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Inroduction                                                                

Recently, much higher nutrient outflows due 
to some bad practices followed by farmer’s 
viz., intensive agriculture, neglected cropping 
sequences and ignored fertilization programs; all 
these among the factors of soil degradation are 
the main challenges facing improving agriculture. 
Thus, low priority is given to increasing the current 
productivity to meet the present rapid population 
growth and changing in food preferences, as well as 
decreasing the gap between total food production 
and human consumption. Nutrient managements 
are therefore, a vital component of agriculture 
strategy plan to 2050. Although, the extension 
of the cultivated area is an urgent priority for 
increasing national income, regretfully the most 
of the allowed lands for reclamation are sandy or 
sandy calcareous soils contains relatively high 
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HIGH concentration of CaCO3, pH and EC, are among the main constraints affecting soil 
health, nutrients solubility, availability and lower productivity. Managing agronomic 

practices are the best way for insuring soil deterioration. Field experiments, in split plot design, 
were carried out in two summer seasons of 2017 and 2018 years at Nobaria, Behaira Governorate, 
Egypt, to investigate the effect of cropping systems and nutrients management on the nutrients 
uptake and utilize by maize (Zea mays L.). The experiment included three intercropping 
systems viz., sole maize ; cereal/cereal and cereal/legume and four fertilization treatments 
viz., recommended dose of NPK (control); half of recommended dose; half of recommended 
dose+organic manure (compost) 30m3 ha-1 and half of recommended dose+organic manure 
(compost) 30m3 ha-1+inoculation seeds with multi strains microbial bacteria. Results confirmed 
that maize/legumes intercropped resulted in superior nutrients uptake and robust improvements 
in yield advantages. Additionally, intercropped maize/legumes and application the half dose 
of the recommended chemical fertilizers alongside 30m3 ha-1 of organic manure and seed 
inoculation with bacteria could mitigate soil nutrients deficiency, increased N, P, K and 
remaining an increase of final grain yields by 14.47% and 26.41% in both seasons, respectively. 
While, maize/cereal intercropped increased the uptake of Fe, Mn and Zn. Results highlighted 
that intercropping systems alongside integrated nutrients management could compensate the 
reduced dose of synthetic fertilizers. Such practices are the most effective practices can prevent 
nutrients deficiency and help small householder farmers to achieve high yield.  

Keywords: Intercropping pattern, Organic-inorganic fertilizers, Integrated nutrients, Maize 
cowpea/millet, Calcareous soils.

amounts of calcium trioxocarbonate (CaCO3), 
very low in organic matter, higher EC and alkaline 
pH that pronounced influence on nitrogen (N) 
loss and or fixation, reduce the solubility and 
availability of phosphorus (P) and potassium 
(K).Under such condition, most of nutrients 
required for crop growth and productivity are 
frequently limited. Numerous of researches, Mc 
Dowell et al. (2008), Boschetti et al. (2009) and 
Marschner (2012) suggested that acidification and 
alkalization in the rhizosphere are the dominant 
factors affecting soil nutrients solubility and 
availability (Fig. 1). For example, in alkaline soils 
where higher pH are prevailing, marked decrease 
in Fe, Zn, Mn and Cu absorption were observed, 
because of these elements are highly correlated 
to lower pH (Kaya et al., 2009; Haigang et al., 
2010; Motior Rahman et al., 2011 and Marschner, 
2012). 
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Fig1. Relative availability of plant  nutrients by soil pH. (Truog, 1946)

Farmers are full dependence on application 
of chemical fertilizers to obtained yield 
performance, which is not neither economical 
nor pragmatic practice, due to the prices of most 
fertilizers always are not fixed and sometimes 
are not available for poor farmers. Furthermore, 
many farmers and agriculture specialists are not 
believed that they can obtain economic yield 
without application of fertilizers. Nevertheless, 
a higher amount of fertilizers are required to 
sustain the same yields in the second and third 
seasons as compared to the first one , since two 
to three crops are grown annually (Kacar & 
Katkat, 2009). Certainly, continuous use of huge 
amounts of inorganic fertilizers is the main reason 
of vastly deteriorating soil health, productivity 
and both stability and sustainability. As stated by 
Yolcu et al. (2011) and Recep İrfan et al. (2015), 
overuse of inorganic fertilizers leading to 
problems of nutrient deficiency, environmental 
pollution and damages soil chemical properties 
through increasing soil acidity, and leading to 
decrease both crop yield and quality. So, the 
attention has changed directly towards organic 
sources (Suge et al., 2011; Gudugi, 2013 and 
Ghulam et al., 2015). 

Earlier, farmers have recognized that, 
application of organic manure is an urgent 
priority for restoring soil health and improving 
soil physical, chemical and biological properties, 
particularly in arid and semi-arid soils, which 
are already suffered from the limitations and 

unavailability of essential nutrients (Adeoye et 
al., 2011; Siavoshi et al., 2011; Rahmann et al., 
2016 and Selim & Alowayed, 2017). Several 
studies for long-time experiments at farmers 
fields are worthy cleared that, minerals uptake 
and subsequently yield of many crops were much 
higher, when application of organic fertilizers in 
combination with synthetic fertilizers (Integrated 
nutrients management), in the recommended dose 
or with a partial dose from the recommended, 
compared to control (Sarwar et al., 2007 and 
2008). The efficiency of the usages of organic 
manures in combination with synthetic fertilizers 
can be explained by the solitary role of each 
one as well as their combination in improving 
soil physiochemical properties, optimizing pH, 
EC values, alleviating the absence of essential 
nutrients in poor soils and regulation the 
relationship between plant absorption and soil 
nutrient contents (Bhattacharyya et al., 2007; 
Tewolde et al., 2007; Kaya et al., 2009 and 
Marschner, 2012). Nonetheless, knowledge 
of the optimum combination of organic with 
inorganic fertilizers, which can be compensate 
the reduce dose of chemical fertilizers and 
the time of application also are necessary for 
activating the economic use of fertilizers and 
to obtain maximum yield of high quality traits 
(Suge et al., 2011; Ghulam et al., 2015 and Selim 
& Al-Owied, 2017).  

Intercropping is one of a multiple cropping 
system, which has a good utilization of ecological 

                                                                                                              
 
 
 
 
 
 
 
 
 
 
 
Fig1. Relative availability of plantnutrients by soil ph. (Truog, 1946)    
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resources, such as solar radiation, water, soil area 
and fertilizers for ensuring yield advantages (Li 
et al., 2013 and 2014). Also, intercropping may 
be the lonely choice or the dominant option must 
be done, for example the area under agroforestry 
(Zomer et al., 2009). Among the different cropping 
systems, the popular option in intercropping is 
legume/cereal (Midega et al., 2014). Several 
studies Wu et al. (2012), Qin et al. (2013), Liu 
et al. (2017) and Wang et al. (2017b), suggested 
that the yield advantages of intercropping over 
sole cropping system are due to more than one 
reason, such as different plant species grown in 
the same time in the same area, are need different 
nutrient requirements, thus reducing competition 
between neighboring plants and gave chance to 
complementary use of environmental resources 
viz., nutrients; water and light. In the same 
context, previously some studies suggested that, 
yield advantages in term of intercropping system 
may be due to increasing the mobility, releasing 
and uptake of nutrients such as Fe, N, and P 
(Haigang et al., 2010; Li et al., 2011 and Paltridge 
et al., 2014) or increasing land use efficiency (land 
equivalent ratio, LER) and nutrients utilization 
(Li et al., 2011) and light (Mao et al., 2014) 
and enhanced positive interactions relationship 
between neighboring crops (Lv et al., 2014 and 
Jannoura et al., 2014). Furthermore, Qin et al. 
(2013) stated that, the success of intercropping 
systems may be due to the improving in utilization 
of available environmental resources. In addition, 
the study of Kimou et al. (2017) revealed that there 
were significant effects of intercropping systems 
on growth and yield components of maize and 
cowpea than mono-cropping pattern; they also 
revealed that greatest productivity per unit area 
was achieved by intercropping two crops together. 
However, intercropping system offers low cost, 
pragmatic and a sustainable solution to nutrients 
deficiency in marginal soils. Also, intercropping 
system can play a vital role in global agricultural 
economy (FAO, 2012).

Although, intercropping system is a complex 
field practices and need more labors, which 
resulting higher labor costs, but its gains in 
long run to the soil improvements are more than 
expended (Caviglia et al., 2011). Sometimes, 
intercropping systems are facing by much stress, 
leading to low crop productivity including both 
biotic components (plants, animals, fungi and 
bacteria) and abiotic components (chemi cal and 
physical elements such as soil minerals, sunlight, 

moisture, and temperature). Iqbal et al. (2012) and 
Rahman et al. (2013), suggested that accepting 
intercropping systems inside bio-organic farming 
in poor soil fertility and or in inadequate nutrient 
supplies can successfully compensate to the low 
productivity. In the same context, the experiments 
of Chandrakala et al. (2017) concluded that 
adopting such agronomic practices alongside 
integrated nutrient management practices could 
supplies plant for long time with its nutrients 
requirement and thereby overcome the serious 
problems of excessive applications of N and P 
fertilizers.  

Bio-fortification is a ecofriendly practice, 
offers rhizosphere with sustainable microbial 
community structure, delivers a viable solution 
to most of macro and micronutrients deficiency, 
also can reduce the dose of inorganic fertilizer, 
creates favorable soil physiochemical conditions, 
environmental health and sustaining economic 
yield (Song et al., 2007; Garbeva et al., 2008; 
Samreen et al., 2017 and Wang et al., 2017a).  

Keeping the view of the previous literature, 
although realizing some advantages by following 
some agronomic practices and nutrients 
management, we are still need knowledge about 
the approach which can be achieved higher yield 
and sustain soil health. Therefore, the purpose of 
the current study is to overcome the problems of 
nutrients deficit and attaining higher yield with 
higher quality traits of maize grown in calcareous 
soils by using agronomic practices and nutrients 
management.

Materials and Methods                                          

Description of the experimental site 
Field experiments were conducted at 

Experimental Farm of the Production Sector, 
Ministry of Agriculture, Nobaria District, Behaira 
Governorate, the location is about 35km from 
Alexandria city and about 13km east of Alexandria 
desert road, (30°91N latitude, 29° 96E longitude 
and almost at analtitude of 14m above the sea). 
The total annual rainfall is very little, only in 
November, December, January and very rarer 
in February, average amount of annual rainfall 
amounted 154mm and the average temperature 
during the growth period was 29.0°C-32.8°C 
(Max.) and 20.5°C-22.8°C and the average 
temperature was 24.7°C-26.8°C.   
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TABLE 1. Mean of physical properties of the soil site samples.

Properties

Season

Saturation
%

pH soil
paste 

(1:2.5)

EC
(dS/m)

O.M
%

CaCO3
%

Field
capacity 

(%)

Wilting 
point
(%)

Sand
(%)

Silt
(%)

Clay
(%)

Soil texture
(%)

First season 29.70 8.21 2.98 0.42 29.62 16.30 7.67 57.92  27.20 14.88 Sandy loam

Second season 28.12 7.98 2.81 0.48 29.43 16.42 7.71 57.82 27.25 14.90 Sandy loam

TABLE 2. Mean of chemical properties of the soil profile samples. 

Active 
CaCO3,%

Total 
CaCO3%

Soluble anions (meq/L) Soluble cations (meq/L) E.C
dS/m

(paste) 

pH
soil paste

1:2.5

SP
%

Depth 
(cm)SO4

= Cl- CO3
--

+HCO- K+ Na+ Mg++ Ca++

7.0 18.46 18.7 23.5 1.2 2.0 22.4 7.9 11.1 4.34 8.30 53.3 0-25

13.5 30.77 12.4 22.9 1.0 1.7 16.9 7.2 10.5 3.63 8.20 48.3 25-70

14.0 34.62 9.8 14.3 0.9 1.2 9.7 6.0 8.1 2.50 8.17 50.0 70-120

TABLE 3. Mean of available nutrients in initial samples of the experimental soil site. 

Depth 
(cm)

Total 
N%

Available
(P) ppm

Available
K (ppm)

Available 
Fe (ppm)

Available
Mn (ppm)

Available 
Zn (ppm)

O.M
%

0-25 0.15 2.5 223.5 2.6 3.9 1.5 1.7

Plant material  
Seeds selected plant species were used in the 

present study are Maize (Zea mais L.) c.v Giza 
310 and cowpea (Vigna unguiculata L. Walp.) 
c.v Giza 3 and pearl millet (Pennisetum glaucum 
L.) c.v Shandaweel 1. All seeds were obtained 
from Agriculture Research Center (ARC), Field 
Crops Research Institute, Giza, Egypt. 

Organic manure 
the organic manure which was used in the 

present study is resulting from decomposting 
different types of agriculture wastes mixed 
with cow manure and microbial activators with 
(1X108) of each of Streptomycs aurefaciens, 
Trichoderma viridie, T. harzianum, Bacillus 
subtilis and B. licheniformis (1L/ton) aerobically 
in heaps, then nearly after four months the 
mixture will turned into a good quality, brown 
to dark brown humidified, more stable in form 
and valuable source of plant nutrients (compost). 

Seed inoculation
Before sowing seeds were inoculated with 

N-fixing bacteria (Azotobacter) and phosphate 
dissolving bacteria (Pseudomonas sp.)

Soil chemical analyses 
At the start of the experiment and before 

commencement field preparation, eight soil 
samples were collected from three depths 0-25, 
25-70 and 70-120cm layers for determining 
some physical and chemical properties. Samples 
were sent to National Research Centre laboratory 
for measuring chemical analyses. Samples were 
dried and ground to pass a 2mm sieve. The soil 
electrical conductivity in saturated paste (EC e) 
was measured using the method as outlined by 
Janzen (1993). Soil pH was determined in a 1:2.5 
(w/v) soil/water suspension using a pH meter 
with a glass electrode. The total N concentration 
was determined by the Dumas method (Bremner, 
1996) and available P was extracted by the 
Mehlich 1 method (Donohue et al., 1983). 
Phosphorus was determined calorimetrically 
using the ammonium molybdate–ascorbic 
acid method, and K was measured by atomic 
absorption spectroscopy (Donohue et al., 1983). 
Soil organic-matter content was determined only 
in samples from 0-25cm deep by the Walkley–
Black titration method (Nelson & Sommers, 
1982). All concentrations were expressed on 
an oven-dried-weight basis. Also available 
micronutrients were also determined according 
to the methods described by (Cottenie, 1982; 
But, 2004).  Results are presented in Tables 1, 
2 and 3. 
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TABLE 4a. The fertilization treatments details. 

Treatment 
No. Detail

F1 Recommended dose of chemical 
fertilizers NPK.

F2 Half of the recommended dose of 
chemical fertilizers.

F3
Half of the recommended dose of 
chemical fertilizers+organic manure 
(compost) 30m3 ha-1.

F4

Half of the recommended dose of 
chemical fertilizers+organic manure 
(compost) 30m3 ha-1+seed inoculation 
with multi strains bacteria (Biofertilizers).

TABLE 4b. Chemical composition of compost used. 

Characters Value
Organic carbon (%) 13.0
E.C. dSm-1 2.47
pH 7.76
Total N (%) 0.60
Available P (mg kg-1) 84.5
C/N ratio 21.8

Treatments details and experimental design
The experimental treatments were distributed 

in a split-plot design based on randomized 
complete block design with four replications. The 
main plots contained cropping systems, which are 
included, common sowing practice throughout the 
studied area (sole sowing maize); intercropping 
maize with millet and intercropping maize with 
cowpea in intercropping system by alternating two 
rows of maize were intercropped with two rows 
of either cereal (pearl millet) or legume (cowpea) 
(2M:2C:2M). Whereas, fertilization treatments 
included four treatments were occupied subplots. 
Treatments details are presented in Table 4. 
Chemical composition of the manure (compost) 
used in the experiments are presented in Table 4b.

Crop management
Field preparation and sowing
Two weeks before sowing, soil sites were 

prepared as recommended, i.e. soil ploughing 
three cross harrowing’s, then properly leveled 
ridges and divided into plots. Each plot included 
six ridges, six meters length and 60cm apart; 
total experimental unit area was 21.60m2 to 
avoid the effect of lateral movement of irrigation 
water and soluble nutrients, the plots were 
isolated by borders of 1.5m in width from each 

side. Recommended dose of chemical fertilizers 
of NPK viz., phosphorus fertilizer at the rate of 
90kg P2O5 ha-1 as the form of superphosphate 
(16% P2O5) and potassium as the form of 
potassium sulphate (42% K2O), by the rate of 
100kg K2O ha-1 were applied broadcasting and 
mixed with soil, to plots which receive full 
doses of chemical fertilizers (control) and also 
to the plots which included the half dose of the 
recommended dose of chemical fertilizers, the 
half dose of each elements was applied. Whereas, 
nitrogen fertilizer was applied in splitting dose 
two times, once after thinning and the second 45 
days later, according to the experimental details 
(full dose of the recommended 150kg N ha-1 or 
the half dose of the recommended 75kg N ha-1). 
Organic manure (compost) was also applied by 
the rate of 30m3 ha-1 according to the treatment 
details. Before sowing, seeds of the crop in the 
treatment which included biofertilizers were 
treated with an adhesive material (Arabic gum) 
to make the seed surface sticky, immediately 
mixed with multiple strains bacterial (mixture of 
nitrogen fixer bacteria and phosphate dissolving 
bacteria (PDB, Pseudomonas sp.), by the rate of 
8g per kg seed. Sowing maize was done on 14th 
and 16th April in the first and second seasons, 
respectively. The presiding crop was wheat in 
both seasons. Two weeks earlier cowpea was 
sown in the assigned two ridges in 2drills/ ridge 
at the plant density of 350x10 3. In the same 
times seeds of millet were also sown in hills 
15cm spaced. Two weeks later maize was sown 
in hills 20cm spaced on both sides. After 21 days 
from sowing, plants were thinned to two plants 
per hill 20 days after sowing. Irrigation water 
was performed as followed by farmers in the 
experimental site area. 

Data recorded
Measuring yield and yield component 

characters: At harvest, two ridges were hand 
pulled and biological yield per hectare were 
determined. Sub sample of ten border plants was 
taken and completely air dried and then ear cover 
was pulled, and yield component characters were 
determined viz., ear length (cm), ear weight (g), 
seed weight per ear (g) and hundred seed weight 
(g) were determined. Seed yield (kg ha-1) was 
also calculated.  

Plant chemical analyses: Representative 
samples of the plant were taken at maximum 
growth stages after 90 days from sowing, and 
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sent to National Research Centre laboratory 
for measuring chemical analyses. Samples 
were washed with distilled water, oven dried at 
72°C for 48h and grounded to powder in a ball 
mill. Then, plant samples were digested by the 
dry ashing method (Jones & Case, 1990) for 
determining total N by Kjeldahl’s method by 
digesting the contents in H2SO4 followed by 
distillation (Jones & Case, 1990). Phosphorus and 
K were determined by digesting the samples in 1:5 
HClO4:HNO3 mixture. The digests were analyzed 
for P by vandomolybdo phosphoric acid yellow 
color method (Cottenie, 1982) and K by emission 
spectroscopy. Total content of micronutrients 
(Fe, Mn and Zn) using spectroscopy methods) 
described by Donohue & Aho (1992). 

Statistical analyses 
Data were statistically analyzed using 

analyses of variance appropriate for split plot 
design as described by Gomez & Gomez (1984). 
Means were compared using new least significant 
differences (LSD) test at 0.05 level of probability. 

Results                                                                     

Yield and yield components characters, 
nutrients uptake by maize in different cropping 
systems, fertilization treatments as well as 
their combinations in two cropping seasons in 
calcareous soil were investigated in the current 
study, in order to overcome the problem of 
nutrients deficiency. Results given are presented 
in Tables 5, 6, 7, 8, 9 and 10. 

TABLE 5. Mean of yield and yield component characters of intercropped maize in response to nutrient managements 
as well as their interactions (first season).

Cropping 
system

Fertilization
treatments 

Plant 
height
(cm)

Ear 
length,
(cm)

No. of 
rows
ear-1

Grain 
yield ear-1

(g)

Hundred 
grains 

weight (g)

Biological
yield,

(ton ha-1)

Grain yield
(ton ha-1)

Harvest 
index

%

Maize  Solid*

F1 211.3 19.3 13.20 278.2 24.28 18.75 7.275 38.80
F2 200.0 18.7 13.00 242.7 22.87 18.22 7.220 39.63
F3 212.8 19.8 13.20 276.6 23.84 19.60 7.789 39.74
F4 213.6 19.9 13.35 295.5 25.26 19.82 7.885 39.78

General mean of solid 209.4 19.4 13.19 272.8   24.56 19.10 7.542 39.49

Cereal/ cereal

F1 212.3 19.6 13.40 291.4 25.42 18..60 7.408 39.83
F2 206.0 19.2 12.91 255.6 23.86 18.64 7.410 39.75
F3 212.7 19.4 13.48 284.2 26.38 18.80 7.575 40.29
F4 215.6 20.8 13.38 289.9 27.82 19.46 7.736 39.75

General mean 211.7 19.8 13.29 279.8   26.37 18.88 7.532 39.91

  Cereal/legume

F1 214.0 20.9 13.75 298.7 25.83 19.12 7.678 40.16
F2 212.8 20.4 13.39 272.8 23.80 18..87 7.677 40. 68
F3 218.7 20.2 13.70 291.4 27.25 19.53 7.831 40.10
F4 235.7 21.4 14.88 336.2 29.83 20.23 8.298 41.03

General mean 220.3 20.7 13.93 299.3   26.68 19.46 7.871    40.51
LSD at 0.05 level for :

Cropping system 
Interaction

7.6
4.3

0.71
0.24

   
0.54
0.39

5.48
27.5

0.22
1.82

0.18
0.25

0.312
0.152

  
-----
------

TABLE 6. Mean of yield and yield component characters of intercropped maize in response to nutrient 
managements (first season).

Fertilization 
treatment

Plant height
(cm)

Ear length
(cm)

No. of 
rows ear-1

Grain yield 
ear-1 
(g)

Hundred 
grains 

weight (g)

Biological
yield

(ton ha-1)

Grain 
yield

(ton ha-1)

Harvest 
index

%
F1 212.53 19.93 13.45 289.4 25.18 18.82 7.435 39.60
F2 206.27 19.43 13.10 257.3 23.51 18.58 7.625 39.85
F3 214.73 19.80 13.46 284.6 25.82 19.31 7.732 40.04
F4 221.63 20.70 13.87 307.2 27.64 19.84 7.973 40.19
LSD at 0.05 level 5.46 0.22 0.31 22.7 1.18 0.44 0.271 ----
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TABLE 7. Mean of yield and yield component characters of intercropped maize in response to nutrient managements 
as well as their interactions (second season).

Cropping 
system

Fertilization 
treatments

Plant 
height
(cm)

Ear length
(cm)

No. of 
rows
ear-1

Grain 
yield ear-1 

(g)

Hundred 
grain 

weight (g)

Biological
yield

(ton ha-1)

Grain 
yield

(ton ha-1)

Harvest 
index

%

Maize solid *

F1 213.8 19.70 13.30 280.9 24.59 20.10 7.818 38.90
F2 209.2 18.90 13.10 244.2 23.08 19.04 6.969 36.60
F3 223.9 19.85 13.30 275.8 23.91 20.69 7.760 37.51
F4 240.6 20.20 13.74 301.5 25.92 22.83 8.943 39.18

General mean of solid 220.9 19.66 13.36 275.6 24.38 20.67 7.873 38.05

Cereal/cereal

F1 212.8 19.20 13.52 288.8 25.26 19.78 7.880 39.83
F2 212.6 18.00 13.40 261.4 23.92 19.03 7.127 37.45
F3 229.8 19.50 13.80 283.2 25.21 19.81 7.703 36.93
F4 230.9 20.80 13.96 306.5 25.97 20.86 7.922 39.98

General mean 221.5 19.88 13.67 284.9 25.09 19.87 7.658 38.55

Cereal/legume

F1 220.6 20.30 13.65 298.5 26.32 19.28 7.145 38.09
F2 223.9 20.00 13.58 279.7 24.79 19.13 7.147 37.46
F3 242.9 21.60 14.22 300.0 26.90 21.97 8.250 37.55
F4 254.5 21.40 14.83 314.5 27.68 24.28 9. 883 40.71

General mean 235.5 20.83 14.07 298.2 26.42 21.67 8.356 38.50
LSD at 0.05 level for:

Cropping system 
Interaction

  
12.9
4.2

   
1.32
0.15

 
0.35
0.42

  
8.12
12.4

 
1.23
1.26

0.79
0.68

 
0.121
0.894

 
ـــــــ
ــــــ

TABLE 8. Mean of yield and yield component characters of intercropped maize in response to nutrient 
managements (second season).

Fertilization 
treatment

Plant height
(cm)

Ear length
(cm)

No. of 
rows ear-1

Grain yield 
ear-1 
(g) 

Hundred 
grain weight 

(g)

Biological
yield

(ton ha-1)

Grain 
yield

(ton ha-1)

Harvest 
index

%
F1 215.7 19.73 13.49 289.4 25.39 20.39 7.948 39.00
F2 215.2 18.97 13.36 261.8 23.93 19.87 7.081 37.17
F3 232.2 20.32 13.77 286.3 25.34 20.82 7.904 37.33
F4 242.0 20.80 14.18 302.7 26.52 22.66 8.916 39.96
LSD at 0.05 level 8.72 0.48 0.28 12.9 1.12 1.22 0.68 ـــــــ

TABLE 9. Mean of N, P, K, Fe, Zn and Mn uptake by maize plant as affected cropping systems and fertilization 
treatments under calcareous soil (data mean of two seasons).

Cropping 
system Fertilization Macronutrients uptake (kg ha-1) Micronutrients uptake (g ha-1)

N P K Fe Zn Mn

Solid 

F1 245.5 39.5 213.5 1.844 1.239 1.199
F2 255.3 26.4 185.3 1.108 1.122 1.231
F3 308.0 44.5 211.3 2.115 1.442 1.224
F4 321.6 48.9 232.0 2.387 1.572 1.345

General mean of solid 282.6    39.1 210.5 1.864 1.344 1.250

Cereal/cereal

F1 233.5 36.0 199.8 2.092 1.464 1.397
F2 212.2 25.6 177.2 1.754 1.312 1.115
F3 289.8 40.3 217.0 2.285 1.668 1.423
F4 290.4 44.5 220.5 2.445 1.792 1.642

General mean 256.5 36.6 203.6 2.144 1.559 1.390

Cereal/legume

F1 292.5 38.0 234.0 1.756 1.160 1.128
F2 246.5 27.8 212.6 1.485 1.112 1.101
F3 315.5 45.6 238.5 1.988 1.104 1.266
F4 338.5 52.5 243.2 1.992 1.198 1.321

General mean 298.3 41.0 232.1 1.805 1.144 1.204
LSD at 0.05 level for :

Cropping system 
Interaction

7.6
4.2

2.4
1.3

5.6
3.4

0.192
0.177

0.158
0.085

0.120
0.142
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TABLE 10. Mean of N, P, K, Fe, Zn and Mn uptake by maize plant as affected cropping systems and fertilization 
treatments under calcareous soil (data mean of two seasons).

Fertilization Macronutrients uptake (kg ha-1) Micronutrients uptake (g ha-1)
N P K Fe Zn Mn

F1 257.2 37.8 215.8 1.897 1.288 1.241
F2 238.0 26.6 191.7 1.449 1.182 1.149
F3 304.4 43.5 222.3 2.129 1.405 1.304
F4 316.8 48.6 231.9 2.275 1.521 1.436
LSD at 0.05 level: 14.2 4.7 5.8 0.124 0.112 0.121

Effect of cropping systems, integrated nutrients 
management and their interactions on the yield 
and yield components of maize in two cropping 
seasons

Compared to the tested cropping systems, 
results presented in Tables 5 and 7 revealed 
that intercropped maize with either cowpea or 
millet surpassed sole sowing maize. However, 
intercropped maize-cowpea exceeded maize- 
millet and recorded the tallest maize height 
(220.3cm and 235.5cm.), in the first and second 
seasons, respectively as compared to intercropped 
maize-millet, which registered (211.7cm and 
221.5cm), in the first and second seasons, 
respectively. Whereas, the lowest plant height 
(209.4cm and 220.9cm) were recorded with 
mono cropping system in the first and second 
season, respectively. Regarding, yield and yield 
component characters, it is worthy note that 
the highest values of ear length (20.70cm and 
20.83cm); number of rows per ear (13.93 and 
14.07); grain yield per ear (299.3g and 314.50g); 
hundred seeds weight (26.68g and 26.42g); 
biological yield (ton ha-1) (19.46 and 21.67); grain 
yield (ton ha-1) (7.871 and 8.356) and harvest index 
(40.51% and 38.50%) were recorded with sowing 
maize in intercropping system with cowpea, in the 
first and second seasons, respectively. Followed 
by intercropped maize with millet recorded higher 
values, compared to sole sowing in most of yield 
component characters, except biological yield ton 
ha-1 and grain yield ton ha-1, sole maize sowing 
exceeded intercropped maize/millet, in the first 
and second seasons, respectively.  

Likened to nutrients managements, data 
recorded in Table 6 and 8 cleared that, the tallest 
maize plants (221.63cm and 242.0cm), in the first 
and second seasons, respectively were found in 
the treatment, which received the half dose of 
chemical fertilizers+organic manure (compost) 
30m3 ha-1+Biofertilizers (F4). In the same tables, 

the treatment received full dose of chemical 
fertilizers (F1) registered plant height (212.53cm 
and 215.70cm). As a results registered in the same 
table, treatment which received the half dose of 
chemical fertilizers (F2), recorded the shortest 
plant height (206.27cm. and 215.2cm). However, 
application the half dose of chemical fertilizers 
in combination with organic manure (compost) 
30m3 ha-1 (F3), recorded plant height (214.73cm. 
and 232.2cm.), in the first and second seasons, 
respectively. Likewise, the highest values of yield 
and yield component characters viz., ear length 
(20.70cm. and 20.80cm.); number of rows per 
ear (13.87 and 14.18); grain yield per ear (307.2g 
and 302.7g); hundred seeds weight (27.64g and 
26.52g); biological yield (ton ha-1) (19.84 and 
22.66); grain yield (ton ha-1) (7.973 and 8.916) 
and harvest index (40.19% and 39.96%), were 
accompanying the treatment which received the 
half dose of chemical fertilizers+organic manure 
(compost) 30m3 ha-1+Biofertilizers (F4), in the 
first and second seasons, respectively. Contrary, 
the lowest values of the same parameters were 
obtained from the treatment, which received sole 
application of half dose of chemical fertilizers 
(F2). Nonetheless, application the half dose of 
chemical fertilizers in combination with either 
organic manure 30m3 ha-1 or biofertilizers (F3 
and F4), the picture was changed and an increase 
in grain yield (ton ha-1) amounted (1.40% and 
4.56%) and (11.62% and 25.91%), were recorded 
in the first and second seasons, respectively.  

As a result of the solitary effect of cropping 
systems and nutrients management, a significant 
positive interactive effect on most of yield and yield 
component characters were also found. Plots of 
intercropped maize with cowpea and received the 
half dose of chemical fertilizers+organic manure 
30m3 ha-1+biofertilizers (F4) exceeding all tested 
treatments and recorded the highest values of 
plant height (235.7cm. and 254.5cm.), in the first 
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and second seasons, respectively. Furthermore, 
data in the same tables, also revealed that the 
same treatment (F4), recorded the highest values 
of ear length (21.4cm and 21.40cm); number 
of rows per ear (14.88 and 14.83); grain yield 
per ear (336.2g and 314.5g); 100 grain weight 
(29.83 g and 27.68 g); biological yield (ha-1) 
(20.23ton and 24.28ton); harvest index (41.03% 
and 40.71%) and final grain yield ton ha-1 
(8.328ton and 9.883ton), the increment in final 
grain yield amounted (14.47% and 26.41%), as 
compared to the treatment of sowing maize solid 
and application the full dose of chemical fertilizer, 
in the first and second seasons, respectively. Such 
effect of the interaction was expected early since 
the sole effect of each factor was significant and 
recorded the highest values of most of yield and 
yield component characters in both seasons.   

Effect of cropping systems, nutrients management 
and their interactions on nutrients uptake by 
maize in two cropping seasons

Regarding nutrients uptake by maize grown 
in calcareous soil under different cropping 
systems, nutrients management as well as their 
interactions. Data registered in Table 9, worthy 
cleared that among intercropping systems, maize/
legume intercropping performed better nutrients 
absorption as compared to cereal/cereal or sole 
cropping systems in terms of nitrogen, phosphorus 
and potassium uptake. However the picture was 
changed in the uptake of micro-nutrients Fe, Zn 
and Mn, however maize/legume intercropping 
pattern recorded the lowest values. Regarding 
the effect of managing nutrients application, 
it is notably that application of the half dose 
of recommended chemical fertilizers+organic 
manure 30m3 ha-1+ Biofertilizers (F4), recorded 
the highest values of N, P, K, Fe, Zn and Mn uptake 
by maize than the other treatments (Table 10). In 
the same table the lowest values were registered 
by application the half dose of the recommended 
chemical fertilizers (F2). Data also indicated that 
cropping patterns×nutrient management treatments 
interactions were significant for nutrients uptake 
by maize. Thus, the highest values of N, P and 
K uptake were reported in plots, which sowing 
with maize intercropped with cowpea and 
received the half dose of recommended chemical 
fertilizers+organic manure (compost) 30m3 ha-1 
+Biofertilizers (Table 9). Whereas, plots sowing 
with maize/millet intercropping pattern and 
received the half dose of recommended chemical 
fertilizers+organic manure (compost) 30m3 ha-1+ 

Biofertilizers (F4), recorded the highest values of 
Fe, Zn and Mn uptake by maize (Table 9).

Discussion                                                                  

From the data in the current study, it could 
be noted that, in general the data of the second 
season were higher than those of the first season. 
These interactions might have been due to the 
differences in meteorological parameters between 
the two seasons. Furthermore, results also showed 
that maize plants in intercropping system has 
higher vigor with good health than mono-cropping 
system, such superiority of maize growth in 
intercropping system may be due to optimum 
growth condition, which allowed plants to take 
their nutrient requirements and also make full 
use of light and water, thereby plants had a good 
chance to expressed their genetic constituents and 
produced maximum growth performances. In line 
with this finding, Hamd Alla et al. (2014), Luli 
et al. (2016) and Kimou et al. (2017), reported 
that intercropping system increased plant height 
of maize compared to mono-cropping system. 
Contrary, the experiments of Mohammed et 
al. (2010), Undie et al. (2012a,b) and Lemlem 
(2013) revealed that, there were no significant 
differences in terms of maize plant height when 
intercropped with soybean and cowpea, as 
compared to sole cropping system. As a result of 
yield and yield component characters, the current 
results are corroborates with the findings of Wu et 
al. (2012), Qin et al. (2013), Midega et al. (2014), 
Liu et al. (2017) and Wang et al. (2017a,b), they 
reported that yield advantages in maize plants 
when intercropped with cowpea as compared to 
corresponding sole crop system. These results 
are verified that different plant species grown 
in the same time at the same area, are need to 
different ecological requirements and thus, the 
competition between neighboring plants for light, 
water and nutrients reduced or may be became in 
lower level or almost absence, hence maize could 
complementary utilize obtainable environmental 
resources. Additionally, several investigators 
stated that, yield advantages of intercropping 
systems compared with sole cropping system may 
be due to the increase in land use efficiency by more 
than 100% for intercropping than sole cropping 
system (Sharma & Behera, 2009 ; Chen et al., 
2014 and Yin et al., 2015). Earlier, Hauggaard-
Nielsen et al. (2001) reported that maize as a sole 
cropping system requires a more area to produce 
the same yield as in intercropping system. Prosper 
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et al. (2017), concluded that intercropping 
of maize with legumes had the highest yield 
advantages with optimum exploitation of the 
land and environmental resources. In the same 
context, several investigators reported that, the 
superiority of intercropped maize/legume was 
expected, since biological nitrogen fixation by 
legumes, which is valued to maize growth and 
help to maintain highest grain yield and improve 
soil fertility (Kheroar & Patra, 2014 and Ashish 
et al., 2015). Unlike, the present results are in 
contrast with the findings of (Chakma et al., 
2011; Lemlem, 2013; Kheroar & Patra, 2014 
and Kimou et al., 2017), they reported that 
the maximum grain yield was obtained from 
sole cropping system, while the lower grain 
yield was maintained for intercropped maize/
cowpea, meanwhile results in the current study 
of intercropped maize/millet are in line with the 
previous studied and recorded the lower value 
of biological yield (ton ha-1) and grain yield (ton 
ha-1), such effect may be related to both crops 
are C4 photosynthetic pathways and nearly has 
the same requirements, thus the competition 
between neighboring plants was higher. Kheroar 
& Patra (2014), also reported that maize yield 
in intercropping system with cereal was reduced 
due to receipt of lower amount of growth 
requirements and/or the combation between the 
same plant species. Such results are linked with 
the fact that, photosynthetic pathways of crops 
with C4 plants have been known to be dominant 
when intercropped with C3 species. 

Regarding the effect of managing nutrient 
supplies, the current results indicated that the 
largest advantages in plant height, yield and 
yield component characters were noticed in 
plots, which plants were received nutrients in 
integrated forms, even at a partial dose of the 
recommended synthetic fertilizers, for example 
half dose of chemical fertilizers+organic manure 
30m3 ha-1+ Biofertilizers, followed by application 
of half dose of chemical fertilizers+organic 
manure 30m3 ha-1. These results are supported the 
previous findings, which is stated that application 
of organic manure in combination with adequate 
mineral fertilizers, able to compensate the 
reduction in the dose of chemical fertilizers, 
even the reduction equal to the half dose of 
the recommended. Such effect may be due to 
application fertilizers in integration organic and 
inorganic sources, can offer good option and 
economic choice to supplies plants with sufficient 

nutrient requirements for long time (Khan et al., 
2010; Suge et al., 2011; Ali et al., 2012; Dejene 
& Lemlem, 2012; Laekemariam & Gidago, 2012; 
Ghulam et al., 2015 and Selim & Al-Owied, 
2017). Also, Achieng et al. (2010), reported 
that application fertilizers in different organic 
sources, can improved physiochemical soil 
properties and thereby increased the movement 
and the uptake of NPK in sandy calcareous soils 
and increased the productivity of wheat and 
grain sorghum. Moreover, application nutrients 
in organic form can easily absorbed by plant 
roots after they react in the soil and changed to a 
form, which are readily available by plant roots 
(Anonymous, 2009). However, inoculation seeds 
with biofertilizers, can increased the population 
of different bacteria species in the rhizosphere, 
hence increased microbial stimulation effect and 
constructed sustainable supplies with essential 
nutrients, which are necessary for plant growth 
through gradual mineralization, fixation and 
mobilization (Song et al., 2007; Garbeva et al., 
2008; Samreen et al., 2017 and Wang et al., 
2017a,b). Additionally, the experiments of Zuo 
et al. (2000), Song et al. (2007) and Li et al. 
(2014)  suggested  that, the advantages in yield 
and yield components characters by rhizobium 
inoculation is thought to be mainly due to the 
increase of rhizobia structure community in 
rhizosphere . Data in Tables 6 and 8 also cleared 
that sole application of the half dose of chemical 
fertilizers reduced yield and yield component 
characters of maize as compared to application of 
full dose of chemical fertilizers .Such decrement 
probably due to lower nutrient availability, 
which are insufficient to meet the requirements 
of maize growth.  

Concerning the interactions, the recent results 
revealed that there is a strong positive correlation 
between intercropped maize with cowpea and 
received half dose of chemical fertilizers+organic 
manure 30m3 ha-1+biofertilizers (F4), exceeding 
all experimental treatments and recorded the 
highest values of  plant height and yield as well as 
yield component characters. Iqbal et al. (2012), 
Rahman et al. (2013), came to similar conclusion, 
they suggested that intercropping cereal/legume 
cropping system in combination with bio-organic 
farming system and or with adequate nutrient 
supplies in poor soil fertility can be successfully 
compensate low productivity and mitigates 
the soil nutrients deficit. In the same context, 
the experiments of Chandrakala et al. (2017) 
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concluded that, following intercropping practices 
alongside integrated nutrient management could 
be supplied plants with its nutrient requirements 
and mitigate the harmful effect of the absence of 
essential nutrients. Such practice can overcomes 
one of the serious problems accompanying the 
excessive applications of synthetic fertilizers, 
which is usually followed by many farmers.

The successes of nutrient use by plants is 
defined by several ways, among these, determining 
plant nutrients content, especially in those, which 
are grown under stress or in soils which has 
nutrient problems. Accordingly, the superiority of 
intercropped maize/cowpea in terms of nitrogen 
uptake may be explained by the ability of cowpea, 
as legume crop, to biological nitrogen fixation 
and provide maize with sufficient amount of N, 
in addition the competition between neighboring 
plants for nutrients absorption was completely 
absent. In addition, the presences of enough 
amount of nitrogen in rhizosphere affected on 
all other nutrients, improved root elongation and 
increased the availability of insoluble inorganic 
elements in soil like phosphorus and potassium 
uptake (Long et al., 2006). Furthermore, the effect 
of intercropping systems of cereal/cereal species 
is clearly observed in terms of increasing the 
uptake of Fe, Mn and Zn, this may be explained 
by the ability of gramineous species to excretion 
of phytosiderophores (PS) into the rhizosphere, 
which act with unavailable form of Fe and Zn and 
transport (PS Fe) or (PS-Zn) from the rhizosphere 
to the root cell for uptake (Inal et al., 2007; Zuo & 
Zhang, 2009, 2011 and Marschner et al., 2012).  

Results of managing nutriment requirements 
of maize grown in different cropping systems 
in calcareous soil are strongly demonstrate 
the importance of integrated use of inorganic, 
organic and biofertilizers sources in fertilization 
programs. The superiority of integrated nutrients 
management can be explained by nutrients 
required by maize is provided through the 
chemical fertilizers, addition of organic manures 
and biofertilizers improved physiochemical soil 
properties and could able to sustainably supplies 
plants with essential nutrients (Zuo & Zhang, 
2011; Verlinden et al., 2011 and Seyfollah et 
al., 2014). Whereas, the positive effects of 
interaction between cropping patters x managing 
nutriments can be clarified by the effect of each 
factor individually. 

Conclusion                                                                  

Nutrient deficiencies are the most common yield-
limitation and low productivity. It is well known 
that, calcareous soils are characterized by low 
organic matter, high pH (7.5–8.5) and high levels 
of bicarbonate. Therefore, plants under such 
condition suffered from some nutrient problems, 
and soil health problems, which are not only an 
agronomic issue, but also strongly related to social 
issues, especially for poor farmers, which they are 
unable to spend large investments in maintaining 
soil fertility. Occasionally, intercropping systems 
may be the best way or dominant option for 
complementarily utilize ecological resources. 
In addition, adopts cropping system cereal/
legume alongside integrated nutrient management 
(Supplementary part of inorganic fertilizers by 
organic manure and biofertilizers) is a most 
effective practices can prevent nutrients deficiency 
and a pragmatic approach by considering totality of 
the farm wastes that can be used as plant nutrients.
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دور نظم الزراعة واإلدارة المتكاملة للمغذيات على امتصاص العناصر الغذائية واألستفادة 
منها فى الذرة المزروعة في تربة جيرية

مصطفي محمد سليم على 
قسم بحوث المحاصيل الحقلية - المركز القومي للبحوث - الدقى - القاهرة - مصر.

العقبات  بين  من  الكهربى،  التوصيل  ودرجة  الحموضة  ودرجة  الكالسيوم،  كربونات  من  العالية  التركيزات 
الرئيسية التي تؤثر على خصوبة التربة، وذوبان العناصر الغذائية والقابلية لإل متصاص، وانخفاض اإلنتاجية. 
إدارة الممارسات الزراعية هي أفضل طريقة للحفاظ على التربة من التدهور. أجريت عدة تجارب حقلية بنظام 
بوزارة  ــ  الزراعى  اإلنتاج  قطاع  بمزرعة  و2018   2017 لسنة  الصيفيين  الموسميين  فى  المنشقة  القطاعات 
الزراعة ــ بالنوبارية ــ محافظة البحيرة ــ مصر، بهدف دراسة تأثير نظم الزراعة و اإلدارة المتكاملة للمغذيات 
على امتصاص العناصر الغذائية  واألستفادة منها فى الذرة المزروعة  في تربة جيرية. اشتملت الدراسة على 
ثالث نظم للزراعة هى زراعة الذرة منفردة بالطريقة التى يتبعها المزارعين فى المنطقة، زراعة الذرة محملة مع  
محصول نحيلى(الدخن)، زراعة الذرة محملة مع محصول بقولى(الجوار)، واربع معامالت سمادية هى تسميد 
 ،(NPK)بالمعدل الموصى بة (معاملة المقارنة )، 2/1 المعدل الموصى بة من السماد الكيماوى (NPK) كيماوى
2/1 المعدل الموصى بة من السماد الكيماوى(NPK) + سماد عضوى (كمبوست) بمعدل 30م3/للفدان، 2/1 
تلقيح  /للفدان+  30م3  بمعدل  (كمبوست)  عضوى  سماد   +  (NPK)الكيماوى السماد  من  بة  الموصى  المعدل 
البذور قبل الزراعة يسالالت متعددة من البكتيريا. أظهرت النتائج ان زراعة الذرة محملة على البقول أظهرت 
تفوقاً واضحاً فى امتصاص معظم العناصر الغذائية وتحسن ظاهر أدى إلى زيادة المحصول . باإلضافة إلى ذلك 
 (NPK)اظهرت معاملة زراعة الذرة محملة على البقول مع إضافة 2/1 المعدل الموصى بة من السماد الكيماوى
البكتيريا  من  متعددة  يسالالت  الزراعة  قبل  البذور  تلقيح  30م3/للفدان+  بمعدل  (كمبوست)  عضوى  سماد   +
 N ،P استطاعت أن تقلل من االثار المترتبة على نقص العناصر المغذية في التربة الجيرية وزيادة امتصاص
K ، وادت إلى زيادة محصول الحبوب بنسبة %14.47، %26.41 عن المقارنة لكال الموسميين على التوالى. 
 (Mn) نيم  المولبيد   ،(Fe) الحديد  امتصاص  فى  واضحة  زيادة  النجيل  مع  محملة  الذرة  زراعة  اظهرت  كما 
والزنك(Zn ). وأظهرت النتائج أن زراعة الذرة محملة إلى جانب األدارة المتكاملة للعناصر يمكن أن تعوض 
الجرعة المخفضة من األسمدة الكيماوية عن الموصى بة. ونخلص من هذه الدراسة ان مثل هذة الممارسات يمكن 
لها أن تقلل من التأثير الضار لنقص العناصر الغذائية فى التربة الجيرية ومساعدة صغار المزارعين فى تحقيق 

مردود أقتصادى مجزى. 


