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The purpose of this research has been to determine the influence of soil fertilizations systems (fertilization
with: nitrogen, phosphorous, nitrogen and phosphorous, farmyard manure) on the chemical properties (pH,
humus, aluminium and phosphorous content) of the soil. The experiments have been carried out in the
experimental field of National Agricultural Research and Development Institute – Fundulea, Romania, for:
wheat monoculture, 2-year crop rotation (wheat-corn), 3-year crop rotation (wheat-pea-corn), and 4-year
crop rotation wheat-sun-flower-pea-corn. The lowest values of the phosphorous content in soil have been
recorded for 3-year experimental variant (wheat-pea-corn), unfertilized (a3b1), and the lowest aluminium
content in soil 596 mg/kg d.m.) has been recorded for the a4b5 experimental variant (4-year crop rotation
wheat-sunflower-pea-corn) – fertilized with N90P75 kg/ha a.m., working depth: 15-30 cm.
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Crop rotation should be applied so as to avoid the
depletion of soil reserve of certain nutritional elements
(nitrogen, phosphorous, potassium). A rational rotation has
a positive influence on soil fertility and eventually on crops.
With the rotation of the crops, there is also an adequate
rotation of the systems of soil cultivation and fertilization
[1-12].

Rotation of crops can have direct effects on the physical,
chemical and biological properties of the soil. Rotation of
crops has a major impact on crop health, soil degradation,
soil water economy and, in general, rational crop
management [7, 8].

Crop rotation is a strategy to prevent heavy losses of
nutritional elements and it is also a powerful instrument
when it comes to the concept of sustainable or organic
agriculture [8, 13-21].

The importance of crop rotation is much higher in the
case of modern agriculture, which implies intensive soil
exploitation, by using fertilizers and an emphasis of humus
mineralization [3, 8].

The research has the purpose of determining the
influence of soil fertilization systems on chemical
properties of the soil (pH, humus, aluminium and
phosphorous content).

Experimental part
When choosing the sampling points, the research team

took into account the topo-pedological base of the
agrochemical cropping plots to determine the pH, humus,
aluminium and phosphorous content.

The study has been carried out at the National
Agricultural Research and Development Institute -Fundulea,
Romania (NARDI), a two-factor experience, stationary and
multiannual, assembled in 1968 and up to date, referring
to emphasizing the differentiation of soil features as an
effect of soil crop rotation and fertilization with nitrogen
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(90kg N/ha a.m.), with phosphorous (75 kg P/ha a.m.),
nitrogen and phosphorous (N90P75 kg/ha a.m. and
farmyard manure for 48 years.

The experimental variants carried out at NARDI have
been of the following type (fig. 1, table 1):

- crop rotation (Factor a)
    -wheat monoculture: a1;
   -year rotation: wheat - corn: a2;
   - 3-year rotation: wheat - peas - corn: a3;
   - 4-year rotation: wheat - sunflower - peas - corn: a4.
- fertilization with (Factor b):
    -unfertilized: b1;
    -nitrogen - 90kg N/ha a.m.: b2;
    -phosphorous - 75 kg P/ha a.m.: b3;
    -nitrogen and phosphorous - N90P75 kg/ha a.m.: b4;
    -farmyard manure: b5;

Table 1
SOIL CROP-ROTATION FOR THE PERIOD 2006-2016, I.E. FOR

WHEAT, CORN, PEAS AND SUN-FLOWER CULTURE
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The soil samples have been taken on two depths:
- 0-15 cm;
- 15 - 30 cm.

The soil samples have been taken in 2016. All soil
samples have been collected as a composite form each
parcel after wheat harvesting.

Figure 2 shows the processing method of the soil
sample used to determine the soil’s aluminum content.

The aluminium content in the soil samples has been
determined by using the atomic absorption spectrometer
(AAS), ZEENIT AAS version (Figure 3) [22].

Figure 4 shows the processing method of the soil
sample used to determine the soil’s phosphorous content.
The phosphorous content in soil samples have been
determined by using the UV/Vis spectrophotometer,
SPECORD 200 version. [23, 24].

The humus content in soil has been determined
according to STAS 7184/21-82 - Soils [25]. The chemical
reaction of the soil (pH) has been determined according to
SR 7184-13:2001 - Soils. Determining pH in water and saline
slurries (mass/volume) and pulping to saturation [26].

Fig. 1. Experimental variant by NARDI Fundulea, Romania

Fig. 2. Soil samples preparation methods to determine aluminium
content through atomic absorption spectrometry [22]

Fig. 3. Atomic absorption spectrometer (AAS), Zeenit
700 version [22]

Fig. 4. Preparing methods of soil samples for
determining the phosphorous

by molecular spectrometry UV-Vis [23]

Table 2
VALUES EXPERIMENTALLY

DETERMINED FOR THE
FOUR CHEMICAL

PROPERTIES OF THE SOIL,
ON THE ANALYSED PARCELS

(CONTROL SAMPLES)

Results and discussions
Table 2 shows the values experimentally determined

for the four chemical properties of the soil, on the analysed
parcels (control samples).

Table 3 shows the values experimentally determined
for: pH, humus, aluminium and phosphorous content, on
parcels where fertilization and 2, 3 and 4-year crop rotations
have been applied.

Chemical analysis of soil samples (experimental variants
- 2, 3 and 4-year crop rotations) showed that the chemical
reaction (pH) of the soil significantly lowered compared to
values registered in coil control samples – wheat
monoculture (values between 5.1 for the wheat
monoculture fertilized with nitrogen and phosphorous
N90P75 kg/ha –a1b4, and 6.7 for the a1b1, unfertilized wheat
monoculture variant).

We notice that the soil acidification increased for the 2r,
3 and 4-year crop rotations, following the application of
fertilizers.
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The lowest pH value has been registered for the a4b4
experimental value - 4 year crop rotation - wheat -sun-
flower -corn - peas, fertilized with nitrogen and
phosphorous - N90P75 kg/ha, the value being 4.9.

The Al content value (fig. 5) for the experimental variants
compared to the unfertilized wheat monoculture control
sample (a1b1) was:

- 0-15 cm: for the a2b1 experimental variant - 2- year
rotation: wheat -corn, unfertilized, the aluminium content
value was 53.24% lower than the values registered for the
soil control sample;

- 15-30 cm: for the a2b1 experimental variant - 2-year
rotation: wheat -corn, unfertilized, the aluminium content
value was 30.9% lower than the values registered for the
soil control sample;

- 0-15 cm: for the experimental variant -3 year rotation -
wheat - peas -corn (a3b1), unfertilized, the aluminium
content was 55.33% lower than the value registered in the
soil control sample;

- 15-30 cm: for the experimental variant -3 year rotation
- wheat -peas -corn, the aluminium content was 72.88%
lower than the value registered in the soil control sample -
unfertilized wheat monoculture (a1b1).

- 0-15 cm: for the a4b1 experimental variant -4 year
rotation - wheat - sun-flower -corn -peas, unfertilized, the
aluminium content was 57.12% lower than the value
registered in the soil control sample;

- 15-30 cm: for the a4b1 experimental variant -4 year
rotation - wheat - sun-flower - corn -peas, unfertilized, the
aluminium content was 24.66% of the value registered in

nitrogen (90 kg N/ha), the aluminium content was 84.23%
lower than the value registered in the soil control sample;

Table 3
VALUES EXPERIMENTALLY DETERMINED FOR THE FOUR

CHEMICAL PROPERTIES OF THE SOIL, ON THE ANALYSED PARCELS

Fig. 5. Al content for the three analysed experimental variants, for
the 0-15 cm and 15-30 cm working depths, compared to the soil

control sample -the unfertilized wheat monoculture experimental
variant (a1b1)

the soil control sample - unfertilized wheat monoculture
(a1b1).

The Al content value (fig. 6) registered in the case of the
experimental variant -2 year rotation: wheat - corn, fertilized
with nitrogen (90 kg N/ha) was 63.37% lower than the
value registered in the soil parcel -wheat monoculture
fertilized with nitrogen (90 kg N/ha), for the 0-15 cm
working depth, and 83.69% lower than the coil control
sample, for the 15-30 cm working depth, respectively.

Fig. 6. Al content for the three analysed experimental variants, for
the 0-15 cm and 15-30 cm working depths, compared to the soil
control sample – the wheat monoculture experimental variant

fertilized with nitrogen - 90 kg N/ha (a1b2)

In the case of the experimental Al content for the three
analysed experimental variants, for the 0-15 cm and 15-30
cm working depths, compared to the soil control sample -
the wheat monoculture experimental variant fertilized with
nitrogen variant - 3 year rotation (a3b2, 0-15 cm working
depth): wheat-peas-corn, fertilized with nitrogen (90 kg
N/ha) the Al content in soil was 19.75% of the soil control
sample (wheat monoculture, fertilized with nitrogen - 90
kg N/ha), and 83.15% lower for the 15-30 cm working
depth.

The Al content value (fig. 6) for the experimental variants
compared to the wheat monoculture control sample
fertilized with nitrogen (a1b2) was:

- 0-15 cm: for the a4b2 experimental variant -4 year
rotation - what - sunflower -corn -peas, fertilized with
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-15-30 cm: for the a4b2 experimental variant -4 year
rotation - what - sunflower -corn -peas, fertilized with
nitrogen (90 kg N/ha), the aluminium content was 15.63%
of the value registered in the soil control sample - wheat
monoculture fertilized with nitrogen (a1b2).

In the case of the experimental variant -2 year rotation
(a2b3, 0-15 cm working depth): wheat-corn, fertilized with
phosphorous (75 kg N/ha) the Al content in soil was 86.97%
of the soil control sample (wheat monoculture, fertilized
with phosphorous - 75 kg N/ha), and 56.06% lower for the
15-30 cm working depth (fig. 7).

- 0-15 cm: for the a4b4 experimental variant 4 year
rotation - wheat - sunflower -corn -peas, fertilized with
nitrogen and phosphorous - N90P75 kg/ha, the aluminium
content was 54% lower than the value registered in the
soil control sample;

- 15-30 cm: for the a4b4 experimental variant 4 year
rotation - wheat - sunflower -corn -peas, fertilized with
nitrogen and phosphorous - N90P75 kg/ha, the aluminium
content was 39.43% of the value registered in the soil
control sample - wheat monoculture fertilized with nitrogen
and phosphorous - N90P75 kg/ha (a1b4).

Fig. 7. Al content for the three analysed experimental variants, for
the 0-15 cm and 15-30 cm working depths, compared to the soil
control sample – the wheat monoculture experimental variant

fertilized with phosphorous -75 kg P/ha (a1b3).

The Al content value (fig. 7) registered in the case of the
experimental variant -3 year rotation: wheat - peas - corn,
fertilized with phosphorous was 76.1% lower than the value
registered in the soil parcel - wheat monoculture fertilized
with phosphorous (75 kg N/ha), for the 0-15 cm working
depth, and 83.03% lower than the soil control sample, for
the 15-30 cm working depth, respectively.

For the a4b3 experimental variant (4 year rotation: wheat-
sunflower-corn-peas, fertilized with phosphorous - 75 kg
P/ha), the registered Al content was 21.5% of the value
registered in the soil control sample for the 0-15 cm working
depth, and 13.33% of the soil control sample for the 15-30
cm working depth.

The Al content value (fig. 8) for the experimental variants
compared to the unfertilized wheat monoculture control
sample fertilized with nitrogen and phosphorous - N90P75
kg/ha (a1b4) was:

- 0-15 cm: for the a2b4 experimental variant -2 year
rotation: wheat -corn, fertilized with nitrogen and
phosphorous - N90P75 kg/ha, the aluminium content was
35% lower than the value registered in the soil control
sample;

- 15-30 cm: for the a2b4 experimental variant -2 year
rotation: wheat -corn, fertilized with nitrogen and
phosphorous - N90P75 kg/ha, the aluminium content was
78.29% of the soil control sample;

- 0-15 cm: for the experimental variant -3 year rotation
wheat -peas - corn (a3b4), fertilized with nitrogen and
phosphorous - N90P75 kg/ha, the aluminium content was
53.06% lower than the value registered in the soil control
sample;

- 15-30 cm: for the a3b4 experimental variant - 3 year
rotation wheat -peas - corn -, the aluminium content was
60.75% lower than the value registered in the soil control
sample -wheat monoculture fertilized with nitrogen and
phosphorous- N90P75 kg/ha (a1b4).

Fig. 8. Al content for the three analysed experimental variants, for
the 0-15 cm and 15-30 cm working depths, compared to the soil
control sample – the wheat monoculture experimental variant
fertilized with nitrogen and phosphorous - N90P75 kg/ha (a1b4)

The aluminium content (fig. 9) registered in the case of
experimental variant -2 year rotation: wheat-corn, fertilized
with farmyard manure (a2b5) was 10.16% lower than the
value registered for the experimental variant -wheat
monoculture fertilized with farmyard manure for the 0-15
cm working depth, and 55.22% lower than the soil control
sample for the 15-30 cm working depth.

In the case of the experimental variant -3 year rotation
(a3b5, 0-15 cm working depth): wheat-peas-corn, fertilized
with farmyard manure, the aluminium content was 76.52%
of the soil control sample (wheat monoculture, fertilized
with farmyard manure), and 50.81% lower for the15-30
cm working depth.

Fig. 9. Al content for the three analysed experimental variants, for
the 0-15 cm and 15-30 cm working depths, compared to the soil
control sample – the wheat monoculture experimental variant

fertilized with farmyard manure (a1b5)

The aluminium content value (fig. 9) for the
experimental variants compared to the control sample of
wheat monoculture fertilized with farmyard manure (a1b5)
was:
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- 0-15 cm: for the experimental variant a4b5 -4 year
rotation - wheat - sunflower - corn - peas, fertilized with
farmyard manure, the aluminium content was 80.83 %
lower than the value registered in the soil control sample;

- 15-30 cm: for the experimental variant a4b5 -4 year
rotation - wheat - sunflower -corn - peas, fertilized with
farmyard manure, the aluminium content was 48.69% of
the value registered in the soil control sample - wheat
monoculture fertilized with farmyard manure (a1b5).

The soil humus content proved to be higher only in soil
control samples, for the experimental variants:

- a1b1 - unfertilized wheat monoculture, 0-15 cm working
depth, the humus content was medium;

- a1b5 - wheat monoculture fertilized with farmyard
manure, 0-15 cm working depth, the humus content was
low to medium.

The humus content was low for 2, 3, and 4 year crop
rotations, after applying the fertilizers.

Fig. 10. The phosphorous content for the three analysed
experimental variants, for the 0-15 cm and 15-30 cm working

depths, compared to the soil control sample – the unfertilized
wheat monoculture experimental variant (a1b1)

The phosphorous content value (fig. 10) for the
experimental variants compared to the unfertilized wheat
monoculture control sample (a1b1) was:

- 0-15 cm: the a2b1 experimental variant -2 year rotation
-wheat -corn, the phosphorous content value was 17.56%
lower than the value registered in the soil control sample;

- 15-30 cm: the a2b1 experimental variant -2 year rotation
- wheat - corn, unfertilized, the phosphorous content value
was 83.32% of the value registered in the soil control
sample;

- 0-15 cm: for the experimental variant -3 year rotation -
wheat -peas -corn (a3b1), unfertilized, the phosphorous
content value was 27.52% lower than the value registered
in the soil control sample;

- 15-30 cm: for the a3b1 experimental variant -3 year -
wheat -peas -corn (a3b1), the phosphorous content value
was 30.22% lower than the value registered in the soil
control sample -unfertilized wheat monoculture (a1b1).

- 0-15 cm: for the a4b1 experimental variant -4 year
rotation -wheat -sunflower - peas -corn, the phosphorous
content value was 23.72% lower than the value registered
in the soil control sample;

- 15-30 cm: for the a4b1 experimental variant -4 year
rotation -wheat -peas -sunflower -corn, the phosphorous
content value was 84.64% of the value registered in the
soil control sample -unfertilized wheat monoculture (a1b1).

The phosphorous content value (fig. 11) registered in
the case of the experimental variant -2 year crop rotation:
wheat-corn, fertilized with nitrogen (90 kg N/ha) was

40.06% lower than the value registered for the experimental
variant -wheat monoculture fertilized with nitrogen (90 kg
N/ha), for the 0-15 cm working depth, and 10.34% lower
than the soil control sample for the15-30 cm working depth.

In the case of the experimental variant -3 year rotation
(a3b2, 0-15 cm working depth): wheat-peas-corn, fertilized
with nitrogen (90 kg N/ha), the phosphorous content was
82.23% of the soil control sample (wheat monoculture,
fertilized with nitrogen (90 kg N/ha), and 20.21% lower for
the 15-30 cm working depth.

Fig. 12. The phosphorous content for the three analysed
experimental variants, for the 0-15 cm and 15-30 cm working

depths, compared to the soil control sample – the wheat
monoculture experimental variant fertilized with phosphorous -75

kg P/ha (a1b3)

The phosphorous content value (fig. 11) for the
experimental variants compared to the control sample of
the wheat monoculture fertilized with nitrogen (a1b2was:

- 0-15 cm: for the a4b2 experimental variant -4 year
rotation -wheat -sunflower peas -corn (a3b1), fertilized with
phosphorous (90 kg N/ha), the phosphorous content was
24.04% lower than the value registered in the soil control
sample;

- 15-30 cm: for the a4b2 experimental variant -4 year
rotation -wheat -sunflower peas -corn (a3b1), fertilized with
phosphorous (90 kg N/ha), the phosphorous content was
85.34% of the value registered in the soil control sample -
wheat monoculture fertilized with nitrogen (a1b2).

Fig. 11. The phosphorous content for the three analysed
experimental variants, for the 0-15 cm and 15-30 cm working

depths, compared to the soil control sample – the wheat
monoculture experimental variant with nitrogen - 90 kg N/ha (a1b2)
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In the case of the experimental variant - 2 year rotation
(a2b3, 0-15 cm working depth): wheat-corn, fertilized with
phosphorous (75 kg N/ha), the phosphorous content in soil
(fig. 12) was 89.93% of the soil control sample (wheat
monoculture, fertilized with phosphorous (75 kg N/ha), and
21.54% lower for the15-30 cm working depth.

The phosphorous content value (fig. 12) registered in
the case of the experimental variant - 3 year crop rotation:
wheat-peas-corn, fertilized with phosphorous was 34.23%
lower than the value registered for the experimental variant
– wheat monoculture fertilized with phosphorous (75 kg
N/ha), for the 0-15 cm working depth, and 34.86% lower
than the soil control sample for the15-30 cm working depth.

In the case of the a4b3 experimental variant - 4 year
rotation: wheat-sunflower-peas-corn, fertilized with
phosphorous (75 kg N/ha), the phosphorous content was
59.36% of the soil control sample (for the 0-15 cm working
depth), and 55.5% of the soil control sample for the15-30
cm working depth.

Fig. 14. The phosphorous content for the three analysed
experimental variants, for the 0-15 cm and 15-30 cm working

depths, compared to the soil control sample – the wheat
monoculture experimental variant fertilized with

farmyard manure (a1b5)

Fig. 13. The phosphorous content for the three analysed
experimental variants, for the 0-15 cm and 15-30 cm working

depths, compared to the soil control sample – the wheat
monoculture experimental variant fertilized with nitrogen and

phosphorous - N90P75 kg/ha (a1b4)

The phosphorous content value (fig. 13) for the
experimental variants compared to the control sample of
the wheat monoculture fertilized with nitrogen and
phosphorous N90P75 kg/ha (a1b4) was:

- 0-15 cm: for the a2b4 experimental variant -2 year
rotation wheat -corn fertilized with nitrogen and
phosphorous (N90P75kg N/ha), the phosphorous content
was 20.91% lower than the value registered in the soil
control sample.

- 15-30 cm: for the a4b2 experimental variant - 2-year
rotation wheat -corn fertilized with nitrogen and
phosphorous (N90P75kg N/ha), the phosphorous content
was 74.71% of the value registered in the soil control
sample.

- 0-15 cm: for the experimental variant -3 year rotation
wheat –peas-corn (a3b4), fertilized with nitrogen and
phosphorous (N90P75kg N/ha), the phosphorous content
was 17.40% lower than the value registered in the soil
control sample

- 15-30 cm: for the a3b4 experimental variant -3 year
rotation wheat –peas-corn the phosphorous content was
17.36% lower than the value registered in the soil control
sample – wheat monoculture fertilized with nitrogen and
phosphorous (N90P75kg N/ha (a4b4):

- 0-15 cm: for the a4b4 experimental variant -4 year
rotation wheat-sunflower –peas-corn, fertilized with
nitrogen and phosphorous (N90P75kg N/ha), the

phosphorous content was 41.76 % lower than the value
registered in the soil control sample.

- 15-30 cm: for the a4b4 experimental variant -4 year
rotation wheat-sunflower -peas-corn, fertilized with
nitrogen and phosphorous (N90P75kg N/ha), the
phosphorous content was 53.75% of the value registered
in the soil control sample - wheat monoculture fertilized
with nitrogen and phosphorous (N90P75kg N/ha (a1b4).

The phosphorous content value (fig. 14) registered in
the case of the experimental variant -2 year crop rotation:
wheat-corn, fertilized with farmyard manure (a2b5) was
38.99% lower than the value registered for the experimental
variant – wheat monoculture fertilized with farmyard
manure for the 0-15 cm working depth, and 21.53% lower
than the soil control sample for the15-30 cm working depth

In the case of the a4b3 experimental variant - 3-year
rotation (a3b5, 0-15 cm working depth): wheat -peas-corn,
fertilized with farmyard manure, the soil phosphorous
content was 78.08% of the soil control sample (wheat
monoculture, fertilized with farmyard manure), and 34.03%
lower for the 15-30 cm working depth.

The phosphorous content value (fig. 14) for the
experimental variants compared to the control sample of
the wheat monoculture fertilized with farmyard manure
(a1b5) was:

- 0-15 cm: for the a4b5 experimental variant -4 year crop
rotation - wheat - sunflower -corn - peas, fertilized with
farmyard manure, the phosphorous content was 34.88 %
lower than the value registered in the soil control sample;

- 15-30 cm: for the a4b5 experimental variant -4 year
crop rotation - wheat - sunflower -corn -peas, fertilized
with farmyard manure, the phosphorous content was 57.83
% of the value registered in the soil control sample wheat
monoculture fertilized with farmyard manure (a1b5).

The variation of aluminium content in soil is the result
of:

- high stabilization capacity of metals in soil of the plant
species Triticum aestivum (wheat) through the
phytostabilization process.

- absorption capacity of plant species Zea mays and
Helianthus annuus through the continual phytoextraction
process.

The variation of phosphorous content is soil is due to the
absorption capacity of the plant species Pisum sativum,
through the continual phytoextraction process.
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Conclusions
The research carried out in 2016 with regard to the

influence of the soil fertilizations systems and crop rotation
on chemical properties of the soil emphasized the
following aspects:

- the soil reaction significantly modified, in the control
samples of wheat monoculture, but mainly in the case of
3-year and 4-year rotation, as a result of the application of
fertilizers;

- mineral fertilization (N90P75 kg/ha) lowered the most
the soil’s pH value, while the farmyard manure lead to an
increment of the pH;

- the humus content of the soil was higher in the control
samples of wheat monoculture (experimental variants a1b1
-unfertilized wheat monoculture, 0-15 cm working depth,
the humus content was medium, a1b5 - wheat monoculture
fertilized with farmyard manure, 15-30 cm working depth,
the humus content was low to medium), while for the 2, 3,
and 4-year crop rotations the humus content was low;

- the lowering of aluminium content in soil for the2, 3,
and 4-year crop rotations compared to wheat monoculture
control samples is due to the capacity of plant species
Pisum sativum, Zea mays and Helianthus annuus to absorb
the aluminium through the continual phytoextraction
process;

- the lowest phosphorous content value in soil is
registered for the 3-year crop rotations, for the a3b1
experimental value -3-year rotation: wheat-peas-corn,
unfertilized, due to the capacity of the Pisum sativum
species to absorb the phosphorous through continual
phytoextraction.
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