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The Effect of Sulphur and Foliar Manganese
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T WO FIELD trails were carried out at Shandaweel, Agric.
Res. Station, during the growing seasons 1999 and 2000
to evaluate the effect of different applications of sulphur (0,
60, 90 and 120 kg. sulphur /fed.) and manganese foliar (0, 200
and 400 g Mn/fed) on yield , nodulation, plant growth,
nitrogen %, protein content, phosphorus%, oil % and
potassium % of soybean (Glveine max 1.). The spilt plot
design with four replications were used , sulphur treatments
were in the main plots and manganese foliar applications in the
sub-plots, The response to treatment varies with the levels of
sulphur and manganese foliar application. The interaction
effect between S and Mn-foliar was significant effect on dry
matter  vield (g/plant), number of branches, nodules
number/plant and seeds yield (kg/fed.). The highest value of
N,P.K content and consequently protein content and oil
percent was obtained in the treatment received the highest
levels of S and Mn. On the other word, it can be recommendad
to add 90 kg S/fed. and 400 g Mu/fed. to produce the highest
rate of soybean seeds/fed.

Soybean {Glycine max L.) is one of the most important pulse crops in the world.
Soybeans contribution to the Egyptian agriculture , as they represent a rich
source of oil and protein for human and animal consumption. Sulphur as
phosphorus nutrients considered of special importance for leguminous plant due
to their essentiality in amino and nucleic formation and protein metabolism
(Ibrahim & Mahmoud,1989 and Mohamed et al., 2001). Foliar application
technique as a practical way to supply trace elements could avoid these factors
and resulting in rapid micronutrients absorption. The foliar application of
manganese increased the growth nodulation and NPK content in soybean and
bean plants (Haroun et al., 1978 and Mohamed, 1998).

The objective of this study was to examine the effect of different levels of
sulphur and Mn foliar application on growth measurements, nutrients content
and yield of soybean plants.
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Material and Methods

Two field experiments were conducted in Shandaweel Agricultural Research
Station, Sohag Governorate, Egypt, during the growing seasons of 1999 and 2000,
on a sandy clayey loamy soil. The soil of site had a pH 7.7, EC=0.47 dSm-1, organic
matter = 1,05 %, total N = 582 ppm, available P=7.6 ppm and available K=294 ppm.
The above measurements were determined following universal methods,

A split plot design with four replications was used, sulphur application in the
main plots and manganese foliar treatments in the sub-plots, Analysis of variance
and comparison between means were made according to Spiegel (1961).

Levels of main and sub-treatrments were as follows:

1- Sulphur application
S1

Control
S2 60 kg Sifed.
S3 90 kg S/fed.
54 120 kg S/fed.
2- Foliar treatments of manganese.

Mnl Control

Mn2 200 g Mn/fed.
Mn3 400 g Mn/fed.

Sulphur treatments were thoroughly mixed with the surface soil during the soil
preparation, Foliar application of manganese chelate was added after 45 days of sowing
and before flowering soybean seeds (Glycine max L) were sown and recommended
rates of phosphate and potassivmm fertilizers were added before sowing,

A bagic rate of recommended nitrogen fertilizers dose (15 kg N/fed.) belong
to legume was added to active nodulation bacteria.

Agricultural practices were made at the recommended levels. After 60 days
of sowing, plant samples were collected and prepared to analysis. Data of
nodulations and their dry weights were calculated as square roots before
statistical analysis. All the area of each plot was harvested and seed & straw
vields were recorded. Plant samples either straw or seeds were analyzed for
nitrogen, phosphorus and potassium. Determination of NPK in plants was
performed following the standard methods reported by Page er al. (1982). Total
protein was calculated by multiplying the value of total nitrogen by 6.25.

Results and Discussion

I. Growth measurements

Data of dry matter/plant, plant height, number of branches and number of
pods as influenced by both factors sulphur and manganese applications are
presented i Table 1. Data reveal that in the absence of Mn-foliar applications,
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dry matter vield /plant, plant height, number of branches and number of
pods/plant raised by about 39%, 28%, 39% and 56% respectively, due to
increasing S rate up to 90 kg/fed. over the control in both seasons. The rate of
increment was significant in all growth measurements, which reflect the high
response of sulphur level. Data also show that sprayed Soybean plant with
manganese had a significant effect on growth measurements. The rate of increase
in dry matter yield /plant, plant height number of branches and number of
pods/plant due to the increase of Mn-foliar applications from o to 400 g / fed
were §%, 16%, 10% and 25%, respectively, On the other hand, the increase of
growth measurements due to the interaction between both studied factors (S rates
and Mn-folair applications) was significant effect on both dry matter & number
of branches and non significant on numbers of pods and plant height. The results
obtained from this study indicated a clear positive effect of S and Mn-foliar
levels on Soybean plant growth. This finding is in agreement with Gendy ef al.
(1997), Mohamed (1998) and Mohamed e? al. (2001).

TABLE 1. Effect of sulphur and manganese foliar applications on growth
measurement of soybean plants.

Treat, 1999 2000
g | 0 [ 60 [ 90 | 120 ¢ | 60 [ 90 [ 120
Mn/ | _ Sifed.
Fed. Dry marter (g/plant)
[H] 8.90 J' 1.1 [ 14,38 | 1238 8.98 10.68 14,48 12.30

200 | 963 § 1278 | 1625 [ 1358 | 973 [ 1213 [ 1578 | 1348
400 | 965 | 1485 | 1773 | 144 [ 1008 | 13.78 [ 1733 | 14.28 |
L.S.D : S =0.4437 Mn=03843S=0.2168 Mn=0.1877
5% 1S x Mn=0.7686 $ x Mn = 0.3754
Plant height (cm

0 ! 35875 | 67.25 | 85.00 | 8725 | 61.50 | 66.25 | 82.50 [ 81.0
200 ¢ 6350 | 70.50 | 91.50 | 9600 | 64.50 | 71.25 | B8.75 | 9L.00
400 | 69.50 | 8175 | 89.75 | 10.20 | 69.50 | 76.25 | 92.00 | 98.75

L.S.D|S=3453 Mn = 2.991 S=1.802 Mn = 1.561
5% |SxMn=N5§ SxMn=3.121
Ne of branches
0 110 | 1.43 1.86 1.95 1.43 1.38 1.78 1.93
200 1.16 1.50 1.91 2.5 126 | 1.50 187 | 210

400 1.22 1.65 1.96 235 1.23 1.55 1.98 2.30
L.S.D[S=00498 Mn=0.0341 {S=0.0389 Mn =0.0337
5% | S x Mn=0.0863 S x Mn =0.0674
No. of pods
0 12.98 16,78 30.95  28.85 13.35 16.38 1 2925 23.65
00 14.93 17.83 35.73 26.08 14.38 18.00 31.21 27.83
400 17.15 B 1960 | 3750 | 29.75 16.10 §9.55 32.70 29.03
LSD]S=2168 Mn=1.877 |S8=1.277 Mn = 1,106
5% |SxMn=NS$ SxMn=NJ$5
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2. Nodulation

Data presented in Fig. (1 and 2) reveal that a significant relation existed
between sulphur levels and number of nodules and their weight formed on the
roots of soybean plants. The increase in number of nodules and their weight was
associated with the increase S level up to 90 kg/fed. in both seasons. The data
also reveal that foliar application of manganese has markedly affected the
nodulation development on soybean roots in a direct correlation. The rate of
increase in nodulation due to increase Mn foliar levels were significant in both
seasons. Concerning the interaction between S and Mn rates, data in Fig.(1)
show that the increase in number of nodules was significant. Values of dry
weight of nodules /plant followed the samne trend of the nodules numbers, for all
experimental variables . No worthy aiterations could be mentioned which
indicate that nodules dry weight directly reflected their numbers without any
specific role of the introduced treatments i etther parameter apart. These results
are in agreement with Abo El-Zahab et al (1981), El-Essawi & Abadi 71983)
and Mohamed et a/. {1999 & 2001).

LS.D=5%
§=0.652
Mn=0.564
SxMn=].129

Sulphur treatments kg./ted.
M control Neo {lgo 120 1

E.i
ol
0
0
]
|
N
0
0
0

L B (ST 7 B
[

S l.‘.u 1_..-‘_“11
]

e
i

5 -

Noduies numberplant
o w O
) |
% M
OIS TN
;7%
AN W+ A
FaXgrataVunat R

e

L

. R

' I D
Contral 200 400 Control
Manganaese treatments g /fed.

Fig. 1. Effect of sulphur and manganese foliar applications on noclules number / plant.

3. Yield and plant mineral constituents
Data on seeds and straw yields of soybean were presented in Table 2. The
composition of different nutrients along with yield was shown in Tables (3, 4 and 5).

a- Yield

A significant increase in seeds and straw yield of soybean was cbserved with
increasing application rates of sulphur and manganese up to a certain level, after
which additional application increased the seed yield insignificantly in both
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Fig. 2. Effect of sulphur and manganese foliar applications on noclules weight (g / plant.

seasons. The interaction between sulphur and Mn-foliar application slow significant
effect on both seeds and straw yields. In the absence of Mn-folair application, the
yield increased with increasing the rate of sulphur addition, the same trend was also
observed when Mn-foliar application applied the level of manganese (400 g/fed.)
was sufficient to produce the best level of both seed and straw yield/fed. The highest
seeds yield was produced at 90 kg sulphur/fed. and 400 g Mn/fed. (1359 and 1254
kg/fed. in the two seasons respectively). The highest straw yield was observes at the
levels of, 120 kg sulphur /fed. and 400 g Mn/fed. (Table 2). This finding is in
agreement with those of Singh & Ram (1989) and Mohamed ef af. { 2001).

TABLE 2. Effect of sulphur and manganese foliar applications en straw and

seeds yield (kg/fed.). ‘
Treat. 1999 2000
g 0 ] 60 | 90 | 120 0 | 60 | 90 [ 120
M/ “S/fed.
Fed. Straw yield {kg/fed.)

0 1292.8 5 1443.0 ] 15932 1 1701.0 | 1258.0 | 1417.7 | 1591.2 | 16722
200 | 13058 [ 1501.0 | 1665.7 | 1799.2 | 1318.0 | 1498.7 | 1627.2 | 17113
400 | 13912 | 1570.8 | 1713.5 | 1941.8 1 1359.0 | 1563.7 | 1689.7 | 1809.2

LSD{§=2574 Mn=2229 |5=1545 Mn=13.39

5% |8 xMn=44.58 S xMn=26.78
Seeds yield (kg/fed.)
0 7273 | 878.0 [ 11160 9095 | TI182 | 8650 | 11240 | 8783

200 | 7645 | 9262 | 1216.7 | 942.7 | 757.5 | 897.7 | 12045 | 934.2
300 | 7700 | 9612 | 1358.8 | 994.5 | 766.3 | 921.7 | 12535 | 944.0
LS.D|S=2440 Mn=21.13 S=14.37 Mn=12.45
5% [ SxMn=4227 S x Mn = 2489
Egypt. J. Soil Sci. 43, No. 4 (2003)
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b- Nitrogen and protein contents

Total nitrogen concentration of soybean plants increased significantly with
the increase of sulphur and Mn-foliar application up to 90 kg and 400 g /fed.
respectively, where the maximum level of N-content was reached (Table 3). The
mcrease in N-content may be related to better nodulation (Zaroug and Munns,
1980). The interaction between sulphur and manganese foliar applications
shaved insignificant effect on N% in straw. On the contrary, increasing either
sulphur or Mn-foliar rates resulted in significant increase of N% and protein
content. On the other hand, values of protein content had the same trend of N%
in seeds due to the interaction between S and Mn-foliar treatment.

TABLE 3. Effect of sulphur and manganese foliar applications on N% in plant,
seeds and protein content.

Treat. 1999 2000

g 0 ] 60 | 90 | 120 0 | 60 | 90 [ 120
Mn/ S/fed.

Fed. N % in plant

0 1§75 1.243 1.295 1.395 1.110 ITZIS 1.275 1.390

200 1.250 | 1270 ¢ 1315 | 1.430 | 1.190 | 1.255 | 1.295 | 1415
400 1.305 | 1.335 | 1395 | 1.530 | 1245 | 1.295 | 1345 | 1455

L.S.D) 5 =0.029 Mn = 0.025 5=0.014 Mn =0.012
3% +SxMn=NJS S xMn=10.023

N % in seeds
0 5.150 5.300 5.850 6.050 5.050 5.375 5.775 6.125

200 5.350 | 5.450 | 5.850 } 6.260 | 5.175 | 5.425 | 5.840 | 6.226
400 | 3300 : 5.850 } 6.000 | 6450 | 5460 | 5.825 | 5.950 ) 6375

LS.D|S=015! Mn=20.1305 |S=0.088] Mn =0.0763

5% !SxMn=N.S SxMn=NS
Protein % in seeds
0 32.20 | 33.125 | 3631 { 37.815 31.565 | 32.500 | 36.095 | 38.285

200 | 33.44 | 34.065 ) 3631 | 395.080 | 32.345 | 33.895 | 36.500 | 38.905
400 | 33.14 [ 36.560 | 37.25 | 40.315 | 34.125 | 36.405 | 37.185 | 39.845

LSD |S=0954 Mn = (.827 S=0264 Mn =0.228
5% |SxMn=N.§ S x Mn =10.4564 .

c- Phosphorus concentration and oil %

It is clear from the data in Table 4 that increasing sulphur levels had
significantly increased P % in seeds and oil %. In contrary, increasing S
application had insignificant increase of P% in straw. Increasing Mn-foliar
application with no respect to sulphur rate did not exert any significant effect on
total P content in straw, while it was significant increase in both P% in seeds and
o0il %. Concerning, the interaction effect of both S and Mn levels on P content by
soybean plant. Data in Table 4 also show that increasing the two parameters had
significant increase of P content and oil percent. The highest concentrations of
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P in seed and oil was obtained at the highest level of S and Mn in both seasons
(Morok and Dev, 1980 and Mohamed, 1998).

TABLE 4. Effect of sulphur and manganese foliar applications on P % in plant,
seeds and oil %.

Treat | 1999 L 2000
" v oo | we fi2o ] 0 [ ew v |2
Mn/ | Sifed.
Fed. | P % in plant
[0 | 0305 | 0223 i 0305 T 0300 ] 0.195 70225 T 0305 T 0375
200 [ 0205 | 0235 [ 0.365 | 0450 | 0215 | 0221 | 0.335 | 0.405
400 | 0.230 . 0353 i 0.370 1 0.530 [ 0230 | 0285 | 0.335 | 0.463
LSD[S=NS  Mn=NS S=NS§ Mn=N.S
5% IS xMn NS . Sy Mn=NS
P % in seeds
r-'—o—_!'ﬁﬁr U IS ";_'n'(é'li%'_}‘"(»T_{%"“' 0703 C0.703 0.870
Ta00 Lo b o7 L assu | 1uss 1 0ns | XS | 096
(300 [ 0735 | vsou | v k 1193 | 0.735 10535 1010
L.SD!S5=0.0207 Mn=0.0179 1S =0.01001 Mn = 0.0086
5% S xMn=N.§ SxMn=N.S
o Qil % in seeds
0 | 15750 1625 1830 [ 190657 [ 1570 | 1620 | 1885 [ 19.15
200 116050 (710 T 1865 | 1980 | 1610 | 17.15 | 1835 | 19.85
400 | 165101 1785 1 1915 | 2095 | 1635 | 17.70 | 19.10 | 20.95
L5D!'S=0.2442 Mn=0.2303 { 5=0.1093 Mn =0.0947
5% S xMn=0.16! SxMn=0.1893

d- Potassium conceniration

Potassium concentration was also significantly increased by every successive
application of sulphur and Mn-foliar over control (Table 5). Regarding the effect
of S rates alone, increasing S to 120 kg/fed. led to increased K% in both seed and
straw. As the soil pool of sulphur became concentrated by fertilizer addition,
plant uptake increased (Morok and Dev, 1980). The interaction between S and
Mn-foliar was significant on K content in both seed and straw,

Conclusion

Generally, the results confirm that yield and nutrients content tended to
increase by increasing rates of either sulphur or manganese foliar application. On
other word, soybean grown on the alluvial soil of Egypt responded to the
application sulphur and Mn-foliar fertilizers. The response is revealed in the
increase of growth measurements, nodulation, yield and N, P and K content of
soybean. The best rate is 90 kg sulphur/fed. applied to the land during soil
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TABLE 5. Effect of sulphur and manganese foliar applications on K% in plant and seeds.

Treat | 1999 2000

g T 0 a0 90 {120 o 60 [ 90 [ 120
Mn/ | Sifed.
Fed. [ K % in plant
0 1445 71550 [ 1710 ] v920 ] 1395 1515 [ 1,705 [ 1.910
200 | 1515 | 1575 | 1.840 | 2.150 | 1.480 | 1.570 | 1.775 | 2.0i0
400 | 1535 | 1635 [1925 | 2350 | 1500 | 1.610 | 1.890 | 2.105
LS.D[S=0.059 Mn = 0.051 5$=0.0118 Mn=0.0102
5% |SxMn=0102 S x Mn = 0.0204
K % in seeds
0 T IATS 40 [TIS60 | 1805 | 1345 | 1425 | 1525 | 1.695
| 200 Bl TR TLo60 | 1895 T 1415 | 1455 | 1.595 | 1.790
I__4;O_0 BB a__@_j_rjlul' 1670 | 201G} 1450 | 1495 | 1630 | 1870
LSD § = 0.0589 Mn=0.051 [S=0.0121 Mn=0.0105
| 5% |« Mn=0.003 'SxMn=00210 |

preparation and foliation of 400 g Mn/fed. added two weeks intervals during
preflowering gave the ighest yield and yield components of soybean plants.
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