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 والموليبدينوم والبورون بالفسفور التسميد إلى الصويا فول نباتات استجابة

!\A2k± ، سد محمد ى ال أظ

ة الطاقة هيئة ري ز ،الذ ك ر ث م و ح ث قسم ،النووية الب و ح ى ب ض را أل ميا ا لأبون ، ٥وال ب ١ ٣٧٥٩ ،ع

ر جمهورية ص ة م ربي ع ال

عة كلية ٢ زرا معة ،بمشتهر ال ق جا زقازي ع ،ال ر ة ،بنها ف ري و ه م ر ج ص ة م ربي ع ل ا

صة ال خ ال

ت إضافة تأثير لدراسة أصحن تجربة أجريت ويا ست (فوافدان كجم1 ٠٤٣٠١ الفوسفور من م
ضافة مع إضافتهما وبدون إ 5,10ppm) بمعدل الموليبدنم وكذلك (ppm 2,6 ر بمعدل البورون إ

ى ي والمحتوى النمو عل معدن ل ن ا ي الجذرية العقد وتكوي معاملة إلى باإلضافة الصويا فول نباتات ف

ت ولقد • الكنترول ر شا ى عليها المتحصل النتائج أ ى الفوسفور إضافة آن إل ن عل وي  الجذرية العقد تك

ضح أثر له كان ضيف عندما وا ضافة وان ،والموليبدنم البورون مع أ ء بمعدل البورون إ ز ي ي ف

ض من كل فى الجذرية العقد زيادة إلى أديى الفوسفور غياب فى المليون ألر ة الطينية ا رب جي ، وال

ضال ك عن ف ل بمفرده الموليبدنم إضافة عند ذل د مع ء ٠ ،٥ ب ز ج ي أ ى آبى المليون ف ة إل د ا ن زي تكوي

ض من كل فى الجذرية العقد موليبدنم امتصاص أن كما .والجبرية الطيئية األر ن ال جي و ر ت ن ل وا

د قد والفسفور دا ن ا أ ردي دة نتيجة ط زيا ل ل ضافة معد موليبدنم الفوسفور إ ي .وال ن ف ص أن حي صا مت  ا

ن ورو د قد الب زدا ع ا ز إضافته معدل م ركي ء ٢ بت ي جز ي المليون ف ه عند حين ف ت ف ضا ل إ د ع م ٦ ب

ى أديى المليون ة إل د ى الزورون امتصاص زيا ض ف ر أل رية ا جي ى أدى لكن ال نقصه إل

ض • الطينية األر
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Abstract
A pot experiment was carried out to study the effect o f added phosphorus 

levels (30, 60 kg p/fed) with the addition o f bor©n at (2, 6 ppm) and 
molybdenum at (^lOppm) and without addition beside the control on growth 
and mineral content and root nodules in soybean plants. The results indicated 
that the effeet o f  phosphors on the formation o f  nodules had a clear effeet 
when added with boron, molybdenum and when boron added at a rate o f  
2ppm in the absence o f  phosphorus led to increase in root nodules in each o f  
the alluvial and calcareous soils.Moreover, when added alone molybdenum 
at 5, 1© ppm led to increased formation of nodules in each ofthe alluvial and 
calcareous soils. The molybdenum, nitrogen and phosphorus uptake 
increased directly proportional to the result o f increased rate o f addition o f  
phosphorus and molybdenum. While the uptake boron may be added with 
the rate o f increased concentration o f 2 ppm, while when added at 6 ppm led 
to increased absorption o f boron in the calcareous soil, but led to a decrease 
in the alluvial soils

In^od،]ct؛on
Soybean (Glycine max L.) is one of the most important leguminous 
crops all over the world. It is considered one of the most important 
protein sources for human and animals. Soybean yields have steadily 
increased in the past 30 years due to a combination of genetic and 
management improvement. The annual rate of yield increase averages 
31 kg ha'؛ in the United States’؛ ' and 28 kg ha‘ globally ؛ ؛ . Soybean is 
considered as new crop was introduced to Egypt; however the 
nodulation of soybean under field conditions remains a problem 
because the Egyptian soils were void of soybean rhizobia. Soybean 
suffers from poor nodulation in Egypt; hence nitrogenous fertilization 
for legume is a logical practice. Mahmoud et al. ؛ ا  stated that 
inoculation with the efficient strain of Rhizobium japonicum E45 and 
application of 30 kg N  + 100 kg p/fed supported îgh nodulation and 
better yield of soybean. Tsvetkova and Georgiev4؛] studied the effect 
of phosphorus nutrition on the nodulation, nitrogen fixation and 
nutrient uptake. They found that phosphorus deficiency decreased the 
whole plant fresh and dry mass, nodule weight, number and 
fonctioning. Nimje and Seth ؛5؛  found that dry matter production,N,P 
and K  contents (in plant and seeds) and uptake increased with applied
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p. the seed nitrogen contents were significantly increased with 40kg 
?2 ه1أ؛ل ق /  El-Shinawi et al ؛ ١  found that the lowest levels of phosphate 
fertilizer, namely 0.25 and 0.50 g p/pot as superphosphate, gave 
relatively higher figures on either the effective pink nodules or the 
total number of nodule formed on the roots of soybean plants. Ziolek 
and Ziolek ؛ ١  reported that trace elements (B,Mo,Mn) treatment 
increased seed yield of 3 soybean cultivars from 1.4 to 1.151 and 1.61 
t/ha as a result of increases in number of pods and seeds/plant. 
Touchton and Boswell ؛ ١  showed that boron concentrations in soybean 
seed increased with increasing the rates of broad cast and foliar 
applied boron. Hefni et همه د  studied the response of soybean plants to 
soil application of Mo at 0.0, 2.5 , 5, 7.5 and 10 ppm.They found that 
nodulation of soybean plants as represented by nodules number and 
weight showed a great response to molybdenum application at a rate 
of 7.5ppm. They also found that application of Mo to soybean plants 
improved nitrogen uptake by plants and or symbiotic N-fixation by 
nodules which consequently increased the total accumulation of N  in 
plants. This work aimed to study the effect of phosphorus combined 
with or without Boron or molybdenum on gro r̂th, nodulation of 
soybean plants and minerals content of soybean plants grown on 
alluvial soil and calcareous soil

Materials and Methods 
A  pot experiment was carried out in the greenhouse of Soil and Water 
Research Department, Nuclear Research €enter. Two surface soil 
samples were collected from Sharkeia (as alluvial soil) and Burg El- 
Arab (as calcareous soil). Samples were air dried and passed through a 
2-mm sieve. Plastic pots of 7kg capacity were packed with soil and 
planted with soybean seeds (c.v. Clark) treated with the proper peat 
based inoculant (Prepared by Agricultural Research Center, Giza, 
Egypt), then thinned after two weeks from germination to 4 
seedlings/pot. The pots were irrigated with appropriate amounts of 
distilled water to maintain the soil moisture content at 80% of the field 
capacity. Three replicates of each treatment were used in a 
randomized complete block design. Fertilizer treatments consisting of 
three levels of each of phosphorus. Boron and molybdenum were 
used. Phosphorus levels were 0 ,30 and 60 kg p/fed as super 
phosphate, Boron at 0,2 and 6 ppm as ^ B © 4, while molybdenum 
levels were 0,5 and 10 ppm Mo/fed as (NH4)6M 07C>24. To maintain



adequate supply of N  and K  each pot received 20 kg N  /fed as urea 
and 50 kg K/fed as K 2SO4. Soybean plants were collected after 60 
days from germination. Nodules were separated and the numbers of 
nodules/pot were recorded. Samples of total plant were dried at 105°c 
for 24 hours, weighed, ground in a plastic mile and used for chemical 
analysis. Some physical and chemical properties of the studied soil 
samples are showen in table (1) and performed as follows: Mechanical 
analysis was performed according to the pipette method using sodium 
hexameta phosphate as a dispersing agent, ؛ ؛ . Organic matter, p, total 
Mo, CaCC>3 content, p ll and soluble salts were performed according to 
the methods out lined by Jackson11؛. N, p, B were determined in plant 
digest according to the method described by Chapman and Pratt أ12ل .
Molybdenum was estimated by Neutron Activation Analysis (N.A.A.)
according to the method of Haskin and Ziege ٠ ١ . The plant samples
were activated in the channels of reactor to transform the stable atom 
of molybdenum to be active radioisotope in order to estimate its 
content in the tested samples.

Table (1): Some physical and chemical properties ofthe studied soil samples.
Soil type

Mechanical analysis (%) TextureCoarse sand fine sand Silt Clay
Alluvial 1.9 23.1 36.8 38.1 Clay loam

sandy 3.2 48.2 24.3 24.3 Sandy clay loam

Soil type
Soluble cations meq/1 Soluble anions meq/1

Ca2++ Mg++ Na+ r CO3- h co3- Cl' SO4

Alluvial soil 4.6 4.4 9.2 0.4 0.0 9.5 6.0 0.3
Sandy (Inshas) 7.6 6.5 8.8 7-7 0.0 3.8 18.1 8.7

Soil type pH
organic 
matter %

C aC Q j

0/„
EC

CEC
meq/lOOg

Available
P(ppm )

Total Mo

(ppm)

Alluvial soil 7.S ٦ .7 4.0 0.9ل 49.0 10.0 2.3
Sandy 00 ب 0.5 33.2 2.69 14.0 4.0 3.1

Results and Discussion 
Effect of p and B fertilization;
Data in table (2) represent number of nodules, dry weight and soybean 
content of B, N and p as influenced by boron and phosphorus 
fertilization.
Dry matter yield:



Dry matter yield of soybean grown on both alluvial and caleareous 
soils increased with increasing rate of the applied p. Also, increasing 
the rate of applied B from 0 to 2 ppm increased dry matter yield of 
plants. However, farther increase in the rate of applied B up to 6 ppm 
decreased the dry matter yield of the plant compared with that yield 
obtained upon application of 2 ppm B.In the absence o fB  increasing 
the rate of applied p from 0 to 30 then up to 60kg p/fed increased dry 
matter yield by about 33% and 75% in the alluvial soil and 6% and 
48% in the calcareous one. Similar results were obtained by 
Elshinnawi et ٠/ ا14ل  who found that application of p progressively 
increased the fresh and dry weight of soybean plants. When B at 2 
ppm was combined with p at both rates the corresponding values 
reached 127% and 139% in the alluvial soil and 51% and 97% in the 
calcareous one, respectively. However, increasing the rate of applied 
B to 6ppm decreased the increment of dry matter yield where the dry 
matter yield reached about 67% and 105% in the alluvial soil and 27% 
and 54% in the calcareous one compared to the yield ofthe lowest rate 
of B (0 ppm). These results indicate that the highest values of dry 
matter yield were obtained when B at a rate of 2 ppm was combined 
with p compared to the other B treatments. Similar results were 
obtained by kurnosova and Tuchops ؛ ؛ .
Number of nodules and N uptake:
Data in table (2) show that number of nodules on soybean roots 
increased with application of p either alone or with B. Percentages of 
increase compared to control were 27% and 36% in the alluvial soil 
and 50% and 100% in the calcareous one upon application of p at 
rates of 30 and 60 kg p/fed., respectively. Similar results were 
obtained by Jones et al ا ١ . When B at 2 ppm was applied in the 
absence of p number of nodules increased from 11 and 6 nodules/pot 
to reach 14 and 9 nodules/pot in the alluvial and calcareous soils, 
respectively. However, farther increase in rate of the applied B to 6 
ppm decreased number of nodules compared to that number under the 
lower rate (2 ppm B) to 12 nodules/pot in the alluvial soil and 8 
nodules /pot in the calcareous one. These results indicate that 2ppm B 
might be considered a sufficient concentration for both the studied 
alluvial and calcareous soils under the study.
Application of B alone or combined with p increased plants uptake of 
N  however the increase in the plants uptake of N  decreased upon



increasing the rate ©fthe applied B from 2 to 6 ppm in spite ofthe N 
uptake by the plants grown on both the studied soils remained higher 
than of the control. Total N-uptake increased from 86.34mg/pot and 
45.73mg N/pot in the absence of B to 112.3 and 55.2mg N/pot at 
2ppm B and 94.1 and 49.67mg N/pot at 6ppm B in the alluvial and 
calcareous soils, respectively.
Increment percentages of N uptake compared to the control were 71% 
and 39% when p was applied at a rate of 30kg p/fed without B in the 
alluvial and calcareous soils, respectively. The corresponding values 
at 60kg p/fed were 74% and 53%, respectively. When 2 ppm B was 
combined with p at 30 kg/fed, increment percentages were 123% and 
77% and raised to reach 134% and 85% when B was combined with 
60kg P/fed in the alluvial and calcareous soils, respectively. When p 
was combined with 6 ppm B, increment percentages slightly 
decreased to reach 84% and 50% at 30kg p/fed and 97% and 70% at 
60kg p/fed in the alluvial and calcareous soil, respectively. Similar 
results were obtained by Jelulm et al أل7ل  who found that the protein 
contents increased by increasing the boron fertilization rate up to 
1.12kg B/ha.
?  uptake
Data in table (2) show that fertilizing soil with p increased plants 
uptake of P.However, the increase was more pronounced when p was 
added to the soil at its highest rate (60kg/fed) combined with B at a 
rate of 2 ppm. Increasing rate ofthe applied B up to 6 ppm decreased 
plants uptake o fp  at all rates ofthe applied p compared to the low rate 
of applied p compared to the low rate of applied B (2 ppm B).This 
trend was true in both the studied alluvial and calcareous soils. 
However, it is worthy to note that the increases in p uptake due to 
application of p to the alluvial soil were generally higher than the 
corresponding ones achieved in the calcareous one. Such a difference 
in plants uptake of p may be attributed to the higher content of the 
calcareous soil of Ca in its soluble form as well as its exchangeable 
one beside its presence in the form of carbonate which enhance p 
retention and consequently reduce amount ofthe p available for plant 
uptake.
In the absence of B percentages of p uptake increased by 91% and 
24% at 30kg p/fed and 131% and 59% at 60kg p/fed in the alluvial 
and calcareous soils, respectively. Such results agree with those
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obtained by ?al et a l ؛ل8ل  who stated that application o fp  increased the 
percentage o fp  in soybean leaves. The corresponding values when B 
was applied at 2 ppm B were 203% and 07ل% at 30kg p/fed and 
290|% and 173% at 60kg p/fed in both soils under investigation, 
respectively. However increasing the rate of applied B to 6  ppm 
decreased these percentages to reach 127% and 48% at 30kg p/fed and 
149 and 61% at 60kg p/fed in these soils respectively , however it is 
obvious that these values are still higher than those obtained in case of 
the control (without B).
B uptake
Boron uptake as affected by application of either p alone or combined 
with B is shown in table (2). It is obvious from data that application of 
B increased plant uptake of this element, however the increase was 
more pronounced upon the fertilization of B at a rate of 2 ppm in the 
alluvial soil at both rates of applied p. compared to control, values of 
B uptake increased by about 6 6 % and 122% at 2ppm B and 40% and 
205% at 6 ppm B in the alluvial and calcareous soils, respectively.
In the absence of B, increasing rate of the applied p increased B 
uptake by about 6 % and 60% in the alluvial soil and 665 and 81% in 
the calcareous one upon application o fp  at rates of 30 and 60kg p/fed, 
respectively. Moreover, Pinyerd et « ام ١  found that application of ٥  
resulted in a linear increase in leaf tissue B.
Comparing values of B uptake by the plants grown on the alluvial soil 
with those of the plants grown on the calcareous soil, data indicate 
that applying B to the alluvial soil was more effective, where B was 
added alone or combined with p, in increasing plant uptake ofB  until 
a rate of 2 ppm B. However, increasing rate of the applied B up to 
6 ppm B decreased uptake by the plants grown on the alluvial soil, 
©pposite trend was observed in the plants grown on the calcareous 
soils. Increment percentages of B uptake at 2ppm B were 1345 and 
1685 in the alluvial soil and 288% and 320% in the calcareous one 
upon application of 3o and 60kg p/fed, respectively. The 
corresponding values at 6  ppm B were 51% and 160% in the alluvial 
soil and 425% and 463% in the calcareous one at both rates of applied 
p, respectively.
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Table(2)Effect ص ?  fertilization combined with B on soybean plants

A p p l ie d

(ppm)

Applied
Dry matter 
yield g/pot

Number of 
nodules/pot

N uptake 
Mg/pot

p uptake 
Mg/pot

B uptake 
ug/pot
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B l l p l l l i l l l
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5% LSD at
681 0 1.681 4.494 1.54 0.988 Soil

p 1.211 .ا88ه 5504 2.059 0.059

Pxsoil ا ١١١ 2.ةة8 ؛?.?ت 2.912 0.912

0.059 2.059 5.504 1.886 1.211 B

BXsoil ا 7وا 2 668 7.783 2.912 0.912

567 0 3.567 9.533 3.268 2.090 B x P

0.044 5.044 13.48 4.621 2.966 B X p xsoil

Effect of p and Mo on dry matter;
Data presented in table (3) revealed that inereasing the rate of applied 
p signifioantly increased dry matter yield of soybean in both alluvial 
and caleareous soils. Increment percentages were 48% and 20% at 
30% kg P/fed. 60% and 43% at 60kg p/fed for alluvial and calcareous 
soils, respectively. Increasing the rate of applied molybdenum from
0,to 5 and then to 10 ppm significantly increased dry matter yield of 
soybean. Increment percentages were 23% when p was combined with 
Mo, dry matter yield of soybean was increased. However, percentages 
of increase were slightly decreased with increasing the rate of Mo 
combined with p at the rate of 60kg p/fed. At 30kg p/fed the dry 
matter yield increased by 33%, 48% and 59% for the alluvial soil and 
by 6 % , 9 and 30% for calcareous soil with increasing the rate of %ل 



applied Mo from 0 to 5 and then to lOppm, re$pect؛vely. Such results 
are in agreement with those of El-Shinnawi et a / 14.

Number of nodules:
Data presented in table (3) showed that number of nodules on roots of 
soybean grown on either the alluvial or the calcareous soils 
significantly increased due to increasing the rate of the applied p and 
Mo. In the absence of Mo, increment percentages were 27% and 36% 
for the alluvial soil, 50% and 6 6 % for the calcareous soil at 30 and 
60kg P/fed, respectively. Increasing the rate of applied Mo 
significantly increased nodules number. Percentages of increase were 
38% and 40% at the rate of 5ppm Mo, 92% and 70% at the rate of 
lOppm Mo for the alluvial and calcareous soils, respectively. When 
Mo was combined with p, percentages of nodules number 
progressively increased with increasing the rate of applied p and Mo. 
At 30kg P/fed percentages of increase in the alluvial soil were 27%, 
36% and 50% with increasing rate ofthe applied Mo from 0 to 5 then 
to lOppm. The corresponding increases in the calcareous soil were 
 and 90%. At 60kg p/fed these figures increased by 36% <،/م75 ,50%
and 6 6 % at 0 ppm Mo, 50% and 163% at 5ppm Mo and 94% and 
180% at lOppm Mo for the alluvial and the calcareous soils, 
respectively. It is obvious from the results that application of Mo 
combined with p enhanced nodules formation. Moreover, the 
calcareous soil produced more numbers of nodules compared to those 
obtained by alluvial one.
N uptake
Data in table 3 indicated that N uptake by soybean grown on both the 
alluvial and the calcareous soils significantly increased with 
increasing the rate of applied p either alone or combined with Mo. 
With increasing the rate of applied p from 0,30 to 60kg p/fed total 
nitrogen uptake averaged over all Mo rates increased by 89% and 15% 
at 30kg P/fed, 97% and 30% at 60kg p/fed for the alluvial and the 
calcareous soils, respectively. Increment of N-uptake percentages 
increased from 34% and 10% at 5 ppm Mo to 70%and 52% at lOppm 
Mo for the alluvial and the calcareous soils, respectively. When p was 
combined with Mo values of N uptake progressively increased with 
increasing rate of both elements application. However, increment 
percentages decreased due to increasing rate of applied Mo to 
calcareous soil. In the alluvial soil these percentages reached the 
highest values at 5ppm Mo then decreased when p was combined with 
10 ppm Mo, Hefni et cir V



p uptake
Values presented in table (3) reveal that P-uptake increased due to p 
and Mo fertilization. Increasing rate of the applied p from ٠, 30 to 60 
kg p/fed significantly increased p uptake by soybean. Percentages of 
increase in the absence of Mo were 91% and 24%at 30kgP/fed, 131% 
and 59% at 60kg P/fed for the alluvial and the calcareous soils, 
respectively the values averaged over all Mo rates were 127% and 
22% at 30kgP/fed for alluvial and calcareous soils, respectively. These 
results are in according to those obtained by Pal et al؛ . Increasing 
rate of applied Mo significantly increased P-uptake by about 25% and 
43% at 5ppm Mo, 5 0  and 78% at lOppm Mo for the alluvial and the امه
calcareous soils, respectively. However percentages of P-uptake 
decreased due to combination o fp  with Mo at its different rates in the 
calcareous soil. M eanwhile when p was combined with Mo in 
fertilizing the alluvial soil, P-uptake increased with increasing the rate 
of either p or Mo, the percentages of increase at 30kg p/fed increased 
from 91% at 0 ppm Mo to 140% at 5 ppm Mo and 145% at 10 ppm 
Mo. The corresponding values at 60kg p/fed were 131% , 159% and 
؟,at 0, 5 and l <،/ه177 ^ppm Mo, respectively. Similar results were 
obtained by karki et ح ل م '
Mo-uptake
Data in table (3) indicate that Mo-uptake by soybean increased due to 
application o fp  either alone, or in combination with Mo. Mo- uptake 
in the absence of the Mo increased from 115% and 128% at 30kg 
P/fed to 138% and 239% at 60kg p/fed for the alluvial and the 
calcareous soils, respectively. Application of Mo significantly 
increased the values of Mo-uptake by plants grown in both soils used. 
Increment percentages were 198% and 203% at 5 ppm Mo and 
increased to 298% and 280% at lOppm Mo for the alluvial and the 
calcareous soils, respectively. It is obvious that the highest 
percentages of Mo uptake were taken by the plants grown on the 
calcareous soils. Such higher percentage in the calcareous soil could 
be attributed to the high pH and hence Mo became more avalible for 
plants under alkali condition, Hefni et a f 9\
Values of Mo-uptake increased due to combination of Mo with p at 
the different rates of application. At 30kg p/fed these values increased 
from 0.56 and 0.41ug/pot in the absence ofMo, 1.65 and 1.22ug/pot at 
5ppm Mo to 2.0 and 1.54ug/pot at 10 ppm for the alluvial and the 
calcareous soils, respectively. These values at 60kg p/fed increased 
from 0.62 and 0.61 ug/pot in the absence of Mo, 1.69 and 1.40 ug/pot



at 5 ppm Mo to 2.46 and 1.68 ug/pot at 10 ppm Mo for alluvial and 
calcareous soils, respectively. These results elucidated that increment 
percentages of Mo-uptake decreased when p was combined with Mo 
at different rates of both elements application. Similar results were 
obtained by Singh and Kumar[21],
Finally, it could be concluded that combination of p with Mo 
enhanced nodules formation, increased dry matter yield and contents 
of P,Mo and N in soybean plants.

combined with Mo on soybean plants ه،اا;/اا؛ه[أ ?آ حآ Table (3) Effect م
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11 .43 ;1 3 .5 2 
1 4 .1 3؛ 6 2 . 4 3 
15 3؛ 13. 5 . 0 5

1.01 i 1 .03  
1-65  ; 1 .22  
1 .69  : 1 .40
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7 .57  5.60 
12.0 7.25 

12.88 : 8.15
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2 7  : 19
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م ٠٣٢ ٠٣٢ م , م ء م ء ء م ٠٠ ٠٠ ٠• ٠• ٠٢ ٠٢ ء

5 8 8 أ 9. 5 .6 5 
6 1 1-3 أ 8. 4 7 
71.1 :1 5 9 .8 6

1 3 .9 1؛ 7 5 .4 3
16 -77 :3 7 - 8 1 
1 9 .9 0 :2 . 7 7^

1 ؛ 1.36 .29 
2 ؛1.54 .0 
1.68 : 2 .4 6

w m m m m m m w m v rn m m . م؛أأ[ةةقةأ£؛ ب ؛أ $ $

LSD at 5%

Soil 0.914 1.629 4.340 2.500 0.075

P 1.119 1.995 5.316 3.061 n 092

P X soil 1.583 2.821 7.518 4.330 0.131

Mo 1.119 1.995 5.316 3.061 0.092

Mo X soil 1.583 2.821 7.518 4.330 0.131

Mo X p 1.939 3.455 9.208 5.303 0.160

M oxPxsoil 2.642 4.887 13.022 7.500 0 ?-?7
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