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HE CURRENT study was conducted at Sers El-Lian Research

Station, Minufiya Governorate, Egypt, during 2009/10 and
2010/11 years to investigate the effect of three cropping patterns of
relay cotton (Var. Giza 85) on wheat (Var. Sakha 93) as well as
monoculture regarding growth, yield and its attributes . The study also
targeted examination of five nitrogen levels and source. Competitive
relationship parameters and economical input/ output variables for the
entire field railing were justified too. The three tested intercropping
patterns showed diverse traits between the two years of study (P 0.05)
associated with interaction years and patterns main effect of the 90cm-
traces pattern (P,) recorded significantly greater yields of both wheat
and cotton traits than the other two cropping patterns . Effects of
nitrogen levels showed insignificance difference between the
treatment 70 kg mineral N + 500g cerialein, compared to the
recommended dose of 75 kg mineral nitrogen. Interaction between
planting patterns and nitrogen levels concluded exploiting P, pattern
and the treatment 70kg mineral N+500g cerialein. Land equivalent
ratio(LER),relative crowding coefficient (RCC) and estimates
averaged over cropping patterns and N-fertilizer treatments showed
increasing the efficiency of land use by 76% and 82% in the first and
second year, respectively. Moreover, the most benefit realized was
associated with post plantation cotton intercropped with wheat
expressed as monetary advantage index (MAI) of (5446.8 and 5537.7
LE) in the first and second season ,respectively. The total income was
the highest when relay intercropping cotton were grown with cotton at
90 cm traces pattern P, and using 75 kg mineral N/fed in both seasons,
respectively . It could be concluded that relay intercropping of cotton
with wheat as intensive cropping system is recommended to increase
the productivity of the unit area.

Keywords: Relay intercropping, Egyptian cottons, Wheat, Nitrogen
levels; LER; MAI, Total income.

Egyptian cotton (Gossyptium barbadense L.) of long and extra long stable and
bread wheat (Triticum aestivum L.)are two major crops grown in Egypt since
ancient times. The last report of Industrial Development Authority indicated that
452 textile mills were established from Jan. 2006 to Jan. 2009. The investments
amounted to 7.6 billion Egyptian pounds, most likely, to provide extra 80
thousands employment opportunities. Recently, Egyptian cotton has been
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suffering from many domestic and world market difficulties. One of the most
cotton farming problems is delaying planting date after March, 30. This mainly
was due to time overlapping with the preceding winter liquid money crops like
wheat or faba bean. For these reasons, the long duration winter crops especially
wheat was not encouraging to sow before cotton (Kamel et al., 1992). Wheat , on
the other hand , is also food and feed crops and with more than 15% of needs is
imported, it makes a huge noisy to the police makers in Egypt. It is the most
important cereal crop for providing the every-morning source of carboy dates
and probably protein to the growing Egyptian nation.

Several production systems like planting pattern rows orientation, crop
rotation, mixing- cropping, intercropping and relay cropping of major crops with
the others are proposed by agronomists to yield production and land use.

The word relay in its agricultural meaning is describing the case of inter-
planting a crop (second crop) into an existing crop (first crop ) several weeks
right before harvesting the first one. Rely intercropping is then a method of
multiple cropping where summer crops, like cotton in the current study, are
plated into standing winter crop (wheat) several weeks before winter wheat
harvested (4 to 7 weeks ). Under Egyptian conditions, while wheat is about to be
mature.

The affect of relay intercropping of cotton with wheat was studied by
Hussein (2006) and Zhang et al. (2007). Those articles highlighted that relay
intercropping pattern gave advantage in land use efficiency estimates over the
patterns using several crop intensification sequences and wheat- relay
intercropping. El-Hawary (2009) concluded that relay intercropping with cotton
was superior over all cropping successions used and also recorded the highest
mean net returns especially for water consumption. In addition to the above-
mentioned points the current is extended to research the levels and source
nitrogen added to wheat this is to maintain the sustainable agriculture that
requires a profound concern for environmental safety and increase in cost of
chemical fertilizers the application of mineral fertilizer recommended for wheat
under Egyptian conditions mounts to 75 kg feddan™ this amount is more than 3
times of the world average (Zhang et al., 2008). As a consequence, the high rates
of mineral N management in cropping patterns will crops growing environment
and food provisions in a severe risk to date, there is no exact recommendation on
how much N- fertilize are applied to wheat when relayed with cotton instead it is
presumable as high as the above mentioned rate thus improving the nitrogen use
efficiency is an objective of both agronomist. Mekhemar (2008) found that
inoculation of wheat grain with N-bio- fertilizers resulted increase in growth and
yield traits and Sherif et al. (2011), indicated that all intercropping treatments
showed yield advantage compared with solid planting and the maximum value of
land equivalent ratio LER were 1.97 and 1.88 in both seasons, respectively.

The present study exploited cerialine as N bio-fertilizer. It is a commercial
product produced by bio- fertilizers unit, A.R.C. Egypt containing azotobacter
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and azospirllum bacteria. The study was designed to promote sustainability over
time and space through evaluating biologically as well as economically, relaying
Egyptian cotton on wheat response of wheat and cotton plants to relay cropping
patterns including sole and nitrogen fertilizer levels and source were aimed.

Materials and Methods

The current study was conducted at Serce EL-Lian Research Station,
Minufiya Governorate, Egypt during 2009/10 and 2010/11 years. The study
aimed to sustain Egyptian cottons cultivated space through investigating the
effect of three cropping systems of relay cotton (var. Giza 85) on wheat (Var.
Sakha 93) regarding growth and yield and its attributes. The study also targeted
examination of five nitrogen levels and source. Competitive relationship
parameters and economical input/output variable for the entire field trialing were
justified too. The soil texture of experimental area was clay loam. Table 1
illustrated the soil loam analysis of the experimental site for the two years of
experimentation.

TABLE 1. Soil loam chemical and physical analysis in the two years of experimentation.

Marcro- Mechanical analysis (%6)
nutrients(ppm)

Year pH | CaCO; |[OM%| N | P | K | Clay | Silt | Fine | Course
sand | sand

2009/2010| 7.3 1.3 1.2 89 | 14| 138 | 40 27 33 1.3

2010/2011| 7.6 1.4 1.5 124112 | 125 | 38 27 32 1.4

In case of rely cropping winter wheat, sown in the fall, is intercropped with
cotton in the spring. After wheat harvesting in early summer, cotton occupies the
whole land. At cotton harvest, in the next fall, two crops have been grown in one
field, with seedling and early reproduction phase of cotton and the maturation
phase of wheat overlapping in time and space. Cropping cycle can be restarted
again by planting wheat in fall.

Therefore, the geometrical arrangements of the cropping patterns in the
current study occupied the main plots with plot size of 42 m?. Planting patterns
of cotton and wheat were done on terraces where wheat grains were sown in
rows 15. Cotton seeds was sown two plants in hills, 25 cm apart seeded on the
side of the bed. Cropping patterns were depicted as follow: Pattern 1 (P,); cotton
was seeded in pure stand in dry soil in rows 60 cm apart and one side of the
ridges (60 cm width). The cotton seeds were planted at March 23™ and 22" in
the first and second seasons, respectively, in hills 25 cm apart with seeding rate
of 30 kg/fed, and the plants were thinned to two plants/hill. This pattern was
designed for testing the late plating of cotton after traditional wheat cultivation
following the integrated late planting cotton package described by Abou El-
Zahab & Mashhour (1998) where they recommended cotton variety G 85 as a
tolerant to stress of late planting. The experimental area was prepared for regular
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planting of wheat on Nov. 15" and 20" in the two years, respectively. cotton
plants were thinned to two plants per hill and the agricultural management for
both crops was followed as sole planting. Pattern 2 (P,) and pattern 3 (P3); cotton
relayed on wheat terraces of 90 cm apart and 120 cm apart, respectively , using
the above- mentioned planting format. In P, and P; , cotton was relayed on
March 22" and 23™, while wheat was planted Nov. 15" and 21% in the first and
second season, respectively. Cotton seeds were sown prior to the irrigation of
wheat in the two sides of the terraces in hills, 25 cm apart, respectively. In order
to find out a means of valid comparison, level of both traditional solid cotton and
wheat was applied. The traditional planting wheat grains were sown in rows
15cm apart on Nov. 15™ and 21%, respectively, in the two years. The cultural
practices for both crops were followed as the site recommendations.

Five treatments of nitrogen fertilization, occupied the sub-plots, were used to
investigate response of wheat yield to N fertilizer level. These treatments were:
Without fertilizer (control treatment), only 500 gm of cerialein/fed and only
75kg mineral N/fed. Nitrogen fertilizer was added in the form of ammonium
nitrate (33.5% N). Mineral nitrogen fertilizer treatments were added in two equal
doses. Wheat grains were divided into two parts: first, was washed with water
just before planting to remove the races of pesticide and directly inoculated with
cerialein. Second, was left without washing. At cotton harvest, three inner ridges
and terraces were used to collect information about seed cotton yield and its
components. Ten guarded plants used to estimate plant height/cm (pH), number
of fruiting branches/plant (NFB), number of open bolls per plant (NOB), lint
percent (L%), seed index (SI) "weight of 100 seed per gm". Boll weight was as
average of 50 bolls selected randomly from each plot. Seed cotton yield per plant
(SCY/plant) and per feddan in kantars (SCY/KF). Seed cotton yield per plot in
kg was transformed to kantars per feddan (1 kentar = 157.5 kg). At wheat harvest
all plants in each sub-plot were used to determine wheat grains vyield
ardab/fedden (1 ardab=150 kg). Ten guarded plants were chosen from each plot
to estimate yield determinants like number of spike/m?, spike length, number of
spikelets/spike, number of grains/spike, spike weight, grain weight (gm/spike),
1000-grains weight (seed index) and grain yield (gm/plant). Plant height (cm),
straw yield (ton/fed) and protein content (kg/fed) were estimated.

Statistical analysis

The experimental 15 treatments were laid-out in four replicates of RCBD
with split plot arrangements. The main plots of 42 m? were allocated to the
cropping systems. The five nitrogen fertilizations levels were distributed in the
sub-plots. The competitive relationships and yield advantage variables were land
equivalent ratio "LER" (Willey 1979, 1990), relative crowding coefficient
"RCC" (Dewit, 1960) and aggressively (Mc-Gilehrist, 1965).

Monetary advantage index (MAI)
It suggests that the economic assessment should be in terms of the value of
land saved; this could probably be most assessed on the basis of the rentable
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value of this land .MAI was calculated according to the formula suggested by
Willey (1979) .

value of combined intercrops x LER-1
MAI =

LER

Economic evaluation
The net income fed™ was calculated for each treatment in Egyptian pounds,
using the market prices for both years. The market prices for wheat 210.00 L.E.

ardab™ average in the two successive seasons and 670.00 L.E kentar -1 for
cotton average in the two successive seasons (Agriculture Statistics 2009 and
2010). Moreover, profitability was calculated for each treatment according to the
following formula:

Profitability = (Net benefit / total variable cost) x 100.
Results and Discussion

The current study was designed to enhance Egyptian cotton sustainability by
justifying the sustainability dimensions include social acceptance, environmental
health and economic benefits. This practically mean to check if relay
intercropping of cotton on wheat is sustainable i.e. environmental resources
(land, fertilizer and other agro economic variables ) use efficient compared with
regular cropping .

Effect of planting patterns

Planting pattern was deliberated to help sustain Egyptian cotton cultivated
area through investigating the response of cotton plants to different planting
patterns including monoculture, late planting cotton after wheat (P;) and two
relay cropping of cotton on wheat (P, and Ps). Results presented in Table 2
indicated that relay intercropping of wheat and cotton provides a substantial
wheat yield advantage compared to monoculture. The two tested intercropping
system showed diverse traits between the two years of study (P>0.05) associated,
however, with no interaction between years and patterns. The 90 cm double rows
pattern system (P,) had significantly greater wheat yield than the other two
cropping patterns. Wheat traits significantly affected by cropping pattern, except
for no of spikelet/ spike and straw yield in both seasons. Among the three
cropping patterns, P, pattern gave highest wheat yields (21.70 and 22.40
ardab/fed for the two years, respectively) followed by pattern 3 (120 cm
double rows pattern system) with no clear cut significant difference between P,
and P3. The three cropping varied in grain yields/ fed compared to the solid case
and amounted to 88%, 95% and 88%, for first year and 84%, 89% and 86% for
second year, respectively. This bared that relaying cotton on wheat had minor
deleterious effects on wheat growth, yield and yield components. Wheat plants
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raised on P, tended to have better growth, yield and yield components than those
grown on the conventional rows P1.

TABLE 2. Effect of planting pattern in growth ,yield and yield component of wheat
during 2009/2010 and 2010/2011 seasons.

Cropping| Plant | Noof | Spike | Noof | Weight| Noof | Seed | Grain| Straw | Protein
pattern | height| spikes | Length| spikelets// ~ of | grains/| index | yield | vyield | kg/fed

(cm) m? (cm) spike |spike(g)| spike (9) | arada/| (ton)/
fed fed

Season 1
P; 92.23 |364.48 | 11.31 | 18.53 223 | 50.41 | 43.09 | 20.21 | 457 |214.91
P, 92.35 | 377.58 | 11.55 | 18.68 258 | 54.75 | 46.22 | 21.70 | 5.44 |233.29
P3 94.04 |368.74 | 11.49 18.6 237 | 51.76 | 4493 | 20.18 | 49 |211.48

LSD 1.05 | 1475 | 0.20 Ns 0.23 0.27 1.31 | 0.47 Ns 14.12

CV% 3.74 5.81 4.88 2.2 2.72 3.75 3.15 3.38 3.65 8.17

Solid | 69.17 [380.35| 12.24 | 18.83 2.69 59.4 | 53.22 | 2290 | 5.14 | 240.2

Performance percentage

P; 0.93 0.96 0.92 0.98 0.83 0.85 | 0.81 | 0.88 | 0.89 0.85

P, 0.93 0.99 0.94 0.99 0.96 0.92 0.87 0.95 | 0.88 0.92

P3 0.98 0.97 0.94 0.98 0.88 0.87 0.84 | 0.88 | 0.95 0.83

Season 2
P, 87.37 |372.29 | 11.51 | 18.43 231 | 5194 | 4456 | 21.06 | 456 |243.23
P, 90.78 |394.03 | 11.96 | 18.65 266 | 5757 | 46.93 | 22.4 | 4.39 |260.65
P3 9494 | 381.2 | 11.82 | 18.49 239 | 56.32 | 45.29 | 21.53 | 4.83 | 235.72

LSD 2.35 8.27 0.32 Ns 0.31 1.69 0.56 1.43 Ns 11.84

CV% 4.5 6.86 3.63 3.32 2.51 3.67 3.4 3.52 2.14 6.6

Solid | 97.25 | 415.1 | 12.37 | 18.84 277 | 65.08 | 58.14 | 23.15 | 5.11 | 265.07

Performance percentage

P1 0.90 0.90 0.93 0.98 0.83 0.80 | 0.77 0.84 | 0.89 0.92

P, 0.93 0.95 0.97 0.99 0.96 0.88 | 0.81 | 0.89 | 0.86 0.98

P3 0.98 0.92 0.96 0.98 0.86 0.87 0.78 | 0.86 | 0.95 0.89

Growing wheat on wide ridges seemed to minimize both below and above
ground inter —competition and increased the benefit from solar radiation. This
indicating different response of wheat plants sown in different cropping patterns
including monoculture back to response to crop density. Thus, increases in grain
yield, straw yield and protein in solid planting may be due to the effect of
growing wheat on narrow rows. On the other hand, data in Table 3 revealing the
effect of planting cotton late after wheat (P,) and the two relay intercropping
patterns P, and P; on cotton growth, yield and some of its components. Cotton
lint yields were significantly lower in intercrops than in monoculture (P>0.05).
The yields of the monoculture were 7.90 and 7.33 kantar fed for in the first and
second year, respectively, with a significant year effect (P>0.05). Except for
plant height and seed index, significant variation was recorded with other treats
in the two years. No of fruiting branches plant, no of open bolls plant, boll
weight gm, yield plant (gm), lint %, and seed cotton yield kantars/ fed were the
highest significantly when cotton relayed on wheat in the second pattern of both
seasons. Production of cotton yields fed were the highest in the pattern 2
followed by pattern 3 and amounts to 89% and 84% of monoculture in the first
season and 96% and 90% in the second season, respectively.

Egypt. J. Agron . 34, No.2 (2012)



RELAY INTERCROPPING OF COTTON ... 289

TABLE 3. Effect of planting pattern on growth , yield and yield component of cotton
during 2009/2010 and 2010/2011 seasons.

Pattern| PH NFB/ | NOB/ | BW/gm SCY/ SI L% | SCY/K
cropping| (cm) | plant | plant plant(gm) fed
Season 1
Py 122.31 | 8.84 | 1244 1.82 21.03 7.03 | 34.04 | 5.74
P, 120.50 | 105 | 16.19 2.05 30.86 7.09 | 35.02 | 7.10
P3 12041 | 9.24 | 15.63 2.00 29.63 7.07 | 3422 | 6.66
LSD Ns 0.76 | 0.74 0.19 1.77 Ns | 0.81 0.34
CcVv 7.29 442 | 4.82 291 3.23 3.54 | 3.49 2.47
Solid 125.61 | 10.73 | 18.1 2.14 354 7.53 | 37.19 7.9
Performance percentage
Py 0.97 0.82 | 0.68 0.85 0.69 0.93 | 0.92 0.72
P, 0.96 098 | 0.89 0.96 0.87 094 | 094 0.89
P3 0.96 0.86 | 0.81 0.93 0.84 0.94 | 092 0.84
Season 2
Py 124.07 | 768 | 138 1.84 26.00 7253449 | 542
P, 123.08 | 9.56 | 16.41 2.12 35.43 759 | 3538 | 7.06
P3 124.68 | 6.23 | 15.09 1.9 29.34 7.45 | 3495 | 6.57
LSD Ns 0.57 | 0.85 0.3 1.68 Ns | 0.76 0.19
CV% 8.09 282 | 3.29 2.61 2.6 2.81 | 3.37 2.71
Solid 12755 | 103 | 18.77 221 38.11 8.22 | 383 7.33
Performance percentage
Py 0.97 0.75 | 0.74 0.83 0.68 0.88 | 0.90 0.74
P, 0.96 093 | 0.87 0.96 0.93 092 | 092 0.96
P3 0.98 0.60 | 0.80 0.86 0.78 091 | 091 0.90

This reduction, revealing that cotton growth and yield traits were slightly
affected by relaying cotton on wheat compared to the case of late planting cotton
in May after wheat, i.e., the pattern 1. This tendency may be due to the fact that
cotton plants have the potential to build up good shallow rootlets which are the
main portion responsible for nutrient uptake. The high yield of P, over P;
seemed likely due to the large distance between plants in that make cotton plants
unable to capture all available solar radiation later in the season. Production is
significantly in the late planting pattern (P).

However, yield reduction of 28% and 26% of the variety G85 cotton variety
planted in P; compared to the regular cotton panting still from point of view not
and if you don’t have another choice except this repulsive late planting of
Egyptian cotton genotypes. This also suggests that Egyptian cotton of barb dense
(Abou-EL-Zahab et al., 1998) as well as worldwide Barbadians germplasm (Abd
alla et al., 1999 and 2001) may have a potential to tolerate late planting the
quality of lint under P, conditions, however, still warrant of further investigation.

Data in Table 3, also, revealed that the traits of monoculture (solid) cotton
planting surpassed all traits in the tow intercropping patterns. This superiority in
almost all growth and yield treats indicate two things, first the growth of cotton
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seedlings in the overlapping time of intercropping was suppressed due to
competitive effects between cotton and wheat for nutrients, water and solar
radiation in the early growth stages of cotton second the dray matter
accumulation through the course of cotton life in intercrops sometime delayed
(overlapping time) in intercrops compared to solid planting similar finding
findings were obtained by Hussein (2006) and Zhang et al. (2007), however
stated that seed cotton yield/feddan did not significantly different when cotton
plants were sown solid or intercropped with wheat on march 25"

Nitrogen levels and source

It has been known that the N management of intercropping systems rather
than of mono-cropping should be improved by means of sustainable
management of proper orientation of N supply and source . This part of the
study, therefore was designed to study response of what plants to levels of
nitrogen in Tables 4 and 5 indicated that the studied treats of both wheat and
cotton were significantly affected by nitrogen data showed that yield and its
components of cotton and wheat on pattern 2 over N levels were the highest
values, whereas the lowest values were obtained when cotton was intercropped
in pattern 1. The plants of no fertilization were the shortest, meanwhile the
treatment 70 kg mineral N + 500g cerialein were the second best performance
after solid case for the majority of the studied traits. The effect of nitrogen
fertilization revealed significant yield and its attributes increasing proportional
with increasing N levels.

TABLE 4. Effect of minerals and bio-fertilizer treatments on growth , yield and yield
components of cotton during 2009/2010 and 2010/2011 seasons.

N-Fertilizer PH NFB/ | NOB/ | BW/ | SCY/ SI | Lint | SCY/
treatments (cm) plant | plant | gm | plant % Kf
(gm)
Season 1
Without fertilizer 107.7 6.80 10.67 | 1.62 | 1729 | 5.8 |35.09| 4.71
500g Cerialine 109.62 | 7.63 12.34 | 1.83 | 22.7 | 6.49 |35.45]| 5.47
70 kg mineral N 110.24 | 10.00 | 15.92 | 1.93 | 30.95 | 7.13 |35.17| 7.02
70 kg mineral N 126.55 | 10.78 | 17.07 | 2.03 | 38.86 | 8.72 [35.39| 7.35
+500g
70 kg mineral N 13427 | 11.06 | 1943 | 2.14 | 39.73 | 8.92 | 35.17| 7.50
LSD at5 % 9.62 0.41 027 | 012 | 037 |0.14]0.32] 0.19
CV % 8.29 4.40 482 | 291 | 323 | 354|349 | 247
Soild 125.61 | 10.73 18.1 | 214 | 354 | 7.53 [37.19| 7.90
Season 2

Without fertilizer 114.88 | 6.56 10.79 | 1.59 | 17.16 | 5.96 |34.89| 4.56
500g Cerialine 106.58 | 7.29 12.41 | 1.85 | 23.08 | 6.58 |34.47| 5.50
70 kg mineral N 123.13 | 9.73 15.72 | 2.02 | 31.35 | 7.54 |34.98| 6.94
70 kg mineral N +500g| 133.49 | 10.61 | 17.10 | 2.32 | 39.36 | 8.09 |35.49| 7.50
70 kg mineral N 141.63 | 10.09 | 18.49 | 2.22 | 40.39 | 8.98 |35.86| 7.58
LSD at 5 % 11.04 0.57 033 | 019 | 092 |0.29]0.26 | 0.14
CV % 13.09 2.82 329 | 261 | 418 | 281|337 | 271
Soild 12755 | 10.3 18.77 | 2.21 | 38.11 | 822 | 38.3 | 7.33
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TABLE 5. Effect of minerals and bio-fertilizer treatments on growth, yield and yield
components of wheat during 2009/2010 and 2010/2011 seasons.

N-fertilizer | Plant | No of | Spike | No.of |Weight| No of | Seed | Yield | Straw| Protein
treatments | height | spike | length|spikelet/| of grain/| Index ((ardab/| (ton/| (kg/
(cm) (cm) spike |spike(g)| spike | (g) fed) | fed) | fed)

Season 1
Without 87.82 | 325.84| 11.62 | 18.23 2.08 | 48.27 | 39.89 | 18.65 | 3.96 | 196.19
fertilizer

5009 91.22 | 352.61| 10.65 | 18.43 227 | 49.51 | 43.34 | 20.47 | 4.44 | 208.22
Cerialine

70 kg 93.46 | 381.26| 11.40 | 18.67 239 | 52.63 | 46.36 | 21.89 | 4.88 | 217.18
mineral N

70 kg 96.50 | 398.08| 11.78n| 18.81 258 | 5540 | 46.92 | 22.60 | 4.97 | 238.99
mineral N

+5009g

70 kg 96.03 | 400.88| 11.96 | 18.88 2.65 |[55.71 | 47.03 | 22.72 | 5.07 | 237.68
mineral N

LSDat5% | 059 | 284 | 054 0.35 039 | 019 | 030 | 0.11 | 0.13 | 12.87
CV % 3.74 | 5.81 | 4.88 2.20 272 | 360 | 3.15 | 3.38 | 365 | 817
Soild 96.17 | 380.35| 12.24 | 18.83 | 2.69 |59.40 | 53.22 | 22.9 | 5.14 | 240.20

Season 2

Without 80.16 | 333.55| 10.65 | 18.15 211 | 49.24 | 40.31 | 18.93 | 3.93 | 206.31
fertilizer

5009 89.86 | 358.04| 11.64 | 18.39 231 | 52.28 | 44.20 | 20.79 | 4.34 | 233.44
Cerialine

70 kg 93.32 | 391.11| 12.00 | 18.57 244 | 55.63 | 47.29 | 22.44 | 4.72 | 250.97
mineral N

70 kg 95.49 | 417.53| 12.19 | 18.70 2.64 |59.41 | 48.06 | 22.87 | 4.93 | 263.77
mineral N

+500g

70 kg 96.32 | 420.30| 12.33 | 18.80 275 |[59.73 | 48.28 | 23.29 | 5.04 | 275.16
mineral N

LSDat5% | 7.12 | 3.78 | 0.19 0.14 029 | 036 | 018 | 069 | 0.18 | 858
CV % 45 6.86 | 3.60 3.32 251 | 369 | 341 | 350 | 214 | 6.63
Solid 97.25 | 415.1| 12.37 | 18.84 2.77 | 65.08 | 58.14 | 23.15 | 5.11 | 265.07

For both seasons, there were no clear cut significant differences among each
of the treatments 70 kg mineral N+ 500g cerialine, 75 kg mineral N (the
recommended treatment) and solid cotton .The insignificance difference between
the treatment 70 kg mineral N+ 500g cerialine and the recommended 75 kg
mineral nitrogen in both seasons indicating that we can exploit the treatment
70kg mineral N+ 500g. This will help reducing the amount of mineral nitrogen
added to wheat and cotton and so breathe a healthy life into growing
environment.

The increase in plant height proportionally with N fertilization most likely
back to the favorable effect of nitrogen in the metabolic processes and
physiological activities of epistemic tissues, which responsible for cell division
and elongation in addition to formation in plant organs (Zhang et al., 2008 and
Milroy & Binge, 2003). Moreover, Mekhemar (2008) showed that the significant
increase in the total grain weight associated with high bio-N fertilizer rate added
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to wheat plants due to promoting grains filling by increasing photosynthetic
productivity that boost the rate of dry matter accumulation in the grains.

Interaction

This part of the study was intended for exhibiting a level of a logic
comparison among current planting patterns, nitrogen levels and data of
traditional planting of both cotton and wheat through looking at the interactions
among these treatments.

TABLE 6. Interaction effects between the planting pattern and nitrogen fertilizer
on some wheat characters during 2009/2010 and 2010/2011 seasons.

Cropping N- No of spikes/ No. of Weight of Seed index Grain yield
Pattern fertilizer m? grains/spike | grains/spike @) (ardab/fed)
(%)
2009/ | 2010/ | 2009/ | 2010/ | 2009/ | 2010/ | 2009/ | 2010/ | 2009/ | 2010/
10 11 10 11 10 11 10 11 10 11
Py Without 321.02 | 326.49 | 49.23 | 47.83 | 2.01 | 2.08 | 39.25 | 39.9 | 18.37 | 18.51
fertilizer

Cerialine 348.8 | 352.67 | 47.56 | 50.57 | 2.13 | 2.21 | 41.42 | 43.47 | 20.14 | 20.38
70 kg mineral | 375.03 | 384.36 | 49.99 | 51.90 | 2.23 | 2.29 | 44.48 | 45.90 | 21.20 | 21.59
N

70 kg mineral | 386.09 | 393.78 | 52.4 | 54.54 | 2.37 | 2.41 | 45.00 | 46.57 | 21.74 | 22.26
N +5009
cerialine
75 kg mineral | 391.44 | 404.13 | 52.84 | 54.88 | 2.43 | 2.53 | 45.28 | 46.94 | 22.08 | 22.56
N

P, Without 332.27 | 340.98 | 47.46 | 50.74 | 2.14 | 2.18 | 40.56 | 40.95 | 18.94 | 19.28
fertilizer
Cerialine 357.05| 363.26 | 51.62 | 53.81 | 2.45 | 2.49 | 45.07 | 45.25 | 20.84 | 21.20
70 kg mineral | 387.84 | 401.85 | 56.09 | 58.32 | 2.61 | 2.64 | 47.83 | 48.86 | 23.03 | 23.46

N
70 kg mineral | 405.08 | 424.08 | 59.13 | 62.38 | 2.81 | 2.94 | 48.64 | 49.52 | 23.31 | 23.81
N +500g
75 kg mineral | 415.67 | 439.95 | 59.44 | 62.60 | 2.87 | 3.04 | 49.02 | 50.05 | 23.66 | 24.24
N
P3 Without 324.22 | 333.17 | 48.12 | 49.14 | 2.10 | 2.08 | 39.87 | 40.09 | 18.65 | 19.00
fertilizer

Cerialine 351.98 | 358.19 | 49.36 | 52.47 | 2.22 | 2.24 | 43.54 | 43.88 | 20.42 | 20.78
70 kg mineral | 380.92 | 387.11 | 51.81 | 56.68 | 2.34 | 2.38 | 4.77 | 47.12 | 21.45 | 22.26

N
70 kg mineral | 391.07 | 404.72 | 54.67 | 61.29 | 2.55 | 2.58 | 47.11 | 47.50 | 21.95 | 22.54
N +500g
75 kg mineral | 395.52 | 422.79 | 54.84 | 62.04 | 2.62 | 2.67 | 47.38 | 47.86 | 22.43 | 23.06
N
LSD at5 %" 4.93 6.55 325 |0.62 |017 |0.13 [340 111 ]0.18 [0.48

Data in Table 6 showed a significant interaction between cropping patterns
and nitrogen levels both of the two seasons are presented in Tables 7 and 8.
Yield components traits and grain yield plant recorded the highest values by
cropping P, and 75 kg nitrogen followed by P2 and 70 kg +500gm cerialine with
very minor differences between them. The highest values of fruiting branches/
plant, seed index, no of plants at harvest seed cotton yield/plant and fed were
obtained when cotton plants were sawn sole or intercropping with wheat |
pattern 2 at nitrogen fertilization levels 75 kg N/fed (Table 8). The lowest values
of these characters were obtained when cotton plants were sown late on May
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after wheat harvesting where there were no significant differences between the
two treatments of nitrogen levels 70+ 500gm cerialine and the recommended
treatment of 75 kg mineral nitrogen. The yield increase by raising minerals and
Bio-N fertilizer levels or when cotton sown in pattern 2 may be due to increase
in nutrient uptake when relaying cotton on wheat.

TABLE 7. Interaction effects between the planting pattern and nitrogen fertilizer on
some cotton characters during 2009/2010 and 2010/2011 seasons.

Cropping N-fertilizer N O B/plant Sl SCY/plant SCY/K/fed
pattern (gm)
2009/ | 2010/ | 2009/ | 2010/ | 2009/ | 2010/ 2009/ | 2010/11
10 11 10 11 10 11 10
Py Without fertilizer 10.44 | 10.69 | 5.63 5.82 15.85 | 15.40 4.47 4.41
Cerialine 10.93 | 11.21 | 6.45 6.48 | 19.21 | 19.50 5.13 5.15

70 kg mineral N 1251 | 12.79 6.83 7.26 22.97 23.96 6.70 6.60
70 kg mineral N 14.87 | 15.54 7.56 7.74 29.14 31.29 7.17 7.09

+500 gceriali

75 kg mineral N 18.44 | 18.78 8.68 8.94 20.14 39.81 7.78 7.75
P, Without fertilizer 10.86 | 10.94 6.09 6.14 37.98 19.72 4.68 4.67

Cerialine 1348 | 13.71 6.63 6.75 19.51 27.78 5.74 5.85

70 kg mineral N 18.04 | 1825 | 7.62 7.67 26.44 | 39.04 7.25 7.05
70 kg mineral N 1841 | 1870 | 8.07 8.30 | 36.98 | 41.99 7.74 7.77
+500g Cerialine
75 kg mineral N 20.16 | 2044 | 9.17 9.08 | 39.71 | 48.62 8.16 7.97
Ps Without fertilizer 10.70 | 10.74 | 1568 | 593 | 46.66 | 16.36 4.98 4.60
Cerialine 12.61 | 12.30 | 6.38 6.52 16.52 | 21.95 5.55 5.52
70 kg mineral N 17.22 | 16.12 | 6.94 7.68 | 22.44 | 31.05 7.12 7.17
70 kg mineral N 17.92 | 17.05 | 7.43 8.22 | 3291 | 35.80 7.59 7.65

+500g Cerialine 35.72
75 kg mineral N 19.70 | 19.26 | 8.91 8.92 | 4056 | 41.72 8.05 7.93
LSD at5 %" 0.45 0.57 0.31 0.22 0.37 1.59 0.27 0.33

This can be interpreted the fact that Bacterial populations inoculated to wheat
grains helped in greater fixation of N at morphemic nitrogen. Plant N uptake is
co-regulated by soil N supply and related to dry matter accumulation (Sainju et al.,
2005 and Lemaire et al., 2007). Wheat crop as a component of relay intercropping
system shard the cotton plants the same area for about 1.5 months. This period
occupied the first growth stage of cotton (seedling and early branching stage).
Thus, intercropping decreasing the N uptake of cotton seedlings during the
intercropping period, after wheat harvesting, cotton plants compensate with extra
N uptake at the subsequent growth stage, the nitrogen uptake is totally devoted to
cotton plants and increasing the availability of reasonable amount of nitrogen for
cotton plants and thus enhancing the vegetative growth of cotton (Zhang et al.,
2008). Moreover, when inoculating wheat with such organic fertilizer, it can
afford a continuous supply of nitrogen fixed to the following crops, improve
organic matter and reduce the needed amount of mineral nitrogen. If this is the
case, besides the insignificance between the two treatment 70 + 500 gm and
75kg N, the current cropping patterns of relay intercropping is better for
sustaining our environment by reducing the added amount of mineral nitrogen.
Furthermore, sustaining the area devoted to planting the two major crops when
length of the season will not allow double cropping , since these relay system
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allow cotton to be established from 4 to 6 weeks earlier than a similar yield —
reduce double cropping pattern.

TABLE 8. Competition indices as affected by cropping patterns and fertilizer

treatments.
X - Land Equivalent Ratio Aggressively
Cropping N-fertilizer (LER) (Agg)
pattern
LW |[LW | LC | LC LER AW | AW | AIC | AIC
2009/ | 2010/ | 2009/ | 2010/ | 2009/| 2010/ | 2009/ | 2010/ | 2009/ | 2010/
10 1 10 1 0] 11 10 11 10 11
Without _fertilizer 0.80 | 080 | 057 | 060 | 1.37 | 1.40 | 0.04 | 0.01 | -0.04 | -0.01
Cerialine 0.88 | 0.88 | 065 | 0.70 | 1.563 | 158 | 0.05 | 0.01 | -0.05 | -0.01
70 kg mineral N 093|093 | 085|090 |177] 183 | 0.05 | 0.01 | -0.05] -0.01
Py 70 kg mineral N +500g cerialine | 0.95 | 0.96 | 091 | 097 | 1.86 | 1.93 | 0.05 | 0.01 | -0.05| -0.01
75 kg mineral N 096 | 097 | 098 | 1.06 | 1.95| 2.03 | 0.06 | 0.01 | -0.06 | 0.01-
avarge 090|091 |079 | 085|170 | 176 | 0.05 | 0.01 | -0.05 | -0.01
Without fertilizer 0.83 | 083 [ 059 | 0.64 | 1.42 | 147 | 0.02 | 0.02 | -0.02 | -0.02
Cerialine 091092 | 073|080 |164| 171 | 0.03 | 0.02 | -0.03 | -0.02
70 kg mineral N 101 [ 1.01 | 0.92 | 096 | 1.92 | 1.98 | 0.03 | 0.02 | -0.03 | -0.02
P2 70 kg mineral N +500g cerialine | 1.02 | 1.03 | 0.98 | 1.06 | 2.00 | 2.09 | 0.03 | 0.02 | -0.03 | -0.02
75 kg mineral N 1.05 | 1.05] 103 | 1.09 | 209 | 213 | 0.03 | 0.02 | -0.03 | -0.02
avarge 096 | 097 [ 085 | 091 | 181 | 1.88 | 0.03 | 0.02 | -0.03 | -0.02
Without fertilizer 081082 | 063 | 063 | 144 | 145 | 0.01 | 0.03 | -0.01 | -0.03
Cerialine 0.89 | 090 [ 0.70 | 0.75 | 1.59 | 165 | 0.01 | 0.04 | -0.01 | -0.04
70 kg mineral N 094 | 096 [ 096 | 098 | 1.90 | 194 | 0.01 | 0.04 | -0.01 | -0.04
P3 70 kg mineral N +500g cerialine | 0.96 | 0.97 | 096 | 1.04 [ 1.92 | 202 | 0.01 | 0.04 | -0.01 | -0.04
75 kg mineral N 0.98 | 1.00 [ 1.02 | 1.08 | 2.00 | 2.08 | 0.01 | 0.05 | -0.01 | -0.05
avarge 092 | 093 | 085|090 | 1.77 | 1.83 | 0.01 | 0.04 | -0.01 | -0.04
Relative crowding Monetary advantage
coefficient (K) index (MAI)
KW | KW | KC | KC K K MAI
09/10 | 10/11 | 09/10 | 10/11| 09/10 | 10/11 09/10 10/11
Without fertilizer 460 | 541 | 2.71 | 390 | 1248 | 21.07 1851.9 1956.1
P, Cerialine 505 | 595 | 311 | 455 | 1570 | 27.09 2384.8 27448
70 kg mineral N 531 | 630 | 406 | 583 | 21.59 | 36.78 3892.5 4095.4
70 kg mineral N +500g cerialine | 545 | 6.50 | 4.35 | 6.27 | 23.69 | 40.74 43354 4492.3
75 kg mineral N 553 | 659 | 472 | 685 | 26.11 | 4513 4802.2 5042.4
avarge 519 | 615 [ 3.79 | 548 | 19.67 | 33.70 34534 3666.2
Without fertilizer 911 | 917 | 450 | 307 | 41.03 | 2815 22232 2296.4
Cerialine 10.03|10.08 | 552 | 3.85 | 5537 | 38.77 3210.9 34783
70 kg mineral N 11.08|11.15| 698 | 464 | 7728 | 51.70 4648.4 4779.8
P, 70 kg mineral N +500g cerialine | 11.21|11.32| 745 | 511 | 8351 | 57.83 5044.3 5326.8
75 kg mineral N 1162|1153 | 7.85 | 524 | 9124 | 60.39 5446.8 5537.7
avarge 1061 10.65| 646 | 438 | 6854 | 46.65 4114.7 4283.8
Without fertilizer 501 | 524 | 396 | 6.05 | 19.86 | 3169 22177 2196.2
Cerialine 549 | 573 | 441 | 725 | 2423 | 4160 29731 31782
P 70 kg mineral N 577 | 6.14 | 6.04 | 942 | 3481 | 57.88 4596.7 4596.1
: 70 kg mineral N +500g cerialine | 5.90 | 6.22 | 6.04 |10.05| 35.62 | 62.53 4649.1 4982.1
75 kg mineral N 6.03 | 6.36 | 6.40 [10.42| 38.60 | 66.31 5055.9 52713
avarge 564 | 594 | 537 | 864 | 3029 | 51.32 38985 4045.9

Competition indices

Bio-economic efficiency of the different cotton based cropping patterns.
Different competition indices with such relay intercropping pattern were
assessed and can be discussed as follow:
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First, Land equivalent ratio (LER) was used as a criterion for measuring
efficiency of intercropping advantage by comparing the intercropped area with
mono-cropping (Mead & Willey, 1980). Data presented in Table 8 pointed out
the averaged values of LER ratios over cropping patterns and N-fertilizer
treatments were greater than unity indicating the intercropping gave advantages
in land use which means the actual productivity was higher than expected. The
advantage of both crops from intercropping patterns was clear since the partial
LER of both cotton and wheat was exceeded 0.5. The total LER estimates
averaged over patterns and N —fertilizer showed increasing the efficiency of land
use by 70%, 81% and 77% in the first year and by 76, 88 and 83% in the second
year. This part of the study is reporting the sustainability over time and space
through comparison second year. The lower LER was in part due to a low
relative yield of cotton. Increasing LER indicating an advantage of intercropping
over sole system in terms of environment sustainability because of the efficient
use of environmental resources like plant canopy, species compatibility and less
competition that reflected in increase total yields of both crops. Such similar
advantages attained by Hussein (2006) and Zhang et al. (2007) showed that LER
of intercrops differed significantly among cropping patterns and reported wheat
and cotton relay intercropping systems do have a substantial yield advantages in
dray mass compared to single crop systems. Results in Table 8, also, indicated
that average of 76% and 82% of areas would be required by a sole cropping
system to recover the collective yield of the two intercropped crops for first and
second year, respectively. Second, relative crowding coefficient (RCC or K) is
the measure of relative dominance of one species over the other in intercropping
(Dewit, 1960). When the product of tow coefficients (K wheat x K cotton) is
greater than one, there is a yield advantage, if the value of K is one there is no
yield advantage and if less than one there is no yield advantage and the system
has disadvantage (Khan et al., 2001). Average values of wheat (KW) exceeded
those of cotton indicating that wheat was good competitor and the dominant
component, whereas cotton was the dominated (Table 8). Results on the relative
crowding coefficient (K) showed higher values more than unity for the cropping
patterns and N-fertilizers with the maximum of P, (68.54 and 46.65) in the two
years. This was indicated the clear-cut yield advantage due to intercropping and
the superiority of pattern 2.

Third, aggressively (A) indicates the relative yield increase in  ”a” crop is
greater than of “b” crop in an intercropping system ( Mc-Gilchrist, 1965) if the
value of A is zero, both crops are equal. If the value of A is positive fora crop “a”
then “a” crop is dominant over the other and vice versa. Aggressively results
presented in Table 8 showed very low competitive abilities for any of intercropping
pattern indicating that the intra-specific competition is stronger than inter—specific
one. On the other hand, the data on the aggressively were lower than unity. Values
for wheat were positive (dominant), whereas, values for cotton were negative
(dominated) in the three cropping patterns.
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Monetary advantage index (MAI)

Salts totally revealed a substantial difference between the monetary
advantage index(MAI) produced by traditional planting late planting (P,) and the
relaying patterns P, and P3 it supported the superiority of P, over the other two
patterns has intensive pattern reached the highest mean MAI due to higher
production of both intercropped species from the unit over the velar was highest
with P, (Table 9). In other words, the component crops yields of cotton are lower
in relay intercropping patterns than in a conventionally mono-cropping (solid),
but the cumulative yield of the cotton-wheat intercropping is greater than of
monocultures. Data presented in Table 8 indicated that the advantage of
intercropping wheat patterns and cotton expresser in terms of the farmer. The
MA, is an indicator of the economic feasibility of intercropping system .These
values were positive due to intercropping cotton with wheat , the highest MAI
value (5446.8 and 5537.7 LE) was observed by P, and adding 75 kg mineral N
in both seasons , respectively , while the lowest values were observed when
intercropping pattern P; and without fertilizer (1851.9 and 1956.1 LE) in both
seasons , respectively. Similar results were recorded by Hussein ( 2006).

TABLE 9. Total income of wheat and cotton as advantages of intercropping pattern
during 2009/2010 and 2010/2011 seasons.

Total income LE
Treatment N-fertilizer 2009/2010 2010/2011
Wheat | Cotton Total Wheat Cotton Total

Py Without fertilizer 3857.7 | 2999.4 | 6857.1 3887.1 2959.1 6846.2

Cerialine 4229.4 | 34422 | 7671.6 4279.8 3455.7 7735.5

70 kg mineral N 4452.0 | 4495.7 | 8947.7 4533.9 4428.6 8962.5

70 kg mineral N +500g 456.4 4811.1 | 9376.5 4674.6 4757.4 9732

cerialine

75 kg mineral N 4636.8 | 5220.4 | 9857.2 4737.6 5200.3 9937.9
P, Without fertilizer 3977.4 | 3143 7117.7 4048.8 3133.6 7182.4

Cerialine 4376.4 | 38515 | 8227.9 4452.0 3925.4 8337.4

70 kg mineral N 4836.3 | 4864.8 | 9701.1 4926.6 4730.6 9657.2

70 kg mineral N +500g 4895.1 | 5193.5 [10088.6 |5000.1 5213.7 10213.8

Cerialine

75 kg mineral N 4968.6 | 5475.4 |10444.4 |5090.4 5347.9 10438.3
P3 Without fertilizer 3916.5 | 3341.6 [7258.1 3990.0 3086.6 7076.6

Cerialine 4288.2 | 3724.1 |81012.3 |4363.8 3703.9 8067.7

70 kg mineral N 4504.5 | 4777.5 |9282 4674.6 4811.1 4485.7

70 kg mineral N +500g 4609.5 | 5092.9 [9702.4 4733.4 5133.15 |9866.5

Cerialine

75 kg mineral N 4710.3 | 5401.6 |10111.9 |4842.6 5321.0 10163.6
Wheat alone 4809.0 | ...... 4809.0 4861.5 eeeeeen. | 48615
Cottonalone | ... 5300.9 [5300.9 |........... 4918.43 |4918.43
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Economic evaluation

This part of research is special attention to social acceptance and money profit
that persuade crops grower to implement this type of cropping sustainability over
gross and net profit intended in this section can be attained through assessing the
best cropping patterns for resources management by calculating the economic
values of relay intercropping thus current late planting P, and the two P, and P3
relay cropping patterns were checked against the traditional (solid) planting
system using shown in Table 9. The evaluation of different intercropping pattern
of cotton with wheat was made for the two seasons as a total income of the two
components and compared with each of them as a solid crop due to market
price. Using intercropping pattern of P, gave the highest values (10444.4 LE
and 10438.3 LE) in first and second season ,respectively , while the lowest
values were observed when intercropping pattern P; and without fertilizer
(6857.1 LE. and 6846.2 LE) both seasons , respectively. These results are in
agreement with those obtained by Sherif et al. (2011).

In conclusion the current study enhanced the sustainability dimensions
including social acceptance, environmental health and economic benefits. Cotton
based relay intercropping with wheat seems a promising strategy for solving the
problems of sustaining Egyptian cottons production and avoid the problem of
growth overlapping of these two major crops.

Thus, relay intercropping cotton on wheat can be recommended as an
intensive cropping system for gaining two economic main yields from the two
long duration crops without significant reduction in wheat and reasonable cotton
production besides maintaining environment health .
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