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ABSTRACT

A pot experiment was carried out at the green house of the Facully of
Agriculture, Al-Azhar University, Cairo, Egypl, to study the effect of sulfur application
with inoculation with Thiobacilus and Rhizobium as biofedilization under two
methods of sowing; post-plow and dry sowing on soil properties and pea growth. The
obtained results sugpest that soil amendment with elemental sulfur at as high as
300kg  S.fed’ proved to be highly significant in promoting better fertility status that
led to a remarkable plant response as plant height and dry matter production as well
as better plant chemical composition. Also, inoculation with biofertilizer {symbiotic
nitrogen-fixing bacteria; rhizobia, and sulfur-oxidizing bacteria; thiobacilli) proved to be
very efficient in the same respect. Applying elemental sulfur together with both
bacteria proved to be very effective in lowering pH values of the studied soil rendering
mos( nutrient elements (macro and micro ones) available to plant roots absorption.
This eventually enhances plant growth and performance towards desired vegetative
growth then better yield of pea plants. This work has also exhibited the positive role
ol providing enough moisture in the scil rhizosphere. This moisture should be
sufficient for goed seed gemmination and survival, and enhanced activity of micro-
organisms, as well, This is the case with dry sowing method.

INTRODUCTION

Since sulfur is an essential nutrient element for plant growth, its
application was verified in most soils. If it is applied as elemental sulfur, it'll
need o be mineralized into sulfuric acid or other forms to be utilized by grown
plants. Sultur mineralization is aided by specific groups of bacteria, which
need to be inoculated either onto the seed or the soil. In addition, rhizobia are
non-symbiotic atmospheric nitrogen fixers, which increase nitrogen
compounds in soil solution for plant use.

Perez et al. {1984) observed that inoculation with Rhizobium had no
significant effect on total biomass or on nodule number/plant, or when given
P, S, Zn and Ca aione, 2ither.

Lopez et al (1985) showed that sulfur application increased plant
sulfur concentration in uninoculated plants and increased tissue suifur
content. Highest N; fixation by inoculated plants was obtained at 44.8kg
sulfurtha. The addition of 2.5mg Sllitre gave the highest total dry matter,
acetylene reduction rate, total N content and percentage increase in fixed N,
in inoculated plants.

Sharma et al (1993) showed that seed and straw yield of Vigna
radiata maximized with 60kg P/ha applied either with Rhizobium or starter
nitrogen. Number of nodutes/plant increased with up to 80kg P. Nitrogen, P,
K and S uptake increased due to Rhizobium and P application. Mary and Hao
(1995) stated that the elemental sulfur significantly increased soluble saits
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through the formation of sulfate salts, which are mostly soluble, while it
decreased soil pH through the production of sulfunic acid.

Naidu et al. (1996) showed that nodule dry weight on the roots of
Vigna radiala was highest in both years with 80kg S+ inoculation with
rhizabium. Seed yield and protein contents were highest with the 40kg S+
seed inoculation with rhizabium.

Without Rhizobium inoculation, S, N and Chicken manure (CM}
treatments significantly increased seed yield and 100 seed weight (El-Sheiku
e a  1997). Also, Saraf el al. (1997) stated that mean seed yield was higher
with inoculation than without it {1.03t versus 0.88t/ha). Seed yield was highest
with 60kg P.0Os (1.24tha) in both years and with 80kg S {1.14tha) in
1992. 1993 only.

iMatt (1998) stated that the levels of aimospheric S over Western
Eurone decieased, and mare frequent incidents of S deficiency in crops took
piace. In irelend more than 30% of soils were found deficient in S. Crop
responses to S increase with increasing levels of fertilizer N. Fertilizer P
applied at a rate of 40 kg/ha had no significant effect on yield response or
uptake c¢f S in herbage. However when applied at a rate of 100 kg/ha yield
response and S uptake were significantly reduced.

Steve et al. {1988) feund that mineralization of soil organic S to
suifate is mainly a microbial process. Mineralization contributes to crop S
uptake, particularly in the later phases of crop growth. Most cases of S
teficiency have been observed when a large amount of N was applied.

Jim Bauder (2000) reparted that 'me critical fevel of sulfir extract by
CaCl; was 7.3 o 9 mg S/kg soil, while it reached 0.15% .a plant. He also
added that sulfur application was the bes{ way to lower soil pH and that it was
the best to satisty plant requirements of suifur,

The Fruil Research and ECxitension Center (2004) staied that
elemental sulfur was often recommended (50 Ib S per 1000 sq. ft) to lower pH
vaiues and increase nutrient availability to plants.

The aims of this work were to study the effecl of applying two levels
of elemesntal sulfur with or without inoculation with Thiobaciflus andfor
Rhizolium on soil properties and lhe response of pea crop to these
treatinents,

MATERIAL AND METHODS

A pot experiment was conducted at wire-screen house of the Faculty
of Agric., Al-Azhar University in Cairo, in March 2002. Thirty-cm dizmeter
earthen pots were cleaned and seven kilograrns of 2rmm-sieved soil were put
in each experimental pot. Elemental sulfur (99.8%) was applied to tha soil in
each pot at the rate of 0.1g/kg soii for the first level of sulfur application
{(10Ckg SiFed), while 0.3g S/kg soil for the second (300kg S/Fed). Super
phosphate waz added at 19kg/fed unified to all pots. The applied sulfur and
super phosphate were thoraughly mixed with the soit in each pot. Nitrogen
was added pricr to sowing as a starter dose at 30kg N/fed unified to all pols.

Applied treaiments included the following: (1) Without sulfur addition
or bacterial inoculation {controf). (2) Inoculation with Rhizobium alone. (3)
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Inoculation with Thiobacillus alone. (4) Elemental sulfur at 100kg/fed. (5)
Thiobacilius and elemental sulfur at 100kgifed. {6} Rhizobium and elemental
sulfur at 100kg/fed. {7) Rhizobium, Thiobaciflus and elemental sulfur at
100kg/fed. (B) Elemental sulfur at 300kg/fed alone. (8} Thiobacillus and
elemental sulfur at 300kgffed. (10) Rhizobium and elemental sulfur at
300kg/fed. And (11} Rhizobium, Thiobaciilus and elemental sulfur at
300kg/led.

All treatments were carried out under two sowing methods namely
post-plough sowing and dry sowing. For the first sowing treatment, half of the
pots was irrigated 12 days prior to pea sowing to simulate post-plough
planting, while the other half was irrigated immediately after sowing to
simulate dry sowing conditions.

Each of these treatments was assigned four pots as replicales. The
pots were arranged in a completely randomized experimental design.
Statistical analysis of variance of the obtained data pertaining to different
measurements was achieved according to Snedecor and Cochran (1967).
Mean values of the different treatments will be differentiated according to
Duncan (1984). This makes the total number of treatments reaches 22
treatments (88 pols).

Five pea seeds, variety Master B, were sown into the soil in each pot.
Imoculation with Thiobacillus bacteria was achieved by adding 20ml of a liquid
culture medium containing 1.8x10° cfu.ml’. Rhizobium bacteria were
inoculated into the soil at the time of sowinq by adding 20ml of liquid culture
containing (mean viable counts) x10° cfu.ml™.

Sulfur oxidizing bacteria (Thiobacillus) were isolated from the studied
soil according to (Starkey, 1966} and their sulfur oxidizing efficiencies were
measured according to the American Public Health Association (1975). The
most efficient isolates were cultured on Starkey liquid medium for seven
days. Rhizobium bacteria were isolated from true nodules formed on the
roots of pea plants that were sown earlier for this purpose under sterilized
conditions, Then, the bacteria were propagated on the yeast extract manitol
agar according to Ailen (1961). Rhizobium growth was purified and assured
according to Gram's staining and microscopic examination for the very
distinguished form of Rhizobium bacteria. Rhizobium bacteria were grown on
YEM liquid medium for 72hrs.

Microbial rhizosphere activities were studied for all treatments after
20, 45 and 60 days from sowing using plate dilution frequency method on
suitable media for counting total bacteria (spore formers and non-spore
tormers), actinamycetes, sulfur oxidizing bacteria (Thiobacilliy and fungi
population.

Soil mechanical analysis was achieved on samples prior to sowing
and soil texture was defined according to Piper {1950). Regarding soil
chemical analysis. Soil pH and EC and soluble cations and anions were
achieved according to Jackson {1973), organic matter and CEC o Page et al.
(1982), available P to Olsen et al. (1965), and available N to Onken and
Sunderman (1977).. The obtained physical and chemical analyses of the
studied soil are depicted in Table 1.
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Table 1: Soil physical and chemical properties.

Soil physical properties Soil chemical properties
Coarse sand % 10.60 pH 8.40 |Fe, ppm 0.68
Fine sand % 65.82 CaC03% 0.43 |Mn, ppm 1.56
ISilt % 10.85 OM% 0.15 [Zn, ppm 0.85
iClay % 12.93 Av. N ppm 1.81 |Cu, ppm 0.60
Textural class Loamy Sand JAv. P ppm  0.27 [CEC (meq/100g soil) 10.00
Saturation, % 16.4 EC,dS.m"_ 450
| _Cations __{ {meq.i") Anions {megql™)

Na® 2.10 COx” 0.00

K* 0.20 HCO; 0.91

Ca™ 1.48 cr 2.47

) Mg™* 0.68 ey 1.08 J

Regarding plant analysis, plant samples were oven dried at 60°C to
preszrve nitrogenous campounds and ground. A sample was welt-digested by
Kjeldahi method according to Chapman and Pratt {1961) using sulfuric acid
and hydrogen peroxide to determine both N and P, Nitrogen was measured
by titration of ammonia against standard HCI, while P was determined
colourimetrically using specirophotometer.

After sixty-three days from sowing, plant height, root length, number
of nodules on the roots, number of pods per pot, dry weight of roots per pat,
shoot dry weight per pot, and pod weight par pot, as well as seed yield per
pot were all recorded per treatment. Availaole N, P, Fe. ivin, Zn. «nd Cu were
traced in the studied soil to recognize the effect of different treatments on
their status in plant under the condition of both methoas of cultivation and
different levels of sulfur application, and inoculation with both sulfui-oxidizing
and rnitrogen-fixing bacterizc as well. Available Fe, Mn, Zn, and Cu were
determined using atomic absorption spectrophotometer according to Lindsay
and Norvel {1984).

Microbial activities in the rhizosphere of different treatments werc
determined by plate diluuan frequency method on specific media. Total
bacterial ccunts {sporolated ard non-sporolated) were achieved on soil yeast
extract agar medium (Mahmoud et al, 1964). Actinomycetes population was
arsessed on inorganic-salts starch agar medium (Szabo, 1974). Thiobacillus
(sulfur oidizing bacteria) was assayed according to Stainer (1958), white
fungai population was assayed on potato dextrose agar medium. These
anaiyses were done on rhizosphere soil after 20, 45 and 60 days after
sowing.

RESULTS AND DISCUSSION

Data in Table 2 reveal that bacterial activity was significantly
prominent when efemental sulfur took piace, especially at the level of 300kg
S.fed” (1 fed=0.42ha), simultaneously with inoculation with both rhizobium
and sulfur-oxidizing bacteria (treatment no. 11). This held true at all times of
sampling. It can be referred to the ability of rhizobium to fix atmospheric
nitrogen and provide the plants with somea of its nilrogen requirements. in-
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addition, sulur-oxidizing bacteria (Thiobacilius thioxidance) produce acidic
effect into the rhizosphere, which, in turn, renders more organic materials and
nutrient elements available for microbial activity.

Increasing the application rate of elemental sulfur to the soil could
significantly promote greater bacterial activity in the rhizosphere of pea
plants. This agrees with the finding of Lopez et al. {1985). They showed that
highest N, fixation by inoculated plants was obtained when sulfur application
increased to 44.8kg sulfuriha.

Table 2. Bacterial counts (x10° cfu/ml) in the rhizosphere at different
growth stages of pea plants as affected by sulfur application
rate andior inoculation with rhizobium andior sulfur-
oxidizing bacteria.

Sowing after plowing Dry sowing
Serial® Days after sowin

20 45 60 20 45 60
1 22 f** 28f 32¢ 29h 33h 3% h
2 31d 35e 41e a7 f 41g 47g
3 20f€ 30f 41 e 31g 38g 48 g
4 31d 41d 63d 38e 49f 571
5 25e 414d 55d 60¢ 68 d 70e
6 60 c 75b 80c 65b 81b 90 b
7 68 b 78b 91a 85a 95 a g%a
8 60c 65¢c 78¢ 65b 75¢ 80c¢
9 62c¢ 68 ¢ 79c 50e 56e 65e
10 70b 75b 85b §5d 65 d 78d
11 85a | 89a | 95a | 88a | 98a | 99a

* {1} Without bacterial inoculation or sulfur addition (control}, {2) Inoculation with
Rhirobium alone, (3) Inoculation with Thiobacillus alone, (4) Elemental sulfur at
100kg/fed alone, {5) Thiobacllius and elemental sulfur at 100kg/fed, (6) RAizobium and
slemental sulfur at 100kgited, (7) Rhizobium, Thiobaciflus and elemental sulfur at
100kg/fed, (8) Elemental sulfur at l00kgHMed alone, (9) Thicbacilius and elemental
sulfur at 300kgifed, (10) Rhizobium and elemental sulfur at 360kg/fed, and {11)
Rhizobium, Thiobacillus and elemental sullur at 100kg/fed.

** Mean values sharing an alphabat are not significantly different at 5% level.

Generally, all applied treatments surpassed the control treatment in
bringing more bacterial activity into the rhizosphere of pea plants. But,
inoculation with rhizobium alone was the least effective in promoting the
bacterial activity at all sampling times and under the conditions of both types
of sowing conditions. This coincides with the results of Perez et al. {1984).
They cbserved that inoculation with Rhizobium alor< nad no significant effect
on total biomass or on nodule number/plant. They recommended the
application of some other plant nutrients such as P, S, Zn and Ca.

The two sowing methods varied significantly. In dry sowing, seeds
received enough moisture to sustain germination and microbial activities as
well. Under post-plow sowing, seeds find less soil moisture contents that may
not be enough for good germination, This is supported by the results of Steve
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et al. (1998). They found that mineralization of soil organic S to suifate is
mainly a microbial process, which is sensitive to soil moisture content.

Nearly the same trends with bactenal aclivity in the rhizosphere of
pea plants grown under the conditions of two patterns of sowing were also
found in the case of actinomycetes (Table 3), fungi (Table 4), and sulfur-
oxidizing bacteria (Table 5). In general, bicfertilization with rhizobium and
thiobacillus and amendment with elemental sulfur proved to be highly
significant in enhancing total microorganisms activities in the rhizosphere of
pea plants provided that soil moisture content is abundant enough to support
seed germination and micro-arganisms activities, as well. Worthy to say is
that all these activities provide each other, and plant roots also, with growth
promoling elements. They can also exude organic materials that facilitate the
solubuiity of such eflermnents from their reservoirs in the soil complex. In this
respert. Lopez et al (1985) showed that sulfur application promoted N;
fixation, gave the highest total dry matter, acetylene reduction rate, total N
content and per~anlage increase in fixed N; in inoculated plants with
rhizobium.

Table 3. Actinomycetes counts (x10* cfu/ml} in the rhizosphere at
different growth stages of pea plants as affected by sulfur
application rate and/or inoculation with rhizobium andior

sulfur-oxidizing bacteria.
Sowing after plowing__ | Dry sowing 1
Serial Days after sowing
L 20 45 | 60 1 20 | 4§ 50
1 104 189 a1t | 13g | 21h 45 f
2 15 ¢ 21t 36g 25¢ 1 f 52 de
3 18 f 21 f 38 fg 20f 359 45f
4 23e 42d 53¢ 55a B5a 70a
5 3¢d 3Se 41e 32d 381fg 45
6 30d 42d 48d 35d 45 e 55d
7 40¢c 45 cd 57h 45 he 48 de 61¢
E 40¢c 50b 80b 45 be 50d 60c
2 Sib 48 be S0c 41¢c 49d 50e
; 10 80 a 5% a 65 a 55a 60 b ' 85b
I 11 45 b 55a 60 h 48 b 56¢c | B65b

* Sea the note below tabie {2).

Table B shows that pea plant exhibited the greatest significant height
at the highest rate of sulfur application (300kg S.fed”’) combined with
inoculation with both azotobacter and thiobacillus bacteria. The Table reveals
also that the higher the sulfur application rate, the better the plant height was.
Also, plants showed higher height with dry sowing method than with that aiter
plowing. This confirms the previously mentioned findings regarding the
enhancement of soil fertility with the application of elemental sulfur and
incculation with bicfertdizers. From another point of view, suifur-oxidizing
bacteria were more effective in enhancing plant response than rhizobium, the
symbiotically living nitrogen fixer organism.
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Table 4. Fungi counts (x10* cfu/mi) in the rhizosphere at different
growth stages of pea plants as affected by sulfur application
rate and/or inoculation with rhizobium and/or sulfur-oxidizing

bacteria.

Sowing after plowing | Dry sowing
Serial* Days after sowing
20 45 | 60 20 45 60
1 8d 12e 17h 10d 131 18 h
2 10 cd 15de 21g 12d 17e 25f
3 11c 13 de 18 gh 18 v 39a 41a
4 18 a 20c 25 ef 25a 0b 35 be
5 19 a 25b 30 cd 20b 27¢ 3dcd
6 20a 33a 35b 25a 30b 36b
7 202 25b 28 de 23 a 0b 32de
8 14b 18 cd 22 fg 18b 20d 42a
9 13 be 16d 21g 15¢ i7e 2249
10 20a 24b e 25a 27¢ 30e
19 20a 31a 42a 18b 19 de 25§

* 5ee the note below table {2).

Table 5. Sulfur-oxidizing bacteria counts (x10*° cfu/ml) in the
rhizosphere at different growth stages of pea plants as
affected by sulfur application rate and/or inoculation with
rhizobium and/or sulfur-oxidizing bacteria.

| Sowing after plowing | Dry sowing
Serial* Days after sowing
20 45 60 20 45 60
1 18 e 27f 42 f 25e 45¢ 55e
2 19e 251 45 f 27e 36h 51f
3 41d 51e 58 e 51¢ 55 ef 65 cd
4 45 be 60b 68 b 45d 53t 70¢
5 43 cd 53 de 83 cd 46 d 55 ef 63 d
6 47 ab 55 cd 67b 50¢ 61c 68 c
7 50 a 58 bc 5%e 60b 71b 78b
8 45 ke 55 cd 80 de 46d 57 de 63d
9 43 ab 50e 60 de 50¢c 55 ef 85 cd
10 41d 56 cd 65 be 50c 60 cd 85 cd
11 G1a 68 a 75a 65a 78a 85a

* See the note below table (2}.

Responses observed for plant height weie also obtained for root
length, number of nodules/plant, fresh weight per plant and dry weight per
plant. These parameters showed, more or less, a confirmatory response to
the growth conditions. tn other words, tha significant effect of amending the
soil with elemental sulfur supported by the inoculation with biofertilization was
confirmed by all measvured parameters.
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Table 6. Some growth parameters of pea plants as affected by sulfur
application rate andior Inocufation with rhizobium andfor
sulfur-oxidizing bacteria after 63 days from sowing under the
conditions of both sowing methods.

[ i Plaat Root [ength | Nodules/ Fresh Dry weight
No* height (cm) cm) Plant | weight (?)
(Plow| Dry | Plow | Dry (Plow| Dry |Plow| D Plow | Dry
1 125€127h| 8ef [11bec| 2f | 2e (190 [ 26f | 47g | 4.5f
2 40c 42c|10cd {13ab(4de| 5d |41e(43d|114c(158a
3 |3ocd|37ef| Belf | 9cd [3ef| 2e [35g(38e|9.8d|124c¢
4 110c|39cd| 8ef [(10bcd) 21 [ 2e |46¢c|48c| 531 | 76e
5 |.3el36fg{ 7ef [ 8d |5cd| 5d [51a70a{1t1c|[129¢c
6 |*5e!34g| 9ef [ 11bc)| 7b |9bc|47c|86b | 91d |13.2b
7 [470=39¢cdl 10cd | 12b |6bc|(10b({ 38f(42d(141al|157 a
8 {40c |41c, 10cd| 14a | 2f | 3e | 39f|46¢c| 74e [158a
9 |45b|46b 11bc|[13ab|5cd| 6d [43d[43d) 511 [11.4d
10 |40c (48bi12ab| 15a | 7b | 8c |47c|48c | 98d |152a
11]49a|52a| 13a | 15a | 9a |13a|49b|72a|12.1b|155a]

* Sae the note below table (2).

sulfur as a seoif amendment and

Table 7 refiects the soif fertility status in the rhizosphere under the
applied treatments. It is clear from the Table that the applicaticn of elemen’al

inoculation with biofertilizers could

significantly proliferate a prominent ferility .tatus that gave the piznts the
advantage to be distinguished in all growth parameters measured in this
study. The good ferility status was characterized by the highest contenls of
avzilable nitrogen, phosphorus, iron and manganese, which seemed o be
highly suitable for plant growth and deveiopment all along its life span.

Table 7. Some soil available nutrients in the rhizosphere of pea plants
as affected by sulfur application rate and/or inoculation with
rhizobium and/or sulfur-oxidizing bacteria after 63 days from

_sowing under the conditions of both sowing methods.

N, ppm P, ppm Fe, ppm Mn, ppm
No'"Piow | Dry | Plow | Dry | Plow | Dry | Plow | Dry
V161 | 182 291 | 26h | 0760 | GB4i [1.86]1 163i
2 118102004 | 3.5hi |45¢gh| 080Qi 1.00i | 1.75ij| 1.90 hi
3 |200hi|220hi| 45gh [ 55g | 1.10h [ 1.31h | 1.92i | 2.00h
4 |211gh(240gh! 6.1fg | 7.37 |1.25gh| 1.55g |2.10h| 2.25g
5 |205tg|255tg| 7.5ef | 9.0f | 1.36fg | 1.701g |2.31 9] 2.40¢
G |235¢ef|269ef| 9.3e |11.5e| 1.51ef | 1.85ef [ 2521 | 265f
7 [251del283 de| 11.5d |136d| 1.65de|2.00de [2.71e| 2.91e
8 |270cd| 300d |132¢d |183¢c({1.77cd | 2.15¢cd |2.95d| 3.20d
9 |285b~| 337c | 14.7¢ |20.0c| 1.90c |2.30bc|3.31c| 3.50¢
10| 300b | 3650 | 1630 |231b| 2.15b | 2400 |3.65b| 3.80b
111330239 a) 19.2a |260a2) 2403 | 260a 4.11ﬂ 4554

See the note below table {2).
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Table 8 exhibits the plant contents of these elements. It is obvious
that plants took advantage of the good fertility status and absorbed enough of
these nutrient elements to excel in plant height and other studied plant
parameters. This went on the basis of what plant rools found in the
rhizosphere could absorb and utilize it as is clear from the Table.

Table 8. Nutrient contents of pea plants as affected by sulfur
application rate andlor inoculation with rhizobium and/or
sulfur-oxidizing bacteria after 63 days from sowing under the
conditions of both sowing methods.

N, % P, % Fe, ppm Mn, ppm

Plow | Dry | Plow | Dry | Plow | Dry Plow Dry
15k | 1.4) (0.02k|001i| 80j 60j 30k 20k
18j | 167 | 0.10j]0.02i| S0i 70i 35j 25]
20i | 1.8h [ 0201 |0.10h|100h ) 80h 40i 30t

23h |1 20g (0.25h (0209 110g | 1004g 45h 35h
27g | 22%)0359|0.25¢|115fg| 110¢f 50g 4049
30f | 22f 0401|031 120f | 115¢e 60 f 45f
32e | 25e |045e(0.38d|130e | 125d 70e S5te
36d | 29d |050dl042d|150d | 130c 80d 62d
40c | 3.1c |055¢c|049c|160c | 136D 85¢ 73c
43b | 36b (0B60D|0S55b|170b | 140D 90b 80b

11]{46a | 40a |0702!080a]190a| 1552 | 105a 90 a
* See the note below table {2).

8¢.ooo~qmm.n-um_x%:

Data in Table 9 assures the previcusly mentioned results in this
paper, since the best mineral composition accompanied the combined
treatment. This treatment shows that the application of elemental sulfur at the
highest rate (300kg S.fed™') combined with inoculation with both bacteria of
sulfur oxidation {Thiobacillus thioxidanse) and nitrogen fixation (Rhizobium
sp.) has significantly led to the highest pea plant uptake of nitrogen,
phosphorus, iron and manganese.

Generally, plant uptake under the dry sowing condition was
significantly greater than that under post-plow sowing. This can be referred to
the more appropriate soil moisture content in the rhizosphere under the
fermer, This holds true {or each of the four nutrient elements depicted in
Table 9. Noteworthy is that the higher rate of sulfur application was
significanily beiter than the iower one in bringing about the highest nutrient
uptake. All applied treatments could significantly lead o enhanced nutrient
notake compared with the untreated plants (the contre!} under both modes of
sowing.

This agrees strongly with the conclusion of Sharma et af. (1993), who
showed that N, P, K and S uptake increased due to Rhizobium and P
application. This can be imerpreted on the basis of thal sulfur oxidation
proliferates P solubilization through the production of sulfuric acid. This is
supported by the repor: of Mary and ao (1995). They stated that elemental
suifur decreased soil pH through the produclion of sulfuric acid.
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Table 9. Nutrient uptake {mgi/pot) of pea plants as affected by sulfur
application rate and/or Inoculation with rhizobium and/or
sulfur-oxidizing bacteria after 63 days from sowing under the
conditions of both sowing methods.

'[ [ N P Fe Mn
' Ne "Plow | Dry [Plow [ Dry | Piow | Dry | Plow | Dry
: mg/pot

H 7im[63m] 1e [ 1e | 0.38m [0.27m| 0.14ij [ 0.09] |
2 ]205i253n| 11de | 3e | 1.03j ]1.11hi| 0.40g | 0.40
3 _196j | 2231 | 20cd | 12de | 0.98i | 0.99j | 0.39g [ 0.37 _gsh
< 11221152k | 13d | 15de | 0.58! [0.76kli! 0.24 hi | 0.27 h
F 1300f[284fg{ 39c | 32c | 1.28gh [1.42ig| 0.56f | 052¢ |
6 [273gl290f] 36¢c [ 41c | 1091 [1.52ef[ 055{ | 0.59¢
7 1451:[393d ' 63b [ 61b | 1.83d [1.96cd]| 0.99c | 0.80e
8 |266gh|458¢c [ 37c [ 66b | 1.41hi | 2.05c | 0.59f | 0.98 cd
9 | 204 [353e[28cd| 56b | 0.82fk | 1.55¢f| 041g | 0.83e
10 1421d|547b | 59b | B4a | 1.67de |2.13bc| 0.88de | 1.22b
11 _|557b | 620a] 85a | 93a | 2.30ab | 2.40a | 1.27b | 1.40a

* See the note below table {2).

Considering the data in Table 10 pertaining soil pH and EC vaiues
reveals that the application of elemental sulfur alone was significantly nat
effective in decreasing soil pH or inducing greater solubie salts contents in
the soil solution, Neither were sulfur oxidizir ; Sacteria that efficient, nor were
nitrogen fixing ones. But, when elementa! sulfur was combined with either of
the two, soil pH started to drop owing to tne production of organic acids or
sulfuric acid. The topmost acid production maximized when the three were
applied altogether in one treatment.

Table 10. Soll pH, EC, chloride and sodium in the rhizosphere of pea
plants as affected by sulfur application rate andfor
inoculation with rhizobium and/or sulfur-oxidizing bacteria
after 63 days from sowing under the conditions of both

sowing methods.
L !

. (pH EC (dSm™) [ Ci{meqL") | NatmeqL™)
No', Plow Dry Plow Dry |Plow| Dry |Plow | D

1] 84a 8.4a 4.5l 451 |247a|247a| 2.1 | 2.1
2 | 82abc | B.3ab | 4.7kl | 4.6k |2.21cd| 2.350 | 2.2§f | 2.2ij
3 | 8.0cde | 82ab | 49k | 4.7kl |2.15de| 2.25¢c | 2.3i | 2.2i
4 : 7.9def | 8.1bcd | 5.1ghij | 4.8kl | 2.01f | 2.10e | 2.5h | 2.3
5 | 7.7fg | 8.0cde | 5.4fgh | 5.0hijk | 1.90g | 2.00f | 2.7g | 2.5h
6 | 7.5gh | 7.9def | 5.6ef | 5.2ghi | 1.75h |1.95fg| 2.7g ( 2.6gh
7| 7.3n | 7.8ef | 58cde | 5.4igh | 1601 { 1.80h | 2.9f [ 2.7g
8| 7.1 | 72.71g | 6.1bcd | 5.5efg | 1.50j | 1.72h | 3.1de { 2.9f
g | 6.9k | 7.5gh | 6.3bc | 5.8def | 1.11] | 1.60i | 3.3bc | 3.0ef
10| 68k | 7.3hi | 65ab | 5.9cde | 0.90n | 1.30k | 3.4b | 3.2¢d
1] 6.7k 71 | 69a | 6.3bc | 0.600 |1.00m| 3.6a | 3.3bc

* Seq the note betow tahle (2).
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The Table shows that pH has been significantly dropped with treatment
number 11. As a result of different acids formation, their respective salts are
formed in the soil solution. This eventually leads to an increase in the
electrical conductivity of soil solution as shown in the Table. Luckily, plant
roots absorption of nutrient elements mimics the apparent increase in the EC
of soil solution. The electrical conductivity is mainly attributed to the sail
solution content of sodium and chloride ions as shown in Table 10. This
parallels the findings of the Fruit Research and Extension Center (2004),
which stated that elemental sulfur was often recommended to lower pH
values and increase nutrent availability to plants. The significant drop in soil
solution pH can be held responsible for the significant variability in pea
uptake of both of iron and manganese as was previously shown in this paper.

In conclusion, soil amendment with elemental sulfur at as high as
300kg S.fed"! proved to be highly significant in promoting better fertility status
that led to a remarkable plant response as plant height and dry matter
production as well as better plant chemical composition. Also, inoculation with
biofertilizer (symbiotic nitrogen-fixing bacteria; rhizobia, and sulfur-oxidizing
bactleria; thiobacilli) proved to be very efficient in the same respect. Applying
elemental sulfur together with bath bacteria proved to be very effective in
lowering pH values of the studied soil rendering most nutrient elements
(macro and micro ones) available to plant roots absorption. This eventually
enhancas plant growth and performance towards desired vegetative growth
then better yield of pea plants. This work has also exhibited the positive role
of providing enough moisture in the soit rhizosphere. This maisture should be
sufficient for good seed germination and survival, and enhanced activity of
micro-organisms, as well,
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