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Abstract

A field experiment was con-
ducted to detect the effects of
crop rotation systems i.e. millet-
fallow-wheat (S1), millet-
temporary clover-wheat (S;) and
cowpea-fallow-wheat (S;) and
levels of NPK fertilizers i.e. 100,
80 and 60% of the recommended
doses of NPK fertilizers on wheat
yield and some soil properties.
The study carried out for two
consecutive years from 2008-
2010 on a calcareous soil at the
experimental farm of Arab El-
Awammer Research Station, Ag-
riculture Research Center, Assuit,
Egypt.

Results showed that all crop
rotation under this study sig-
nificantly reduced soil bulk
density and increased soil EC,
particularly S; rotation which
decreased bulk density by 9.9
and 7.2% and increased EC by
12.0 and 1.7% when compared
with S; and S,, respectively. Soil
organic mater, total N, available
P and K in soil were significantly
high by using S; rotation 47.3,
26.5, 107.0 and 34.2% higher
compared with S; rotation, re-
spectively.

Crop rotations, NPK fertiliz-
ers levels and its interactions sig-
nificantly affected grain and bio-

logical yields of wheat as well as
its grain nutrients content. Wheat
plants cuitivated after cowpea
and fertilized with 100% of the
recommended doses of NPK
gave the highest values of grain
and biological yields as well as
NPK-uptakes by wheat grains,
followed by wheat plants fertil-
ized with 80% of the recom-
mended doses of NPK under the
same crop rotation.
Keywords: crop rotation, soil
properties, mineral fertilization,
wheat, yield.
Introduction

Crop rotations have a major
impact on soil health, due to
emerging soil ecological interac-
tions and processes that occur
with time. These include improv-
ing soil structural stability and
nutrient use efficiency, increas-
ing crop water use efficiency and
soil organic matter levels, provid-
ing better weed control, and dis-
rupting insect and disease life
cycles (Carter et al., 2002, and
Carter et al., 2003). Also, crop
rotation systems increase yields
and enhance nitrogen availability
when nitrogen-fixing legumes
were included (Galantini et al.,
2000 and Miglierina et al., 2000).
Crop rotation systems are more
effective at reducing long-term
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yield variability than monocul-

ture systems, and increase total
soil C and N concentrations over
time, which may further improve
soil productivity (Varvel, 2000
and Kelley et al., 2003).
Fertilization is one of the
most important practices in crop
production for its influence on
soil nutrients availability. Ishaq
et al., (2002) and Mehdi et al.,
(2008) showed that a fertilizer
application  significantly  in-
creased soil P and K concentra-
tions, and the concentrations of
N, P, K and soil organic carbon
(SOC) were greater in the plough
layer than in the subsoil layer .
Salem (2005) found that increas-
ing nitrogen fertilizer levels from
72 and144 to 216 kg N ha™ sig-
nificantly increased grain and
biological yields ha” of wheat.
Abd-El-All (2007) found that the
application of NPK fertilizers at
levels of 80-15-50 kg fed” sig-
nificantly increased grain and
biological yields of wheat.
Sustainable agricultural sys-
tems require the maintenance and
improvement of soil fertility.
This is expressed in the following
definition: Sustainable agricul-
ture is a system which maintains
the productive capacity of the

land and its economic viability. It

minimizes energy and resource
use, as well as, optimizes the
level of turnover and recycling of
organic matter and nutrients. Sus-
tainable land use is therefore a
system which uses the land in a
way that does not reduce its fu-
ture productive capacity (Rob-
erts, 1995).

The objective of this study
was to examine impact of crop
rotation systems and mineral
NPK fertilization on the devel-
opment of soil fertility and its
productivity of wheat.

Materials and Methods

A field experiment was con-
ducted for two consecutive years
from 2008-2010 on a calcareous
soil at the experimental farm of
Arab El- Awammer Research
Station, Agriculture Research
Center, Assuit, Egypt. The inves-
tigation was expended to study
the effects of wheat crop rotation
with three crops of forage (millet,
clover and cowpea) and NPK
fertilization on sandy calcareous
soil properties and wheat produc-
tivity. Data in Table (1) represent
some physical and chemical
properties of the experimental
soil.
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Table 1. Some physical and chemical properties of the experimental
soil (0-60 cm depth)

Soil properties Unit | ~ Value*
Particle size distribution
Sand I (%) 95.9
Silt l (%) 25
Clay | %) 1.6
Texture grade | Sandy
Physical characters
Saturation % (Wiw) 22.1
Field capacity Yo(wiw) | 10.2
| Wilting point % (w/w) 1 4.3
Bulk density B (g/cm’) 1.70
Organic matter ] (%) . 0.15
| CaCO, (%) 32.67
Chemical characters
PH (1:1 suspension) o 833
EC (1:1 extract) T dSmT ] 0.43
| Total nitrogen (%) 0.003 )
Available-P (mgkg') 8.49
Available-K (meq 100g" 0.13
'soil) i

* Each value represents the mean of three replications

The experimental design was a
split-plot design with four repli-
cates; the plot size was 7x6 m.
The cropping systems treatments
were distributed in main plots,
while the NPK fertilization pro-
grams were arranged randomly in
sub-plots as follows:

A- Cropping systems. (main
plots):

1) Millet/fallow/wheat (S)).

2) Millet/temporary clover
(fahl)/wheat (S;).

3) Cowpea/fallow/wheat (S;).
B- Fertilization programs of
wheat (sub main plots):

1) 100% recommended ievel of
NPK (F,).

2) 80% recommended level of
NPK (F,).

3) 60% recommended level of

NPK (F5).

Crop details:

o Millet

Millet seeds (Pennisetum glau-
cum 1..) were sown by broadcast-
ing at level of 20 kg fed” on 15
and 10 of April in 2008 and
2009, respectively. Ammonium
nitrate level (33.5 % N) was
added at level 80 kg N fed” in
three equal levels, after 20 days
from sowing, after 1% cut and 2™
cut. Single supper phosphate
(15% P,0s) at a level of 30 kg
P,0s fed” and potassium sulfate
(48% K,;0) at a level of 24 kg
K,O fed' was added to plots at
sowing.

e Cowpea

Cowpea (Vigna unguiculata L)
was planted at a level of 30 kg
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fedon 15 May in both growing
seasons (2008 and 2009). The
recommended dose of NPK
fertilizers were 20-22.5-24 N-
P,Os- K,O kg fed', respec-
tively. Prior to sowing seeds
inoculated was applied with the
specific strain of nodule bacte-
ria before planting.

e Clover

The clover (Trifolium alexan-
drinum L) seeds were sown at a
level of 20 kg fed' just after
millet harvest. Clover seeds
were inoculated before seeding
with Okadein for allowing nitro-
gen fixation. Before planting,
phosphorous and potassium fer-
tilizers were added in the form of
single supper phosphate (15%
P,Os) and potassium sulfate
(48% K,0), at levels of 30 and
24 kg of P,0Os and K,O fed™, re-
spectively. Nitrogen fertilizer
(ammonium nitrate, 33.5% N)
applied at the level of 15 kg fed-
dan™ after germination.

e Wheat

Seeds were sown by broadcasting
at a level of 60 kg fed™ (Triticum
aestivum L.). The date of sowing
was 15" and 22™ November in
2008/2009 and 2009/2010, re-
spectively. Nitrogen, phospho-
rous and potassium fertilizers
were added in the form of am-
monium nitrate (33.5% N), single
supper phosphate (15% P,0s)
and potassium sulfate (48%
K;0), at levels of 120, 30 and 24
kg of N, P,Os and K,O fed’, re-
spectively. All PK and 1/3 N
fertilizer were applied to wheat
at sowing, while 1/3 N at one
month after sowing and re-

maining 1/3 N at heading stage.
Chelated Fe, Mn, Zn and boric
acid in a liquid solution, contain-
ing 150, 150, 150 and 50 mg 1"
respectively, was used as a foliar
spray at a level of 0.5 | plot’
(200 1 fed"), and sprayed twice
after 50 - 85 days from sowing.
At harvest, the wheat grain and
biological yields (kg fed™') were
recoded. Grains samples were
wet digested (Parkinson and Al-
len, 1975) to determine nitrogen,
phosphorus and potassium and
multiplied by grain yield fed™ to
obtain the grain nutrients uptake
according to A.O.A.C. (1980).
Soil sampling and analysis:

At the beginning of the study,
soil mechanical analysis was car-
ried out using pipette method
according to Klute (1986). Soil
bulk density was determined us-
ing the undisturbed soil cores
according to Klute (1986). Car-
bonate content, soil organic ma-
ter, soil pH, electrical conductiv-
ity, total nitrogen, available P and
K were determined according to
Page (1982).

At the end of the experimental
plots, surface soil samples ( 0-20
cm) for each rotation were col-
lected, air dried, ground to pass
through 2 mm sieve and then
analyzed for electric conductivity
(EC,.1), soil pH;,, organic mat-
ter, total nitrogen, available-P
and K. Meanwhile, Soil bulk
density was determined using the
undisturbed soil cores.

The MSTAT-C (Version 2.10)
computer program written by
Freed et al. (1987) was used to
perform all the analysis of vari-
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ance and to compare for signifi-
cant differences among treatment
means, using the LSD at p = 0.05
as outlined by Steel and Torrie
(1982).

Result and Discussion

Some physical and chemical
properties

Soil bulk density, soil pH and
EC as affected by the three ro-
tations i.e. millet-fallow-wheat
(S1), millet-temporary clover-
wheat (S,) and cowpea-fallow-
wheat (S;) under different lev-
els of NPK fertilization treat-
ments are presented in Figures
(1, 2 and 3). The results indi-
cated that bulk density was de-
creased, particularly with S,
crop rotation (cowpea-fallow-
wheat), compared with other
cropping systems treatments.
However, the decreasing in soil
bulk density was 9.9 and 7.2%
compared with millet-fallow-

wheat (S;) and millet-temporary
clover-wheat (S,) treatments,
respectively. The lower soil
bulk density in this sequence
was likely associated with im-
proved soil physical conditions.
Inclusion of cover crops, such
as the cowpea or clover planted
in the 2-yr crop sequences may
improve the formation of soil
aggregates which reflected in
lowering the soil bulk density,
increased aggregate stability,
and more rapid infiltration lev-
els. In contrast, crop sequences
coming out of millet-fallow-
wheat (S;) may have possessed
a higher proportion of micro
aggregates, causing a decrease
in inter aggregate porosity and
a proportional increase in soil
bulk density. Similar results
were reported by (Liebig et al.,
2002 and Moghaddam et al,
2011).

E1100% NPK (F1)

B3 80% NPK (F2)
60% NPK (F3)
L
Millet- Millet-  Cowpea-
fallow- temporary fallow-
wheat, S1  clover- wheat, S3
wheat, S2

Crop rotations

Fig.1. Effect of crop rotations and application of NPK-fertilizer levels
on soil bulk density at the end of the experiment.
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Crop rotations

Fig.2. Effect of crop rotations and application of NPK-fertilizer levels
on soil pH at the end of the experiment.

The studied cropping systems
had no significant effects on
final soil pH. Soil pH was insig-
nificantly lower at soil surface
layer in cowpea—fallow-wheat
(S;) and millet-temporary clover-
wheat (S;) rotations treatments
compared with millet-fallow-
wheat (S;) treatment.

The main effects of NPK fertil-
izer levels and its interaction ef-
fects with cropping systems had
no significant effect on both soil
bulk density and pH.

At the end of the experiment
the crop rotations treatments
caused an increase in soil EC,
particularly,  cowpea-fallow-
wheat system (S;) which in-
creased EC by 12.2 and 1.7%
compared with millet-fallow-
wheat (S;) and millet-temporary
clover-wheat (S,), respectively.

Electrical soil conductivity (EC)
was significant increased with
increasing the levels of NPK-
fertilizers treatments, particularly
the 100% of the recommended
level of NPK (F,).

The interactions of crop rotations
and NPK fertilizer levels were
significantly affect the soil EC.
Plots planted with cowpea-
fallow-wheat rotation (S;) and
fertilized with 100% of the rec-
ommended level of NPK (F))
gave the maximum soil EC fol-
lowed by that fertilized with 80%
recommended level of NPK (F;)
under the same crop rotation (Ss).
The reason might be that more
biomass was produced in the
cowpea-fallow-wheat rotation
fertilized with 100% of the rec-
ommended level of NPK-
fertilizer (F,), resulting in more
soil organic matter than other
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treatments when crop harvested,
roots left over in the field de-
cayed and during this decaying

process, they excrete organic ac-
ids and nutrients consequently
increases EC values.

0.56
[
= 0.54 o
TE 0.52 B3 100% NPK (F1)
% 0.50 3 80% NPK (F2)
Z)/ 0.48 A B60% NPK (F3)
m
0.46 -
0.44 .
R s .9
iy £5 ¢
== 8 =8
= 8 < S & £
Crop rotations

Fig.3. Effect of crop rotations and the application of NPK-fertilizer
levels on soil electric conductivity (EC) at the end of the experiment.

Soil fertility properties

The status of soil fertility i.e.
OM content, total N, availabil-
ity of P and K under the three
rotations treatments i.e. millet-
fallow-wheat  (S;), millet-
temporary-clover (S;) and
cowpea-fallow-wheat (S;) are
presented in Figures (4, 5, 6 and
7). Results revealed that crop
rotation significantly affect OM,
total N, available P and K in soil.
The maximum values of these
characters were recorded in cow-
pea-fallow-wheat rotation (S;)
which increased by 47.3, 26.5,
107.0 and 34.2% higher than that
obtained by millet-fallow-wheat
rotation (S;), respectively. This
might be attributed to more N,

fixation and/or N and P released

from organic matter decomposi-
tion as well as subsequently in-
corporated into microbial bio-
mass. These findings are in line
with Cox et al., (2003) and Mar-
tini et al., (2004).

All previous characters showed
significant increase with increas-
ing NPK-fertilizer levels except
OM. The highest values of total
N, available P and K found in the
plots treated with 100% of the
recommended dose of NPK fer-
tilizers treatment (F;). Mean-
while, OM was recoded the
maximum value with 80% of the
recommended level of NPK fer-
tilizers treatment. These results
are in line with those obtained by
Kumbhar et al., (2007) and Wei
et al.,, (2010) who reported that
application of NPK fertilizers at
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levels of 150-75-75 kg N, P,Os
and K,0 ha’ resulted in OM, N
and P accumulation in the soil.

and the fertilizers application
treatments was insignificantly
affected the previous characters

It was further noted that the in- except OM.
teraction between crop rotations
0.35
0.30
0.25 0100% NPK (F1)
§ 0.20 A B380% NPK (F2)
S 0.15 - B60% NPK (F3)
0.10 4=
0.05 -jgigi
0.00 += '
Millet- Millet- Cowpea-
fallow- temporary fallow-
wheat, S1 clover- wheat, S3
wheat, S2
Crop rotations

Fig.4. Effect of crop rotations and the application of NPK fertilizer
levels on soil organic matter (OM) at the end of the experiment.

o
]
o0 60 - 0 100% NPK (F1)
g 50
; 20 - 19 80% NPK (F2)
3 38 ] & 60% NPK (F3)
g 1o ,
Millet- Milkt-  Cowpea-
fallow-  temporary  fallow-
wheat, S1  clover- wheat, S3
wheat, S2

Crop rotations

Fig.5. Effect of crop rotations and the application of NPK fertilizer
levels on Total N in soil at the end of the experiment.
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Fig.6. Effect of crop rotations and the application of NPK fertilizer
levels on soil available-P at the end of the experiment.
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Crop rotations

Fig.7. Effect of crop rotations and the application of NPK-fertilizer
levels on soil available-K at the end of the experiment.

Wheat productivity yields of the three crop rotations
Statistical analysis of data in Ta- were significant. The higher
ble, (2) revealed that the differ- grain and biological yields were
ences among grain and biological produced by cowpea-fallow-
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wheat crop rotation (3;). Grain
and biological yields were in-
creased in this crop rotation by
55.4 & 56.0% in the first season
and by 66.7 & 60.9 % in the sec-
ond season over millet-fallow-
wheat crop rotation (S,), respec-
tively. Meanwhile, millet-
temporary clover-wheat crop ro-
tation (S;) caused increases in
grain and biological yields by
23.7 & 24.0% and 28.6 & 26.1 in
both two seasons over millet-
fallow-wheat crop rotation (S)),
respectively. The higher grain
and biological yields of wheat

111

after cowpea or temporary clover

may be due to the biologically
fixed N in the legume root nod-
ules (Ahmad et al., 2010) which
increased the total N content in
soil as compared to millet-
fallow-wheat crop rotation (S;).
Moreover, the less competition of
existed weeds in the crop rotation
of temporary clover before
wheat. Similar results were also
reported by Moghaddam et al.,
(2011) that the involvement of a
rapeseed crop in a rotation sys-
tem led to an increased wheat
yield.
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Table 2. Effect of crop rotations and the application of NPK-fertilizer levels on grain and biological yields as well as grain nutrients

uptakes of wheat during 2008-2009 and 2009-2010 seasons
. . _] . . .
Cropping | Fertilizer Grain y “’1‘)" (kg fed B‘°(’l‘(’g’§:;.,y)“"’d N uptake (kg fed”) | P uptake (kg fed”) | K uptake (kg fed”)
system | level 2008/09 | 2000/10 | 2008/09 | 2009710 | 2008/09 | 2009/10 | 2008/09 | 2009710 | 2008/09 | 2009710
Fl 152635 | 1545.68 | 3127.38 | 3438.78 | 2902 | 2952 | 337 | 344 | 1287 | 13.10
s1 P2 1314.08 | 129435 | 2688.18 | 292003 | 2348 | 2296 | 267 | 261 | 1039 | 10.16
F3 1068.93 | 1003.90 | 2180.88 | 232028 | 1708 | 1538 | 187 | 165 | 752 | 676
Mean 1303.12 | 128131 | 2665.48 | 2893.03 | 2319 | 2262 | 264 | 257 | 1026 | 1001
Fi 1078.83 | 208125 | 4063.73 | 454360 | 4083 | 4350 | 487 | 520 | 18.17 | 1936
s2 F2 1542.23 | 1564.50 | 316028 | 3477.65 | 2944 | 3002 | 343 | 350 | 13.06 | 1332
M 131638 | 1297.05 | 2692.90 | 292560 | 2354 | 2304 | 268 | 262 | 1041 | 10.19
Mean 1612.48 | 1647.60 | 3305.64 | 3648.95] 3127 | 3219 | 3.66 | 377 | 13.88 | 1429
Fi 220220 | 234548 | 4525.03 | 5088.33 | 4666 | 5040 | 560 | 608 | 20.78 | 2245
s3 F2 2033.78 | 214628 | 4177.40 | 4677.65 | 4226 | 4520 | 505 | 542 | 1881 | 20.13
F3 1830.23 | 1916.08 | 3774.83 | 4202.95 | 37.18 | 39.19 | 441 | 466 | 1653 | 17.43
Mean 2025.07 | 2135.95 | 415039 | 465631 | 42.03 | 4493 | 502 | 539 | 18.71 | 2000
Fi 1902.46 | 1990.80 | 3905.68 | 435690 | 38.84 | 41.14 | 461 | 491 | 1727 | 1830
2 1630.03 | 166838 | 3341.95 | 369178 | 31.73 | 3273 | 372 | 384 | 1409 | 1454
3 1408.18 | 1405.68 | 2882.87 | 3149.61 | 2593 | 2587 | 299 | 298 | 1149 | 1146
LSD at0.05 for S 3842 | 4548 | 88.68 | 10458 | 100 | 19 | 013 | 005 | 045 | 0.53
LSD at0.05 for F 3036 | 3593 | 6126 | 7231 | 079 | 004 | 010 | 012 | 036 | 042
LSD 2t 0.05 for SxF 52.59 | 6224 | 10611 | 12525 | 137 | 163 | 017 | 021 | 062 | 0.73

A. Cropping systems (main plots): (S,).
pea/fallow/wheat.
B. Fertilization programs of wheat (sub main plots): (F;). 100% recommended level of NPK, (F,). 80% recommended level of
NPK and (F3). 60% recommended level of NPK.

Millet/fallow/wheat, (S;). Millet/temporary clover (fahl)/wheat and (S;). Cow-

I - 101) (#)°ON Z# 19§ 013V Jo °[ Inissy
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Grain and biological yields were
significantly affected by the ap-
plication of NPK-fertilizers lev-
els. Application of 100% of the
recommended level of NPK-
fertilizers treatment (F;) gave
higher grain and biological
yields. On the contrary, the
minimum grain and biological
yields were recorded with 60% of
the recommended dose of NPK-
fertilizers treatment (F3) in both
seasons. This might be due to the
well utilization of NPK fertilizers
in metabolism and meristimic
activity and its vital role in plant
life and its contribution in in-
creasing the grain yield. This is
substantiated by the results re-
ported by El-Gizawy (2009) and
Katkar et al. (2011).

Data presented in Table (2) re-
vealed that the different interac-
tions between crop rotations and
the application of NPK-fertilizers
levels had significant effect on
grain and Dbiological yields.
Wheat plants cultivated after
cowpea and fertilized with 100%
of the recommended level of
NPK-fertilizers (F;) gave the
maximum grain and biological
yields followed by wheat plants
fertilized with 80% of the rec-
ommended level of NPK-
fertilizers treatment (F,) under
the same crop rotation. The low-
est grain and biological yields
were achieved at the end of the
rotation period in wheat follow-
ing cowpea and consume of 60%
of the recommended dose of
NPK-fertilizers treatment (F;).

N, P and K uptakes

Crop rotations significantly in-
fluenced the N, P and K uptakes
over the entire study period, be-
ing significantly lower in the
presence of millet-fallow-wheat
(S;) treatment than in other two
crop rotations with lower grain
yield (Table, 2). Diversity and
quality -of crop residues in the
legume-wheat crop rotations
could be responsible for higher
N, P and K uptakes compared to
millet-fallow-wheat system (S;).
Though less in residue input to
soils than wheat and millet, be-
low ground residues of cowpea
and clover have been reported to
support more microbial popula-
tion which influences the concen-
trations of nutrients released in
the rhizosphere for plant uptake
(Yusuf et al., 2009)

Also, the increasing levels of
NPK-fertilizers treatments from
60 to 100% of the recommended
doses increased N, P and K up-
takes for both two seasons, par-
ticularly in the second season
under the application of NPK-
fertilizers at levels of 120-30-24
kg fed” (F)) respectively.

This study provides strong evi-
dence that rotation systems can
enhance wheat nutrition through
improving nutrients availability
and microbiological activities
which lead to an increase of N, P
and K uptake by wheat plants.
Conclusions:

The highest grain and biological
yields of wheat plants as well as
soil fertility (OM, N, P and K)
were obtained by wheat plants
cultivated after cowpea and fer-
tilized with 100% of the recom-
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mended dose of NPK-fertilizers
treatment.
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