 412 407 407 079 09 089 086 416 4.11 416 4.14
0.5 % sewage sludge 383 390 405 342 082 082 080 081 226 215 213 2.18
1 % sewage sludge 421 479 471 457 088 089 08 088 3.8 362 338 362
2 % sewage sludge 468 500 520 49 097 102 106 102 3.18 362 3.18 333
Mean 414 432 437 - 079 082 082 - 308 313 295 -
L.S.D. for A) ) (AxI) (A) @ (AxT) A) ) (AxD)
007" 005" 012" 006"  NS. N.S. 047" NS. N.S.
2™ season (2004/2005)
Control 402 412 431 415 054 054 058 055 211 205 241 219
Mineral nutrients (NPK) 461 534 6.14 536 089 091 098 093 343 338 372 351
0.5 % sewage sludge 497 496 517 504 085 08 088 086 187 202 214 201
1 % sewage sludge 526 547 561 545 098 105 108 104 205 231 169 201
2 % sewage sludge 571 643 658 624 100 1.07 109 105 357 348 3.52 3.52
Mean 491 527 556 - 085 089 092 - 261 265 263 -
L.S.D. for (A) M (AXI) (A) 0] (AXI) A ) (AXI)

007" 005" 012" 006" 004" NS. 047" NS. N.S.
T.W: Tap water  ; S.W: Sewage water.  ; N.S.: Not significant at 0.05 or 0.01 levels of probability.




Table 8. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A % I) on heavy metals accumulation of lupine seeds during the growing season of

2004/2005
Characters Chromium (Cr) (mg/kg) Cadmium (Cd) (mg/kg)
Treatments 100 % 50 % 100 % Mean 100 % 50 % 100 % Mean
) W T.W+ A W T.W + S.wW
(A) : 50 % 50 %
S.W ' S.W
Control 0.000 0.000 0.095 0.032 0.024 0.030 0.035 0.030
Mineral nutrients (NPK) 0.016 0.048 0.065 0.043 0.026 0.033 0.077 0.045
0.5 % sewage sludge 0.029 0.101 0.122 0.084 0.038 0.042 0.060 0.047
1 % sewage sludge 0.041 0.073 0.090 0.068 0.054 0.081 0.088 0.074
2 % sewage sludge 0.122 0.162 0.403 0.229 0.071 0.090 0.090 0.084
Mean 0.042 0.077 0.155 - 0.043 0.055 0.070 -
Nickel (Ni) (mg/kg) Lead (Pb) (mg/kg)

Control 0.040 0.041 0.030 0.037 0.000 0.043 0.075 0.039
Mineral nutrients (NPK) 0.133 0.246 0.217 - 0.199 0.029 0.055 0.074 0.053
0.5 % sewage sludge 0.269 0.223 0.143 0.212 0.038 0.080 0.069 0.062
1 % sewage sludge 0.208 0.295 0.346 0.283 0.040 0.093 0.110 0.081
2 % sewage sludge 0.262 0.147 0.487 0.299 0.026 0.072 0.112 0.070

Mean 0.182 0.190 0.245 - 0.027 0.069 0.088 -
T.W: Tap water S.W: Sewage water. ‘

Recommended limits for heavy metals content in foods mg kg-1 of grain according to ZEBS-BERICHT,
(1/1979) as follow: 0.5 for Pb and 0.1 for Cd. "
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metals content in foods mg kg-1 of
grain  according to  ZEBS-
BERICHT (1/1979) as follows: 0.5
for Pb and 0.1 for Cd.

Yield and its Components

Data in Table 9 show that,
fertilization of lupine plants with
2 % sewage sludge or NPK
recommended dose significantly
increased all  studied  yield
parameters, ife., number and
weight of seeds/plant as will as
100-seed weight in the two
seasons. While, neither sewage
water irrigation nor the mteraction
between the two factors show
significant effect on vield and its
components in both seasons.

The increments of yield resulted
from application of sewage sludge
may be due to their high contents
of organic matter, high availability
of nutrients, increased both
nitrogen fixatien, and rhizosphere
microorganisms ~ which  release
phytohormones substances lead to
merease plant growth (Table, 2),
and dry weight of different plant
organs (Table, 3) and that in turn
increase the yield and its
components.

These results agree with those
reported by El-Sokkary and El-
Keiy (1989) on alfalfa, wheat, faba
bean and soybean: Park er al

El-Mosallamy, et al.

(1991) on barley and soybean and
Derar and Eid (1996) on wheat
who found that adding sewage
sludge increased the yield and
Kutera and Czyzyk (1992) on
maize who found that irrigation
with sewage water increased the
yield. Also, Sardana and Verma
(1987) on green gram and El-Far er
al. {2001) on ilupine who found
that NPK increased 100-seed
weight and seed vield.

Anatomical Traits

Root structure

Data presented in Table !0 and
Fig. 1 indicate that all studied root
structure parameters were
significantly affected by sewage
sludge application. except root
diameter and secondary tissue
thickness. It is clear from the same
data that application of 2 %
sewage sludge to lupine plants
recorded the highest value of pith
diameter and xylem and pith
thickness. Irrigation lupine plants
with tap water gave the maximum
values of both root and pith
diameter and the thickness of
phloem, periderm, secondary
tissues, xylem and pith of lupine
plant root. The interaction betwecn
the two factors significantly
affected all studied root structure
parameters. except the thickness of



Table 9. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A % T) on yield components of lupine plants during seasons of 2003/2004 and 2004/2005

Chavacteds Seeds weight/plant (g) Ii:xmber of seeds/plant 100-seeds weight (g)
’ 1% season (2003/2004)
Treatments 100% 50% 100% Mean 100% 50% 100% Mean 100% 50% 100% Mean
TW TW SW SO TW TW  SW TW TW SW
+50 % +50 % +50 %

(A)\(D\ SwW SW S.W
Control 9.77 992 939 9.69 12.33 11.00 11.00 11.44 27.08 27.48 27.40 27.32
Mineral nutrients (NPK) 14.27 13.90 12.21 13.46 27.00 23.33 26.33 25.55 37.13 41.39 41.89 40.14
0.5 % sewage sludge 12.46 12.24 12.40 12.37 18.33 15.00 17.33 16.88 34.75 33.64 33.25 33.88
1 % sewage sludge 13.43 12.78 12.61 12.94 26.67 23.33 24.67 24.88 40.61 39.72 39.16 39.83
2 % sewage sludge 13.46 1440 14.99 14.28 26.67 24.33 20.33 23.77 40.15 41.55 41.00 40.90
Mean 12.67 12,65 1232 - 2220 1940 1993 - 3594 36.75 36.54 -
L.S.D. for (A) 0)) (AXI (A) O (Ax]) A) @ (AXD)

182" NS NS 721" NS. NS 322" NS. NS

2™ geason (2004/2005)

Control 924 967 926 939 11.00 13.67 14.00 12.89 25.42 27.12 25.73 26.09
Mineral nutrients (NPK) 14.40 13.58 14.22 14.07 31.67 28.00 34.00 31.22 41.26 43.62 43.22 42.70
0.5 % sewage sludge 11.86 12.24 12.14 12.08 14.67 18.67 14.67 16.00 32.42 30.97 31.59 31.66
1 % sewage sludge 13.76 11.45 12.61 12.61 31.33 33.00 29.67 31.33 42.95 41.72 41.49 42.05
2 % sewage sludge 13.46 13.73 13.99 13.73 30.67 34.67 25.67 30.33 43.15 42.89 41.67 42.57
Mean 12.54 12.13 1244 - 23.87 2560 23.60 - 37.04 37.26 36.74 -
L.S.D. for @, ® @D @ O @) @A @O @D

1.29 N.S. N.S. 9.28 N.S. N.S. 3.01 N.S. N.S.

T.W: Tap water

; S.W: Sewage water.

; N.S.: Not significant at 0.05 or 0.01 levels of probability.
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Table 10. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A x I) on root structure of lupine plants at 55 days after sowing during season of

2004/2005
Treatments Root structure
Root diameter (mm) Pith diameter (mm) Phloem thickness (mm)
(I) 100% 50% 100%  Mean 100% 50% 100% Mean 100% 50% 100%  Mean
( A) T.W TW+50 SW TW T.W+50 SW TW TW+50 SW..
% S.W % S.W % S.W
Control 158 158 157 157 052 037 018 035 028 029 031 029
Mineral nutrients (NPK) 171 126 150 149 034 036 039 036 031 024 027 027
0.5 % sewage sludge 166 135 139 146 048 038 029 038 022 029 024 025
1 % sewage sludge 142 150 131 141 029 032 043 034 030 034 026 0.30
2 % sewage sludge 1.52 151 166 156 043 036 066 048 029 024 026 026
Mean 1.58 144 148 041 036 0.39 028 028 0.27
L.S.D. for A) @, (AXI_) »), @,, (AXI_) A), (6] (A><I)
N.S. 0.10 0.23 0.04"  0.03" 0.07 0.04 N.S. 0.07
Secondary tissue thickness = Xylem and Pith thickness (mm)  Periderm thickness (mm)
(mm)
Control 138 133 125 132 1.00 099 094 098 027 027 032 029
Mineral nutrients (NPK) 142 100 108 116 1.11 076 081 089 038 026 042 035
0.5 % sewage sludge 127 104 114 115 1.06 075 09 090 046 031 025 034
1 % sewage sludge 139 122 100 120 080 087 075 08 028 029 031 029
2 % sewage sludge 127 126 130 128 098 1.02 104 1.01 025 023 037 028
Mean 135 117 1.15 - 0.99 0.88 0.88 - 033 027 033
L.S.D. for (A) @,, (AxD) (A), ()} (AxD) A), @,, (AXI)
N.S. 0.14™ N.S. 0.14" N.S. N.S. 0.06°  0.04" 0.10

T.W: Tap water  ; S.W: Sewage water. ; N.S.: Not significant at 0.05 or 0.01 levels of probability.
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Fig. 1. Effect of sewage sludge, sewage water and their interactions

on anatomical traits of root
A: Control- 100 % tap water; B: Control- 50 % tap water + 50 % sewage water; C;
Control- 100 % sewage water; D: 2 % sewage sludge - 100 % tap water; E: 2 % sewage "
sludge - 50 % tap water + 50 % sewage water; F: 2 % sewage sludge - 100 % sewage
water. #
1: Periderm; 2:phloem; 3:Xylem; 4:Pith.

-
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secondary tissue and xylem and
pith of lupine plant root.
Stem structure

The obtained data in Table 11
and Fig. 2 indicate that application
of sewage sludge significantly
affected stem structure, except
epidermis thickness. It is interested
to note that application of sewage
sludge at 2 % recorded the
maximuin value of both number of
cortical layer and cortex thickness.
Whereas, the untreated plants with
sewage sludge (control) have the
maximum values of stem diameter,
pith diameter and tissue outside
pith cavity. On the other hand, the
epidermis thickness of stem was
nct affected by sewage sludge
application. Irrigation lupine plant
with sewage water significanily
affected all studied stem structure
parameters, except epidermis
thickness and number of cortical
layers. The best treatment show the
highest values of stem structure
parameters (tissue outside pith
cavity, cortex thickness, pith
diameter and stem diameter) was
irrigation of lupine plants with tap
water compared to the other
irrgation treatments. Data in Table
11 show also that the most
favorable interaction treatment for
mercasing stem structure studied
parameters was application of 2 %

sewage sludge + irrigation with tap
water. Regarding number of
cortical layers, cortex thickness
and stem diameters was irrigation
with tap water + control (without
sewage sludge application) for
tissue outside pith cavity and pith
diameter.
Leaf structure

It is obvious from the data in
Table 12 and Fig. 3 that
application of sewage sludge
significantly decreases the
thickness of blade, midveinal
bundle, palisade tissue and spongy
tssue  of leaves. While, the
thickness of upper and lower
epidermis was not aftected by
scwage sludge application. Controi
treatment showed the highest valuc
of thickness for different studied
abovementioned parameters
compared to mineral NPK and
different rates of sewage sludge
application. Using sewage water in
lupine plants irrigation
significantly affected the thickness
of blade, bundle and spongy tissue.
but it did not reflect any significant
effect on the thickness of both
upper and lower epidermis and
palisade tissue of leaves. The
highest thickness in this respect
was recorded with application
lupine plants with 50 % tap water
+ 50 % sewage water. Data in



Table 11. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A x I) on stem structure of lupine plants at 55 days after sowing during season of

2004/2005
Treatments ! Stem structure
Stem diameter (mm) Pith diameter (mm) Epidermis thickness (mm)

) 100% 50% 100% Mean 100% 50% 100% Mean 100% 50% 100% Mean

( A) TW TW+50 SW TW TW+50 SW TW TW+50 SW
% S.W % S.W % S.W
Control 365 386 363 371 207 208 170 205 001 0.02 002 0.02
Mineral nutrients (NPK) 374 350 3.6 346 168 178 120 155 0.02 0.02 0.02 0.02
0.5 % sewage sludge 366 3.10 388 354 134 142 147 141 0.02 002 002 0.02
1 % sewage sludge 323 376 374 357 168 18 175 177 002 0.02 002 0.02
2 % sewage sludge 389 311 361 353 185 134 147 155 002 0.02 002 0.02
Mean 363 346 3.56 1.72 166 1.52 002 0.02 0.02 -
L.S.D. for (A) (I) (A><I') (A) (I) Axp A) (4)) (AxD)
0.03" 0.02" 0.06 0.04"  0.03" 0.07 N.S. N.S. N.S.
Tissue outside pith cavity (mm)  Number of cortical layers Cortex thickness (mm)
Control ' 132 1.15 094 1.14 760 980 960 9.00 028 031 029 029
Mineral nutrients (NPK) 1.03 092 101 098 11.00 980 840 973 034 026 024 0.8
0.5 % sewage sludge 1.19 084 1.19 107 960 920 950 943 033 026 026 0.28
1 % sewage sludge 071 032 031 08 900 900 960 920 029 029 029 0.29
2 % sewage sludge 105 090 093 09 122 860 11.80 1087 042 028 042 0.37
Mean 1.06 096 1.00 988 928 978 - 033 028 030
L.S.D-for (A) (I) (AXI_) (A) 4] (AxD) A), @,, (AXQ
; 0.03" 0.03" 0.06 1.29" N.S. 2.24 0.02"  0.02" 0.04

T.W: Tap water ; S.W: Sewage water.  ; N.S.: Not significant at 0.05 or 0.01 levels of probability.
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Fig. 2. Effect of sewage sludge, sewage water and their interactions
on anatomical traits of stem
A: Control- 100 % tap water; B: Control- 50 % tap water + 50 % sewage water; _:

Control- 100 % sewage water; D: 2 % sewage sludge - 100 % tap water; E: 2 % sewage . -

sludge - 50 % tap water + 50 % sewage water; F: 2 % sewage sludge - 100 % sewage
water.

1: Epidermis; 2: Cortex; 3:Phloem; 4:Xylem; 5: Pith. =



Table 12. Effect of sewage sludge application (A), sewage water irrigation (I) and their interactions
(A x I) on leaf structure of lupine plants at 55 days after sowing during season of

2004/2005
Treatments Leaf structure
Upper epidermis thickness . Lower epidermis thickness Midveinal bundle thickness
(mm) (mm) (mm)
(¢)) 100% 50% 100% Mean 100% 50% 100% Mean 100% 50% 100%  Mean
A) TW TW+50 SW TW TW+50 SW TW TW+50 SW
: % S.W % S.W % S.W
Control 003 002 002 002 003 002 00z 002 0.18 021 o0.11 0.17
Mineral nutrients (NPK) 002 003 003 002 003 002 002 002 011 018 017 0.15
0.5 % sewage sludge 002 003 002 002 002 002 002 002 017 014 016 0.16
1 % sewage sludge 002 0.02 002 002 002 002 002 0.02 018 0.12 0.12 0.14
2 % sewage sludge 003 003 003 003 002 003 003 002 013 0.15 0.13 0.14
Mean 0.02 0.02 0.02 0.02 0.02 002 - 0.15 0.16 0.14
L.S.D. for ) O AXI) Aa) o (AXI) (A), @, Axp
N.S. N.S. 0.007 N.S. N.S. N.S. 001"  0.01 0.02
Palisade tissue thickness (mm) Spongy tissue thickness (mm) Blade thickness (mm)
Control - 0.11 0.06 0.16 0.11 0.11 0.07 0.13 0.10. 025 024 032 027
Mineral nutrients (NPK) 0.13 0.14 011 0.13 009 009 009 0.09 025 028 024 025
0.5 % sewage sludge 009 011 012 0.10 007 008 0.12 009 019 028 031 026
1 % sewage sludge 0.12 009 007 009 0.12 007 0907 0.09 030 020 0.13 021
2 % sewage sludge 008 009 010 009 007 008 008 008 014 015 015 0.14
Mean 0.11 0.10 0.11 0.09 0.08 0.10 022 024 0.23
LS.D. for @, O @) @ 0. @&y @ O, @]
5 0.02" NS. 0.03 0.01 0.01 0.02" 0.02 0.01° 0.04

T.W: Tap water  ; S.W: Sewage water.  ; N.S.: Not significant at 0.05 or 0.01 levels of probability.
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e F

Fig. 3. Effect of sewage sludge, sewage water and their interactions

on anatomical traits of leaf
A: Control- 100 % tap water; B: Control- 50 % tap water + 50 % sewage water;,
C: Control- 100 % sewage water; D: 2 % sewage sludge - 100 % tap water; E: 2 %
sewage sludge - 50 % tap water + 50 % sewage water; F: 2 % sewage sludge - 100 % .
sewage water. s
1: Upper epidermis;  2: Palisade tissue;  3: Spongy tissue; 4: Lower epidermis;
5: Midveinal bundle. -
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Table 12 show also that the
interaction  between the two
factors, significantly affected all
studied leaf structure parameters,
except lower epidermis thickness.
The best interaction treatment for
increasing leaf structure thickness
was control treatment (without
sludge or NPK application) +
irrigation  with 100 % sewage
water.
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