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ABSTRACT

Two field experiments were carried out at the Experimental Farm, EL- Gemmeiza Agricultural Research
Station, El-Gharbia Governorate, ARC, during the two seasons 2019 and 2020 to study the effect of maize plant
density (10, 12 and 14 thousand plant fed%), compost and sulfur on some soil physical and hydro physical properties
and productivity of intercropped yellow maize with tomato and net economic return. A split- plot design with three
replicates was used. The main-plots were assigned to the three plant densities (D1, 100% tomato + 50% maize ; D2,
100% tomato + 60% maize ; D3, 100% tomato + 70% maize) under different intercropping patterns. The sub-plots
were allocated for soil conditioners (compost, sulfur and compost + sulfur as well as recommended doses of
NPK).The results revealed that the maximum values of the all traits of maize and tomato were obtained when high
plant density (D3) with compost + sulfur in both seasons. The lowest soil bulk density and settling percentage values
and the highest total porosity ,void ratio and pore size distribution values were recorded with the high plant density
(D3) and compost + sulfur in both seasons. Soil hydraulic conductivity and soil moisture characters were increased
in all treatments at the two soil depths in both seasons compared with the sole planting of maize or tomato. The high
plant density (D3) with compost + sulfur gave the highest values of water use efficiency, LER, ATER, LEC, MAI

and Net economic return in both seasons.
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INTRODUCTION

Maize (Zea mays L.) is the most important cereal crop,
comes the third after wheat and rice in Egypt. Maize is very
essential either for the human food or animal feeding and as a
common ingredient for several industrial products. Also, maize
is used as a feed for livestock whether fresh, silage or grains.
Recently, it is necessary to increase maize yield to face the wide
gap between production and consumption. Increasing maize
production can be achieved by improving cultural practices and
planting the promising hybrids. Maize agronomists are
continually looking for the best ways that help farmers to increase
grain yield and net return of the crop, such as suitable
intercropping pattern, optimum plant distributions and nitrogen
fertilizer levels. Tomato (Solanum lycopersicum L.) isone of the
most important vegetable crops grown in large areas in Egypt for
local market, processing and exportation. In Egypt, the climate is
relatively cold in winter and hot in the summer with dry
conditions. If temperature increases up to 40 °C, it causes heat
injury, i.e. burning leaves, no growth (Gent, 1990). Flowering
and fruit setting of tomato are influenced by air and soil
temperature during summer season in middle Egypt. Thus,
providing natural protection from heat weather may be achieved
by intercropping maize with tomato. by maize shading and
increasing economic feture for the farmers as well as increasing
maize production .This achiev by inproving cultural practices
sueh as using differnt fertilizer rates, fertilizer sources, maize
plant densities...ect(Stumiatie 1989,Gent 1990 and Saleh 1992)
several researchers have conducted trails on the effect of
intercropping some field crops to protect tomato plants. Abd EI-
Aal and Zohry (2004) found that intercropping tomato with faba
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bean maximized utilization of irrigation water quantity by saving
31% compared to solid treatment. Also, tomato fruit yield and
marketable fruits yield were increased by intercropping. lbrahim
etal . (2010) found that the highest yield of intercropped tomato
with faba bean was 20.19 ton fed™ compared to 14.8 ton fed™ for
solid tomato. The total income of tomato in all intercropping
treatments were evidently higher than that of the solid. The
maximum value of total land equivalent ratio (2.21) and total
income (LE 18650) were obtained when four rows of faba bean
were grown on both sides of tomato terraces (Mohammed,
Wafaa et al., 2013 and EI-Sadany and EI-Shamy 2016). Sutoyo
et al. (2020) found that addition of soil amendments (biochar,
compost and chicken manurs) to clay soil led to decrease soil bulk
density and increase soil organic matter, soil particle, field
capacity, available water, hydraulic conductivity and water
content at wilting point compared with the control. Seidel et al.
(2017) obtained that intercropping system increases the
aggregate stability and macroporosity. They added that ,
intercropping maintains soil function, such as aeration, water
infiltration, retention and nutrient availability. Yeshpal et al.
(2017) conclude that the treatment consisting of 100% NPK with
FYM and Sulphur proved most effective on organic carbon
(O.C) content and water holding capacity and promising for
sustained crop productivity and better soil health. Udom et al.
(2019) showed that bulk density, total porosity, water content and
hydraulic conductivity of the soil were significantly improved by
the application of poultry manure to maize and aerial yam
intercrop compared to the control. Intercropping has been
advanced as one of the integrated soil fertility management
practices (Matusso et al. 2014) and is considered as an important
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way to increase the yield of unit area. Soil and water conservation
practices including terrace structures have ability to enhance the
soil moisture contents for crop use by significantly increased
(16%) and minimized the soil sediment loss consequently soil
nutrients loss were diminished which in response increased the
wheat yield 20% (Rashid et al. 2016). Zhang et al. (2012)
reported that intercropping can promote the full use of cropland
water by plant roots, increase the water storage in root zone,
reduce the inter-row evaporation and control excessive
transpiration, and create a special microclimate advantageous to
the plant growth, therefore increasing the crop yield per unit area
greatly in comparison to mono-cropping systems. El-Tantawy
(2017) revealed that the most of growth and yield parameters of
both crops were increased with intercropping pattern treatments
which was fertilized by 6 ton compost fed, compared to tomato
or cowpea sole crop in the first and second seasons. Qiao et al.
(2017) found that water consumption (CU) for maize plants
decreased with low plant density more than medium and high
plant density, while water use efficiency (WUE) increased under
high and medium plant density more than low plant density.
Suman et al. (2018) obtained that the treatment of 100%
NPK+FYM or 100 NPK + sulfur caused increasing in both
aggregates and soil moisture content and decreasing bulk density
in the two soil depths (0-15 and 15-30 cm) compared with the
control. Bhatt et al. (2019) observed that the lowest bulk density
was found due to application of 50% N dose through FYM and
50 % NPK as a result to organic matter resulted in considerable
increase in polysaccharides and microbial synthesis in the soil.
Bharose et al. (2014) observed that soil bulk density was
gradually decreased and water holding capacity was gradually
increased with increase of sulfur and FYM. El-Nady, Manal
(2015) showed that planting on terrace width reduced the
amounts of irrigation water applied and increased irrigation water
productivity under the two cropping systems maize and soybean
which improved soil properties.

Flowering and fruit setting of tomato were influenced by
higher temperatures which reach up to 45°C, it causes heat in
July, i.e burning leaves, fruits damage and reducing tomato
yield/fed. Therefore, the objective of the present investigation is
intercropping maize with tomato to protect it from higher
temperature as a result of maize shading; and adding some soil
amendments i.e compost and sulfur to improve physical and
hydro physical properties, yield and its components of both crops
,competitive relationships and total income for farmer.

MATERIALS AND METHODS
Two field experiments were carried out at EL- Gemmeiza
Agricultural Research Station, El-Gharbia Governorate, ARC,
Egypt during 2019 and 2020 seasons to evaluate the effect of
maize plant density and soil conditioners i.e compost and sulfur on
some soil physical and hydro physical properties and on maize
and tomato association competitive relationships and yield
advantages. As well as the economical value.
Studied factors (treatments and experimental design):
A split- plot design with three replicates was used
where the plot area was 21m? as five terraces, each of 1.4 m
width and 3.0 m length. The main-plots were used for the
three maize plant dentists under different intercropping
patterns as follows:
D1-(100% tomato + 50% maize) by growing maize plants on the
other side of tomato terraces at 60 cm apart between hills and
leaving two plants /hill to give 10000 maize plants .

D2-(100% tomato + 60% maize) by growing maize plants on the
other side of tomato terraces at 50 cm apart between hills and
leaving two plants /hill to give 12000 maize plants .

D3-(100% tomato +70% maize) by growing maize plants on the
other side of tomato terraces at 43 cm apart between hills and
leaving two plants /hill to give 14000 maize plants.

Beside of pure stands of tomato and maize as
recommended. Tomato was planted on one side of terraces at 30
cm a part between hills and leave one plant/hill either in
intercropping patterns or in pure stand to give 10000 plants/fed .

The sub-plots were allocated to soil conditioners
treatments as follows:

1- Recommended doses of NPK.

2- Compost (5 ton fed™?) + 75% N fertilizer + recommended
doses of P and K.

3- Sulfur (200 kg fed?) + recommended doses of NPK.

4- Compost (5 ton fed?) + sulfur (200 kg fed?) + 75% N
fertilizer + recommended doses of P and K.

Some physical and chemical soil properties of the two
soil depths (0-20 and 20-40cm) of the experimental site before
planting are shown in table (1) and analysis of the used
compost are presented in Table (2).

Table 1. The initial physical properties of the used soil in
the first and second seasons.

Properties First season Second season
Soil depth, cm 0-20 20-40 0-20 20-40
S Sand 2160 21.33 21.60 20.33
Particle size silt 3482 3450 3482 34.19
distribution, % Clay 4358 4408 4458 44.48
Texture class Clay Clay Clay Clay
Bulk density (Db, g cm®) 144 145 143 144
Total porosity (E, %) 4566 4528 46.04 4566
Void ratio (e) 084 083 08 084
Settling, % 30.75 3092 30.01 3057
CaCOs, % 387 364 357 335
Hydraulic conductivity (Kh,cmhr!) 042 041 043 042
. >0u 2213 2208 2275 2261
Egﬁigﬁt‘i’on % 9-02p 1110 1089 1072 10.63
1 70 <0.2p 1243 1231 1257 1242
Saturation
ol moisture percentage (SP) 7116 7093 7121 71.06
content. % Field capacity (FC) 37.15 36.09 37.92 36.89
70 Wilting point (WP) 19.40 1856 19.95 19.74
Available water (AW) 17.65 1749 17.83 17.13

Table 2. Some properties of the used compost.

Properties Value
Density (g cm) 057
pH (1:10 compost: water) 743
EC, dS m(1:10 compost:water) extract 3.15
Ca, % 0.82
Mg, % 0.25
Na, % 0.23
Auvailable Fe, mg kg! 1197
Available Zn, mg kg* 79.68
Available Mn, mg kg 64.18
Available Cu, mg kgt 28.92
Ash, % 67.66
*Qrganic matter, % 32.34
Organic carbon, % 18.76
Total N, % 154
C/N ratio 12.18
Total P, % 0.86
Total K, % 211

* Organic matter (O.M.) = Organic carbon (O.C.) X 1.724 (Waksman, 1952 )

The previous crop was sugar beet in both seasons. The
tomato hybrid (G.S12) was planted on 23" and 27" April in the
first and second seasons, respectively. Yellow maize hybrid
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(TWC 352) was planted on on 5% and 71 June in the first and
second seasons, respectively. Recommended pest control was
applied when necessary. Compost and phosphour were added
and homogenously mixed with 0-20cm surface soil layer
before planting in the first and second seasons. Sulfur mixed
with thiobacillus and added to soil before planting. NPK
chemical fertilizers were applied in both seasons, where N
fertilizers were applied at the rats of 200 and 120 kg fed™ as a
recommended dose for tomato and maize plants, respectively
in the form of ammonium nitrate (33.5%). P and K fertilizers
were applied as a recommended dose for tomato and maize, 31
kg P,Os fed for both tomato and maize plants in the form of
mono super phosphate (15.50% P,0s) and 72, 48 kg K20 fed
for tomato and maize plants, respectively in the form of
potassium sulphate (48% K0) while the sole of tomato and
maize were applied NPK as a recommended doses. N and K
fertilizers were applied in equal four doses for tomato, the first
two doses were applied before maize planting, while the other
two doses were applied with two doses of maize. The normal
agricultural practices except those under study were carried out
as usual for each crop according to the recommendations of EI-
Gemmeiza Research Station. Harvesting was done for tomato
on 13" and 15" August in both seasons. Also, the hybrid maize
was harvested on 14" and 16™ September in both seasons.

After harvesting of each growing season, soil samples
(0-20 and 20-40 cm) were taken from each sub plot to
determine some soil physical and hydrophysical properties.
Soil bulk density (Db, gcm™®) was determined using the core
methods (Vomoacil, 1986). Total porosity (E,%) and void ratio
(e) were calculated using the following equations:-

Db Dr
E,%—(l—a)xlOO -2l -
Where: Db = the bulk density, g cm?®
Dr = the real density, taken as 2.65 g cm®

Settling percentage of the soil aggregates was
determined in soil aggregates of 2-5 mm size, as the method
described by Williams and Cooke (1961). Pore size
distribution was calculated according to De Leenher and De
Boodt (1965).

Hydraulic conductivity (cm hr?) was determined using
undisturbed soil cores using a constant water head according to
Richards (1954). Soil moisture characteristics and soil moisture
content (Ow,%) were determined using the method outlined by
Stakman (1969). Water consumption (CU) was determined by
collecting soil samples from each plot before and after 48 hours
of every irrigation and computed according to the equation of
Israelsen and Hansen (1962).

Water consumption, m.m = %x DbxD

Where:
02 = Soil moisture percentage on weight basis after 48 hours from irrigation.
01 = Soil moisture percentage before irrigation.
Db =Bulk density, glcm?
D =Soil depth, cm

Water use efficiency (WUE) was calculated by
dividing the fruit yield of tomato and grain yield maize (kg
fed.) by water consumptive use (m.m) according to the
equation Jensen (1983):

Grain vyield, (kg fed ™)

Water consumption (m.m)

WUE, kg fed*m.m™* =

Data recorded:

At harvest time, random samples of ten guarded plants
were taken from each plot to determine the following
characters:

Maize traits:

Plant height (cm), ear height (cm), ear leaf area (ELA),
ear length (cm), ear diameter (cm), number of rows ear, number
of kernels row?, 100- kernel weight (g) and grain yield (ardab
fed™). Grain yield was adjusted to moisture content of 15.5 % and
transformed to ardab per feddan (ardab = 140 kg).

Tomato traits:

Plant height (cm), number of branches/plant, fruit
diameter (m.m.), number of fruits/ plant, fruit weight (g),fruit
weight / plant (kg) and fruit yield (ton/fed).

Competitive relationships and yield advantages:

The following competitive relationships and yield
advantages were calculated:

1- Land equivalent ratio (LER): It was determined according

to the formula described by Willey and Rao (1980):
Yab Yba
LER= Yaa  Ybb
Where: Yaa and Ybb were pure stand of crops, a (tomato) and b(maize),
respectively. Yab is intercropped yield of (a) crop and Yba is
intercropped yield of (b) crop.
2- Land equivalent coefficient (LEC): It is a measure of
interaction concerned with the strength of relationship and
was calculated according to Adetiloye and Ezedinma. (1983)
as following:

LEC=LaxLb
Where : La=RYt Relative yield of Tomatoand Lb=RYM Relative yield
of maize

3- Monetary advantage index (MAI) fed?: Suggests that
the economic assessment should be in terms of the soil saved
value, this could probably to assessed on the basis of rentable
value of soil. MAI was calculated according to the formula,
suggested by Willey (1979).
value of combined intercrop x CER - 1)
LER
4- Area time equivalent ratio (ATER): The ratio between
number of hectare-days required in monoculture to the
number of hectare-days used in the intercrop to produce
identical quantities of each component, was calculated
according to Hiebsch and Mc-Collum (1987) as follows:
ATER = (RYa x ta) + (RYb x tb)/T or ATER =
[Labx ta}{Yba x tbj/T.
Yaa Ybb

Where: RY = Relative yield of crop a (tomato) or crop b (maize). i.e., yield
of intercroplyield of main crop, t = duration (days) for species a
or band T = duration (days) of the intercropping system.

5- Economic evaluations: Gross return from each treatment
was calculated in Egyptian pounds (LE):

Tomato fruits /fed(ton)=1750L.E

Maize grains./fed.(ard) =400 LE

In 2019 and 2020 seasons, market price of the yield was
determined according to the ministry of agriculture and land
reclamation, economic affairs sector, agricultural statistics.
Statistical analysis:

The obtained data were statistically analyzed
according to the technique of analysis of variance (ANOVA)
for the strip-plot design as published by Gomez and Gomez
(1984) using “MSTAT-C” computer software package.

MAI =
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RESULTS AND DISCUSSION

Effect of different treatments on some soil physical properties.
Soil bulk density (Db), Total porosity (E) and Void ratio ()

The results presented in Table (3) purported that the
effect of plant density (D1, D2 and D3) was not significant on
either decreasing bulk density or increasing both total porosity
and void ratio. Soil conditioners led to significant decreases in
bulk density (Db) values and significant increases in total
porosity (E) and void ratio (e) where (Db) values decreased
from 1.41t0 1.15 g cm® and from 1.42 to 1.21 g cm3 at (0-20
and 20-40 cm) soil depths, respectively in the first season and
were from 1.39 to 1.10 g cm™ and from 1.40 to 1.15g cm?® at
the two soil layers, respectively in the second season. On the
other hand, total porosity (E) values increased from 46.79 to
56.60% and from 46.42 to 54.47% at the two soil layers,
respectively in the first season and were from 47.55 t0 58.49%
and from 47.17 to 56.48% at (0-20 and 20-40 cm) soil depths,
respectively in the second season. These results can be
attributed to the major role of compost on improvement soil
physical properties. Similar results were obtained by Bharose
etal. (2014), El-Tantawy (2017) and Yeshpal et al (2017).

The obtained results in Table (4) indicated that soil bulk
density values decreased, while total porosity and void ratio

values increased with all the experimental treatments at the two
soil depths (0- 20 and 20- 40cm) at the end of the two growing
seasons compared with the sole planting of maize or tomato,
where the lowest (Db) values were 1.10 and 1.17 gcm?® at (0- 20
and 20- 40 cum) soil depths, respectively in the first season and
were 1.05 and 1.11 gcm® at the same soil depths, respectively in
the second season. On the other hand, soil total porosity (E) and
void ratio () values took the opposite trend, where the highest
(E) values were 5849 and 55.85% at the two soil depths,
respectively in the first season and were 60.38 and 58.11% at the
surface soil layer (0-20cm) and sub surface soil layer (20-40cm),
respectively in the second one, on the same contextually the
highest (e) values were 1.41 and 1.26 at (0-20and 20-40cm) soil
depths, respectively in the first season and were 1.52 and 1.39 at
the two soil layers, respectively in the second season. From the
previous results, it can be deduced that, the lowest (Db) values
and the highest (E) and (e) values were recorded due to the
interaction effect of plant density(D3) with (compost + sulfur).
These results assure the major role for compost in improvement
soil structure by compost organic matter decomposition,
consequently caused lowering soil bulk density and increasing
both total porosity and void ratio. These results are in harmony
with those obtained by Suman et al. (2018), Bhatt et al. (2019) ,
Udom et al. (2019)and Sutoyo et al. (2020).

Table 3. Effect of maize plant density and soil conditioners on some soil physical properties during 2019 and 2020

Seasons.

Bulk density Total porosity \oid ratio

Cheracters (b, gom’) E%) ©

Settling,
% >ou

Pore size distribution, %

902u <02

2019 2020 2019 2020 2019 2020

2019 2020 2019 2020 2019 2020 2019 2020

Factors §55 5 8585 & &
538

5 5 5

§ 8§ §E § 5 &
8 g8 g 8§

DI{100%

tomato+50% 132135 129 132 5019 4896 5142 5028 102 097 107 102 2863 2958 2690 2828 2355 2323 2482 2428 1241 1218 1218 1187 1423 1356 1442 1413

maize)
D2-(100%

tomato+60% 130133 126 129 5104 5000 5255 5132 106 101 112 106 27.85 2885 2597 27.37 2386 2357 2542 2468 1266 1228 1228 1185 1452 1415 1486 1480

D3(100%

.
g maize)
2

+70%rm|ze)
F-test

127131 123 127 5217 50.76 5349 5226 111 104 117 111 2715 2836 2541 27.04 2429 2378 2574 2543 1305 1260 1232 1208 1483 1438 1544 1471

NSNS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

LSD005 006006 006 006 219 212 255 218 028 026 030 028 226 152 133 258 117 055 202 161 133 053 35 111 184 149 149 180

Recommended
of (NPK)
Compost

Soil conditioners

Compost +
Sulfur

141142 139 140 4679 4642 4755 4717 083 087 091 089 3054 3073 2094 3034 2271 2259 2336 2333 1149 1138 1071 1056 1259 1244 1337 1324

126130 123 127 5233 5107 5358 5220 110 104 115 109 2649 2806 2420 2663 2418 2371 2616 2554 1303 1273 1226 1171 1512 1463 1516 1496
sulfur 136139 132 134 4880 4767 5032 4931 095 091 101 097 2890 29.75 27.84 2885 2340 2321 2445 2420 1220 1196 1165 1153 1321 1250 1421 1358

115121 110 115 5660 5447 5849 5648 131 120 141 130 2564 27.18 2241 2443 2531 2459 2720 2613 1411 1333 1442 1394 1719 1654 1687 1641

dk dk dk Ak ok sk kk dk kk dk ok

F-test
LSD0G5

dk dk Ak kk bk kk * ok ok ok ok * ok ok ok

006006 006 006 217 213 528 219 008 007 009 008 226 199 132 140 125 136 076 127 135 051 259 112 117 150 160 141

Hk ok

Settling percentage (structural stability)

The percentage of settling of soil aggregates was
determined as aspect of structural stability. The values of
settling percentage indicate a high degree of structural
stability and vice versa. Results in Table (3) reveal that
settling percent significantly decreased by the application of
compost and sulfur, where values ranged from 30.54 to
25.64% and from 30.73 to 27.18% at the two soil layers,
respectively in the first season and were from 29.94 to 22.41%
and from 30.34 to 24.43% at (0 — 20 and 20- 40 cm) soil
depths, respectively in the second season, also results showed
that settling percent values were insignificant under the effect
of plant density ( D1, D2 and D3) where the mean values
decreased from 28.68 to 27.15% and from 29.58 to 28.36% at
the two soil layers, respectively in the first season and were

from 26.90 to 25.41% and from 28.28 to 2.04% at the same
layers, respectively in the second season.

The results in Table (4) point to that the settling
percentage values were decreased with all treatments at (0-20 and
20-40cm) soil depths in the two growing seasons compared with
the sole treatments of maize or tomato. The lowest settling values
were 24.53 and 26.23% at the two soil depth, respectively in the
first season and were 21.47 and 23.26% at the same depths,
respectively in the second season. The results confirmed that
interaction effect of the treatment (compost + sulfur + plant
density (D3)) gave the lowest values settling percent (high degree
of structural stability). These results agree with those obtained by
Seidel et al. (2017) and Sutoyo et al. (2020).

Pore size distribution.

Results in Table (3) cleared that the effect of plant

densities were not significant on increasing the pore size
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distribution values. On the other hand, macro, medium and
micro pores values significantly increased with compost and
sulfur added to soil, where the macro pores values ranged
from 22.71 to 25.31% and from 22.59 to 24.59 at (0- 20 and
20- 40 cm) soil depths, respectively in the first season, while
in the second season they were 23.35 to 27.20% and from
23.38 t0 26.13% at the two soil layers, respectively. Also the
medium and micro pores values took the same trend.

Data in Table (4) refer that the pore size distribution as a
percent of total porosity, it can be observed that, all treatments led
to increase in the values of large, medium and micro pores at the
two soil depths at the end of the two growing seasons compared
with the sole planting of maize or tomato. The highest large pores
values were 25.96 and 24.97% at the two soil depths, respectively
in the first season and were 27.87 and 26.93% at the same sail

depths, respectively in the second one, while the highest medium
pores values were 14.82 and 13.92% at the same soil layers,
respectively in the first season and were 14.94 and 14.55% at the
soil depths (0 — 20 and 20- 40cm), respectively in the second
season, in terms the highest micro pores values were 17.71 and
16.96% at the two soil layers, respectively, while in the second
season they were 17.57 and 16.63% at the same depths,
respectively. From these results it can be noticed that, the highest
macro, medium and micro pores values were achieved under
interaction effect of the treatment plant density (D3) with
compost + sulfur. These results may be attributed to improve soil
structure by binding soil properties into aggregates a sequence of
increased microbial activity in soil after compost application.
These results corroborated by Bharose et al. (2014) and Suman
etal. (2018).

Table 4. Effect of the interaction between maize plant density and soil conditioners on some soil physical properties

during 2019 and 2020 seasons.

T s Bulk density Total porosity \oid ratio Settling, Poresize distribution, %
(Db, gem) E%) ® % >9u 902u 021
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

g =§ £ £ c c E c .
p 70 BIEIBNEIBiEREGEIEiEIRiEiEiIfg

141 142 139 140 4679 4642 4755 47.17 083 087 091 089 30.75 3092 3001 3057 2251 2248 2315 2313 1133 1121 1095 1074 1295 1273 1345 1330

130 133 126 131 5094 4981 5245 5057 104 099 110 102 2748 2876 2554 27.75 2382 2354 2557 2447 12.76 1257 1221 1151 1436 1370 1467 1459
sulfur 138 141 135 137 4792 4679 4906 4830 092 088 096 093 2992 30.19 2843 2963 2309 2296 2413 2398 1196 1182 1150 1141 1287 1201 1343 1291

* 119 125 115 119 55005283 5660 5509 123 112 130 123 2657 2845 2363 2518 2478 2393 2641 2553 1357 1311 1406 1383 1674 1579 16131573

141 142 139 140 46.79 4642 4755 4717 088 087 091 089 3065 3082 2096 3033 2273 2254 2362 2340 1152 1142 1092 1082 1254 1246 1301 1295

Compost 126 129 123 126 5246 5132 5358 5245 110 105 115 110 2626 27.85 2387 2616 2411 2376 2621 2538 1309 1277 1224 1162 1526 1479 1513 1546
sulfur 136 139 131 134 4868 47555057 4943 095 091 102 098 2868 2087 2792 2811 2343 2311 2451 2401 1211 1196 1169 1151 1314 1248 1437 1391

Compost+ 116 120 110 116 5623 54725849 5623 128 121 141 128 2582 2686 2213 2486 2518 2487 2732 2593 1393 1297 1425 1343 17.12 1688 1692 1687

“|BagE" |2gE°

Rmn;fqmd 141 142 139 140 46.79 4642 4755 4717 088 087 091 089 3023 3046 2984 3011 2289 2276 2365 2360 1163 1152 1025 1011 1227 1214 1365 1346
(100% Compost 123 127 120 123 5358 5208 5472 5358 115 109 121 115 2572 2756 2318 2597 2462 2382 2671 2676 1323 1286 1232 1199 1573 1540 1569 1483
+70% sulfur 133 136 129 132 4981 4868 51.32 5019 099 095 105 101 2811 2918 27.16 2882 2367 2356 2472 2461 1253 1211 1177 1166 1361 1301 1483 1392
maize) Sulfir * 110 117 105 111 58405585 6038 5811 141 126 152 139 2453 2623 2147 2326 2506 2497 2787 2683 1482 1392 1494 1455 1771 1696 1757 1663
F-test NS NS NS NS NS NS NS NS NSNSNS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
LSD005 011 011 010 011 376 369 914 379 014 012 015 014 392 345 229 242 216 236 132 220 234 089 448 194 202 259 276 244
Soled Maize 143 144 142 143 4604 4566 4642 4604 085 084 087 085 3118 31.21 3095 3110 2219 2215 2283 2273 11.13 1112 1086 10.75 1272 1239 1268 1256
Soled Tomato 142 143 141 142 4642 4604 46.79 4642 087 085 083 087 3093 31.09 3033 3096 2231 2216 2293 2273 1118 1115 1100 1083 1293 12.73 12.86 1281

Effect of different treatments on some soil hydrophsical
properties.
Soil hydraulic conductivity (Kh).

Results in Table (5) obtained that the (kh) values were
not significantly increased with plant density ( D1, D2 and D3)
while (kh) values significantly increased with compost and sulfur
added to soil, where (kh) values ranged from 0.46 to 0.66 and
from 0.45 to 0.65 cm hr? at (0- 20 and 20- 40 cm) soil depths,
respectively in the first season and were from 0.48 to 0.72 and
0.46 t0 0.69 cvhr* at the same depths, respectively in the second
season. These results may be attributed to the higher levels of
water stable aggregates and more macro pores fraction, leading
to greater hydraulic conductivity.

Statistical analysis in Table (6) showed that soil hydraulic
conductivity (Kh) values increased with all treatments at (0-20
and 20-40 cm) at the end of the two growing seasons compared
with the sole planting of maize or tomato. The (kh) values varied
from layer to another and from season to season where the
highest (kh) values were 0.76 and 0.70 cm hr? at the two soil
layers, respectively in the first season, while in the second season
were 0.79 and 0.73 cm hr! at the two soil depths, respectively, it
can be observed that, (kh) values in the second season were
greater than the first season, this may be due to compost

decomposition in the second season was greater than the first
season. These result are in line with those reported by Seidel et
al.(2017), Udom et al. (2019) and Sutoyo et al. (2020).

Soil moisture characteristics.

Generally, soil moisture content are influenced by the
particle size, soil structure and organic matter content. As
concerned, the effect of plant density ( D1, D2 and D3) on soil
moisture characters shown in Table (5) were not significant,
while soil moisture characters (SP, FC, WP, AW and 6W%)
were significantly increased by the application of compost and
sulfur to soil, where there are significant variations from soil layer
to another and from season to season. FC values ranged from
38.40t042.97% and from 37.43 to 41.44% at the two soil depths,
respectively in the first season and were from 39.74 to 45.86%
and from 38.58 to 43.59% at the same depths, respectively in the
second season, however the increasing in (AW) values ranged
from 18.28 to 21.06% and from 17.88 to 20.02% at the two soil
depths, respectively in the first season, while in the second season
increases were from 18.67 to 22.68 and from 17.86 to 20.89% at
the same depths, respectively. Similar findings were found by
Matusso et al. (2014) and Yeshpal et al. (2017)

Results recorded in Table (6) cleared that soil
moisture characters (SP, FC, WP, AW and 6W% just before
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harvesting) increased at (0- 20 and 20- 40cm) soil depths at
the end of the two growing season as a result to the effect of
interaction treatments compared with the sole planting of
maize or tomato. The highest FC values were 43.98 and
43.17% at the two soil layers, respectively in the first season
and were 46.96 and 45.18% at the same depths, respectively
in the second one, meanwhile the highest AW values were
21.76 and 20.96% at (0-20 and 20- 40cm) soil depths,
respectively in the first season, while in the second season
were 23.35 and 22.11% at the two soil layer, respectively.

Also the highest SP, WP, and 6W% values took the same
trend. From the results in Table (6) it can be noticed that, the
highest soil moisture characters values (SP, WP, AW and
OW%) were recorded due to interaction effect of the
treatment compost + sulfur and plant density (D3). These
results attributed to the improvement of soil physical
properties, which lead to occurs improvement in soil moisture
characters as a result to compost decomposition which added
to soil. These results are in harmony with those recorded by
Zhang et al. (2012) and EI-Nady, Manal (2015)

Table 5. Effect of maize plant density and soil conditioners on some soil hydro physical properties during 2019 and 2020 seasons.

Hydraulic Saturation . . - . ] Soil moisture content Wamr use
ra Fiekd capeci Wiing point Aveilablewate _
Characters conductivity (Kh, percentage (Fco/o)ny (I\Nrgf/g) VC(“AW%) ' Just before harvesting WaIEl'
cmhn) %) : : ' ©w.%) P mm) (WUE, Kg et
XO 20 XN 00 A9 20 X9 200 00 00 200 200 im)
Fectors EEEE5E55E5EEEEEEEEEEES EEEEE g o
5357537838383 383sg83535g " 88§
é DHSlOOOZ"MD'. "“’) * 053 050 056 054 7458732075997466 2988 3825 4171 4026 2069 1980 2180 2141 1919 1836 1992 1885 1694 1832 1746 1031 9613 92040 2414 2428
S ngoooz%‘“. "“’) * 055 052 058 056 7556738076787545 4035 3891 4235 4074 2087 2022 2194 214 1948 1860 2042 1932 1751 1885 1838 2127 OME3 9B 2570 2604
é: D3f7100°9%"? )"‘"’ 050 056 062 050 76197457 78117667 4113 3074 4322 4163 2125 2068 22.38 2176 1988 1906 2084 1988 1782 1944 1940 2091 906D HLI3 2791 2870
g F-et NSNS NS NSNS NSNS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS *  w o
LSDOO5 009 014 009 006 327 200 161 199 174 4% 576 283 090 086 09 156 083 080 108 079 127 214 299 541 005 004 002 02
é RBO“(T‘NPEK)M“ 046 045 048 046 T2527L7372877240 3840 3743 3074 3858 2012 1955 2107 2071 1828 1788 1867 1786 1555 1604 1622 1807 96503 A 2171 2188
T Corp 057054 061 05 BDTADTAITGLR 0% 28 2% 416p 2121 240 2225 2190 1977 1479 207 1972 180 20D 1975 213 WM B 25 2140
8 alfir 050 048 053 O5L 73777285 7484 7389 45 3771 4115 3071 2051 1950 2164 2080 18% 1812 1951 1891 1697 179B 1735 1937 BB UKD 2423 4B
B Compust+Sullr 065 065 072 08 MBTHEE15 0% 297 414 4585 5 2151 2142 15 270 2106 200 268 208 1016 2120 03 A5 QLD T I 35
F_H ok ok ok ok ok *k *k *k *k * * * *k *k *k * ok *k *k ok Hk ok *k *k *k *k *k
LSDO05 007 004 008 006 326 227 175 315 173 289 577 335 091 087 0% 19 083 080 156 O 166 218 144 146 113 112 002 0O

Table 6. Effect of the interaction between maize plant density and soil conditioners on some soil hydro physical

properties during 2019 and 2020 seasons.

i . . . . i . Soil moistire content Water use
Hydraulicoonductivity (Kh, Safuration percentage Feld capecity Wiilting point Availablewater - Water y
Treatrents o) &%) FCo%) WP%) awge RSN orgmpion(a, R
= 2010 A0 019 A0 019 20 20 019 20 219 mm) mn)
é E EEEE5EEE5EEEEEEEEEEEEEEEE o o
E $8383535353535353s53gzgs3g " & &8
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(100%
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+50%
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Compot 055 052 058 055 7511 7318 7692 7495 4015 3355 4211 4083 2082 2022 21.96 21.76 1933 1833 2015 1907 17.73 1952 1825 2032 93340
suliir -~ 049 047 051 049 7313 7253 7396 7293 3911 37.15 4059 3013 2032 1912 2146 2046 1879 1803 1913 1867 1635 17.39 1646 1823 720
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2120 2653 %565
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suiir -~ 050 048 052 051 739 7286 7483 7383 3032 37.83 4109 3087 2040 1972 2162 2091 1892 1811 1947 1896 1693 1782 1724 1996 94920
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0% sufr 052 050 055 053 7422 7315 7572 7491 3993 3315 4176 4013 2080 1994 2183 2102 1913 1821 1993 1911 1763 1858 1835 1993 %6760 A0 2618 2734
maize) Sufir T 076 07 079 073 8012 7783 8376 8153 4398 4317 4696 4518 2222 2221 2361 2307 2176 209 2335 211 1954 2165 2146 B P9 97N P62 BB
F—test NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS * o TR
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Water consumption (CU) and water use efficiency (WUE)

Data in Table (5) cleared that water consumption was
significantly decreased, while water use efficiency was
significantly increased by using plant density, where (CU)
values decreased from 950.60 to 938.13 m.m in the first
season and from 941.13 to 929.40 m.m in the second season,
whereas (WUE) values increased from 24.14 to 27.91 in the
first season and from 24.28 to 28.70 kg fed* m.m? in the
second season. Also the results in Table (5) cleared the effect
of soil conditioners on water consumption and water use

efficiency, where (CU) values were significantly decreased
from 965.03 to 921.60 m.m in the first season and from
954.90 to 911.37 m.m in the second season, while (WUE)
were significantly increased from 21.71 to 30.35 kg fed™* m.mv
Lin the first season and 21.88 to 31.15 kg fed*m.m in the
second season. These results may be due to the compost
applied to soil reduced the applied amounts of irrigation water
supplied and increased irritation water productivity.

The results in Table (6) obtained the effect of the
interaction between plant density and soil conditioners on water
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consumption (CU) and water use efficiency (WUE). The lowest
(CU) values were 912.40 and 901.90 m.m in the first and second
seasons, respectively, while the highest (WUE) values were
32,62 and 33.38 kg fed™ m.m in the first and second seasons,
respectively. These results showed that the lowest (CU) was
recorded by the treatment consist of low plant density (D1) with
(compost + sulfur) while the highest WUE values were achieved
by the treatment consist of high plant density (D3) with compost
+ sulfur. These results agree with those obtained by Qiao et al.
(2017), Udom et al. (2019) and Sutoyo et al. (2020).

Generally, the results of this research suggest that
plant density with the application of compost and sulfur to soil
have played a positive role in improving soil physical and
hydro physical properties under these soil conditions, which
reflect on the yield of tomato and maize.

Maize growth, yield and its attributes:
Plant density effect:

The obtained results presented in Table (7) showed
that plant density of maize intercropped with tomato exhibited
significant effects on maize growth, yield and its attributes i.e.
plant height, number of leaves/plant, ear leaf area (cm?), ear
length and ear diameter, number of rows ear %, number of
grains row, weight of 100 grains and grain yield fed, in both
seasons. Planting maize on one side of terraces of plant
density 14 thousand plant/fed., and leaving two plants/hill
(D3), attained the highest values of the all traits . On the other
hand the lowest values were recorded on planting maize on
one side of terraces of plant density 10 thousand plant/fed.,
and leaving two plants/hill (D1) on maize during 2019 and
2020 summer growing seasons. These results are in harmony
with those reported by Doerge et al. (2002), Chim et al.
(2014), Silva et al. (2015) and Hamdany and Darwish (2017).

Results in Table 7 show that the plant density effect on
100-kernel weight was significant in 2019 and 2020 growing
seasons. Increasing the distance between planting in terraces from
10, 12 to 14 thousand plant/fed., and leaving two plants/hill.,
significantly increased 100-kernel weight (28.48 , 30.58, 34.18 and
28.73,31.56,34.00¢. in the first and second seasons, respectively).
Generally, planting maize in densities of 12 and 14 thousand
plant/fed., and leaving two plants/hill recorded the highest values of
100-kernel weight in 2019 and 2020 growing Sseasons,
respectively. These results may be due to better interception of solar
radiations by plant canopy which enhanced grain filling and yield

of maize plants. Similar results were obtained by Shaheen et al.
(2001) and Zamanian and Najafi (2002).

Also, the results are shown in Table 7 show that the plant
density effect on grain yield fed™ was significant in both growing
season. Increasing plant density from 10 to 12 and 14 thousand
plant/fed., and leaving two plants/ill lead to a significant increase
in grain yield fed? (1144 , 16.36 and 19.71 in 2019, and 13.28 ,
16.45 and 20.09 ardb fed™ in 2020 growing seasons, respectively).
These results may be due to better interception and utilization of
solar radiations and the increase in photosynthetic processes in case
of high plant density (D3), which led to an increase in all growth
attributes and all yield components. These results are in agreement
with those obtained by Yadav and Singh (2000), Zamanian and
Najafi (2002) , Leite et al. (2003) and Valentinuz et al. (2003) .
Effect of soil conditioners

The results in Table (7) demonstrated that the effect of
soil conditioners on maize growth, yield and its attributes (plant
height, number of leaves/plant, ear leaf area (cm?), ear length and
ear diameter, number of rows ear?, number of grains of row?,
100 kernel weight and grain yield fed™). The highest values of the
all traits were recorded by treatment fertilizer (compost + sulfur),
while low values were recorded by treatment (recommended
doses of NPK) during the two planting seasons.

It was also found that there was a significant increase
in ear leaf area by adding fertilizer (compost + sulfur), it gave
the highest average leaf area (757.6, 755.5 cm?)while the
lowest rate was when using recommended doses of NPK
which reached 530.5, 531.22 cm? during the 2019 and 2020
planting seasons, respectively.

Results in Table (7) showed that the addition of compost
fertilizer and sulfur had a significant effect on the grain yield
(ard.ffed.) compared with the recommended doses of (NPK),
where the treatment (compost + sulfur) was superior by giving
the highest grain yield (ard./fed.) 18 30, 19,14 ard./ fed. compared
with recommended doses of (NPK), which gave the lowest
values of 14.57 and 14.56 ard.ffed. during the two seasons
respectively. It was evident from the results shown in Table (7)
the superiority of fertilization treatment (compost with sulfur),
perhaps due to the positive effect of these fertilizers on plant
growth, as it was found that they play an important role in
improvement yield and its components. Comparable results were
in coincided with those stated by John et al . (2002), Saleh and
Nawar (2003) and Astier et al . (2005).

Table 7. Effect of maize plant density and soil conditioners on maize growth and yield characters during 2019 and 2020

Seasons.

Number of
leaves /plant

Ear leaf area

(cn)

Characters Plant height

(cm)

Ear length
(cm)

Number of
rows/ ear

Number of
kernels/ row

100 kernel
weight (9)

Ear diameter
(cm)

grainyield
(ard./fed.)

factors 2019 2020 2019 2020 2019 2020 2019 2020

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

D1-(100%
tomato +50%
maize)
D2-(100% tomato
+60% maize)
D3-(100% tomato
+70%imaize)
F-test
LS.D0.05

2492 2531 925 1025 5649 5742 1640 1703

2600 2669 1169 1255 6277 6374 179 1911

Intercropping

2721
*%

0.64

2809
*x

0.69

15.78
*%

032

16.85
*%x

046

7100 7142

*x

16.95

19.28
*%x

032

20.14
*%x

3314 044

354 348 1041 1037 2886 2955 2848 2873 1144 1328

399 419 1252 1220 3085 3210 3058 3156 1636 1645

464
*x

0.14

460 1358

*x

033

1356
*x

021

3449
*x

053

3395
*x

0.28

3418 34.00

*x

0.72

1971
*x

047

20.09
*x

0.25 058 0.23

Recommended
of (NPK)
Compost

sulfur
Compost +
Sulfur
F-test
LS.D0.05
Soled maize

2469

2622
2621
2724

**x *x

079 130
266.13 270.29

2533

2675
2689

2782

10.03

12.94
1048
1549

**x

031
14.76

1110

13.80
1156

1641

5305

655.6
5932

7576

5312

585.7
5953
7555

*%

159
7928

16.62

1831
1721
1938

*%x

044
2063

1783

18.96
18.22

2004

Soil conditioners

054

. 215
1481

7856

0.29
21.02

352

4.06
384

481

356

432
393

454

9.06

128
12.90

1392

1042

1246
1155
1374

*x

0.17
14.75

2021

3184
3031

3423

29064

3166
3158
3459

*x

1.66
3643

2848

3166
29.88

3431

27.60

3290
3044

3477

1457

1575
14.73
1830

*x

041
245

14.56

16.96
15.77

19.14
*x

0.22

017 .
2500

021
487

022
14.37

044
3493

029
3477

049
3545
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Table 8. Effect of the interaction between maize plant density and soil conditioners on maize growth and yield

characters during 2019 and 2020 seasons.

Treatments Plantheight Numberof Earleafarea Earlength Eardiameter Numberof Numberof  100seed  Grainyield
(cm) leaves /plant (cmd) (cm) (cm) kernels/row  rows/ear  weight(g)  (ard/fed)

l';;t;erﬁ;‘;pp'”g o ndsiggners 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Reg?’&'geK”fed 2357 2420 723 880 4798 4737 1517 1579 323 305 2730 2747 747 920 2593 2667 987 1127

tDorlr; ggfﬁw Compost 2493 2530 1043 1120 5930 6279 17.33 1729 323 380 2063 3033 1057 1068 2057 2977 1136 1412
i) ®  ufor 2519 2562 780 843 5322 5077 1560 1668 350 345 27.93 2883 1133 965 2767 27.73 1027 1211
COSr{‘J';}?fr“ 2597 2611 1153 1257 6547 6876 1750 1837 420 361 3057 3157 1227 1195 3073 3073 1427 1563
Reg?’g,‘\l'geK”;jed 2466 2539 810 880 5198 5302 1657 1879 313 374 2883 2907 933 1042 2847 2883 1567 1393
gigg%w Compost 2619 2681 1167 1257 6361 6796 1840 1912 433 425 3140 3327 1330 1286 3150 3320 1600 1680
i) ®  ufor 2618 2678 1134 1247 5723 6052 1753 1849 380 390 2967 3L70 1310 1165 2940 3047 1537 1590
COS”L‘J';}‘I’;“ 2697 2778 1563 1237 7827 7344 1933 2004 470 485 3350 3437 1433 1385 3297 3373 1840 1917
Reg‘]?r(',‘\l”;eK”;jed 2584 2640 1477 1570 5018 58908 1813 1889 420 388 3150 3240 1037 1165 3103 27.30 1817 1848

t'?)f; gg%’o% Compost 2722 2814 1673 1763 7378 7494 1920 2049 460 491 3450 3137 1453 1384 3390 3573 1988 1996
i) sulfur 2697 2826 1230 1377 6750 6731 1850 1950 423 445 3333 3420 1427 1335 3257 3313 1857 1931
Cogfﬁ“ 2879 2056 1930 2030 8354 8446 2130 2170 553 517 3863 37.83 1517 1540 3923 3983 2223 2262

F_test *% *% ** ** * * * ** ** * ** * ** ** *k *k ** *k
LSD005 137 225 054 094 373 2761 076 050 029 035 076 287 038 030 050 08 071 039
Soled maize 26613 27029 1476 1481 7856 7928 2063 2102 460 487 3493 3643 1437 1475 3477 3545 245 2500

Effect of interaction:

The interaction effect between plant density (10, 12
and 14 thousand plant/fed., and leaving two plants/hill) and
soil conditioners (compost, sulfur and compost + sulfur), was
significant on maize growth, yield and its attributes (plant
height, number of leaves/plant, ear leaf area (cm?), ear length
and ear diameter, number of kernels rows, number of rows
ear?, 100 kernel weight and grain yield fed™) in both seasons
(Table 8). The maximum values of the all traits in both
seasons. were obtained from planting maize on one side of
terraces of plant density 14 thousand plant/fed., and leaving
two plants/hill (D3) with fertilizations treatment (compost +
sulfur), in both seasons. Nevertheless, the lowest values of the
all traits were resulted from planting maize on plant density
10 thousand plants/fed., and leaving two plants/hill (D1) with
recommended doses of (NPK) in both seasons.

Tomato growth, yield and its attributes:
Plant density effect:

The studied plant density of maize intercropped with
tomato excreted significant effects on tomato growth, yield and its
attributes, i.e., Plant height (cm), number of branches/plant, fruit
diameter (m.m.), number of fruits/ plant, fruit weight (g), fruit
weight / plant (kg) and fruit yield ton fed*., in both seasons. Planting
maize on one side of terraces of plant density 14 thousand
plants/fed., and leaving two plants/ill (D3) and planting tomato on
the other side of the terraces attained the highest values of the all
traits at the same time the lowest values were recorded when
Planting maize on one side of terraces of plant density 10 thousand
plants/fed., and leaving two plants/ill (D1) and planting tomato on
the other side of the terraces during 2019 and 2020 summer
growing seasons. These increments in growth, vield and its
attributes of tomato with D3 plant density may be ascribed to that
plant density have great importance in the interception and
efficiency of conversion of the photosynthetically active radiation
intercepted by the canopy into Increase fruit yield (Ogundari and
Ojo, 2005). Allso, this plant density can be reduce the use efficiency
of water, light and nutrients by plants (Moyin-Jesu, 2012).

Results in Table 9 revealed that the plant density effect
on number of branches/plant was significant in both growing

seasons. Increased planting maize of from 10 to 12 and 14
thousand plants/fed., and leaving two plants/ill and planting
tomato on the other side of the terraces increased number of
branches/plant. Clearly that maize plant density 14 thousand
plant/fed., and leaving two plants/ill (D3) and planting tomato
on the other side of the terraces, enhanced plant growth and hence
increased number of branches/plant at harvest. Similar findings
were found by Martine (2011) and ljoyah and Dzer (2012).

The obtained results in Table 9 revealed that tomato fruit
weight / plant (kg), was significantly affected by plant density in
both growing seasons. The highest fruit weight / plant (kg) (3.59
and 4.04 kg) were resulted of planting maize plants on one side
of terraces of plant density 14 thousand plants/fed., and leaving
two plants/hill (D3) and planting tomato on the other side of the
terraces, in both seasons. Similar findings were found by Degri
and Samaila (2014) and EFSadany and EI-Shamy (2016).

Also, the results shown in Table 9 cleared that the plant
density effect on fruit yield ton fed? was significant in both
growing seasons. Increasing maize plant density from 10 to 12
and 14 thousand plants /fed., and leaving two plantshill and
planting tomato on the other side of the terraces, lead to a
significant increase in fruit yield per fed. (21.03, 21.93 and 23.73
in 2019, and 20.63, 22.02 and 24.15 ton fed™ in 2020 growing
seasons, respectively). These results may be due to better
interception and utilization of solar radiations and the increase in
photosynthetic processes, which led to an increase in all growth
attributes and all yield components. These results are in agreement
with those obtained by Upadhyay et al ( 2010), Mohammed,
Wafaa etal (2013) and Hamdany and Darwish (2017).

Effect of soil conditioners:

Significant variations were observed between soil
conditioners (compost, sulfur and compost + sulfur) tested as for
tomato characters (Plant height (cm), number of branches/plant,
fruit diameter (m.m.), number of fruits/ plant, fruit weight (g), fruit
weight / plant (kg) and fruit yield ton fed L) studied in both
seasons (Table 9). the application of (compost + sulfur) brought
marked increases in most tomato attributes and yield compared
with both (recommended, NPK, compost or sulfur). In other
meaning, application of (compost + sulfur), gave a favorable
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effect on tomato yield components, reflecting, therefore better
yields per unit land area. The promoted effect of land fertilization
to a limited level and on tomato as for yield and it's related
parameters was documented by some research workers, such as
El-Nady, Manal (2015) and Rashid et al. (2016).

Results in Table (9) showed the response of tomato fruit
yield to (compost + sulfur fertilizer). Use of (compost + sulfur
fertilizer) increased fruit yield ton/fed. significantly than compost
in both seasons. They had 25.48, 20.99 and 23.52 ton/fed (in
2019 season) and 25.72, 21.38 and 23.11 ton/fed (in 2020 season)
compared with recommended doses of NPK (18.92 ton/fed and
18.86 ton/fed) in both seasons, respectively. This effect of
treatment (compost + sulfur fertilizer) refer to improving of the
soil physicals which play an important role in uptake nutrients
and gave good active root system, where founding nutrient
elements available, this active promote photosynthese and
accumulation of dry matter. These results are in harmony with
those obtained by Bharose et al. (2014), Seidel et al. (2017),
Suman et al. (2018) and Sutoyo et al. (2020).

Effect of interaction:

Regarding plant height (cm), number of branches/plant,
fruit diameter (m.m.), number of fruits/ plant, fruit weight (g),
fruit weight / plant (kg) and fruit yield ton/ fed.)

The results in Table (10) show that, tomato plants was
significantly affected by the interaction between planting maize
on one side of terraces of plant density from 10 to 12 and 14

thousand plant/fed., and leaving two plants/hill and planting
tomato on the other side of the terraces and soil conditioners
(compost, sulfur and compost + sulfur). Plant density 14
thousand plant/fed., and leaving two plants/hill (D3) and planting
tomato on the other side of the terraces, attained the highest
values of the all traits when applying compost and sulfur ,while,
the lowest values were obtained with plant density 10 thousand
plant/fed., and leaving two plants/ill (D1) and planting tomato
on the other side of the terrace with recommended doses of NPK
during 2019 and 2020 summer growing seasons.

Land equivalent ratio (LER)

Result in Table (11) indicate that intercropping maize
with tomato as average of the two seasons. Results indicated that
LER values were greater with intercropping system than sole
crop of them. The values of land equivalent ratio for
intercropping  treatments were significantly greater than
monoculture. It was the same (1.0) for all pure stands of main
crop and intercrops. maize with tomato and using plant density
(D3) and application of (compost + sulfur), recorded the highest
values for (LER) which were (1.898 and 1.899) in both seasons.
Intercropping maize with tomato with using plant density (D1)
and application of recommended doses of NPK recorded the
lowest values for (LER) which was 1.043 and 1.076 in both
seasons. Similar results were observed by Mohammed, Wafaa et
al (2013) , Abd El-Hady et al (2013), ESadany and EI-Shamy
(2016) and EI-Mehy, Amira and Mohamed (2018).

Table 9. Effect of maize plant density and soil conditioners on tomato growth and yield characters during 2019 and 2020.

Characters plantheight ~ Numberof Fruitdiameter =~ Number of Fruit weight Fruit weight/ Fruityield
(cm) branches /plant (m.m) fruit/ plant @ plant (kg) (Ton ffed)
Factors 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
=2 D1-(100% tomato + 50% maize) 61.85 6229 354 379 4338 4456 2183 2313 9567 10017 213 235 2103 2063
'S g D2-(100%tomato+60% maize) 6323 6622 503 578 4836 4922 2555 2608 10900 10691 276 298 2193 2202
2 % D3-(100% tomato +70%maize) 6960 7089 746 800 5308 5338 2981 3158 12197 12560 359 404 2373 2415
’é F_test ** **k **k Kk **k **k *k **k *k * *k *k **k **k
= LS.D0.05 208 081 055 049 183 027 055 026 114 1255 021 036 043 034
© Recommended of (NPK) 5967 5744 354 364 4423 4468 2148 2204 9659 10003 210 223 1892 1886
% Compost 6621 6856 581 635 4902 4932 2676 2808 11168 10807 295 330 2352 2311
% Sulfur 6351 6390 478 504 4557 4724 2398 2444 10619 10914 246 269 2099 2138
g Compost + Sulfur 7019 7597 724 838 5427 5497 3071 3314 12106 12632 379 426 2548 2572
3 LS.D0.05 169 081 037 022 135 025 0.50 040 087 1168 018 004 029 022
Soled tomato 7729 7844 759 766 5865 5883 3615 3632 13518 13625 489 497 2745 27163

Table 10. Effect of the interaction between mazie plant density and soil conditioners on tomato growth and yield

characters during 2019 and 2020 seasons.

Treatments Plantheight ~ Numberof  Fruitdiameter Number of fruit/ Fruitweight  Fruitweight/ Fruityield
(cm) branches /plant (m.m) plant @ plant (kg) (Ton /fed)
Intercropping Soil
patterns conditioners 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Recommended
D1-(100% of (NPK) 5827 5040 190 211 3987 4087 1777 1867 8333 8770 148 163 1757 17.27
tomato + 50% Compost 6280 64.73 400 387 4567 4580 2253 2380 9944 10227 224 243 2317 2165
maize) sulfur 6093 6127 270 272 3950 4373 2090 2093 9347 9840 195 206 1977 19.38
Compost + Sulfur 6540 7277 557 644 4847 4783 2613 2910 10643 11230 285 326 2360 24.23
Recommended
D2-(100% of (NPK) 56.27 5787 333 327 4413 4437 2180 2170 9640 9923 210 215 1863 18.60
tomato + 60% Compost 6597 6717 570 633 4877 4860 2647 2657 11143 9237 272 307 2273 2251
maize) sulfur 6053 6413 457 520 4677 4743 2390 2353 10667 10860 255 255 2073 2149
Compost + Sulfur 7017 7570 653 833 5377 5647 3003 3253 12150 12743 365 414 2563 2547
Recommended
D3-(100% of (NPK) 6447 6407 540 554 4870 4880 2487 2577 11003 11317 274 291 2057 20.70
tomato + 70% Compost 69.87 7377 7.73 887 5263 5357 3127 3387 12417 12957 388 439 2467 2517
maize) sulfur 69.07 6630 7.07 721 5043 5057 2713 2887 11843 12043 288 347 2247 2327
Compost + Sulfur 75.00 79.43 963 1037 6057 6060 3597 3780 13523 13923 487 539 2720 2747
F_test * *% NS *% * *% *%* *% * NS *% *% *% *%*
L.S.D0.05 292 140 NS 038 234 044 087 070 15 NS 031 007 051 038
Soled tomato 7729 7844 759 766 5865 5883 3615 3632 13518 13625 489 497 2745 27.63

Area time equivalent ratio (ATER):

High area time equivalent ratio (1.8 and 1.81) was
obtained when intercropping maize with tomato and using plant
density (D3) and application of (compost + sulfur) as average of

two seasons. These values indicated that the intercropping system
was highly efficient in utilizing the growth resources than sole
cropping of both crops, (Table 7). Whereas, intercropping maize
with tomato with using planting in plant density (D1) and
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application of recommended doses of NPK recorded the lowest
values of ATER (0.99 and 1.027) was obtained as an average of
the two successive seasons. These results are in agreement with
those obtained by Verma et al (2005) , Mohammed, Wafaa et al
(2013) and EI-Mehy, Amira and Mohamed (2018).

Land Equivalent Co-efficient (LEC):

When the values of LEC were increased than 25%,
the treatments were positive; this means that all treatments
had LEC values above 0.25 suggesting yield advantages and
showed efficient utilization of land resource by growing both
crops together and vice versa. So, all treatments as a
combination between factors under study were increased than
25% in both seasons. Results revealed that the best yield
advantage as the interaction between factors under study was
shown under plant density (D3) and with compost and sulfur

(0.899 and 0.900) in both season. These results are in
accordance with those obtained by Nassef, Dalia and EL-
Gaid (2012) and Mohammed, Wafaa et al., ( 2013)

Total income:

Results in Table (12) clearly revealed the total income
of intercropping when intercropping maize with tomato and
using plant density (D3) with, application of (compost +
sulfur). According to the objective, intercropping maize with
tomato gave the highest total income was L.E. 24806 flowed
by L.E. 24678.5 when maize with tomato, while the lowest
total income was L.E.3279.5 and 3044.5 intercropping maize
with tomato with using maize planting in plant density (D1)
with application of recommended doses of NPK in both
seasons. The total income showed that intercropping with
tomato more profitable for farmers than sole maize.

Table 11. Effect of the interaction between maize plant density and soil conditioners on land equivalent ratio (LER),
area time equivalent ratio (ATER) and land equivalent coefficient (LEC) during the two summer seasons

2019 and 2020.
Treatments Land equivalent ratio (LER) ATER Land equivalent coefficient (LEC)

Intercropping Soil 2019 2020 2019 2020 2019 2020
patterns conditioners RYm +RYt RYm + RYt RYmxRYt RYmxRYt
D1-(100% Recommended of (NPK) 0.403+0.640=1.043 0.451+0.625=1.076 00999 1027 0403x0.640=0.258 0.451x0.625=0.282
tomato + 50% compost 0479+0.844=1323 0565+0.784=1.348 1271 1287 0479x0.844=0404 0.565x0.784=0.443
maize) sulfur 0419+0.720=1.139 0484+0.701=1186 1.094 1133 0419x0.720=0.302 0.484x0.7010.340

Compost+ sulfur 0582+0.860=1442 0.625+0.877=1502 1379 1435 0.582x0.860=0.501 0.625x0.877 =0.548
D2-(100% Recommended of (NPK) 0.640+0.679=1.318 0557 +0.673=1230 1249 1170 0.640x0.679=0434 0.557x0.673=0.375
tomato + 60% compost 0.653+0.828=1481 0.672+0.815=1487 1411 1414 0.653x0.828=0541 0.672x0.815=0.547
maize) sulfur 0.627+0.755=1.383 0.636+0.778=1414 1315 1345 0.627x0.755=0474 0.636x0.778=0.495

Compost+ sulfur 0.751+0.934=1685 0.767+0.922=1.689 1.604 1606 0.751x0.934=0.701 0.767 x0.922 =0.707
D3-(100% Recommended of (NPK) 0.742+0.749=1.491 0.739+0.749=1488 1411 1408 0.742x0.749=0556 0.739x0.749=0.554
tomato + 70% compost 0.811+0.899=1.710 0.798+0.911=1709 1622 1623 0.811x0.899=0.729 0.798x0.911=0.727
maize) sulfur 0.758+0.819=1577 0.772+0.842=1615 1495 1531 0.758x0.819=0.620 0.772x0.842=0.651

Compost+ sulfur 0.907+0.991=1.898 0.905+0.994=1.899 1.800 1801 0.907x0.991=0.899 0.905x 0.994 = 0.900
RYm Relative yield maize RY1 Relative yield Tomato

Table 12. Effect of the interaction between maize plant density and soil conditioners on economic evaluation and
monetary advantage index (MAI), during the two summer seasons 2019 and 2020.

Yield/ fed Economic evaluation/fed Monetary
Treatments advantage inde
019 200 2019 2020 e
grain Fruit grain Fruit Actual Actual Total Total Economic Actual Actual Total Total Economic
Intercropping Sail yield yield yield yield yield vyield income cost return yield yield income cost return 2019 2020
patterns conditioners (ard/(Ton (ard/ (Ton LE LE LE LE LE LE LE LE LH LE
fed) ffed) fed) fed) MaizeTomato fed  fed fed Maize Tomato fed  fed '
Reco’(“,\’l‘;eg)ded of 987 1757 1127 1727 3048 307475346955 31686 32795 4508 302225347305 31686 30445 142817 244844
D1-(100%
tomgto+50% compost 11732317 1412 2165 4692 405475452305 32462 127775 5648 378875435355 32462 110735 11041.1411247.96
maize) sulfor 10271977 1211 1938 4108 345075387055 31966 67305 4844 33015 38750 31966 6793 473550 607337
Compost+ sulfur 14.27 2360 1563 24.23 5708 41300 47008 32742 14266 6252 424025486545 32742 150125 144132216264.49
Reco’g‘,\?;‘?fed ol15671863 1393 1860 6268 326025388705 31686 71845 5572 32550 38122 31686 6436 938474 713811
D2-(100%
tomgm%o% compost 16002273 1680 2251 6400 397775461775 32462 147155 6720 393025461125 32462 136505 14999.9215095.70
maize) sufur 15372073 1590 2149 6148 362775424255 31966 104505 6360 37607.543067.5 31966 120015 11738.8312868.20
Compost+ sulfur 18402563 1917 2547 7360 448525522125 32742 194705 7668 445725522405 32742 197985 21220.6721303.77
Reco’g‘,\?;‘?fed ol15172057 1848 2070 7268 350075432655 31686 115795 7302 36225 43617 31686 11931 1424763143120
D3-(100%
tomgwo% compost 19872467 1996 2517 7948 431725511205 32462 186585 7984 440475520315 32462 195695 21221.0221592.44
maize) sulfur 18572247 1931 2327 7428 303225467505 31966 147845 7724 407225484465 31966 164805 17006.611844124
Compost+ sulfur 22232720 2262 2747 8892 47600 56492 32742 24806 9048 480725571205 32742 243785 26731.7927041.39
Soled maize 245 2500 - 9800 - 9800 6300 3500 10000 — 10000 6300 3700 -
Soled tomato - 2745 2763- — 480375480375 30300 177375 - 483525483525 30300 180525 -

Ton (tomato) 1750LE ardab maize 400LE
Monetary advantage index (MAI)

The MAI values were positive in all cases. The highest
MAIl value (26731.79 and 27041.39) was observed in Monetary
advantage index (MAI) when intercropping maize with tomato
and using plant maize density (D3) and application of (compost
+ sulfur), while the lowest value (1428.17 and 2448.44) was

observed with intercropping maize with tomato with using maize
planting in plant density (D1) and application of recommended
doses of NPK in both seasons.

These positive MAI values were observed in the other
intercropping systems which had LER, ATER, LEC, and K
values greater . Similar observations were reported by Upadhyay
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et al (2010), ljoyah and Dzer (2012 ), Mohammed, Wafaa et al
(2013) and EI-Mehy, Amira and Mohamed (2018).
CONCLUSION

It can be recommended that planting maize on 43 cm
between hills and leaving two plants/hill and planting tomato
on the other side of the terrace and planting maize in plant
density (D3) and applying soil conditioners (compost +
sulfur) obtained the maximum values growth, yield and its
attributes of maize, tomato and competitive relationships and
yield advantages of both crops and improvement of soil
physical and hydro physical properties under the
environmental conditions of EI-Gharbia Governorate, Egypt.
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