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ABSTRACT

Two field experiments were carried out at west of Ei-Fashn Town, Beni Sweif
Governorate, Egypt, under newly reciaimed sandy loam soil conditions during
1998/2000 and 2000/2001 growing seasons to study the effect of sewage sivdge
additions and phosphorine inoculation on pea (Pisum safivum L.} growth, yield and
seed contents of macro nulrients and heavy metals as compared with chemical NPK
fertilization. Sixteen ireatments were used in this study. i.e. all combinations of two
pea cultivars{ Lencoten and Victory Freezer), two levels of phosphorine inoculation
(Inoculated and Uninoculated) and four levels of sewage sludge(0, 5, 10, and 15
mfed). A recommended chemical NPK fertilizer levels were added to the control
treatment only.

Application of sewage slucdge and phosphorine inoculation significantiy
increased fresh yield, and most of the studied plant growth parameters. They also
significantly increased seed content of N and P. Sewage sludge application
significantly increased heavy metal concentrations ,i.e.Fe, Mn, Zn, Cu, Pb and Cd in
pea seeds, but thase concentrations were generally low and within the permissibie
limits. There were significant differences between the two pea cultivars. Organic
fertiization with sewage sludge at 15 m’ffed either solely or with phosphorine
inoculation produced higher yield than chemical NPX fertilization.

Keywords: Organic fertilization, sewage sludge, phosphorine, pea, and newly
reclaimed soil.

INTRODUCTION

Many attempts have been undertaken in the last decades to find out a
complete or partial substitution for the usually applied chemicai {incrganic)
fertilizers by using organic- and / or bio- fertilizers in order to avoid their
adverse effects on environment, reduce the agricultural product costs and
improve soil chemical and physical properties especially newly reclaimed
sandy and calcarecus soils (Lewis et. al., 1888 and EL-Kholi, 1998).

Among organic fertilizers, sewage sludge has long been recognized
as a potential source for providing plant nutrients such as N, P, Ca and
organic matter. Numerous studies have shown that yields, yield components
and N, P and K uptake of crops increased due to sewage sludge application
(Rappaport et. af., 1988; EL-Sokkary and EL-Keiy, 1989; Ozares-Hampton et.
al.,1994; Rabie et al, 1997 Arisha ahd Abd EL-Bary, 2000). On the other
hand, heavy metai contamination of the human food-chain ultimately may
limit the use of the sewage sludge on agricultural land (Logan and Chaney,
19883). Numerous studies have shown that concentration of heavy metals in
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plant organs increased due to sewage sludge application. However, these
concentrations were generally low and did not exceed the statutory jimits (
Rappaport et. al, 1988; EL-Sokkary and EL-Keiy, 1989; Truby and Raba,
1890 and Arisha and Abd EL-Bary, 2000).

Biofertilizers are considered as the most important factor in reducing
the application of chemical fertiizers and minimizing the induced
environmenta! poliution (EL-Kholi, 1998). Biofertilization technique either by
single or mixture bacterial species leads to maximize the counts and activity
of such organisms for organic matter decay and mineralization to create a
good medium for plant growth, especially in the newly reclaimed desert soils
(El-Sersawy ef. al, 1997). Numerous studies have shown that inoculating
seeds or soil with phosphorine (phosphate dissolving bacteria) resulted in
increasing growth, yield and N, P and K uptake of plants (Saber ef. af., 1981;
Gebraiel, 1995; EL-Gamal, 1996 and EL-Sayed, 1999) and could save about
50% of the recommended rates of mineral phosphatic fertilizers { Sarhan et.
al., 2002).

Pea is considered one of the most important leguminous crops
cultivated in Egypt especialiy in the newly reclaimed soils (Abd EL-Ali e, al.,
2000). It is of greatimportant to increase its vertical production and improve
its chemical and physical properties. Limited information is available in the
literature on the response of pea to sewage sludge (Kerbs et. al,, 1998 and
Anderson, 1999) or phosphorine ( Saber ot af.,, 1981).

The objectives of this investigation were (i) to evaluate effects of
sewage sludge application and phosphorine inoculation on pea growth,
nufrient contents and heavy metal concentrations of pea seeds. (i} to
compare the sewage sludge additions and bio-ferdilization with the
conventional chemical NPK fertilization.

MATERIALS AND METHODS

Two field experiments were performed on newly reclaimed sandy
loam soil located at west of EL-Fashn town, Beni Sweif Governorate during
1999/2000 and 2000/2001 winter growing seasons to evaluate the effects of
sewage sludge application and phosphorine inoculation on growth, yield,
nutrients content and metal concentrations of two pea cultivars in comparison
with conventional chemical NPK fertilization. In order to avoid the residual
effect of sewage sludge and phosphorine, the present study was conducted
on two different sites, one for each season. However, chemical and physical
properties of the soil in both sites, which were determined according to Black
(1965), Page (1982) and Lindsay and Norvell (1978), showed no great
differences among them (Table 1).
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Table 1; Characteristics of the experimental soil and sewage sludge

Soil Sewage sludge
Characteristics 1% 2™ hal 2"
season season season season

EC, mmhos cm’ 0.71 0.78 2.15 2.23
pH, 1:2.5 soil : water susp. 7.79 7.81 6.52 6.64
iICaC0; % 8.40 B.12 2.43 2.85
Organic matter, % 0.13 0.42 41.56 40.11
NaHCO;-ext. P, ppm 5.18 482 618 593
INHJOAC-ext. K, ppm 87.11 83.56 732 704 |
[Total-N, % 035 0.026 2.16 1.83
PTPA-ext. Fe, ppm 9.52 7.88 62.43 58.12
‘DTPA-ext. Mn, ppm 6.04 6.22 3851 33.64
DTPA-ext Zn, ppm 435 5.14 18.73 1692 |
DTPA-ext. Cu, ppm 0.82 1.11 14.65 12.73
DTPA-ext. Pb, ppm 0.14 0.08 5.01 4.82
DTPA-ext. Cd, ppm n.d.t n.d. 0.41 0.36
Coarse sand, % 28.41 32.55 - -
Fine sand, % 42.53 35.76 -
Slit, % 24.26 26.13 - - |

lay, % 4.30 3.56 . -
Texture Sandy loam |Sandy loam =

n.d. = not dstected.

Treatmenls comprised of all

passible combinations of two pea

cultivars (Lencolen and Victory Freezer), two phosphorine inoculation levels
{Inoculated and Uninoculated) and four levels of sewage sludge {0, 5, 10, and
15 m¥fed). The control treatment plots (0 sludge and Uninoculated ) received
100 kg N / fed as ammonium sulfate, 150 kg P,O¢/fed as superphosphate (
15..5 % P,0s) and 100 kg K; O / fed as potassium sulfate. The NPK fertilizers
were divided into- three equal doses and applied afler 15, 30 and 45 days of
planting. Sewage sludge was obtained from Beni Sweif Waste Water
Treatment Plant . Some characteristics of the used sludge are shown in Table
1. The sludge was roto-tilied into the soil to a depth of approximately 20 ¢m
prior to planting. Phosphorine was obtained from the Organization of
Agriculture Equalization Fund (G.O.A.E.F.), Ministry of Agriculture, Egypt.
The inoculation was carried out just before planting by wetting the seeds with
bacterial inocula (by using Arabic gum as an adhesive material ), then the
seeds were dried for one hour in open air before planting.

The experiment was a randomized complete block design with four
replicates in split-split-plot arrangement. Cultivars were assigned to the main
plot, sewage sludge treatments to the sub-plots, and phosphorine treatments
to the sub-sub-plots. Each experimental plot consisted of five ridges 70 cm
wide and 3 m long. Seeds were sown on the 2*of October in both seasons.
Agricultural practices prevailing in the studied area for pea were followed.

At proper time, the following parameters were recorded :
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1- Morphological characters: after 45 days from planting, 10 plants were
taken at random from each plot and the foilowing characters were recorded:
plant height |, number of branches per plant, number of leaves per plant,
specific leaf weight, net assimilation rate (NAR), and earliness index (EI). The
NAR was determined using the following equation (Radford 1967):

NAR = [ (W-Wi}/ (t-ts) ] * [ (10Ge Az- 10G, Ay) T (A2 - Ay} ]--—-mmmemeemmee(1)

where; NAR = net assimilation rate (gm/dm?day
A. and A, = plant teaf area at t; and t; {dm®), respectively.
t; and t, = constan: time after 45 and 65 days after sampling (days),
respectively.
W and W, = plant dry weight (gm) at t, and t,, respectively.
Earliness Index was determined according fo Bartlett modified
equation as described by Shahien (1891) .

2- Yield and yield components: Thirty pods were cellected at random from
each plot at the second picking to determine pod weight, pod length, pod
width and number of seeds per pod. Total fresh yield was determined per plot
and calculated as ton / fed. As for nodules parameters, the middle ridge in
each plot was used to determine nodules number and weight per plant.

3- Plant chemical characteristics : Leaf pigment content {(pigment A, B, and
A+B) were determined according to A.O.A.C. (1965, . A representative
sample of green seeds from the first picking of pea from each plot was oven
driad at 70° tih constant weight and then ground and wet digasted according
to Chapman and Pratt (1961) and the following determinations were done :
Nitrogen was determined using micro-Kjeldah! method, P was determined
colorimatrically and K by flame photometry. Fe, Mn, Zn, Cu, Cd, and Pb were
determined by SP 90 atomic absorption spectrophctometer,

All data were statistically analyzed according to the msthed described
by Snedecor and Cochran (1967). Where significant differences occurred,
treatment means were separated by Fisher's least significant differences.

RESULTS AND DISCUSSION

1- Growth Characteristics:

Sewage sludge significantly increased pea growth as indicated by
plant height, number of branches per plant, number of leaves per plant,
specific leaf area and NAR in both seasons (Tables 2a&2b). The increases in
these growth components, averaged over cultwar and phosphorine
treatments, were 8.6cm, 10 8, 7.2, 41.5 gm/dm? and 9.1% as sludge rate
increased from 5 to 10 m® Ifed in the first season, respectively. Increasing
sludge rate from 10 to 15 mfed resulted in a further little but significant
increase of 2.0 cm, 4.4, 1.9, 5.1 gm/dm?, and 4.2%, respectlvely Similar trend
was observed in the second season. The increase in pea growth due to
sewage sludge application may be attributed to its high content of plant
nutrients, especially N and P; enhancing of soil physical properties, especially
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water holding capacities (Abdel-Sabour et al, 1997) and / or growth
stimulation by its organic compounds {Chen and Avid, 1990; Lee and Bartlett,
1976). These results are in agreement with those of Arisha and Abd EL-Bary
(2000). Comparing sewage sludge application against the chemlcal NPK
fertilization {control), data in Tables 2a&2b revealthat the 15 m* / fed rate
was, in general, significantly better than NPK femllzatlon treatment in
increasing growth components On the other hand, 5 m*/ fed was less than
the cantrol while 10 m®/ fed did not show a certain trend.

Phosphorine inoculation significantly increased the above mentioned
growth characteristics in both seasons except number of branches per plant
in the first season and number of leaves per plant in both seasons (Tables 2a
& 2b). The stimulation effect of phosphorine on pea growth could be a result
of releasing originally bound phosphorus compounds in scil {Osman et. &/,
1974) and releasing ammenia from complex nitragen compounds {Saber ai.
al., 1981).

Pea cultivars significantly difered in their responses for growth
characteristics, Victory Freezer cultivar exhibited higher values of plant height,
number of branches and leaves per plant, specific leaf weight, and NAR than
Lencolen one. These results are in agreement with those of EL-Asdoudi and
Quf (1924), who declared that growth characteristics are cultivar dependent.

Data in Tables 2a & 2b show also that number of branches per plant,
specuﬁc leaf weight, and NAR were significantly affected oy cultivar x sludge
interaction, while plant height was significantly affected by all the first order
interactions; viz. cuitivar x sludge, cultivar x phosphorine, and sludge x
phosphorine interactions.

2- :Pod Characteristics

Pod length and weight were sigrificantly affected by sludge
arplication, the growing cultivar, and the interaction among them. Sludge and
phosphorine treatments had no significant effect on pod width and number of
seeds per pod (Tabies 3a &3b). Pod length and weight increased from 8.15
cm and 4.00 gmto 8.76 cm and 4.36 gm as sludge rate increased from 5 lo
10 m*/ fed and to 8.89 cm and 4.39 gm as sludge rate increased to 15 m*/
fed, in the first season, respectively. Similar resulls were observed 'n the
second season. Victory Freezer was superior to Lencolen cultivar in pod
characteristics..

3- Nodulation

Nedules number and weight per plant were significantly influenced by
sludge application and phosphorine inoculation and did not significantly differ
between the two cultivars (Tables 4a & 4b). Both number and welghtof
nodules were increased as a result of studge application. However, 10 m®
fed gave the highest values of these variables. These results agreed with
those reported by Rifaat and Gendy (1996). In comparison with the
conventmnal NPK fertilization (Control), nodulation of plants treated with 15
m® sludge /fed was comparable while thase of plants treated with 5 or 10 m*
sludge / fed were significantly less and greater than the control, respectively.
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Phospherine inoculation significantly increased number and weight of
nodules per plant in both seasons (Tables 4a &4b). This couid be attributed to
the role of phasphorine in many enzymatic reactions in plant which depend on
phosphorylation and its essentiality for cell division and also for the
development of meristem tissues (Russell, 1973). These results are in
agreement with those of Rifaat and Gendy (1986).

4- Fresh Yield and Earliness index:

Pea fresh yield progressively and significantly increased with
increasing sludge application rate (Tables 4a & 4b). Fresh yield of Lencolen
cultivar in the first season increased from 2.603 to 2,897 and 3.306 ton / fed
as sludge rate increased from 5 to 10 and 15 m” / fed, respectively. The
corresponding increases for Victory Freezer cultivar were from 2.884 to 3.607
and 3.764 ton/fed, respectively. Similar trends were cbserved in the second
season. The positive respond of pea yield to the applied sludge could be
attributed to the improvement in soil chemical, physical, and biological
properties and organic matter content due to sludge application, as the
studied soil was poor in these constituents (Table 1). These results are in
harmony with those of Ozores-Hampton et. al., 1994 and Arisha and Abd EL-
Bari, 2C00. The yield data showed that pea fresh yields from the high sludge
application rate{(15 m *fed) were sngmﬁcantly nigher than those from NPK
fertilization. However, plants treated with 5 m® / fed produced less fresh yield
than those treated with the conventional NPK fertilization.

Phospharine inoculation significantly increased fresh yields in the two
seasons. The increases were 5 and 10 % in the first and second seasons,
respectively. The beneficial effect of phosphorine could be attributed to its role
in making P available to the plant (Gauwr et. af., 1979) and producing growth
promoting substances (Brown, 1974) which may improve plant growth and
stimulate the microbial development (Lue et af, 1958) These results are in
agreement with those of Saber &t. af. (1981)

Pea cultivars significantly differed in their fresh yield production.
Viciory Freezer was superior to Lencolen cultivar.

Earliness Index significantly decreased with increasing sludge
application rate, while it did increase due to phosphorine inoculation {Tables
d4a & 4b). Data show also that Lencolen cultivar matured earlier than Victory
Freezer one.

5- Leaf Pigment Contenis

Leaf content of A- B-. and (A+B)-pigment and carotenoides
progresswely and significantly increased with increasing sludge applicaticn
rate in both seasons (Table 5a & 5Sb). Companng with the NPK fertilization
treatrment (contral}, plots treated with 15 m* sludgeffed produced plants with
higher content of leaf pigments while those treated with S or 10 m *ffed were
less than or comparable to the control , respectively

Phosphorine inoculation did not significantly affect leaf pigment
contents except pigment A and pigment B in the first season.

Pea cultivars significantly differed in their leaf pigment and carotenoid
contents, though they did not show a certain trend.
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A sewage sludge x cultivar interaction occurred for leaf contents of A,
B, and A+B pigments in both seasons.
6- Seed Elemental Composition

Concentrations of N and P significantly increased in fresh pea seeds
with increasing sewage sludge application rate or phosphorine inoculation,
while K concentration was not significantly affected (Table 6a & 6b). These
results confirmed those of Saber et al/ (1281) and Arisha and Abd EL-Bari
{2000). Seeds of plants treated with 15 m” sludge/fed contained significantly
higher concentrations of N and P than those of plants treated with chemical
NPK fertilizers. However, differences between NPK lreatment and both of 5
ard 10 m® sludgeffed did not show a certain trend (Tables 6a & 6b).

Table 6a: Effect of cultivar, sludge, and phosphorine Inoculation on N,
P, and K concentrations of pea seeds in 1998-2000 season.
[ N, % 1 P, % [ K, % |

Cuitivar,C | Sludge,S Phosphorine inoculation, P
PO P1 fmean PO P1_ | mean| PO P1 | mean

Lencolen Cont. 231 |232] 231 | 026 | 029 | 0.27 |2.48] 2.57 2.52_[

31 213 J222[ 217 | 024 [ 028 | 026 [250] 251 | 250

52 225 [231( 228 [ 027 030 | 0.27 [2.55] 2.58 | 253

53 230 [2.32] 231 [ 029 | 0.32 | 0.30 [2.60| 262 [ 261

mean 2.25 |2.29] 2.27 | 0.26 | 0.30 | 0.27 253 2.57 | 2.57 |

V. Freazer | Cont. 210 [200] 205 [ 0.29 [ 0.32 | 0.30 [2.48] 2.50 | 2.49

' [ s 232 |240] 236 | 0.22 | 026 | 0.24 [2.47] 2.51 | 249

| s2 2.33 1247 240 | 0.28 | 0.32 | 0.30 |2.56] 2.58 | 242

| s3 241 [260] 245 [ 0.30 | 0.33 | 0.31 [2.56]| 260 | 258

| mean 229 234 221 | 027 [ 031 | 0.29 [252] 255 | 250

Mean | _Cont. 220 [2.16] 218 [ 0.27 | 0.30 | 0.28 [2.48] 253 | 2550

[ &1 222 [231[ 226 [ 0,23 | 0.27 | 0.25 |248] 2.51 | 2.49

i 52 229 |239] 234 | 027 | 0.31 | 0.28 |255| 2.54 | 247 |

] 83 235 |2.41] 238 [ 029 | 032 | 0.30 [258] 261 | 2.59 |

[ mean 226 [232 [0.26 | 0.30 J252] 255 | |

LSD, 0.05

‘ Cul. (C) NS NS NS

]Sludga {s) 0.05 .01 NS ]
CxS NS NS NS
Phosph. {P) 0.04 0.02 NS
Cx8s ns NS NS
SxpP NS 0.03 NS
CxSxP NS NS NS

Concentrations of N, P, and K in fresh pea seeds did not significantly
differ between the studied Itwo cultivars. These results are in partial
agreement with those of Abd EL-Ati ef. al. (2000).

With respect to heavy metal concentrations of fresh pea seeds, data
in Tables 7a & 7b show that Fe, Nn, Zn, Cu, Pb, and Cd concentrations
progressively and consistently increased with increasing sludge application
rate. However, the increase in Pt and Cd concentrations was very low. As
expected, plants treated with sewage sludge exhibited higher concentrations
of these elements than those treated with chemical NPK fertilizers.
Concentration ranges of these elements were Fe, 1.66 to 5.61; Mn, 0.51 to
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1.69; Zn, 1.36 to 4.02; Cu, 0.1110 1.44; Pb, 0.01 to 0.14; and Cd, n.d. to
0.06 ppm. These concentration ranges are far below the suggested tolerance
levels as reported by the Egyptian Agency for Codex Standards (1993).
These results are in agreement with those reported by Arisha and Abd EL-
Bari (2000).

Data in Tables 7a & 7b show also that differences in heavy metal
concentrations among inoculated and Uninoculated plants were negligible . it
further show that Victory Freezer cultivar accumulated relatively higher
amounts of these elements than Lencolen cultivar.

In conclusion, Sewage sludge addition either solely or in combmnation
with phosphorine increased fresh yield and yield components of pea. Pea
yield consastently and progressively increased with increasing sludge rate
up to 16 m® /fed with no apparent problems with heavy metals accumulation |n
psa seeds. Pea yields of plants treated with the highest rate of sludge (15 m?
/fed) were greater than those treated with the chemical NPK fertilization.
Victory Freezer cultivar over yielded Lencolen one. Vu:tory Freezer pea

cultivar inoculated with phosghorine and fertilized with 15 m?> /fed sludge gave
the highest fresh yield.

Table 6b: Effect of cuitivar, sludge, and phosphorine inoculation on N,
P,and K concentration of pea seeds in 2000-2001 season.
NS P, % | K %
Phosphorine inoculation, P
PO | P1i|mean| PO | P1 [ mean | PO | P1 |mean|
Lencolen  Cont. 229 [231] 230 [0.26] 0.28 | 027 | 260 [ 2.75 | 267

Cultivar,C| Sludge,S

$1 220 [2.23]| 2.21 [0.22 0231 022 [ 243 | 251 | 248
S2 2.24 [226] 225|025 6] 025 [ 260 260 [ 2.80

$3 | 228 [234] 231 [0.27 o_za 027 [271 275 | 273
mean | 2.25 |228] 227 1025/ 026 | 025 | 258 | 265 [ 261
V.Freazer| Cont. 231 [233] 232 |0.27[ 028 | 027 | 253 | 263 | 258

St 234 1234) 234 ]0.23] 0.24 | 0.23 2.50 | 2.54 | 2.52 |
| S2 235 |236) 235 |0.26] 027 | 026 | 257 | 262 | 259
S3 235 1235] 2.35 10.29] 0.23 0.28 | 260 | 270 | 2.65

mean 2.34 [2.34] 2.34 |0.25] 0.27 0.26 2.55 | 262 | 2.58
Mean Cont. 230 12.32] 231 10.26] 0.28 0.27 2.56 | 269 | 2.62

S1 227 |2.28] 227 |022] 023 | 022 [ 246 | 252 | 249
S2 | 229 |231]| 230 [0.25] 0.26 | 025 | 2.58 | 261 | 2.59
S3 231 [234] 233 [0.28] 028 | 028 | 265 | 272 | 269
mean 229 1231 0.25] 0.28 2.56 | 2.63 |
LSD, 0.05
Cult. (C) NS NS NS
Sludge (S) 0.02 0.01 NS
! Cxs8 NS NS NS
Phosph, 0.01 0.01 NS
"
Cx$S NS NS NS
Sxap NS 0.02 NS
CxSxP NS NS NS
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Table 7a: Effect of cultlvar, sludge, and phosphorine inoculation on Fe,
Mn, and Zn concentration of pea seeds in 1899-2000, and
2000-2001 seasons.

Fe,ppm |  Mn,ppm | Zn, ppm
Cultivar,C | Sludge,S Phosphorine inoculation, P

PO | P1 [mean| PO P1 [mean| PO [ P1 [mean
1999 - 2000 Growing seascn
Lencolen Cont. |[1.85| 21 T1‘93 0.64| 0.68 0.66' 1.50 [ 162 | 1.56

81 \2.50 2.52 | 2.41 [083] 1.0 O,QSTL&BT.?.OS 1.96
S2 [364| 314 | 339 |1.38] 1.42 | 1.40 | 2.16 | 3.00 | 2.58
S3 41| 475 | 443 [1.26| 160 | 1.43 | 3.27 | 3.35 ”3‘31
mean [298] 3.11 | 3.05 [1.04] 118 | 1.11 | 2.20 2.50[2.35
V.Freazer | Cont |180] 221 [ 206 |0.51] 0.82 | 067 | 1.74 | .71 | 1.73
S1 189 253 | 221 |1.00] 112 [ 106 | 210 | 243 | 2.27
s2 302|368 | 335 [124] 138 | 1.31 | 3.25 | 3.55 | 3.42
83 542| 561 | 552 |163| 169 | 1.856 | 402 | 3.80 | 3.99
mean |3.06| 351 | 3.28 [1.10] 125 [ 118 | 278 | 2.91 | 2.85
Mean Cont. |1.83[ 2.11 [ 2.00 [0.58] 0.75 | 067 | 162 | 165 | 1.65
51 210| 253 | 2.32 |095] 107 [ 1.01 [ 199 | 223 | 212
52 333 341 | 337 [1.31] 140 [ 1.36 | 271 [ 3.28 | 2.99
S3 [977| 503 | 4.90 |145| 165 | 1.55 | 386 | 3.66 | 365 |
mean [3.02| 331 [ 317 [1.07] 1.22 | 1.15 | 249 [ 271 [ 260

2000 - 2001 Growing season
Lencolen Cont, [166]| 1.87 | 1.77 |0.61] 0.73 | 067 | 1.36 | 1.48 | 1.42

$1 210} 234 | 222 |0B6| 082 | 074 | 158 | 1.73 | 1.66
sz [297] 300 | 299 [1.13] 1.24 | 1.19 | 2.06 | 2.82 | 2.44
$3 385| 423 | 404 |1.19] 1.53 | 1.36 | 394 | 3.26 | 3.20
mean |265| 286 | 276 |0.90] 1.08 | 0.99 | 2.04 | 232 | 2.18
V.Freazer | Cont. |1.72] 2.14 | 163 |080] 1.22 { 1.07 | 1.44 | 1.50 | 1.47
$1 213] 255 | 234 [0.79]| 099 | 089 | 1.86 | 211 | 188
sz [284[ 312|296 [130] 143 | 132 | 277 | 273 | 275
83 [400| 468 | 434 |150] 1.62 | 166 | 3.52 | 3.86 | 3.69
mean 287 312 [ 280 [110] 1.32 [ 121 240 | 2.65 | 2.48
Mean Cont. |169| 201 | 185 |071) 098 | 0.84 | 1.40 | 149 | 145
S1  [212] 245 | 228 |073| 091 | 0.82 | +.72 | 162 | 1.82
s2 261 306 | 298 |122] 1.34 | 1.28 | 242 | 278 | 260
L S3 [382] 446 | 419 |135| 158 | 1.6 | 3.33 | 356 | 3.45

mean |[2.66 299 | 2.83 [1.00| 1.20 | 110 | 2.22 | 244 | 233
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Table 7b: Effect of cuitivar, sludge, and phosphorine inoculation on Cu,
Pb, and Cd cocentrations of pea seeds In 19938-2000, and
2000-2001 seasons

Fe,ppm |  Mn, ppm [ Zn, ppm

Cultivar,C | Sludge,S Phosphorine inoculation, P

PO | P1 Imean] PO [P1 | mean | PO [ P1 [mean

1999 - 2000 Growing season
Lencolen | Cont. [0.13[ 043 [0.13 [ 0.02 [ .02 ] 002 nd. | nd | nd
S1 0.16] 022 | 019 | 003 |004| 0.03 0.01 | 0.02 | 0.02
52 073) 085 | 0.79 | 0.05 |0.04| 0.04 003 | 003 | 003
53 105 1.16 | 111 | 009 |0.11]| 0.10 003 | 0.05 | 0.04
meaan 0.52| 0.59 | 0.56 | 0.05 |0.05] 0.0 0.02 | 0.63 | 002
V. Freazer Cont. 0.24] 023 | 0.24 | 0.02 |0.03! 0.03 n.d. n.d. n.d.
51 0.72! 060 | 066 | 0.03 [0.04] 004 0.02 | 0.02 | 0.02
S2 132 1.25 | 1.29 | 0.08 |0.07] 0.08 0.04 [ 0.03 | 0.04
S3 121 144 | 1.33 | 0.12 [0.14]| 0.13 0.05 | 006 | 0.06
mean 087| 0.88 | 0.88 | 0.06 |0.07| 0.07 0.03 | 003 | 0.03
Mean Cont. (0.19] 0.18 { 0,19 | 0.02 j0.03| 0.03 n.d. n.d. n.d.
S1 0.44] 041 | 043 | 0.03 |0.04| 0.04 0.02 | 0.02 | 0.02
S2 1.08| 1.05 ! 1.04 | 0.07 |0.06]| 0.06 0.04 | 0.03 | 0.04
53 1131 130 [ 1.22 | 0.11 10.13| 0.12 0.04 | 0.06 | 0.05

mean |(070| 0.74 | 0.72 | 0.06 |0.06| 0.06 0.03 | 0.03 | 0.03

2000 - 2001 Growing season

Lencolen Cont. |0.11) 0.15 | 0.13 | 0.01 {0.02] 0.02 n.d. n.d. n.d.

S1 018 | 0.20 | 0.19 | 0.03 |0.03| 0.03 0.01 | 0.02 | 0.02

82 065| 066 | 065 | 0.03 |10.05] 004 0.02 | 0.03 | 0.03

83 087 1.12 | 1.00 | 0.07 {0.10| 0.08 0.03 | 0.04 | 0.04

mean [0.45( 0.53 | 048 | 0.04 [0.05] 0.05 0.02 | 0.02 | 0.02 i[

V. Freazer Cont. [0.20] 0.18 | 0.19 | 0.02 {0.02| 0.02 n.d. n.d. nd. |

S1 0.53] 0.46 | 0.50 | 0.03 |0.03! 0.03 0.02 | 0.02 | 0.02
s2 0.85) 0.88 | 0.87 | 0.08 |0.08]| 0.08 0.03 | 0.03 | 0.03
Ss3 111 1.25 | 118 | 0.11 |0.12] 0.12 004 | 0.05 | 0.05

mean |0.67| 0.69 { 068 | 0.06 {0.06 0.06 0.02 | 0.03 | 003

Mean Cont. |0.16]| 0.17 | 0.16 | 0.02 |0.02] 0.02 n.gd. n.d. n.d.

51 036 0.33 | 0.35 | 0.03 |0.03| 0.03 0.02 | 0.02 | 0.02

52 0.75| 0.77 | 0.76 | 0.06 |0.07| 0.06 0.03 [ 0.03 | 0.03 |

53 089 1.19 | 1.09 | 0.08 |0.11| 0.10 Q.04 | 0.05 | 0.05
mean 056| 061 | 0.58 | 0.05 |0.06| 0.06 002 | 0.03 | 0.03
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