COMPOARATIVE CEREAL
PRODUCTIVITY STATUS OF SOME

@@ DIFFERENT ROTATIONS WITHOR
> WITHOUT LEGUME CROP
@ = INCLUSION GROWN ON A SANDY
)( SOILS IN TAHREER, EGYPT.
Journal R.S. Abdel-Aal*, R.N. Kamh**, H.M. Salem*,
and H.F.El-Mansoury**
J. Biol. Chem. *Soils Department, Faculty of Agriculture, Moshtohor, Benha

Environ. Sci., 2010,  University.
Vol. 5(1): 95-107 **Fertility and microbiological of soils Department, Desert
www.acepsag.org Research Center, Egypt

ABSTRACT

The objective of the present work was to assess the effect of
crop rotation (cropping sequence) productivity of the soil in terms of
yield of the adopted crops in each. A series of experiment was carried
out at South Tahrir in West Delta in a factorial randomized complete
block design with three replications. N was applied at 3 rates (low -
medium - high) in addition to no-N for each crop ( for wheat: 0, 70, 90
and 110kgN/fed, for maize: 0, 80, 100 and 120 kgN/fed, for peanut: 0,
30, 40 and 60 kgN/fed and for berseem: 0, 20, 30 and 40 kgN/fed).
Based on the findings of this present work, the obtained results can be
summarized as follows: a- Application of the high fertilizer nitrogen
rate encouraged the growth and yield performance of all adopted
crops. b- Cereal crops were inferior to leguminous ones especially in
proliferating plant nutrients in the soil system. Productivity of soil as
affected by rotation was assessed in terms of yield response of the
grain crops (wheat and maize) as related to the position of the crop in
the rotation. In all cases grain yield was greater when the crop
followed a legume than when it followed a grain crop.

INTRODUCTION

Crop rotation is a planned order of specific crops planted on the
same field. Crop rotation implies that succeeding crops are different
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regarding genus, species, subspecies, or variety than the previous
crop. Cropping systems vary in nitrogen content of the plant residues,
and the accumulation of soil organic matter is in part related to this
content.

Nitrogen nutrient management should furnish a balance between
nutrient inputs and outputs for the sake of plant benefits over the long
term (Bacon et al., 1990).

Lopez-Bellido et al. (1996) found that legumes increase cereals
grain yields. Cropping rotations of sequences exhaustive to the soil
that decrease yields of crops. Karlen et al (1997) stated that it is
always recommended to bring back to the soil system the depleted
nutrients, and that the sustainability of cropping systems is largely
determined by their impacts on the soil quality. According to Corbeels
et al. (1998), the carryover residual effect of N fertilizer from a
growing season to the next in soils can be substantial.

Introduction of legumes in the crop rotation is recommended to
enhance the production of cereals. Use of legumes in a cropping
system improves soil fertility through the changes taking place in the
content of organic matter, soil microbial activity and deep root
growth, which facilitates root penetration by cereal crops which
succeed the legumes in the rotation (Herridge, 1982). Legumes fix
atmospheric nitrogen in the soil adding amounts of N which varies
widely according to species, location, management and other factors
(Heichel, 1987)

Hirel et al. (2007) reviewed the increased knowledge of the
regulatory mechanisms controlling plant nitrogen economy and to
what extent it is vital for improving nitrogen use efficiency and reducing
excessive input of fertilizers, while maintaining an acceptable yield

Current knowledge and prospects for future agronomic
development and application for breeding crops adapted to lower
fertilizer input are explored, taking into account the world economic
and environmental constraints in the next century.

MATERIALS AND METHODS
A series of experiments was carried out on a sandy soil at South
Tahrir in West Delta (30°36 54" N, 29° 537 23™ E). These studies were
started in the winter of 2004/2005, summer 2005, winter 2005/2006,
and summer 2006. Four crop rotations were designated and conducted.
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Crops used were wheat"w" (Triticum aestivum C.V. Sakha93),
maize"m"(Zea maize C.V. Bashaer13), peanut"p"(Arachis hypogae
c.v.Giza5), and berseem"B" (Trifolium alexandarinum c.v.Serwl).
The experimental area was shaped into (10m x 12m) plots. These plots
hosted the experimental treatments in a randomized complete blocks
design with three replications. The four crop rotations were as
follows;

cl::stiagtli(;ltlion (R) Crops sequence (Cr)

First rotation Rtl Wheat - maize - Wheat — maize (w-m-w-m)
Second rotation | Rt2 Wheat - Peanut - Wheat — maize ( w-p-w-m)
Third rotation Rt3 berseem - Peanut - Wheat — maize (b-p-w-m)
Fourth rotation Rt4 berseem- maize -Berseem — maize ( b-m-b-m)

Rotation designation"Rt;: (w-m-w-m) Rt2: (w-p-w-m) Rt; :( b-p-w-m) and Rt, :( b-
m-b-m).Sequence of crop is relevant rotation Cry:1% Cry: 2™ Cry: 3 Cry: 4™,

Samples were collected at five depths 0-20, 20-40, 40-60, 60-80
and 80-100cm prior to and after cultivation to verify soil fertility
status. These samples were air-dried, ground, passed through a 2-mm
sieve and preserved in plastic containers for the required physical and
chemical analyses as outlined by Black (1965).

Table 1 shows that the experimental field was mainly loamy
sand in the top 40 cm and sand in the beneath soil layers down to 100
cm. Soils were also characterized by very low organic matter content
and low salinity. The analysis of nutrient content reveals that the soil
is poor in most nutrients but somewhat high in available N most
probably owing to the residual effect of the previous legume crop
(peanut) grown in the soil.
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Table (1): Chemical and physical properties of soil before
cultivation.

Elz|8 £
E |z | 3|8 | 2 E 2 E ¢ |2
= = g~ *
7 3 o
a =
Past g/kg o &)
; Yo
extraction
0-20 7.49 | 0.86 | 5.5 41 837|101 62| LS | 642
20-40 | 7.56 | 0.91 | 3.2 42 |83.6|103 6.1 | LS [ 6.81
40-60 | 7.75] 0.72 | 1.8 36 | 87.6 82 | 4.2 S 4,72
60-80 [ 7.87 | 0.68 | 1.1 27 [89.7] 59 | 44 S 3.95
80-100 | 8.01 | 0.59 [ 0.8 25 |914 | 54 | 32 S 3.48
Available nutrients in soil (mg/kg)
Depth N P K [Fe| Mn | Zn | Cu
0-20 30 3.9 19.8 232 | 1.62 0.49 0.22
20-40 15 2.8 22.8 254 | 1.82 0.54 0.24
40-60 21 1.7 10.6 217 | 1.53 0.37 0.16
60-80 11 1.4 6.5 1.98 | 1.35 0.31 0.12
80-100 8 1.1 4.2 1.76 | 1.12 0.26 0.08
Depth Total nutrients in soil (mg/kg)
N P K Fe Mn Zn Cu

0-20 550 187 1700 | 2100 200 45.6 12.2
20-40 520 174 1540 | 2050 200 45.5 11.8

40-60 340 121 1050 | 1780 175 42,0 11.7
60-80 320 01 560 1610 130 40.0 11.0
80-100 300 33 400 1500 118 40.0 10.5

S: Sand, L. S.: Loamy sand.

Fertilization used for crops of the experiment:

In all studied seasons, N, P, and K were applied to crops, Table
2. N was given at different rates. As can be seen from Table 2 the N-
rates varied according to the crop. P as well as K was add at a constant
rate to all plots.
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Table 2 : Applied NPK rates to crops in the studied seasons.

Seasons Winter Summer Winter Summer
2004/2005 2005 2005/2006 2006
Treatments |Wheat Maize Peanut Berseem
(D Kg / fed
NO 0 0 0 0
N; 70 80 30 20
N, 90 100 40 30
N; 110 120 60 40
P 15 15 15 15
K 60 60 60 60
RESULTS AND DISCUSSION

Comparative rotation productivity of crops in all rotations which
contained them:

Rotation Productivity assessed with regard to wheat crop:

Wheat was included in three rotations (Rtl,Rt2 and Rt3).It
occupied five different positions (sequences), considered as five
different treatments (CrlRtl, Cr3Rtl,Cr1Rt2, Cr3Rt2, and Cr3Rt3 )
for the purpose of productivity assessment. Table 3 and fig. 1 show
that, the highest yield was obtained by Cr3Rt3. This indicates that
growing wheat following two seasons of legume crops (Barseem
followed by peanut) is the most productive rotation for wheat. The
treatment which gave the second highest straw was Cr3Rt2, i.e.
rotation Rt2 where wheat was cultivated following a grain crop then a
legume crop (wheat, peanut). The lowest was Cr3Rtl (i.e. being a
third crop following two successive grain crops of wheat then maize.
This is a clear indication of the benefit of growing wheat following
legume crops, as opposed to its cultivation following grain crops. This
occurred in presence of added N. Such a pattern of superi of Cr3Rt3
followed by Cr3Rt2, then Crl Rt2 over the CrlRtl and lower than
Cr3Rtl1, occurred with grain yield under all condition of N addition.
However regarding straw yield it was only Cr3Rt3 which surpassed
the other rotations under all conditions of N. With no N addition other
rotations were similar. Therefor in absence of added N, the only
treatment which gave superiority was that of wheat following two
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legume crop (Cr3Rt3).Under conditions of no added N, the CrlRtl,
Cr3Rtl, Crl1Rt2, Cr3Rt2) were practically similar regarding straw
yield indicating little benefit from the legume crop previous to the
wheat crop. The wheat grain crop which succeeded two legume crops
(Cr3Rt3) was superior in yield over those of CrlRtl; Cr3Rtl, and
Cr4Rt2. Regarding the Cr1Rtl and Cr1Rt2, Cr3Rtl, results show that
there is no difference between them under conditions of no N. The
two rotations  Rtl and Rt2 had wheat as the starting crop. Therefore
wheat straw yields in these rotations were rather similar.

Table 3: Grains and straw yields of wheat crop as affected by the
Sequence of the crop (Cr) in its relevant affected rotation (Rt) and
N-fertilization levels (wheat was grown in Rtl, Rt2 andRt3)

Crop sequences and relevant rotation (Rt)

Grain yield of wheat (Mg/f)

Treatment (T) | Cr Rt Cr3Rt; | CrRt, Cr;Rt, Cr;Rt3 Mean

NO 0.67 0.52 0.73 0.82 0.94 0.74

N1 1.74 1.54 1.79 2.04 2.14 1.85

N2 2.14 2.05 2.25 2.50 2.55 2.30

N3 3.05 2.89 3.10 3.25 3.33 3.12

Mean 1.90 1.75 1.97 2.15 2.24 2.00

LSD 5% E)Tg;l;reatment (Rt) Rotation 0.04 | (T.Rt) Interaction n.s.

Straw yield of wheat (Mg/f))

NO 1.18 1.04 1.13 1.24 1.36 1.19

N1 4.60 4.12 4.54 4.62 4.71 4.52

N2 5.40 5.06 5.23 5.85 5.95 5.50

N3 6.16 5.93 6.34 6.63 6.72 6.36

mean 4.34 4.04 4.31 4.59 4.69 4.39
(T)Treatment (Rt) Rotation 0.10 | (T.Rt) Interaction

o,
LSD 5% 0.09 0.20
Nots

{[I.l) "o n

(1): Crops involved in rotation(Rt)as wheat"w", maize"m", peanut"p",and Berseem"b".
(2):Rotation designation "Rt; : (Ww-m-w-m) Rt,: ( w-p-w-m) Rt;:(b-p-w-m) Rty:( b-m-
b-m)

(3): Sequence ofcrop is relevant rotation Cr; :1% Cry: 2™ Cry: 3™ Cry 4"

(4): Treatments (T)

(5):NO,N1,N2,N3 rates of 0,70,90,100 kg/f for w,

(6):NO,N1,N2,N3 rates of 0,80,100,120 kg/f for m

,(7):NO,N1,N2,N3 rates of 0,20,40,60 kg/f for p

, (8):NO,N1,N2,N3 rates of 0,20,30,40 kg/f for b.

(9): (Mg/f)-( Megagram 10°/feddan).
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The Cr3Rtl had wheat following two grain crops (wheat,
maize).This particular treatment showed significantly lower yield as
compared with Crl1Rt1 and Cr1Rt2 treatments especially where N was
applied. This shows that growing wheat following two successive
grain yields is of a very negative effect. Therefore, growing wheat
after two successive legume crops rendered soil productivity for wheat
grain and straw considerably whether N was applied or not applied.
This indicates that this particular rotation is the most productive of all
rotations for wheat cro

Wheat_Grain ONO mMN170Kgf B N2 90Kg/f @ N3 100 Kg'f

Yield(Ma/f)

CriRt1 Crart1 CriRt2 CraRrt2 Cr3Rrt3
Fig ( ) Rotation (Rt) and sequnece(Cr) see table( )

Wheat_Straw ONO mN170Kgf BIN290Kgf  EIN3 100 Kgif

yield(Mg/f)

8 I='-:- I=: I o I=-'-:

CriRt1 Cr3Rt1 CriRt2 Cr3Rt2 Cr3Rt3

Fig () Rotation(Rt) and sequence of crop (Cr)see table()

Fig 1: Grains and straw yields of wheat crop as affected by the sequence
of the crop (Cr) in its relevant affected rotation (Rt) and N-
fertilization levels ( wheat was grown in Rt1 ,Rt2 andRt3)
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In conclusion, productivity of the rotation (Rtl, Rt2 and Rt3)
which included wheat crop show that (Rt3) was the most productive
whirs Rt2was the least productive (regarding yield of wheat.) The
wheat treatments within these rotations could be arranged in the
following descending order:

(a) for yield of grains: Cr3Rt3 > Cr3Rt2 >Cr1Rt2 >Cr1Rtl >Cr3Rtl
(b) for yield of Straw: Cr3Rt3 > Cr3Rt2 = Cr1Rt]1 = CrlRtl= Cr3Rtl
In all condition of high Productivity wheat followed a legume crop

Rotation productivity assessed with regard to maize crop:

Maize was included in four rotations, Rtl, Rt2, Rt3and Rt4, and
occupied six different position, i.e. different treatments (Cr2Rtl,
CrdRtl, Cr4Rt2, Cr4Rt3, Cr2Rt4, Cr4Rt4).Table 4 and fig. 2 shows
that the highest yield was obtend by Cr4Rt4 followed by Cr2Rt4 both
being in rotation (Rt4). This indicates that growing maize following
seasons of a legume crop (barseem) gave a high productivity. Thus,
this particular rotation (Rt4) proved to be the most productive of all
rotations for maize since maize in it was preceded by barseem in both
of its sequences i.e. Cr2Rt4, Cr4Rt4. The lowest was Cr4Rtl (with
maize being the fourth crop following three grain crops (i.e. no
legume rotation). Thus the main effect show the following order
Cr4Rt4 >Cr2Rt4 > CrdRt3 >Cr4Rt2 >Cr2Rt1> Cr4Rtl.

Table 4: Grains and stover yield of maize crop as affected by the
sequence of the crop (Cr) in its relevant affected rotation (Rt) and N-
fertilization levels. (Maize was grown in Rtl in Rt4).

Crop sequences and relevant rotation (Rt)

Grain yieldof maize(Mg/f)

T Cr2Rtl | Cr4Rtl | Cr4Rt2 | Cr4Rt3 | Cr2Rt4 | Cr4Rt4 | Mean
NO 0.75 0.69 0.72 1.18 1.21 1.26 0.97
N1 3.03 2.69 342 3.23 3.29 3.32 3.16
N2 3.32 3.19 3.53 3.59 3.67 3.74 3.51
N3 3.45 3.34 3.17 3.65 3.85 3.96 3.57
Mean 2.64 2.48 2.71 291 3.01 3.07 2.80
LSD 5% T 0.03 Rt 0.04 TRt 0.08
Stover yield of maize (Mg/f)
NO 1.29 1.21 1.32 1.52 1.65 1.73 1.43
N1 5.14 491 5.93 5.31 5.74 5.85 5.48
N2 5.89 5.55 6.54 6.15 6.43 6.58 6.19
N3 6.40 6.04 5.23 6.87 6.97 7.15 6.44
Mean 4.68 4.43 4.72 4.96 5.20 5.33 4.89
LSD 5% T 0.06 Rt 0.07 TRt0.15
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This pattern was particularly evident in presence of applied N at
the high rates. However under conditions of no N, the pattern was
Crd4Rt4 = Cr2Rt4= Cr4Rt3> Cr2Rtl= Cr4rt1=Cr4Rt2. This reflects
the benefit of growing maize following a legume crops, (particularly
berseem) as opposed to its cultivation following a grain crop.
Therefore, superiority of growing maize

Maize_Grain ON)  mN180Kgf BN2100Kgf @ N3 120 Kgif
87]
741
g
g o e TR T ER i e i i
2
7 4
] 1
s 3
211
1 i il = =
0_ =u =) =l-lI
CrzRt1 CrdRt1 CrdRt2 CrdRt3 Cr2Rtd CrdRid
Fig( ) Rotation(Rt) sequence of crop (Cr) see table( )

Maize_Stover ‘ ONO mN180Kgf BN2100Kgf N3 120 Kgi

CrdRt2 Cr4Rt3 Cr2Rt4 CrdRt4

CrZRt1

CrdRt1

Yield(Mg/f)
O = N Wk O~ ®

Fig( ) Rotation(Rt) and sequence of crop(Cr)see table( )

Fig 2: Grains and stover yield of maize crop as affected by the sequence
of the crop (Cr) in its relevant affected rotation (Rt) and N-
fertilization levels. (Maize was grown in Rtl in Rt4
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Following legumes over its growing following grain crops was
particularly evident in presence of N. In absence of added N, the three
treatments of CrdRt4, Cr2Rt4, and Cr4Rt3 were similar; also the other
three treatment Cr4Rt2, Cr2Rtl, and Cr4Rtlwere similar. This
indicates that superiority of one-legume rotations (Rt2) over the no —
legume rotation (Rtl) occurred only where N was applied. Under
conditions of no N, the Rt2 did not surpass Rtl in productivity. Both
of the two rotations Rt1l and Rt2 contain grain crops. However one of
them (Rtl) contains no legume; the other (Rt2) contains one legume
crop (Peanut). Therefore, maize yields in Rtland Rt2 rotations were
lower than in the two other rotations (Rt3 and Rt4).

Available nutrients at end of each rotation:

Tables (5, 6 &7) show the available nutrients (N, P and K) at end
of each rotation. It can be concluded that the 1* rotation Rtl (which
included only grain crops) is the lowest with regarding to the available
nutrients but the 4™ one Rt4 (which included two legume crops Crl
and Cr3) is the highest in the content of available nutrients i.e. N, P
and K. It is clear that the residual effect of legumes is more effective
and consequently increasing soil fertility than grain crops.

Table 5: Available N at end of the last crop of each rotation
(expressed as kg/f) through 0-100cm depth).

Rotation (Rt1) Rotation (Rt2)
N(kg/f)

NO | NI | N2 | N3 | NO | N1 | N2 | N3
Inetial 85 85 | 85 | 85 | 85 | 85 | 85 | &5
N applid 0 300 | 380 [ 460 | O | 240 | 320 | 400
Residual 43 | 103 | 89 | 43 | 41 | 135|132 | 86

Rotation (Rt3) Rotation (Rt4)
Inetial 85 85 | 85 | 85 | 85 | 85 | 85 | &5
N applid 0 190 | 260 | 330 | O | 200 | 260 | 320
Residual 31 114 {123 | 123 | 19 | 30 | 29 | 57
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Table 6: Available P at end of the last crop of each rotation
(expressed as kg/f) through 0-100cm depth).

P(kg/f) Rotation (Rt1) Rotation (Rt2)
NO | N1 N2 N3 NO N1 N2 N3
Inetial 10.9 | 109 | 109 | 10.9 | 10.9 | 109 | 109 10.9
P applid 60 60 60 60 60 60 60 60
Residual 57.6 | 44.1 | 389 | 33.2 | 56.8 | 45.0 | 40.2 34.9
Rotation (Rt3) Rotation (Rt4)
Inetial 109 | 109 | 109 | 109 | 109 | 109 | 10.9 10.9
P applid 60 60 60 60 60 60 60 60
Residual 31.0 | 559 | 432 | 37.1 | 563 | 384 | 328 28.4

Table 7: Available K at end of the last crop of each rotation
(expressed as kg/f) through 0-100cm depth).

Kke/f Rotation (Rt1) Rotation (Rt2)
(ke/f) NO | NI|N2| N3 | NO | N1 | N2 | N3
Inetial 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140
K applid 240 | 240 | 240 | 240 | 240 | 240 | 240 | 240
Residual 324 [126| 75 | 31 | 319 | 161 ] 102 | 57
Rotation (Rt3) Rotation (Rt4)
inetial 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140
K applid 240 | 240 | 240 | 240 | 240 | 240 | 240 | 240
Residual 321 | 186|127 | 101 | 319 | 155| 113 | 87
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