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ABSTRACT 
Two plots experiments were conducted at the Soil 

Salinity and Alkalinity Laboratory at Alexandria, Egypt, 
to study the beneficial effects of nitrogen supply from 
soybean intercropped with maize on available nitrogen in 
soil, nitrogen uptake, and yield of maize. The results 
indicated that the highest grain yield of maize              
(5581 kg.ha-1) was achieved in maize+soybean 
intercropping under the entired recommended rate (RR) 
of mineral nitrogen application (120 units of N as urea), 
and the lowest (2280 kg.ha-1) was achieved in 
maize+soybean intercropping in absence of mineral 
nitrogen application. Application of rhizobium to 
maize+soybean intercropping system significantly 
increased maize grain and above-ground biomass yields. 
On average of two years, maize grain of maize+soybean 
intercropping overyielded the sole maize by 58% (ranging 
from 0.9% to 99.96%). Total land equivalent ratio 
(TLER), averaged over N levels, was 2.30 in 
maize+soybean, and 2.67 in soybean + maize intercropping 
with rhizobium over the 2 years of the study. The 
combination of mineral and rhizobium in maize+soybean 
intercropping system showed the highest values of N 
concentrations in plant tissues compared with mineral or 
rhizobium plots individually. Also, there were significant 
positive relationships between N uptake and maize grain 
yield in the first season [r= 0.99, 0.99, 0.90, 0.90, and 0.86 
for maize, soybean, maize + soybean intercropping, 
soybean + rhizobium, and maize + soybean + rhizobium, 
respectively]. Although, the intercropped maize and 
soybean plus rhizobium at 50% of RR of N fertilizer was 
not yielded the highest corn grain, it is recommended that 
to be the best economic treatment.  
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INTRODUCTION 

The intercropping system is the combination 
between two or more crops in the same field and 
growing season. Intercropping, through more effective 
use of water, nutrients and solar energy, can 
significantly enhance crop productivity compare to sole 
crops (Francis 1989). The majority of intercropping 
systems may involve legume/cereal combinations 
(Ghosh 2004) due to its interspecific facilitation or 
complementarity (Loreau et al. 2001).However; 
cereal/cereal intercropping is popular and plays a role in 
intensive farming systems. Total grain yields have 

reached 10.0–13.3 t ha−1 in wheat/maize systems (Li et 
al. 2001) and 13.8 t ha−1 in barley/maize intercropping 
(Liu 2005) in which N application rates of up to 225–
300 kg ha−1 have been applied (Li et al.2001; Liu 2005). 

Most studies on intercropping have focused on low 
input and low-output systems (Hauggaard-Nielsen and 
Jensen 2001) in order to develop organic farming 
systems. In contrast, intercropping in China has 
developed using intensive farming systems with high 
inputs and high outputs, typically cereal/cereal systems. 
However, cereal/cereal mixtures have not been 
extensively studied because they were expected to 
generate little added value to monocrops because of an 
anticipated prevalence of competitive rather than 
facilitative interactions. Sometimes intercrops are 
advantageous, not mainly through facilitation, but 
simply because of complementarity, e.g. in relay 
intercrops such as cotton/wheat intercrops in which the 
benefit is based mainly on a differentiation between 
component crops in the timing of interception of 
radiation (Zhang et al. 2007, Zhang et al. 2008). It has 
also been shown that interspecific interactions and soil 
nutrient levels affect agricultural ecosystem productivity 
(Cahill 2002). The effect of interspecific interactions on 
productivity varies with crop species combination 
(Sharaiha and Gliessman 1992). 

There are two types of interspecific interactions, 
namely interspecific facilitation and competition 
(Vandermeer 1989). Interspecific facilitation occurs 
when one plant species enhances the growth of another 
plant species and has been observed mainly in 
legume/cereal systems such as soybean/corn and 
cowpea/corn (Allen and Obura1983), wheat/white 
lupine (Horst and Waschkies 1987), wheat/chickpea, 
faba bean/maize (Li et al.,2007), and peanut/maize (Zuo 
et al. 2000). The objectives of this study, therefore, 
were to evaluate the effects of maize/soybean 
intercropping in the presence and absence of rhizobium 
on available nitrogen in soil, nitrogen uptake, and yield 
of maize; and to evaluate its impact on mineral nitrogen 
fertilization rate, assuming the nitrogen supply from 
soybean. 

 
 

MATERIALS AND METHODS 
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Experimental Site  
The cemented plots experiments were conducted at 

the Soil Salinity and Alkalinity Laboratory at 
Alexandria, MALR, Egypt, This site lies between 
latitude 310 2" N, and longitude 290 6" E with an 
elevation of about -2.50 m below sea level. The average 
annual rainfall was 200 mm and the relative humidity 
during daytime was about 67.30% at the experimental 
site. The mean maximum temperature during August 
and September ranged between 30.9oC and 29.6 oC. The 
soil of the experimental plots had a sandy clay loam 
texture with 341.20 gkg-1 clay, 104.90 gkg-1 silt and 
553.90 gkg-1 sand. The soil physical and chemical 
properties were determined as follows: pH and 
electrical conductivity in soil-paste extract (Richard, 
1954); organic matter by dichromate oxidation method 
(Nelson and Sommers, 1982); cation exchange capacity 
(CEC) by IM NaOAC (Rhoades, 1982) and particle size 
distribution by the hydrometer method (Day, 1965). The 
calcium carbonate was measured by calcimeter method 
(Nelson, 1982); the amount of available P by 0.5 M 
NaHCO3 method (Olsen and Sommers, 1982); available 
nitrogen by 2M KCl method (Bremner and Mulvaney, 
1982) and available potassium by 1N ammonium 
acetate method (Knudsen and Peterson,1982). The soil 
physical and chemical properties of the soil are 
presented in Table (1). 
Experimental Set-up: 

Maize (Zea mays c.v. single hybride 30K8, white 
pioneer) and/or soybean (Glycine max L.) were seeded 
in the cemented plots (dimension of 0.75m x 0.40m x 
1.0 m). Each plot was filled with a sandy clay loam soil. 
The treatments in both experiments consisted of the 
intercropping between soybean and maize (Fig.1) 
mediated by different rates of nitrogen 
fertilizer(0,30,60,and 120 kg N) equivalent to 0, 25%, 
50%, and 100% of maize recommended requirements as 
recommended (120 kg of N as urea) by Ministry of 
Agriculture (MALR) in Egypt. The mineral nitrogen 
fertilizer was applied as urea in two equal doses: before 
sowing and 21 days after sowing of maize plants . The 
phosphorus fertilizer was applied at 30 kg P2O5 as 
superphosphate (15%) and potassium fertilizer was 
applied at 24 kg K2O as potassium sulphate (48%) 
before sowing. The experimental design was a split plot 
with four replicates of each treatment. Control treatment 
represented soil without any source of fertilizers.  

Corn and/or soybean were inoculated with and 
without rhizobium sp. and sown in the plots during the 
growing season (May-September) in the two successive 
seasons, i.e., 2012 and 2013. The day length was about 
14 hrs.and temperature range was 25-35 oC. The 
seedlings were thinned to 6 plants per plot and were 

irrigated according to plant-water need. The plants were 
harvested (above ground shoot with ears) after 13 
weeks from sowing. 

The application of mineral nitrogen fertilizer to the 
soil cultivated with maize and/or soybean yielded a total 
of twelve treatments as follows: 
T1: maize + 0 kg N (control treatment)  
T2: maize + 30 kg N (25 % of recommended rate,RR)   
T3: maize + 60 kg N (50 % RR)   
T4: maize + 120 kg N (100 % RR) 
T5: maize + soybean + 0 kg  N  
T6 : maize + soybean + 30 kg N   
T7: maize + soybean + 60 kg N  
T8: maize + soybean + 120 kg N 
T9: maize + soybean + 0 kg  N + rhizobium 
T10 : maize + soybean + 30 kg N  + rhizobium 
T11: maize + soybean + 60 kg N + rhizobium 
T12 : maize + soybean + 120 kg N + rhizobium 
Soil Sampling and Analysis: 

Samples of soil were collected (0-20 cm) after 
fertilizers application before sowing and after 
harvesting of plants in the first and the second seasons. 
Each sample consisted of a mixture of three cores 
randomly collected from each plot, air-dried, ground, 
passed through a 2-mm sieve and analyzed for 
available-N (Bremner and Mulvaney, 1982). 
Plant Analysis: 

The plants of maize and soybean were harvested on 
September 15th, 2010 and 2011. The grains were 
separated from the rest of the plant. The plant samples 
were rinsed with tap water, and then rinsed with 
deionized water. The plant samples were then oven 
dried at 70 0C for 48 hrs and weighed. The oven-dried 
plant tissues were ground using a stainless steel mill. 
Sub-samples of the dried ground materials were wet-
ashed by sulfuric acid and hydrogen peroxide, diluted to 
a constant volume with distilled water and analyzed for 
total nitrogen (Jones, 2001). 

The Dry matter production and grain yield are 
expressed on dry weight basis. The grain yield and 
above-ground biomass were determined by harvesting 
the area of one strip at maturity. The plant nitrogen 
uptake was calculated in both seasons by multiplying N 
concentrations in grain or stover by their respective dry 
weight. 

 
 
 



 

Table1. The mean and standard deviation values of the main chemical and physical 
properties of the used soil 

Parameter Unit Value 
pH  ¶8.08±0.09 
ECe dSm-1 2.11±0.34 
CEC Cmol.kg-1 27.26±1.45 
Total CaCO3 g.kg-1 52.30±3.33 
OM g.kg-1 †20.60±0.78 
Available-N g.kg-1 142.24±0.89 
Available-P g.kg-1 105.55±0.43 
Available-K g.kg-1 1328.85± 6.43 
Clay g.kg-1 341.20±9.22 
Silt g.kg-1 104.90±4.23 
Sand g.kg-1 553.90±5.87 
Soil texture class  ††S.C.L 

¶ Means of three samples ± SD. 
†O.M: organic matter;   ††S.C.L: sandy clay loam, 
  

A A  B B A A
A A  B B B B
A A  B B A A

                soybean                                            maize                                            maize + soybean 

Fig.1. Diagram showing the arrangement of the rows of soybean (A), maize (B), and 
soybean/maize intercropping in the plot experiment 

Calculations 
Overyielding for grain was calculated as follows: 
Overyielding, % = (Y intercrop - Y sole crop) / Y sole crop X 100 

The land equivalent ratio (LER) is defined as the 
total land area of sole crops required to achieve the 
same yields as the intercrops and has been generally 
accepted as an agronomical sound index to evaluate 
yield advantage derived from intercropping practice 
compared with monoculture and is expressed as 
follows: 
Partial Land Equivalent Ratio (PLER) =  

   Y intercrop/Y sole crop 
Total Land Equivalent Ratio (TLER) =  
(Y intercropped A / Y sole crop A)+ (Y intercropped B /Y sole crop B) 

Where Y intercropped A and Y intercropped B are 
yields of intercropped crops A and B, based on land 
area of whole intercrop system; and Y sole crop A and 
Y sole crop B are yields of  monoculture crops A and B. 
If TLER is greater than 1.00, there is an intercropping 
yield advantage, and if less than 1.00, there is no yield 
advantage (Vandermeer 1989). 

 TLER indicates the performance of intercropping 
over sole cropping, whereas PLER and overyielding 
indicate the performance of an individual intercropped 
crop relative to the corresponding sole crop. 

Statistical Analyses 
The one-way analysis of variance (ANOVA) was 

carried out to determine the statistical significance of 
the treatment effects on crop yield. Extractable N and N 
uptake were statistically analyzed with the Fisher's least 
significant difference procedure at a significant level of 
0.05 (SAS Institute, 1994). Regression analysis was 
employed to determine the relationship between metal 
uptake and grain yield of maize or soybean plants.  
 

RESULTS AND DISCUSSION 
Grain yield and above-ground biomass  

Nitrogen fertilizer application significantly 
increased the grain yields and above-ground biomass of 
maize at all rates of N application (Table 2). However, 
the above-ground biomass of maize and its dry matter 
production were lower in monoculture than in 
intercropping with soybean. No significant differences 
were recorded between the first and second seasons.  
Also, the yield of soybean significantly increased with 
increasing N application rates up to 25%, but decreased 
at 50% RR-N application rate (Table 2). The difference 
in above ground biomass between cropping systems at 
the co-growth stage was significant at N levels of 0, 25, 
50 and 100 % RR-N (Table 2).  

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

The highest grain yield of maize (5580.91 kg.ha-1) was 
achieved in maize+soybean intercropping with entire 
recommended rate of mineral nitrogen application, and 
the lowest (2280 kg.ha-1) was achieved in 
maize+soybean intercropping in absence of mineral 
nitrogen application (Table 2). On the other hand, 
application of rhizobium to sole soybean or 
maize+soybean intercropping system significantly 
increased maize grain and above-ground biomass yields 
(Table 2), which were rather promoted at all N 
application rates. Although, the intercropping system 
between maize and soybean plus rhizobium at 50% of 
recommended rate of N fertilizer was not the highest 
grain yield, it is recommended that to be the most 
preferable economic treatment. These results were in 
accordance with the findings of Andersen et al. (2004), 
Knudsen et al. (2004), and Li et al., (2011). According 
to Abdel-Motaleb and Yousef (1998), intercropping 
maize at 25% or 50% of its full population density with 
peanut increased number of pods/plant, 100-seed weight 
and pod yield/fed. 

In general, the effects of N applied (main treatment) 
and intercropping (sub-treatment) on grain yields were 
significant as indicated by LSD test at the 5% level over 
two years. On average data, maize grain in 
maize+soybean intercropping, overyielded that sole 
maize by 58% (ranging from 0.9% to 99.96%)  (Table 
2).  
Yield advantage and land-use efficiency 

Total land equivalent ratio (TLER), averaged over N 
levels, was 2.30 in maize+soybean, and 2.67 in 
maize+soybean intercropping with rhizobium over the 2 
years of the study (Table 3). This indicates that more 
area would be required with sole cropping systems to 
attain the same potential yields of the intercropping 
systems. TLER was more than 1.0 in both 
maize+soybean without and with rhizobium 
intercropping system at all N application rates in both 
years (Table 3). Partial land equivalent ratio (PLER) 
based on grain yield was 1.58 and 0.88 for maize 
intercropped with soybean, and soybean intercropped 
with maize, respectively (averaged over two years of 
study). These values were significantly increased when 
rhizobium was added in maize+soybean intercropping 
systems for the two years of study (Table 3). The PLER 
values in terms of biomass and grain yield for 
intercropped maize + soybean was found to be 
decreased with increasing nitrogen application rate 
(Table 3).  

The present study supports the hypothesis that yield 
advantages in cereal/legumes intercropping can be 
obtained by low rates of N fertilization. The majority of 
cereal/legumes intercropping systems are widespread in 

Africa (Ndakidemi 2006) and India (Ghosh et al. 2007), 
and thoroughly studied in details. Songa et al. (2007) 
found that maize/bean systems had LER values >1.65 
while some other intercropping with several cereal 
species including  sorghum, and millet, gave LER 
values <1.  
Nitrogen acquisition of maize intercropped with 
soybean 

The total N content in tissues of maize, soybean and 
their intercropping system with and without rhizobium 
for the first and second seasons are shown in Table (4). 
Nitrogen concentrations in tissues of maize were 
significantly increased with increasing of N application 
rates (30-120 kg N) compared with the control 
treatment (0 kg N). However, N content in tissues of 
soybean was maximized at the lowest N application rate 
(30 kg N). These reaction patterns were very similar in 
both successive seasons (Table 4). The N 
concentrations of maize in maize+soybean 
intercropping plots and rhizobium plots were 
significantly increased in plant tissues and the values 
were close to the values of N fertilized plots (Table 4). 
The combination of mineral and bio-fertilizers in 
maize+soybean intercropping system showed the 
highest values of N concentrations in plant tissues 
(Table 4) compared with the individual application of 
mineral-N or bio-fertilizer treatments. The results 
indicated also that the highest values of N acquisition 
was obtained with mineral-N in combination with 
rhizobium in maize/soybean intercropping followed by 
maize/soybean and sole maize with mineral-N alone 
(Table 4). These results were confirmed in the second 
season. These results are in agreement with the findings 
of  Phillips et al. (2002) ,Colla et al. (2002), and Nashed 
et al.,(2004). The highest N uptake (188.24 kg.ha-1) was 
measured in the first season (Table 4) when N 
concentrations in grains and stover were recorded at the 
combination of mineral fertilizer (120 kg N) and 
maize+soybean+rhizobium intercropping plots (Table 
4). In general, nitrogen concentration in maize changed 
significantly with intercropping under the lower N 
fertilizer treatments (0, 25, 50, and 100 % from 
recommended rate of N) in which there were significant 
differences in N concentration between the maize 
intercropped with soybean. Application of N fertilizer 
significantly increased N acquisition by maize. Nitrogen 
acquisition by maize intercropped with soybean was 
significantly lower compared to sole maize at all rates 
of N application (Table 4). This furthermore reveals that 
soybean benefitted maize during the co-growth stage.  

      
 
 



 

Table 3. PLER and TLER in intercropping system of maize and soybean for two successive 
seasons 

Rate of N applied 
(percentage from 

recommended rate) 

PLER-
Maize 

PLER- 
Soybean TLER 

PLER- 
Maize  

+ rhizobium 

PLER- 
Soybean  

+ rhizobium 

TLER 
+ 

rhizobium 
 Grain Yield, Mgha-1 

First Season: 
                      0 1.53 0.93 2.46 2.41 0.95 3.36 

25% 2.00 0.88 2.88 2.19 0.99 3.18 
50% 1.79 0.85 2.64 2.04 0.96 3.00 

100% 1.01 0.87 1.88 1.01 0.94 1.95 
 Above-ground biomass, Mgha-1 

First Season: 
                      0 1.14 0.80 1.94 1.56 0.89 2.45 

25% 1.72 0.78 2.50 1.87 0.93 2.80 
50% 1.65 0.76 2.41 1.79 0.92 2.71 

100% 1.01 0.80 1.81 1.01 0.94 1.95 
 Grain Yield, Mgha-1 

Second Season: 
                      0 1.53 0.92 2.45 2.42 0.93 3.35 

25% 1.99 0.88 2.87 2.18 0.97 3.15 
50% 1.75 0.85 2.60 2.01 0.97 2.98 

100% 1.02 0.87 1.89 1.04 0.94 1.98 
 Above-ground biomass, Mgha-1 

Second Season: 
                       0 1.13 0.80 1.93 1.54 0.88 2.39 

25% 1.59 0.77 2.36 1.87 0.92 2.79 
50% 1.63 0.76 2.39 1.78 0.91 2.69 

100% 1.00 0.80 1.80 1.01 0.94 1.95 

Table 4. Nitrogen acquisition (kgha-1) of maize, soybean, and maize/soybean intercropping 
system with and without rhizobium for two successive seasons 

Rate of N 
applied 

(percentage from 
recommended 

rate) 

 Maize Soybean 

Maize + Soybean  
Soybean  

+ 
rhizobium 

Maize + soybean 
+ rhizobium 

Maize Soybean Maize Soybean 

First Season : 
0 

3.88±0.28 5.11±0.54 4.51±0.44 
 

4.02±0.22 
9.33±1.22 6.11±0.38 4.88±0.33

25% 22.33±2.12 48.45±3.87 33.78±3.41 31.09±1.44 62.25±5.32 40.12±4.22 38.65±2.33
50% 55.24±4.87 31.55±2.66 59.32±5.66 22.06±1.65 42.12±4.88 70.54±6.74 28.98±1.66
100% 165.12±11.21 44.23±4.21 177.98±13.99 31.22±2.08 48.12±4.12 188.24±14.88 39.65±3.23

LSD 0.05 12.28 6.23 11.18 5.12 8.88 14.25 5.32 
Second Season: 

0 
6.54±0.55 5.33±0.62 4.62±0.33 

 
3.66±0.24 

9.66±1.28 6.33±0.42 4.22±0.22

25% 26.25±3.55 50.12±3.98 34.00±3.88 38.12±2.05 63.23±5.74 42.00±4.55 41.45±3.99
50% 61.22±5.01 33.24±4.02 60.22±6.12 21.08±1.99 43.21±4.15 71.55±7.18 30.03±2.32
100% 171.87±13.33 46.32±3.33 179.12±14.11 34.77±2.11 49.11±4.23 192.33±14.32 43.87±3.46

LSD 0.05 11.47 7.14 13.58 5.43 9.21 14.88 6.08 
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Fig.(2) depicts nitrogen uptake versus maize grain 

yield as determined for treatment in first season. There 
were significant positive relationships between N 
uptake (kg.ha-1) and maize grain yield in the first season 
(Fig.2) [r= 0.99, 0.99, 0.90, 0.90, and 0.86 for sole 
maize, sole soybean, maize/soybean intercropping, 
soybean-rhizobium, and maize/soybean-rhizobium, 
respectively]. Similar results were obtained for maize in 
the north-central USA (Dobermann and Cassman, 
2002). 
Available nitrogen in soil: 

 The amounts of available nitrogen in soil before 
cultivation and after harvest of maize or soybean plants 
in the two seasons are presented in Table (5). In all 
treatments, significant increases in available N content 
were observed in the mineral and/or bio-fertilized 
treated plots with maize/soybean intercropping plots 
(Table 5). However, the mineral-N fertilizers 
significantly increased available nitrogen in soil 
followed by the treatment of the maize/soybean 
intercropping system + biofertilizer plots. The highest 
value of available nitrogen was 58.32 mgkg-1 are 
widespread recorded at entire RR-nitrogen application 
compared with the other treatments (Table 5). The 
amount of available N in mineral-N plots ranged 
between 9.66 and 58.32 mg kg-1, while for 
maize/soybean intercropping treatments, the available 
nitrogen content values ranged between 7.11 and 22.89 
mg kg-1 (Table 5). Furthermore, The N content of 
biofertilizer-maize/soybean intercropping treatments 
ranged between 12.35 and 52.68 mg kg-1 (Table 5).  In 
general, the available nitrogen concentrations were 
significantly increased to the same extent in mineral-N 
and bio-fertilized plots (Table 5). These results are in 

agreement with the findings of Li et al.2001, Scheller 
and Raupp, 2005; Warman, 2005, Herencia et al., 2007, 
and Li et al.2011). 

It is necessary to indicate that the N applied through 
the rhizobium or maize+soybean intercropping system 
was immediately available for plant use. The plots 
inoculated with rhizobium in presence of mineral-N 
fertilizer in maize/soybean intercropping system are 
characterized by higher levels of microbial activity 
especially at low fertilizers rates of mineral nitrogen 
(25-50%) as reported by Melero et al., (2006).  

CONCLUSIONS 
The intercropping system between maize and 

soybean could also be a mean of correcting the low 
available nitrogen content of most Egyptian agricultural 
soils, which would mean an improvement in their 
fertility. Thus, there are benefits to soils from an 
intercropping system. Moreover, the results confirmed 
that this intercropping system would be a good 
substitute for the conventionally used basal fertilization 
for maize, because it was successfully applied as a 
source of fertilizer combined with additional mineral 
fertilizers (30-60 kg N) to complete the overall needs 
for crops with high requirements, in the case maize.  

It is important, therefore, to use the intercropping 
system between maize and soybean combined with the 
mineral-N fertilizers (25-50% of N RR, equivalent to 
30-60 kg N) to complete the needs of crops. Although, 
addition of 50% of nitrogen RR to maize+soybean plus 
rhizobium was not the highest value of grain or stover 
yields, it is recommended that to be the preferable 
economic treatment.  

Table 5. Available nitrogen (mgkg-1) in the soil before cultivation and after harvest of maize, 
soybean, and maize intercropped with soybean plants for two successive seasons (means ± 
SD) 

Rate of N applied 
(percentage from 

recommended rate) 
Before Maize Soybean Maize + 

Soybean 

Soybean  
+ 

rhizobium 

Maize + 
Soybean 

+ rhizobium 
First Season: 

0 9.66±0.61 6.23±0.37 9.72±0.55 7.11±0.88 15.33±1.03 12.35±0.77 

25% 16.22±0.87 7.89±0.56 28.98±2.22 15.23±1.04 48.99±4.55 44.24±3.45 
50% 28.05±1.11 9.23±0.32 31.22±2.36 19.25±2.88 51.88±4.87 47.88±5.14 

100% 58.32±1.77 11.25±1.02 35.65±3.58 22.89±3.77 55.33±5.23 52.68±4.56 
LSD 0.05 3.99 1.92 2.08 1.32 4.95 4.88 

Second Season: 
0 10.88±1.08 7.88±0.88 11.98±0.77 9.12±1.08 16.88±1.11 14.58±1.55 

25% 18.22±1.55 9.11±2.01 32.65±3.58 17.25±2.11 49.98±4.55 46.54±4.35 
50% 31.22±2.33 10.56±1.04 34.78±4.32 22.54±3.87 53.68±5.66 47.99±3.45 

100% 62.32±5.66 13.21±1.12 37.25±3.69 25.34±3.54 58.35±3.45 54.98±4.21 
LSD 0.05 3.87 1.84 2.84 1.56 5.11 5.36 
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Fig2. Relationships between nitrogen uptake and grian yield of sole maize or soybean, and 

maize/soybean intercropping system with and without rhizobium inoculation. 
*,**,*** are significant at 0.05, 0.01,0.001 probability levels, respectively 
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  الملخص العربي

أثر التحميل بين الذرة الشامية وفول الصويا الملقح والغير ملقح بالريزوبيوم على محصول الذرة 
  والصلاحية الحيوية للنيتروجين فى وجود النيتروجين المعدنى

  نيفين عمر فتحى

أجريت تجربتين متتاليتين فى أحـواض أسـمنتية فـى     
الإسكندرية لدراسة معمل بحوث الأراضى الملحية والقلوية ب

أثر التحميل بين الذرة الشامية و فول الصويا على محصول 
الذرة والصلاحية الحيوية للنيتروجين فى وجود النيتروجين 

أشارت نتائج الدراسة أن أعلى قيمـة لمحصـول   . المعدنى
من %  ١٠٠كجم للهكتار كانت عند إضافة  ٥٥٨١الحبوب 

معدنى وأقـل كميـة   الكمية الموصى بها من النيتروجين ال
كجم للهكتار كانت عنـد التحميـل بـدون إضـافة      ٢٢٨٠

إضافة الريزوبيوم إلى بذور فول الصويا . نيتروجين معدنى
قبل الزراعة فى الأحواض التى بها تحميل بين الذرة وفول 
الصويا أدت إلى زيادة محصول الحبوب والحطب معنويـاً  

ة للنيتروجين زادت الصلاحية الحيوي. فى كلا موسمى النمو
عند إضافات النيتروجين المعدنى فى حالة الـذرة الشـامية   

. بمفردة وكذلك فى حالة التحميل بين الذرة وفول الصـويا 
ووجدت علاقة إرتباط قوية بين النيتروجين الممتص وبـين  
محصول الحبوب والحطب للذرة الشامية أو الذرة الشـامية  

لمحمل على فول الصويا أو الذرة المحمل على فول الصويا ا
مـن  %  ٥٠على الرغم من إضافة . المضاف لة ريزوبيوم

النيتروجين المعدنى إلى الأحواض المحمل بها ذرة شـامية  
مع فول صويا لم تكن الأعلى فى قيمـة محصـول الـذرة    
الشامية إلا أن الدراسة توصى بأن هذة المعاملة هى الأجدى 
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