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WO field experiments were carried out at the Agric. Res. Station

Farm, Giza, Egypt during the growing winter seasons of 2004-2005

and 2005-2006. The uninoculated and inoculated canola varieties

(Pactol and Serwo 4) with phosphate dissolving bacteria (PDB) were

foliar sprayed with 0.2% P,Qs in present or absent of a basal dose of 50

- Ka S/fed. (as elemental sulphur) to investigate the effect of these factors

individually or in combination with each other on growth, seed yield

and quality as well as soil fertility and mineral fertilization regime

aiming to reduce the production input and environment pollution.
Results could be summarized in the followings. :

At mid-maturity stage, chlorophyll content was significantly
concentrated in plant foliated with 0.2% P,0; specially those inoculated
ones. Sulphur application concentrated also chlorophyll contents.
Inoculated serwo 4 variety plants were found to be the best contained
chlorophyll when they were foliated with P in S amended plots.

At harvest, foliar spray by P on plants inoculated with PDB
showed significantly increases in growth characters relative to the
uninoculated plants sprayed or no with P. It is also evident that plant
received sulphur exhibited significantly increase in all growth
parameters in both of the two used varieties, and vice versa for root
DW/plant. Pactol plants had greater shoot DW /plant, plant height and
fruiting zone length than Serwo 4 plants, except root DW/plant where
Serwo 4 plants gave the highest value. Only shoot DW/plant and
plant height were gave a significantly response.

It was observed that Pactol variety showed significant superiority in
No. of pods/plant, straw yield/plant, seed yield/plant and P content over
Serwo 4 variety, while Serwo 4 had superiority in seed index, oil and
protein contents. Qil, protein and P contents recorded the highest values
with plants inoculated and sprayed with P. All studied parameters were
highest in plants received sulphur than those without sulphur.

The interaction effects of sulphur application, varieties,
inoculation with PDB and phosphour spraying were insignificant for
almost all studied characters of both varieties. The highest value was
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obtained when sulphur combined with foliar P spray in inoculated
plants of Serwo 4 variety .

Keywords: Silty clay soil, Sulphur, Canola varieties, Secd inoculation
with PDB, Foliar P application.

Canola (Brassica napus L.) is considered as one of the most important oil crops
in the world. In Egypt, it is one of the winter oil crops that grow well in newly
reclaimed lands. Its seed contains more than 40% of excellent edible semi dry
oil. Consequently, canola oil is considered a promising oil crop to decrease the
gab between the production and the consumption. Accordingly, looking for high
yielding canola varieties adapted to the local conditions is considered as an
important objective (Sharaan, 1987).

In our alkaline soils where the level of available nutrients is considerably
low, using of mineral fertilizers in agricultural production have resulted in
serious problems in the soil and contaminate the under ground water. It also
accumulates in food chain causing hazardous effects. Many solutions were done
to reduce the previously mentioned problems, out of them using biofertilization
and foliar spray methods. The availability of phosphours is a function of seil pH
and CaCOQ; content, the application of sulphur to the soil increased the nutrients
availability (Khafaji et al., 1986). The effect of sulphur obtained by several
workers such as Tiwari (1989) and Zhao et al. (1999). Azer et al. (2003) reported
that there was a significant response in seed yield, crude protein and P contents
by addition of sulphur. :

-Moreover, foliar application method to supply plants with nutrients is usually
one of the most efficient means of correcting nutrients deficiencies, since
relatively low rate application are often as effective as much higher rates of soil
applied. Phosphorus foliar spraying has been recommended by many workers to
_increase seed yield (Omran et al., 1999 and Nassar et al., 2005).

BlOfBl’tlllze[’S are one of the most important materials required to substitute

_ .for chemical fertilizers for healthy cheap production. The microbial strains

. (biofertilizers) led to availability of phosphorous (phosphate dissolving bacteria)

as well as the synthesis of auxins, cytokinins and gibberellic acid-like

substances. These growth materials are the primary substances controlling the

enhanced plant growth, absorption nutrients and photosynthesis process.
(Mrkovackl & Milic, 2001).

Moreover, seed moculatlon with biofertilizer is economically important as it
resulted in reducing the needs rate of N and P fertilizers and improving the crop
yield. Babu et al. (1991); El-Mandoh & Abdel-Magid (1996); Azzam & Omran
(2005) and Shaalan (2005) found that biofertilization improved plant growth
characters expressed as plant height, number of fruits, seed yield/plant and seed
yield/plot in two seasons.

Egypt. J. Soil. Sci. 47, No.4 (2007)



SULPHUR, INOCULATION WITH P DISSOLVING BACTERIA 323

The aim of this study is to investigate the response of canola varieties to
sulphur application and foliar spray of P only or in presence of phosphate
dissolving bacteria. Moreover, investigating the effect of this biofertilizer
combinations as a biological technique as well as foliar methods for reducing the
dose of mineral fertilizer and to improve growth and seed yield, in order to
improve soil fertility, reduce the production cost and the environmental poltution.

Material and Methods
Two field experiments were carried out at the Agricultural Research Station
Farm, Giza, Egypt during the winter seasons of 2004-2005 and 2005-2006, in
different sites. Soil samples from each site were taken for physical and chemical

analysis, which were done according to Black (1965) as Table 1 shows.

TABLE 1. Some soil characteristics of the experimental sites for the two seasons.

Experimental Soil CaCoO, pH E.C.* oM Avslgble
seasons texture % (1:2.5) dSm’! % 275
(p.p.m)
2004-2005 Silty clay 3.10 8.2 1.25 1.52 18.4
2005-2006 Silty clay 3.37 7.9 1.40 1.38 17.8

* = in soil paste.

At soil preparing for plantation, the half of.plot numbers received 50 Kg S /fed
as elemental sulphur mixing with soil while the another half numbers of them
was not treated with sulphur as sub main treatments. )

Two varieties of canola (Brassica napus L.) named Pactol and Serwo 4 were
compared with each other as main treatments.

One third of each variety seeds were inoculated with phosphate dissolving
bacteria (PDB) on the same day of sowing corresponding with other two phosphate
application -treatments the sub-sub treatments. The used inoculating bacteria
consists of an efficient strain of Bacillus megalherium var. Phosphaticum adsorbed
on peatmoss power as carrier and registered to Biofertilizers Unit, Ministry of
Agric. Egypt. from which it was obtained. The inoculation was done by mixing
seeds with (8x10® microbial bacteria cells/plot) at a level of 300 g/ fed. That sub-
sub treatments were arranged as following, one third of plot number plants which
were inoculated with PDB was foliated with pure solution of single super
phosphate (15.0 % P,0s). Another one third of plot numbers (planted with
uninoculated seeds) was treated with the same foliation system. The rest one third
(with uninoculated seed also) was left without any P fertilization as a control.

Thus the experiment design was of split-split plots 2V x 2S x 3P treatments,
each treatment was replicated three times giving 36 plots of 10.5 m? size for
gvery season. -
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Canola seeds were sown on 10" of Dec., 2004 and 18" of Dec., 2005 in the
two successive winter seasons. All plots received basic application of nitrogen at
the rate of 45Kg N/fed in the form of ammonium nitrate (33%), at two equal
doses after thinning (three weeks of plantingfand after 6 weeks of planting; and
petassium sulphate (48% K,O) at the rate ofs24 Kg K,O /fed. before flowering,.
The normal agricultural practices of growing €anola plants were done.

Concerning P foliar spraying there were two times at bloom and early pod
formation stages each once with 1L/plot containing 2 g P,Os corresponding 800g
P-0s /fed obtained from 5.33 Kg single super phosphate.

At mid-maturity stage, ie., 80 days from planting, the plants were harvested
to determine pigments contents (chiorophyll a, chlorophyll b and total
chlorophyll) according to Ranganna (1972).

At the end of the growing seasons, samples of 10 plants at harvest time were
taken randomly from each plots for agronomic and chemical trait measurements;
dry weight (DW) of shoot and root (g). plant height (cm), fruiting zone length
(cm), No. of pods/plant, straw yield/plant (g), weight of seeds/plant (g), seed
index (weight of 1000 seeds by g), seed percentage contents of phosphours, total
protein and oil were determined using procedure described by A.O.A.C. (1990).

The combined statistically analysis of the two successive seasons was
calculated using MstatC statistics program and trecatments were compared by
using L.S.D. at 0.05 level probability.

Results and Disccusion
Chlorophyll contents
As represented in Table 2, there were significant differences between P
treatments in chlorophyll contents using foliar spray PDB- inoculated plants
with 0.2 % P,0s gave the best results compared to uninoculated ones sprayed
with 0.2 % P-Os , while the control plants (no phosphour) came at least, These
results were confirmed by El-Akabawy (2000) and Azzem & Omran (2005).

The data available in Table 2 clarified that sulphur application exhibited
increases in chlorophyll contents (either chlor. A, B or total). The present
findings were in accordance with those obtained bv Zhao er al. (1999) who
found that leaf chlorophyll content was increased significantly by S addition.
The effect of sulphur may be explained due to the direct effect of sulphur
deficiency on N,-fixation according to Zaroug & Munns, 1979, who did not
support the hypothesis that S deficiency affects photosynthesis first, resulting in
a storage of C and energy sources for N»-fixation.
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TABLE 2. Chlorophyll contents in canola leaves as affected by the different
treatments {combined over the two seasons).

P treatments
Characters Variety Sulphur Control | PF gg; X at Sl':/fll)cvcl
-5 39.0 72.9 122 68.0 | Variety (V) | NS.
Pactol +S 62.7 795 85.8 76.0 Sulphur (8) | N.5.
X | 608 | 762 | 790 | 720 |Phosphorus(P}| 9.5
;i -S 567 | 663 | 703 | 644
g’ Serwo 4 +S 69 8 80.0 91.7 305 VxS N.S.
é X | 633 | 732 | 810 | 725 VxP NS.
< mean -S 579 | 696 | 713 | 662 SxP NS.
+8 663 | 798 | 888 | 783 | VxSxP | NS.
P mean 621 | 747 | 800
-S 271 | 271} 340 | 294 (V) NS.
Pacto! +S 320 | 374 | 358 | 354 (S) 2.85
X | 300 | 322! 349 | 324 (P) 4.80
; -S 285 [ 332 391 | 336
Z .
5 Serwo4 | +S 329 | 430 | 406 | 388 VxS N.S.
g x| 307 | 381 399 | 362 VxP N.S.
S mean X 278 | 302 | 366 | 315 SxP N.S.
+S 329 | 402 | 382 [ 371 | vxSxP | NS.
P mean 304 | 352 | 374
-S 860 | 999 | 1061 | 973 V) N.S.
Pacto! +$ 958 |1168 | 121.5 1114 (S) N.S.
— X | ¢09 |1083 | 1138 |1043 (P) 12.7
‘; -5 852 1994 | 109.1 | 979
S | serwo4 |*S 1026 [1230 | 1323 {1193 | vxs | Ns.
EE X' | 939 [1112 | 1207 1086 VxP N.S.
= S mean +Ss 856 | 997 | 107.6 | 976 SxP N.S.
992 1199 | 1269 l11s4 | VxSxP | NS
P mean 924 |1098 | 1172
PF= Foliar spray of 0.2% P,0;. PDB= Phosphate dissolving bacteria.
-S= No sulphur application, +S= Sulphur application at rate of (50 Kg/fed).

N.5.= Non significant effect.
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Concerning to varieties, data in the same table showed that Serwo 4
contained chlorophyl! contents more than Pactol.

As for interaction effects, spraying on Serwo 4 plants inoculated and received
sulphur with 0.2% P,O;s, had direct and beneficial effects on chlorophyli
formation as compared with those without sulphur or foliated only with P. This
may be due to sulphur and/or PDB presence providing the soil with enough
amount of P which reflected on growth and chlorophyll concentration.

Growth characters

Foliar spray of P in plants inoculated with PDB show the most enhance
significantly increases in growth characters (Table 3), in relative to the control
(without foliar application) or uninoculated plants sprayed with P. In accordance
with these results, Azzam & Omran (2005) found significant increases in growth
parameters in sunflower plants treated with biofertilizer (PDB).

It is also evident from the same data of Table (3), that plant received sulphur
exhibited significantly increase in shoot DW/plant, plant height and fruiting zone
length in both of two varieties used, and vice versa for root DW/plant. These
results were in agreement with those of Zhao et al. (1999) who found that, sulphur
deficiency affected on growth, it likely to be caused by the shortage of N, due to
decreased N,-fixation. Also sulphur deficiency causes perturbation in specific
amino acid pools. Free amides such as asparagines, and to a lesser extent,
glutamine accumulate markedly suffering of S deficiency (Karmoker et al., 1991).

In general, these differences in growth characters among varieties might be
. due to the pronounced effect of genetic make-up. Pactol plants had greater shoot
DW/plant, plant height and fruiting zone than Serwo 4 plants, except root
DW/plant where Serwo 4 plants gave the highest value. Only shoot DW/plant
and plant height were significantly affected. The same trend was obtained by
Reddy er al. (1994) who found that differential response between genotypes
caused by differing rates of absorption, translocation and utilization.

As represented in Table 3, data showed the effect of interactions between
phosphour foliar spray and sulphur treatments in both varieties were insignificant
for studied growth parameters, whereas, plants inoculated with PDB and sprayed
with phosphor showed the greatest enhance regardiess varieties in absence or
presence of sulphur. The same results obtained by Safar et al. (1997) who found
that there was no significant interaction effect among levels of P, S and seed
inoculation on the vegetative traits of chickpea.
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TABLE 3. Growth characters of canola varieties as affected by the different
treatments (combined over the two seasons).

PF= Foliar spray of 0.2% P,0;.
-S= No sulphur application.
N.S.= Non significant effect.

P treatments
. LSD
Characters Variety \Sulphur Control| PF l;g; X at 5% level
s 292 | 320 | 339 | 317 | Variety (V) | 087
Pactol | +S 314 358 384 352 Sulphur (8) 2.00
| X | 303 339 | 362 | 334 | Phosphorus(P) | 2.55
& -S 27 | 276 | 313 | 272
28 |Serwod| S 258 | 310 | 338 | 302 VxS NS,
g X1 242 | 293 | 325 | 287 VxP NS.
& S mean -3 260 | 298 | 326 | 295 SxP N.S.
+S 286 | 334 | 361 | 327 VxSxP N.S.
P mean 273 | 316 | 344
S 882 [ 963 | 990 | 945 %) NS.
Pacto] | +S 9.08 10.5 10.9 10.2 (S) N.S.
= X | 895 | 101 | 104 | 981 (2 0.42
2 K3 893 | 957 | 101 | 953
Z8 |[Serwod [ 4S 955 | 102 | 108 | 102 VxS N.S..
= X 1 924 | 991 | 105 | 987 VxP N.S.
& S mean L 89 | 96 | 100 | 95 SxP N.S.
+S 9.3 104 | 109 | 102 VxSxP . | NS.
P mean 9.10 998 10.4
S 118 | 1258 | 1285 | 1243 ) 5.28
Pactol | +S 1223 | 1302 | 1368 | 1298 (S) 4.67
- X | 1204 | 1280 |- 1327 | 1270 198 3.16
B -S 1075 | 1153 | 1202 | 1143 '
= E  serwo4 [ +S 111.7 | 1258 | 1262 | 1212 VxS N.S.
i X | 1096 | 1206 | 1232|1178 VxP N.S.
= S mean 1S 112.8 | 1206 | 1244 | 1193 SxP NS.
+5 117.0 | 1280 | 1315 | 1255 VxSxP N.S.
P mean 1150 | 1243 | 1279
S 602 | 712 | 728 | 68. %) N.S.
- Pactol | +S 642 | 7188 | 868 | 7656 S) 5.21
% X | 622 750 | 798 | 723 P, .| 405
= -S 522 | 625 | 69.0 | 612 i
g E  |Serwo4 [ +S 557 | 778 | 192 | 708 vxS | NS
po = X | s39 | 701 ] 741 | 660 VxP N.S.
3‘:;: S mean L= 562 | 669 | 709 | 647 SxP N.S.
= +8 600 | 783 | 83.0 | 73.7 VxSxP N.S.
P mean 58.0 72.5 76.9

PDB= Phosphate dissolving bacteria.
+S= Sulphur application at rate of (50 Kg/fed).
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Seed yield

The data in Table 4 showed that, plants foliar sprayed with P and treated with
PDB recorded the highest increases in all yield characters (No. of pods/plant,
straw yield/plant, seed yield/plant and seed index), in the present or absence of
sulphur, followed with plants foliar sprayed by P only and those without
phosphour gave the lowest values. Increasing P availability due to seed
inoculation with PDB resulted in superior yield component might have reflected
on the seed yield and seed index. Gaur (1985) also recorded 10-30% increase In
grain yield due to phosphate-solubilizing bacteria inoculation alone. As for foliar
spray, Omran ef al. (1999) and Nassar et al. (2005) found the same results. The
increase in yield due to P may be attributed to better vegetative growth and dry
matter of pods and consequently yield attributes.

Yield characters were obviously higher in canola plants which grown from
seeds received sulphur. The same data also recorded that Pactol plants gave the
highest increases in most of studied parameter, however Serwo 4 plants was the
superior in seed index. The affect was significant by sulphur application to both
varieties. The increase in yield due to S may be attributed to balanced nutrition
and such yield parameters indicating that sulphur is crucial for achieving higher
yield. Tiwari (1989) and Azer ef al. (2003) also recorded such increase in yield.

The two varieties under this study differed significantly in seed yield. It was
observed that Pactol variety showed a superiority in No. of pods/plant, straw
_yield/plant and seed yield/plant over Serwo 4 variety, while Serwo 4 showed a
superiority in seed index. This result could be due to genetic make-up effect of
the used varieties which extremely differed for growth traits.

As for double or triple interaction effects of sulphur application, varieties and
phosphorus’ spraying were insignificant. The highest value was obtained when
sulphur combined with foliar spray of P in Serwo 4 inoculated plants. Shinde &
Safar (1994) found that P, S and inoculation with phosphate-solubilizing bacteria
increased checkpea dry matter yield (Safar et al, 1997), reported that no

_significant interactive effects of levels of phOSphorus sulphur and seed
inoculation on the grain yield were noted.

Chemical constituents in seed '

It is clear from Table 5 that the amounts of oil, protein and P contents
recorded the highest values in plants inoculated and sprayed with P. This may be
due to seed inoculation with PDB which increased P availability. As same results
- .Omran et al. (1999) found that phosphorus spraying increased significantly oil
and P contents. Moreover, Nassar ef al. (2005) found that foliar spray of single
- superphosphat increased P and protein contents in faba bean.

Oil, protein and P contents as affected by sulphur application were
conspicuously varied. In this respect, all studied parameters were highest in
plants received sulphur than that without sulphur. This may be due to involving
sulphur in protein synthesis and as a part of some amino acids. In this respect,
Khafaji et al. (1986) reported similar results who found that the application of
sulphur increased the availability of P and Azer e al. (2003) for P and crude
protein contents of faba bean.

Egypt. J. Soil. Sci. 47, No.4 (2007)



SULPHUR, INOCULATION WITH P DISSOLVING BACTERIA 329

TABLE 4. Seed yield and yield components of canola varieties as affected by the
different treatments (combined over the two seasons).

P treatments
. LSD
Charactersy Variety | Sulphur Control| PF PF+ X at 5% level
PDB
S 236.8 1277.3 | 294.5 [ 269.5 | Variety (V) | 8.41
- Pacto! | +S 266.7 | 339.0 | 381.7 [ 329.1 | Sulphur(S) | 125
& X" | 251.7 { 308.0 | 338.1 { 299.3 | Phosphorus(P) | 112
§' -S 192.0 { 2273 | 275.8 | 231.7
8 Serwo 4] +S 228.7 | 319.0 | 331.7 | 293.1 VxS N.S.
“ X | 2103 [ 273213038 | 2624 VxP N.S.
3 S mean 1= 2144 12523 | 285.2 | 250.6 SxP 159
+S 247.7 | 329.0 | 356.7 | 311.1 VxSxP 225
P mean 231.0 | 290.7 | 3209
-S 149 | 184 | 202 | 179 (V) N.S.
b Pactol | +S 152 | 241 | 223 | 205 ) 0.67
= X | 150 [ 2122127 192 (P) 1.05
o S 133 | 178 | 193 | 168
"g Serwo 4] +S 151 [ 225 | 210 | 196 VxS N.S.
S X | 142 1202 ] 202 ] 182 VxP N.S.
z -S 141 | 181 [ 198 [ 174 SxP 1.48
il S mean
Z +S 152 | 233 {1 21.7 | 20.1 VxSxP N.S.
P mean 14.6 20.7 20.7
-S 171 | 182 | 18.7 | 18.0 V) 0.37
™ Pactol | +S 178 1 205 | 220 | 20.1 (S) 0.62
< X | 175 1193 1204 | 191 (P) 0.63
s -S 157 | 173 ] 186 | 172
5 Serwo 4| +§ 163 | 195 | 209 [ 189 VxS N.S.
2 X | 160 | 184 | 19.7 | 18.0 VxP N.S.
3 S mean 1= 164 | 17.8 | 187 | 176 |  SxP 0.88
A +S 171 [ 200 1 21.5 | 195 VxSxP N.S.
P mean 16.7 18.9 200
. .S 330 | 341 { 3.75 { 3.49 V) 0.28
Pactol | +S 336 | 377 | 413 | 3.76 (S) 0.09
C) X1 333 1359 ] 394 | 362 (P) 0.12
x -S 368 | 407 | 407 | 394
= Serwo 4| +S 369 | 428 | 450 | 4.15 VxS N.S.
g X' | 369 | 417 { 428 | 4.05 VxP N.S.
2 S mean =5 35 37 | 3.9 37 SxP 0.17
+S 3.5 40 | 43 4.0 VXxSxP N.S.
P mean 351 | 3.88 | 4.11

PF= Foliar spray of 0.2% P,0;. PDB= Phosphate dissolving bacteria.
-S= No sulphur application. +S= Sulphur application at rate of (50 Kg/fed).
N.S.= Non significant effect.
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TABLE 5. Chemical constituents in dry seed of canola varieties as affected by the
different treatments (combined over the two seasons).

P treatments <
Characters Variety Sulphur Control ] PF :;]F); X’ at Sl‘-'/; [I)evel
S 369 {375 | 381 | 375 | Variety (V) NS
Pactol | +S 369 | 386 | 387 | 381 | Sulphur(S) | NS.
X | 369 | 381 | 374 | 338 |Phosphorus(P) | NS.
£ S 375 | 382 | 386 | 381 |
g Serwo 4 | +S 377 | 388 | 391 | 386 VxS NS,
5 X | 376 | 385 | 389 | 383 vxP | NS
-S 372 | 379 | 384 | 378 SxP NS.
S mean
+S 373 |} 387 ) 389 | 384} VxSxP | NS
P mean 373 | 383 | 386
S 260 | 262 | 272 | 265 V) 0.78
Pactol | +§ 262 | 274§ 281 | 272 ') N.S.
_ X | 261 | 268 | 277 | 268 P) 0.94
£ -5 270 | 276 | 280 | 275
'-:' Serwo 4 | +§ 272 {281 | 285 | 279 VxS N.S.
‘g : x| 271 | 278 | 282 | 277 VxP NS.
= s | 265 269 276 | 270 SxP NS.
S mean’ :
148 . 267 | 278 | 283 | 276 | VxSxP |} NS
- P mean 266 | 273 | 279
S 0333 | 0348 | 0363 | 0.348 V) N.S.
Pactol | +S 0343 {0375} 0388 | 0369 (S) N.S.
X | 0338 [0362| 0376 | 0359 (P 0.024
= -S 0332 | 0335 | 0352 | 0339
§ Serwo 4 | +S 0335 | 0362 | 0372 | 0356 VxS NS.
o X | 0333 | 0348 ] 0362 | 0348 VxP N.S.
S mean S 033 | 034 ] 036 | 034 SxP N.S.
+S 034 | 037 { 038 | 036 | vxSxP | NS.
P mean 0336 { 0355 | 0.369

PF= Foliar spray of 0.2% P,0;.

-S= No sulphur application.
N.S.= Non significant effect.
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Concerning varieties, results showed that, Serwo 4 plants were more superior
in oil and protein contents. While, Pactol plants induced the highest P content.

Regarding the combinations effect of P treatments and sulphur, it could be
concluded that the highest values of oil and protein contents were observed when
inoculated plants received sulphur and sprayed with P for Serwo 4 and Pactol as
compared to the control. However, the differences were not significant.

It could be concluded that, under the condition of our soils, foliar spraying of
canola plants with phosphorus or phosphorus + PDB in presence of sulphur,
decrease P-fixation, increase its availability in soil and promote its uptake by
plant, in other words increased the use efficiency of P-fertilization and reduce the

costs and poliution.
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