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Abstract

The optimistic Toshky National Project is representing strong
challenge to cultivate new reclaimed lands under stress ecological situa-
tion. The aim of this research is to compare competition between natural
rock phosphate and super phosphate fertilizers on single crop as well as
intercropping tomato with faba bean, most important legume food crop;
for utilizing land equivalent per water unit an experiment was carried out
for two years during 2001/2002 and 2002/2003 seasons, at the South
Valley Agriculture Research Station, Toshky, in a randomized complete
block design. The treatments included phosphate sources (natural rock
phosphate and super phosphate) as well as doses. Transplanting dates
for tomatoe hybrid (castle rock) were on 13tand 74 September in 2001/
2002 and 2002/2003 seasons, respectively. Sowing dates of faba bean
(variety Giza 40) were 15'" and 22"9 October in two seasons, respec-
tively. Tomato seedlings were transplanted on one side for each lateral
50 cm between drippers. Faba bean seeds were planted in hills spaced
10 cm between hills, one plant per hill.

The obtained results indicated that yield and yield components of
faba bean were decreased by intercropping faba bean with tomato as
compared with faba bean grown alone, in both seasons. The response of
seed yield/fd and yield components to phosphate levels was linear be-
tween zero and 60 Kg P,0Os/fd. Intercropping tomato with faba bean
compared with grown tomato separated in both seasons decreased to-
mato fruits yield and marketable fruits yield. Also, results indicated that
in all studies of tomato characters improved with increasing phosphate
fertilizer, except culls percentage which decreased with increasing phos-
phate fertilizer compared to control in both seasons. Total yield and mar-
ketable yield increased with increasing mixed phosphate from [15 Kg
P20s (NP) + 15 Kg P05 (SP)] to [45 Kg P»Os (NP) + 45 Kg P»Os
(SP)] compare to control in both seasons. The highest value for Land
Equivalent Ratio (LER) was 1.91 and 1.99 for the treatment using mixed
phosphate [45 Kg P2Ogs NP) + 45 Kg P05 (SP)] in the first and second
seasons, respectively. It may be worth mentioning that intercropping to-
mato with faba bean has maximized utility of irrigation water by saving
31 % compared to separate treatments.
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INTRODUCTION

Agricultural development of large desert areas in the extreme southern part of
Egypt is continuing. An Agricultural Research Station is establishment near Lake Nasser
in 1998. It aims to conduct research on soil and water inanagement, on different crops,
and cultivation techniques under the local climatic conditions. Meteorological data indi-
cated that the maximum air temperature is 28 °C in winter (December — January) and
48 °C.in summer (July — August), while the average air temperature is 19 °C and 36 °C,
respectively. The averages for soil temperatures are 39 °C and 26 °C in summer and
winter, respectively. Average relative humidity is 17% in summer and 42% in winter,
(Abdel-Aal, 2003). Taxonomically, soils could be classified as Typic xerofluvants, Sand
Loam Mixed, Hyper thermic (according to soil survey staff, 1994) on the basis of soil
physio chemical properties and morphologica! features (Abdel-Aal, 2003). The main
features of the studied soils resulted from physical weathering sandy rock soil that is
slight affected by chemical weathering, to some extent. Soil surface is covered with a
thin alluvial layer as a result of erosion process. It is characterized by slight undulating
topography, with presence of many fragments of various rocks and gravels. These frag-
ments differ in shape, size and colour. The proportion of coarse gravel differs from 5 to
15 percent. In general, the soil color ranges from yellow to yellowish brown and, some-
times, brownish-red. Most of soil particles are single grain of loose to friable consisten-

cy. The particles get hard when dry and very soft when moist (Abdel-Aal, 2003).

Tomato crop takes comparatively long time in the field, about six months. Inten-
sive cropping requires farmers to look for suitable crops to grow with tomato without
reducing its final yield in order to avoid risks of bad yield and/or severe fluctuations
prices. Higher monetary return and more stable income also give additional advantages
of the associated cropping system (intercropping) as compared to mono-crop cultures.
However, several researchers have conducted trials on the effect of growing some field
crops intercropped with faba bean. Adelana-Bo (1984) reported that maize and toma-
toes were grown in mixed pure stands at 3 sites in Nigeria. The single crops gave high-
er yields than the mixtures, but the reduction in yield in mixed — cropping was lower in
maize than in tomatoes. The input/output analysis showed that it was more profitable
to grow the two crops together than either of them separately. Salem and El-Massri

(1986) found that the response of seed yields/ha to phosphorus levels was linear be-
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tween zero and 107.14 Kg P>Os / ha. Generally, phosphorus application increased the
average seed yield per plant and several traits (as number of seeds per pod) averaged
over the two seasons. Hassan et al. (1992) found the highest LER under mixed crop-
ping of lentil and faba bean. Pino et al. (1994) found that three rows of tomatoes al-
ternated with one of maize resulted in the highest tomato yields, 24.88 and 21.20 T/
ha, and in corn-cob (for fodder) yields of 51.8 and 49.61 Kg/ha in 1991 and 1992, re-
spectively. This was equivalent to a 54 % increase in economic value (pesos/ha) com-
pared with the separate tomato controls in 1991 and a 25.50 % increase in 1992,
Hussein and El-Deeb (1999) found that the highest seed yield was obtained when inter-
cropping faba bean with sugar beet at a density of 6 or 8 plants / m?. Intercropped
faba bean at 4 plants / m? with sugar beet increased profitability by L.E 12.5 % than
that of solid sugar beet. Abdel_Aal and Zohry (2003) gained more benefit when inter-
cropped tomato with maize. They found that marketable tomato increased as a result
of maize shadow and indicated also saving water and increased land use productivity

per unit area.

The aim of this investigation is to study the fertilizing value of natural rock phos-
phate and super phosphate fertilizers on single as well as intercropping tomato with
faba bean, most important public food crop u~nder stress environmental conditions. Ag-
ronomic components, traits and yield are investigated. Also, studies included land use

efficiency, profit increase, and saving of irrigation water.

MATERIALS AND METHODS

Two field trials were carried out at South Valley Agriculture Research Station,
Toshky. Water requirements (WR) is calculated from meteorological data obtained from
station at Toshky using Penman Montieth methods (Smith, 1991 and Ainer et al.
1999). The experiment was carried out during 2001/2002 and 2002/2003 seasons in
randomized complete block design including twelve treatments with four replicates.
The treatments include different phosphate sources and doses and crop system; as

shown in Table 1.
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Table 1. Phosphate treatments.

Symbol Treatments* Crop System
T4 T4 control (no phosphate) Tomato & Faba bean
Phosphate source & dose and crop intercropping
T, 30 Kg P,05 (NP) Tomato & Faba bean
T3 60 Kg P205 (NP) Tomato & Faba bean
Ty 30 Kg P,O5 (SP) Tomato & Faba bean
Ts 60 Kg P,O5 (SP) Tomato & Faba bean
Mixed phosphate source &dose and Crop intercropping
Tg 15 Kg P>,Os (NP)+ 15 Kg Po,Os5 (SP) Tomato & Faba bean
T, 30 Kg P,O5 (NP)+ 30 Kg P,Og (SP) Tomato & Faba bean
Tg 45 Kg P,05 (NP)+ 45 Kg P,Os (SP) Tomato & Faba bean
Phosphate source and separate crop (faba bean)
To 60 Kg P,O5 (NP) Faba bean (alone)
Tio |60 Kg P2Os (SP) Faba bean (alone)
Phosphate source and separate crop (Tomato)
Ti11 |60 Kg PoOg (NP) Tomato (alone)
Ti2 |60 Kg P>O5 (SP) Tomato (alone)

* P»0Os in natural rock phosphate (NP), (Rokaz) 29.5 %
P20 in super phosphate (SP) 37.5 %

Recommended fertilizer application of 300 Kg ammonium sulfate, 200 Kg potas-
sium sulfate, 200 Kg/fd agriculture sulfur as well as 10 m® chicken manure were added
together with phosphate treatments to soil before cultivation. it should be mentioned
that for rock phosphate the efficiency of phosphate increased with addition of organic
manure and sulfur application. The plot size was 90 m? (10 m length and 9 ridge); the
distance between each two lines was 1.0 m. Irrigation water was applied using drip irri-
gation system. Transplanting dates for tomato (castle rock) hybrid were 15! and 7tP
September in both 2001/2002 and 2001/2002 seasons, respectively, while sowing
dates of faba bean (variety Giza 40) were 15! and 22™ October in the two seasons,
respectively. Tomatoes were transplanted on one side for each lateral; 50 cm between
drippers. Faba bean seeds were planted in hills spaced 10 cm between hills, one plant
per hill on the other side of the drip line. Faba-bean crop was harvested after 150 days

from sowing. Ten plants were chosen randomly to determine yield parameters, while
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the yield / fd was determinéd on the whole plot. For tomato, number of fruits/plant,
weight of fruits (Kg/plant), total fruit yield (ton/fd), total culls percentage and market-
able yield (ton/fd) were determined. For faba bean, plant height (cm) number of
branches, number of pods / plant, number of seeds/plant, seed yield/plant (g), straw
yield (ton/fd) and seed yield (Ardab/fd) were determined. Intercropping advantages
were evaluated by calculating the Land Equivalent Ratio (LER); (Willey, 1985):

Yie Yt

+
Yit Yeg

{ LER=

where, yis and ys; are the intercrop yields of tomato and faba bean, respectively,
in the intercropping treatments and y;; and y;; are pure stand yields of tomato and
faba bean, respectively. Statistical analysis was applied to data according to Snedecor
and Cochran (1967). Soil samples were taken and analyzed for soil texture, salinity, pH,

calcium carbonate, organic matter and macro-micro-nutrients (Page, 1982).

RESULTS AND DISCUSSION

Main Soil Features *

The main features for the soil under study were described judiciously by Abdel-
Aal (2003). During 2001/2002 and 2002/2003 seasons, soil salinity showed very low
values ranging from 0.5 and 1.2 dS/m. Organig matter is very low as it ranges between
0.1% and 0.3%.; and soil is very poor in levels of nutrients. Average pH values 8.8. Soil
texture is sandy loam. The soil profile is shallow. Its depth varies from 50 cm to 100
cm to the bedrock. The average total calcium carbonate is 12%. Permeability rates

range from 9.0 to 15.2 cm/hr, which could be classified as very rapid.
Agronomic Components Traits

Faba bean crop

Data presented in Table 2 indicate agronomic components traits for separated
single and intercropped faba bean combined with tomatoes, as affected by phosphate
fertilizers (source and dose). Generally, all characters study; plant height, number of
branches, number of pods/plant, number of seeds/plant, seed yield/plant, straw yield/

fd and seed yield/fd were significantly increased with phosphate fertilizers either
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Table 2. Agronomic components and yield of faba bean as affected with intercropping
and phosphate sources and doses in the seasons of 2001/2002 and 2002/

2003.
Characters Plant | No.of | No.of | No.of Seed Straw| Seed
height | branches/ | pods /{seeds/ |yield/plant|yield /| yield /
Treatmenls {cm) plant plant | plant (gm) Ton/fd| Ardab/fd
2001 / 2002 Season
T; Control 124.5 2.75 13.50| 31.25 19.18 1.040 4.43
T, 30 Kg P05 (NP) 140.5 3.00 12.75| 33.00 20.38 1.140 5.08
Ta 60 Kg P,05 (NP) 140.8 3.25 14.50} 40.75 25.88 1.235 5.98
T4 30 Kg P,05 (SP) 138.8| 3.50 |13.75|34.50| 24.40 |1.170| 5.58
Ts 60 Kg P,Os (SP) 153..8 3.75 15.25{ 43.75 27.18 1.235 6.28
Tg 15 Kg P05 (NP)+15 Kg P,05(SP) | 128.8 3.75 14.00| 38.50 21.83 0.942 4.98
T, 30 Kg P,Os (NP)+30 Kg P,05(SP) | 156.3 4.00 14.75| 45.00 26.13 1.223 6.73
Tg 45 Kg P05 (NP)+45 Kg P,Os (SP) | 155.0| 4.25 |16.00|45.25| 28.13 |1.258| 6.73
Tg 60 Kg P,0s (NP) 156.0| 4.00 |15.50{45.50| 29.13 }1.513} 8.23
Ty 60 Kg P,05(SP) 154.8 4.25 16.00| 46.00 30.13 1.655 9.58
LSDat5% 9.8 0.90 1.36 | 2.35 1.16 0.09 0.52
2002 / 2003 Season
T, Control 122.5 2.25 12.00} 30.75 20.45 0.825 4.75
T, 30 Kg P,05 (NP) 122.5 2.50 12.75} 32.50 23.18 1.070 5.30
Ta 60 Kg P,O5(NP) 138.8 2.75 14.00 34.00 25.73 1.215 6.00
T, 30 Kg P,05 (SP) 130.0 2.75 13.00| 33.50 24.85 1.150 5.85
Ts 60 Kg P,O5(SP) 141.3 3.25 14.25] 34.75 26.20 1.223 6.90
Tg 15 Kg P,Os (NP)+15 Kg P,O5(SP) | 123.8 3.00 12.75} 32.00 22.80 0.942 5.00
T, 30 Kg PO (NP)+30 Kg P,05(SP) | 136.3| 3.25 |14.50|36.00| 24.43 |1.253| 6.15
Tg 45 Kg P,05 (NP)+45 Kg P,05(SP) | 142.5 3.50 |16.25/39.00| 27.78 |1.260| 7.23
Ty 60 Kg P,O5 (NP) 145.8| 3.50 |16.50{40.50| 28.85 |1.550| 7.90
Tyo 60 Kg P05(SP) 144.3 4.00 17.25| 45.50 30.13 1.660 8.23
LSDat5% 5.9 0.80 1.01 | 1.85 1.09 0.09 0.53
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source or doses, except treatment Tg [mixed fertilizers of 15 Kg P>Os (Rokaz) + 15 Kg
P,0s5 (super phosphate)], compared with control. On the other hand, intercropping faba
bean with tomato compared with pure stand of faba bean in both seasons showed neg-
ative effects in all treatments. However, natural rock phosphate (Rokaz) and super
phosphate fertilizer treatments significantly affected faba bean plants in all agronomic

components in both seasons compared with control treatment.

Most of agronomic components such as plant height, branches number, pods
number per plant, seeds number per plant and seeds weight per plant did not show sig-
nificant effect by source of phosphate; either natural phosphate or super phosphate in
both seasons except seed weight per plant in the second season for pure stand. Gener-
ally, similar trend was achieved for intercropping faba bean with tomatoes except for
plant height, seeds number and weight per plants in the first season. For mixed phos-
phate fertilizers (Rokaz with super phosphate), results indicated that all agronomic
traits were significantly affected by increasing phosphate rate. Total yield including
straw and grain, they behaved similarly to growth and yield components in both sea-
sons. Generally, the response of seed yield/fd to phosphorus levels was linear between
zero and 60 Kg P,Os/fd. The serious reduction in intercropped faba bean yield inter-
cropped treatments compared with faba bean yield alone (for 30 and 60 kg P,Os/fd
treatments) can be due to crop competition (Adelana-Bo, 1984 and Salem and El-
Massri, 1986).

Tomato crop

The obtained results are shown in Table 3. Except for culls percentage, all toma-
to traits were, in general, significantly affected with increasing doses of phosphate fer-
tilizers rates either natural rock phosphate or super-phosphate. Also, tomato agronom-
ic components were significantly affected by intercropping tomato with faba bean,

expect for culls percentage, in both seasons.

Statistical analysis indicated that either natural rock phosphate (Rokaz) or super
phosphate fertilizer treatment significantly affected tomatoes yield. Branches number
of fruits/plant increased with increasing phosphate fertilizer doses compared to the
control. Regarding weight of fruits/plant, data indicate that separate tomato treatment

gave fruit number/plant similar intercropping treatment. The means differences be-
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Table 3. Agronomic components and yield of tomato as affected by intercropping and
phosphate sources and doses in the seasons of 2001/2002 and 2002/2003.

Characters Number | Weight of | Total fruit Marketable
of fruits/| fruits yield Culls % yield
Treatments Plant (Kg/plant)| (ton/fd) (Ton/td)
2001 / 2002 Season
T4 Control 39.00 5.300 24.675 4.0 23.675
T, 30 Kg P,05 (NP) 41.00 | 6.300 | 25.250 | 3.6 24.350
T3 60 Kg P,Og (NP) 42.50 6.300 28.950 3.9 27.825
T4 30 Kg P>0Os (SP) 44.25 6.500 25.600 4.0 24.575
Ts 60 Kg P,O5 (SP 45.75 7.225 29.725 4.0 28.525

Ty 15 Kg P05 (NP)+15 Kg 505 (SP) 40.00 | 5.975 | 27.525 | 3.6 26.525

T, 30 Kg P,Os (NP)+30 Kg P05 (SP)| 40.75 | 6.450 | 28.325 | 2.8 27.525

Tg 45 Kg P20s5 (NP)+45 Kg P205 (SP) 45.50 7.125 31.050 3.2 30.050

T4 60 Kg Py05 (NP) 42.25 6.325 | 28.700 | 3.6 27.675
Ty, 60 Kg P,O5(SP) 46.25 6.800 31.925 4.0 30.650
LSDat5% 4.61 0.65 1.68 N.S. 1.71
2002 / 2003 Season

T4 Control 40.25 5.400 24.675 4.0 23.675
T, 30 Kg P,05 (NP) 48.25 5.820 | 25.600 | 4.0 24.575
Tg 60 Kg P;O5 (NP) 4550 | 6.087 | 29.725 | 4.0 28.525
T, 30 Kg P,O5 (SP) 48.75 | 6.505 | 27.525 [ 4.0 26.400
Ts 60 Kg P20s (SP) 50.75 6.800 28.350 3.5 27.350

Te 15 Kg P,O5 (NP)+15 Kg P,05(SP) | 43.75 | 5.833 | 25.000 | 3.6 | 24.100
T, 30 Kg P,0s (NP)+30 Kg P,O5 (SP) | 43.75 | 5.975 | 28.950 | 4.7 | 27.600
Tg 45 Kg P,05 (NP)+45 Kg P,05 (SP) | 50.75 [ 7.100 | 31.050 | 2.6 30.250
Ty 60 Kg P05 (NP) 43.00 | 6.600 | 28.850 | 3.6 27.825
{T12_60 Kg P,05(SP) 46.00 | 7.263 | 30.850 | 4.2 29.575
LS.D at5% 5.59 0.60 1.99 N.S. 1.84
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tween treatments were not significant. Also, statistical analysis did not show any signif-
icant difference on tomato weights per plant between both treatments mean of natural
) rock phosphate and super phosphate. For total yields of tomato fruits, they were signif-
icantly affected by intercropping with faba bean and phosphate fertilizers. It was no-
ticed that both phosphate fertilizer natural rock phosphate and super phosphate have
significant effect on total yield, which increased with increasing phosphate fertilizer
compared with control. The important parameter for tomato aspect is marketable yield.
Results show that both main treatments of phosphate fertilizers and intercropping to-
mato with faba bean significantly decreased marketable fruits yield expect treatment
(Tg) in the second season, compared with separate tomato in both seasons. On the
other hand, there was no significant effect either by using natural rock phosphate or
super‘phosphate on marketable fruits yields between T, and T4 or between T3 and Ts.
In addition, results indicate that there was no significant difference between separate
tomato treatment (Ty4) and intercropping tomato with faba bean T, or T; by using
natural rock phosphate (Rockas) in both seasons. Also, results indicate that there was
no significant difference between separate tomato (Ty2) and intercropping tomato with

faba bean Tg by using super phosphate fertilizer treatments, in both seasons.

In general, phosphate treatments increased marketable yield which ranged from
23.675 to 30.113 ton/fd in both seasons. The response of marketable yield to phos-
phorus levels was linear between zero and 60 Kg P,Os/fd. Similar results were obtained
by Adelana-Bo (1984).

Land Exploitation

Land Equivalent Ratio, L.E.R. (Land exploitation of total land productivity) is pre-
sented fractions of tomato (RY,;) and faba bean (RYj,) are presented in Table 4. It
might be said that many scientists calculate the L.E.R. to evaluate over yielding. Itis
the total land required by a separate crop to produce the yield achieved in intercrop-
ping. L.E.R. values were greater than 1.0, which means directly these all treatments of
phosphate fertilizer as well as intercropping tomato with faba bean through the first
and second seasons were positively effective on increasing Land Equivalent Ratio.
These yield advantages could be attributed to the relative yield of tomato, which was

relatively higher than that of faba bean. Regarding source of phosphate, there was a
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relative increase in the values of L.E.R. by using natural rock phosphate (Rokaz) com-
pared with super phosphate in both seasons. The highest value for L.E.R. was 1.91 and
1.99 for the treatment using natural rock phosphate (Rokaz} in the first and second

seasons, respectively.

Table 4. Data on Relative yields (RY), Land Equivalent Ratio (LER) for faba bean with
tomatoes and phosphate source as well as doses during 2001/2002 and

2002/2003 seasons.

Natural rock phosphate Super phosphate
Treatments (NP) (SP)
Ryn | Ryy | LER Ryn | Ryy | LER
2000 / 2001 Season
T1 Control 0.54 0.86 1.4 0.46 0.77 1.23
To 30 Kg (NP) 0.61 0.88 1.49 0.52 0.79 1.31
T3 60 Kg (NP) 0.73 1.01 1.74 0.62 0.91 1.53
T4 30 Kg (SP) 0.68 0.89 1.57 0.58 0.8 1.38
Ts 60 Kg (SP) 0.76 1.03 1.79 0.66 0.93 1.59
Tg 15 Kg (NP&SP) 0.6 0.96 1.59 0.52 0.87 1.39
T+ 30 Kg (NP&SP) 0.82 0.99 1.81 0.78 0.9 1.68
Tg 45 Kg (NP&SP) 0.82 1.09 1.91 0.7 0.98 1.68
T 60 Kg (NP) 1 - 1 - - <
Tyg 60 Kg (SP) 3 g a 1 - 1
Ty 60 Kg(NP) . 1 1 - - -
T42 60 Kg (SP) - - = = 1 1
2001 / 2002 Season

T, Control 0.6 0.85 1.45 0.58 0.8 1.38
T, 30 Kg (NP) 0.67 0.88 1.55 0.64 0.83 1.47
T3 60 Kg (NP) 0.76 1.03 1.79 0.73 0.96 1.69
T, 30 Kg (SP) 0.74 0.95 1.69 0.71 0.89 1.6
T5 60 Kg (SP) 0.87 0.98 1.85 0.84 0.92 1.76
Tg 15 Kg (NP&SP) 0.63 0.87 1.5 0.6 0.81 1.41
T, 30 Kg (NP&SP) 0.78 0.99 1.77 0.75 0.93 1.68
Ts 45 Kg (NP&SP) 0.91 1.08 1.99 0.88 1.02 1.9
T 60 Kg (NP) 1 - 1 & 2 -
T10 60 Kg (SP) - - - 1 - 1
T11 60 Kg(NP) - 1 1 - - =
T42 60 Kg (SP) - - N - 1 1
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Maximizing Utilization of Irrigation Water

An important advantage of using intercropping system is to maximize use of unit
land and irrigation water to produce maximum yield. The current work found that the
water requirements were 3749 m%/fd for separate tomato crop and 2170 m3/fd for
separate faba bean crop using drip irrigation system. In the intercropping treatments,
tomato with faba bean, the irrigation water requirement amounted to 4114 m%/fd for
other treatments to produce maximum yield for tomato and faba bean compared to
separate tomato and faba bean treatments. It may be worth mentioning that intercrop-
ping tomato with faba bean has maximized irrigation water use efficiency by saving 31

% of irrigation water compared with separate treatments.
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