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Summary

Cucumber plants of Sohail hybrid cultivar were grown under cold greenhouse conditions during two subsequent sum-
mer seasons (2003 and 2004) and were fertilized using two different nutrition programs. The two programs Holland (con-
trol) and ABCD, were evaluated in terms of yield, length of harvesting period, nutrition program cost and total cash re-
turn. Cucumber yield significantly increased with marked elongation of fruit harvesting period when the ABCD nutrition
program was used in comparison with the control. Furthermore, ABCD nutrition program was cheaper in cost and higher

in total yield and cash return as compared to that of Holland.
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Introduction

The Arab-Qatari Agricultural Production Company
(AQAPCO) is an dffiliate of the Arab Authority for Agri-
cultural Investment and Development (AAAID), special-
ized in vegetable crop production and is located in Doha,
Qatar. AQAPCO's farm has a cultivated area of about 48
hectares. This cultivated area includes six hectares of cold
greenhouses (six glasshouses of 0.5ha each and 12 fiber
houses of 0.25ha each), seven hectares of non-cold green-
houses and about 35 hectares of open fields. Cucumber is
the major crop forming about 70-80% of the total amount
of vegetable crops produced by the company (Atta-Aly,
2006a and b). It istotally produced inside cold greenhouses
all year round and inside non-cold greenhouses during fall
and winter seasons.

AQAPCo faced certain technical problemsin itsfield of
vegetable crop production. As a technical support offered
by AAAID to AQAPCo, several experts were sent by
AAAID to the company several times/year for a period of
two years starting 2001. During that period, all technical
problems were identified and several rehabilitation pro-
grams were designed and approved to be applied. The inap-
propriate nutrition program used for cucumber production
was one of the mgjor problems (Rasheed et al., 2001; Atta-
Aly, 2002 and Atta-Aly et al., 2003). Symptoms of P, Mg,
Ca, Fe and K deficiency were clearly identified on al cu-
cumber plants grown (Rasheed et al., 2001 and Atta-Aly et
al., 2003). Also, a very limited root volume, thin stem, ab-
normal stem elongation, a very short yielding period and
high levels of fruit abortion were clearly identified (Atta
Aly et al., 2003; Atta-Aly, 2006a and b). These identified
symptoms resulted in substantial cucumber yield reduction
(Rasheed et al., 2001; Atta-Aly et al., 2003 and Atta-Aly,
2006a & b).

The Holland company that was appointed for construct-
ing and building AQAPCO's cold greenhouses introduced a
cucumber nutrition program used for cucumber production
since 1987. This nutrition program, therefore, was named
Holland nutrition program. Based on plant physiological
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age, cucumber plant mineral requirements varied as the plant
developed from one physiological age to another (Epstein,
1972). The mgjor problem facing Holland nutrition program
in cucumber production isits inflexibility, as afixed elemen-
tal ratio is used throughout the whole growth period of the
plant regardless of the variability of plant physiological ages.
It was reported that accurate and suitable nutrition programs
that meet al plant minera requirements throughout its
growth resulted in healthy plants characterized by the ability
to tolerate many diseases (Wicks, 1988; Stirling, 1991; Chel-
lami & Olson, 1997; Barker & Kenning, 1998 and Akhtar &
Malik, 2000). In addition, soil solarization during the hottest
months of the summer season under Doha environmental
conditions eliminated all visible symptoms of soilborne pests
including nematodes, annual weeds and fungal diseases re-
sponsible for cucumber seedlings damping off with a marked
yield increase (Atta-Aly, 2006a and b). When soil was solar-
ized, an accurate and flexible nutrition program named
ABCD nutrition program was introduced by Atta-Aly et al
(2003), as a pat of AQAPCO's rehabilitation programs
(Atta-Aly, 2006a and b). This new nutrition program suits all
physiological ages of cucumber plants and strongly in-
creased cucumber fruit yield (Atta-Aly, 2006a and b).

In this work, therefore, ABCD nutrition program was
tested against Holland to clarify the differences between the
two nutrition programs in terms of cucumber yield, length of
harvesting period, nutrition program cost and total yield cash
return.

Materialsand M ethods

Identification of nutrition problems:

Holland nutrition program was the only nutrition pro-
gram used for cucumber nutrition since 1987. In this pro-
gram, each cucumber plant was grown in a black polyethy-
lene (PE) bag of eight liters volume filled with washed sand
as a sort of sand culture growing media with a capacity of
2.5 plant/m’. At each plantation, the old growing media has
to be replaced by new ones. The high price of the new
washed sand (40 QR/m® and its large amount required
(6000m’/year) for cultivating eight hectares of greenhouses
as well as the high cost of the extensive labor used for re-
placing the old growing media (old sand) by a new one (new
washed sand) at each plantation (four times/year) resulted in
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unprofitable cucumber cultivation. AQAPCo was, therefore,
forced to wash and re-use the old growing media severa
times/year for many years. Washing the old growing media
can eliminate soil salinity, acidity or akalinity, but not soil-
borne pests. At each fertigation, the excess amount of Hol-
land solution was drained into the greenhouse sandy floor
through small openings at the base of each PE bag. Thisre-
sulted in intensive weed growth on greenhouses sandy
floors, and consequently, severe nematode infection was ob-
tained in both the greenhouse floor and cucumber growing
media. The growing media was severely infected with nem-
atodes through the bag s drainage openings, particularly
when the same media was re-used several times/year for
many years.

Therefore, AAAID experts suggested to use sand beds
supplemented with sand 50m® organic manure/ha as cucum-
ber growing media instead of PE bags (Rasheed et al., 2001
and Atta-Aly, et al., 2003). Routine application of organic
matter proved to decrease nematode pest population and as-
sociated damages to the crops grown (Akhtar and Malik,
2000). Before the application of AQAPCO's rehabilitation
programs, sandy soil collected from the farm borders was,
therefore, used for constructing and building sand beds as a
new growing media for cucumber production during 2002.
Using sand beds for cucumber production eliminated the
high costs of the new washed sand, PE bags and extensive
labor at each plantation. Sand beds constructed by AQAP-
Co’s team during 2002 were narrow (40cm width) and shal-
low (20cm depth). Such limited volume of the constructed
sand beds arrested cucumber root growth and subsequently
fruit yield. Therefore, doubling the volume of the sand beds
by supplementing the existing sand beds with extra amounts
of sandy soil was included in the rehabilitation programs
that started on July 2003 to reach sand beds of 80cm width
and 40cm depth. Chemical analysis of the constructed sand
beds revealed soil salinity and alkalinity with an EC of 8.20
dS/m and pH of 8.35. After soil leaching and preparation,
soil EC was reduced to 5.24 dS/m before the first plantation
and to 3.25 dS/m before the second plantation. In contrast,
the high levels of soil akalinity remained always constant
(pH between 8.06 and 8.35). Soil salinity and akalinity re-
duced to levels close to normal (i.e. EC vaues of 2.5-3.0
dS/m and pH levels of 6.5-7.5) at the location of each emit-
ter (root zones), but only during the fertigation times (total
period of about 30-40 min/day). One or two hours after the
termination of each fertigation time, soil salinity and alka-
linity became dominant (Atta-Aly et al., 2003). Under such
dominant soil alkalinity, Holland nutrition program became
inappropriate for cucumber production.

Holland nutrition program consists of A and B solutions
(Table 1) and both are mixed together with the irrigation
water directly before each fertigation. Solution A contains
Caand Mg as well as Fein EDTA form, while P is one of
solution B constituents. Under soil alkaline conditions, Ca
and Mg react with P at the termination of each fertigation
time forming the insoluble form of triple Ca-Mg phosphate
(Busman et al., 1998) resulting in the identified symptoms
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of P, Mg and Ca deficiency (Rasheed et al., 2001 and Atta-
Aly et al., 2003). In addition, Fe in forms other than EDTA
became also insoluble under such akaline conditions (Ep-
stein, 1972). Symptoms of Mg and Fe deficiency meaning
leaf poor chlorophyll content that resulted in a marked re-
duction in plant net photosynthesis (Epstein, 1972). Further-
more, Ca deficiency resulted in plant apical death and in-
creased plant respiration that consumed a great deal of plant
net photosynthesis (Epstein, 1972). Symptoms of K defi-
ciency were also identified (Rasheed et al., 2001 and Atta-
Aly, et al., 2003). The sum of the above listed symptoms re-
sulted in a marked increase of cucumber fruit abortion to a
level significantly higher than normal (Atta-Aly, 2002 and
Atta-Aly et al., 2003) causing a substantial cucumber yield
reduction. Based on the above-identified problems related to
the use of Holland nutrition program, a new program named
ABCD nutrition program (Table 2) was introduced as one of
the AQAPCo's rehabilitation programs to overcome al
identified nutrition problems.

Table 1. Stock solution constituents of Holland nutrition
program. Solutions A and B are mixed with irriga-
tion water at each fertigation throughout the whole
growth period of cucumber plant with EC auto-
matic adjustment according to plant physiological
age with an EC gradual increase from 1.8 to 2.5

dS/m
Solution Nutrient Commer cial Nutrient Element | Amount
Name Content (%) (kglms)
Calcium nitrate 15.5% N + 26.5% CaO 150
A Magnesium nitrate 8.8% N + 9.7% MgO 10
Iron chelate (EDTA) 6% Fe 27
Iron chelate (EDTA) 13% Fe 1.2
Magnesium sulfate 16% MgO 50
Mono-potassium phosphate | 50% P-Os + 34% K20 40
Potassium sulfate 50% K20 + 46% SO4 28
Potassium nitrate 13% N + 46% K20 25
B Manganese sulfate 13% MnO 0.325
Zinc sulfate 13.5% ZnO 0.140
Borax 11.1%B 0.365
Copper sulfate 25% CuO 0.02
Sodium molybdate 38.9% Mo 0.01

Soil preparation, solarization and other rehabili-

tation programs:

The application of AQAPCo's rehabilitation programs
started in July 2003 and completed by the end of summer
season 2004. In the first season, only the routine practice
used by the company for soil preparation was applied. This
include sand beds supplementation with 50m® old compost-
ed cattle manure and 500kg TSP/ha, respectively. Among
all planned rehabilitation programs, only doubling sand beds
volume (depth from 20 to 40 cm and width from 40 to 80
cm) were carried out by supplementing the existing sand
beds with extra amounts of sandy soil collected from the
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Table 2. Stock solution constituents of ABCD nutrition program. Tc
avoid solutions mix, cucumber plants were alternatively fer-
tigated with A and D solutions during vegetative stage and
with B and D solutions during flowering (early fruiting)
stage while, C and D solutions were used for yielding stage
with a capacity of one solution/day. At each fertigation, EC
was automatically adjusted according to plant physiological
age with agradual increase from 1.8 to 2.5 dS/m

Nutrient Commer cial Nutrient Element Amount (kg/m?)
Solut. A | Solut. B| Solut. C | Solut. D
13% N + 46% K20 45 7 132

Mono-potassium phosphate | 50% P20s+34% K0 100 50 50

Name Content (%)

Potassium nitrate

Urea 46%N 100 35 20
Manganese chelate 13% Mn 2 2 1

Zinc chelate 135%Zn 2 2 1

Borax 11.1%B 05 0.5 0.25

Sodium molybdate 38.9% Mo 0.01 0.01

Calcium nitrate 15.5% N+26.5% Ca0 - - - 45
Magnesium nitrate 8.8% N+9.7% MgO - - - 100
Iron chelate (EDTA) 6% Fe - - - 100

farm uncultivated borders. In the second season however,
sand beds were supplemented with old composed cattle ma-
nure and other chemical nutrients listed in Table (3). This
was followed by the solarization of soil and drip irrigation
surface net, as one of the applied rehabilitation programs,
which was applied as previously described by Atta-Aly
(2006a and b). Other rehabilitation programs were applied
before the onset and during the second season as follows:
* Renewing and maintaining greenhouses (GH) cooling
systems.
- Replacing old or blocked cooling pads by new ones.
- Cleaning and sanitizing water pools, cooling pads
and recycled water used for GH cooling systems.
- Enriching water pools with cupper sulfate to prevent
algae growth inside the cooling pads.
 Constructing mechanical systems for insect control.
-Tightly closing the two main doors of each GH, ex-
cept between plantations.
- Constructing one double door for each GH.
- Covering GH cooling pads with insect net sheets as
insect mechanical barrier.
e Sanitizing GH walls, ceilings, wires, chains, shading
curtains.etc.

Table 3. Organic and chemical substrates used for
greenhouse soil preparation

Soil preparation substrate Amount/ha
Composted cattle manure 60 m3
TSP (45% P20s) 600 kg
Urea (46% N) 200 kg
Potassium sulfate (50% K:20) 100 kg
Magnesium sulfate (16% MgO) 50 kg
Agricultural sulfur 50 kg

(1) TSP = Triple super phosphate.
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* Replacing fiber houses old ceilings (10 years old),
which became dark in colour and poor in light trans-
mission, by transparent PE of 2207 thickness for more
light transmission.

» Direct cucumber seed sowing during hot seasons
(summer, fall and spring) instead of seedlings trans-
planting for expense saving and vigorous plant
growth.

Experimental precaution:

Drip irrigation system of each greenhouse is connected
to a fertigation tank, in which irrigation water and nutrient
solutions are mixed, through a computerized system, to
form a fertigation solution of an adjusted EC. Therefore,
only the EC of the fertigation solution, but not the elemen-
tal ratio, can be changed or re-adjusted as required accord-
ing to subsequent plant physiological ages. According to
such fixed fertigation system, it was impossible to use both
Holland and ABCD nutrition programs in one greenhouse,
but each nutrition program has to be used in a separate
greenhouse. Therefore, two identical fiber houses (the two
available houses at the time of experiment onset) were used
in the first season (2003), while two identical glasshouses
were selected for the second season (2004) with a capacity
of one greenhouse per nutrition program per season. To en-
sure the accurate application of both nutrition programs, 10
random samples of drained solution were collected from
plant root zones for each greenhouse and analyzed at week-
ly intervals for EC monitoring and subsequently for re-
adjusting both nutrition programs to similar EC levels
throughout the whole plant life. This EC monitoring pro-
gram was carried out, as one of the established rehabilita-
tion programs, in the whole cultivated areas of the farm.

Plant materials:

Cucumber (Cucumis sativus) hybrid seeds of Sohail cul-
tivar were directly sown on June 26", 2003 and on June
20", 2004 for the first and second seasons, respectively,
with a plant density of 2.8 seeds/m”. At the same day, seeds
were also sown in polystyrene trays filled with a mixture of
peat moss and vermiculite (1:1 volume) with a capacity of
10 trays (840 seedlings) per greenhouse for replacing the
un-germinated seeds or damaged seedlings with new ones
two weeks later. After seed sowing, trays were kept at the
walk-side of the same greenhouse and sand beds were irri-
gated for one hour at the same day of seed sowing followed
by six min/four times/day until complete germination. With
the exception of plant nutrition programs, al cultural prac-
tices were then carried out as usually recommended for cu-
cumber production under cold greenhouse conditions (Atta-
Aly, 2006a and b).

Nutrition programs (treatments):

In this experiment, Holland and ABCD nutrition pro-
grams were applied as two separate treatments with a ca-
pacity of one nutrition program/greenhouse/season. Hol-
land nutrition program consists of two solutions, A and B
aslisted in Table (1). In this program, A and B are the only
solutions used throughout the whole growth period of cu-
cumber plant and both are mixed with the irrigation water
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Table 4. Weekly fertigation program for cucumber produc-
tion grown under cold greenhouse conditions dur-
ing the summer seasons using ABCD nutrition

program.
Stageof | Weeks® |Fertigating®® | Weekly Application of Nutrient Solutions
Growth | after seed | solution (A,B,Cor D)
sowing | EC (4Sm) Sat. |Sun. [Mon.| Tue.| Wed.| Thu. | fri. @
. X . . {Thu. | Fri.
1 12 W | W | W W W | W w
Vegetative 2 18 A D A D A D W
Stage 3 20 A D A D A D W
4 23 A D A D A D Y
Transition 5 25 A | D B D A D W
Phase | 6 25 B D A D B D W
Flowering® | 79 25 B|/D|B|D|B|D| W
Stage B|D|B|D|B|D]| W
Transition 10 25 B D C D B D W
Phasell 11 25 C D B D C D W
Yielding 12-14 25 C D C D C D W
Stage 14-End 2.0 C D C D C D W

(1) Plane water was used for one week after seed sowing without nutrient supplementation.

(2) Fertigating solution EC listed in the Table is used for both Holland and ABCD nutrition programs.
(3) W=Plane water was used for soil leaching every Friday.

(4) Flowering Stage=Early fruiting stage.

directly before each fertigation. ABCD nutrition program, on
the other hand, consists of four nutrient solutions, A, B, C
and D (Table 2).

During the stage of cucumber vegetative growth, A and
D solutions were alternatively used for six days/week (each
was used three days/week and applied every other day). Dur-
ing plant flowering (early fruiting) stage, A solution was re-
placed by B. At yielding stage, however, B solution was re-
placed by C (Table 4).To ensure nutrient gradual transition
from plant physiological age to another, two transition phas-
es were applied in this nutrition program and each transition
phase was applied for a period of two weeks. The first transi-
tion phase was between vegetative and flowering (early fruit-
ing) stages when B solution was gradually introduced instead
of A solution. Thiswas also applied during the second transi-
tion phase between flowering (early fruiting) and yielding
stages, when B solution was gradually replaced by C solu-
tion. Based on the procedure of ABCD nutrition program, it
can be noticed that three couples of nutrient solutions were
used and each couple was used for three weeks. In addition,
there were two transition phases of two weeks each to form a
total fertigation program of 13 weeks or more since C and D
solutions may be used for a longer period until the termina-
tion of plant yielding stage (Table 4).

In both treatments, plant fertigation program starts one
week after seed sowing with a gradual EC increase for both-
nutrition programs. Both nutrition programs were applied for
six days/week, while only plane water was used for soil
leaching during the seventh day of each week (Table 4).

Yield, harvesting period, nutrition cost and total

yield cash return:

Fruits were harvested at marketing stage (12-15cm
length) and weighed on a daily bases. At the termination of
the experiment, total yield was calculated and recorded as
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tong/ha and the length of fruit harvesting period was record-
ed in days. In the second season (2004), as all rehabilitation
programs were completed, the cost of each nutrition pro-
gram/day and total yield cash return/treatment/ha were re-
corded in Qatari Ryals (QR), equal to 0.274 USD.

Experimental Design and Statistical Analysis:

Based on the experimental precautions that were previ-
ously explained, the design used was a complete random-
ized block design with four replicates. Each replicate com-
prised 16 sand beds with a total area of 408m”. Data were
analyzed for statistically significant differences using Dun-
can’s multiple range test. The standardized least significant
range (LSR) at the 5% level was used to compare the effect
of treatments according to Little and Hills (1978).

Results and Discussion

During the first season (2003), experiments were carried
out without the application of all rehabilitation programs
listed in the materials and methods section. In the second
season (2004) however, al rehabilitation programs were ap-
plied. In both seasons, significant yield increase and harvest-
ing period prolongation in cucumber were obtained with the
application of ABCD nutrition program (Figs. 1 and 2) as
compared to the control (Holland). It is clearly noticed that
ABCD nutrition program significantly increased cucumber
yield and prolonged its harvesting period either with or
without the application of rehabilitation programs as com-
pared to control during the first or second season, respec-
tively. This strongly indicated the positive impacts of
ABCD nutrition program on cucumber yield and harvesting
period over the control treatment regardless of the applica-
tion of other rehabilitation programs.

Accurate and suitable nutrition programs that meet all
plant mineral requirements throughout its growth period re-
sulted in healthy plants characterized by their ability to tol-
erate many diseases (Wicks, 1988; Stirling, 1991; Chellami
& Olson, 1997; Barker & Kenning, 1998 and Akhtar & Ma-
lik, 2000). This may explain the positive impacts of ABCD
nutrition program on cucumber yield and the length of har-
vesting period during the first season (Fig. 1) regardliess of
the spread of nematode infection as visibly noticed on the
roots of all cucumber plants. After the application of all re-
habilitation programs in the second season, ABCD nutrition
program proved to be also superior in terms of cucumber
yield and harvesting period over that of the control (Fig. 2).
Holland nutrition program has a fixed mineral ratio through-
out the whole growth period of the plant regardless of plant
physiological age (Table 1). ABCD nutrition program how-
ever, is a flexible program since its mineral ratio can easily
be changed as the plant developed from one physiological
age to another (Tables 2 and 4) to meet cucumber plant min-
era regquirements at each physiological age throughout the
whole growth period of the plant.

The significant increase in cucumber fruit yield with
ABCD nutrition program reached 3.25 fold in the first sea-
son and 1.43 fold in the second season as compared to the
control. This may be due to the absence of the new program
of soil solarization (Table 1) introduced after the first sea-
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Fig. 2. Comparison between Holland and ABCD nutrition pro-
grams in terms of cucumber yield and harvesting period.
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son. This new program of soil preparation eliminated K and
Mg deficiency problems associated with Holland nutrition
program since both elements were supplemented at soil
preparation. Regardless of this deference, the obtained data
emphasize ABCD superiority over the control either with or
without the application of other rehabilitation programs.
Photo (1) showed also the superiority of ABCD nutrition
program in terms of plant vigorous vegetative growth and
the deeper green colour of the leaves over the control. The
pale green colour of the leaves noticed with Holland nutri-
tion program was aresult of Mg and Fe deficiency (Epstein,
1972) and due mainly to soil akalinity (pH values between
8.1 and 8.3). Under such alkaline conditions P react with
Mg and Ca and al become unavailable as well as Fe in
EDTA form (Busman et al., 1998). Clear symptoms of K
deficiency were also identified with Holland nutrition pro-
gram (Rasheed et al., 2001; Atta-Aly, 2002 and Atta-Aly et
al., 2003) and this will adversely affect the trandocation of
plant assimilates (Epstein, 1972). Such symptoms may indi-
cate the differences between both nutrition programs in
terms of plant net photosynthesis and the trandocation of its
assimilates to the fruits that resulted in a marked level of
fruit abortion noticed only with Holland nutrition program
as shown in Photo (1).

In the first season, cucumber yield was about 24.85 tong/
ha and increased up to three folds (74.4 tons/ha) in the sec-
ond season regardless of the nutrition program used. Com-
paring ABCD nutrition program vrs control in both seasons
in terms of cucumber yield/day resulted in 528 vrs 285 kg/
day in the first season and 1630 vrs 1535kg/day in the sec-
ond season, respectively. Nevertheless, ABCD nutrition pro-
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gram significantly prolonged cucumber harvesting period
over control in both seasons (Figs. 1 and 2). The total cucum-
ber yield throughout the whole season was higher in the sec-
ond season than that of the first one. This marked yield in-
crease obtained during the second season is mainly due to the
application of the other rehabilitation programs that have
been applied only in the second season. Atta-Aly (2006a and
b) reported that soil solarization, as one of the applied rehabil-
itation programs, significantly increased cucumber yield. This
may explain the substantial yield increase of the second sea-
son as compared to the first one. It was noticed that cucumber
harvesting period in the first season (2003) was longer than
that of the second one (Figs 1 and 2). During the first season,
most of the cold greenhouses were under the application of
rehabilitation programs, which adversely affected cucumber
summer yield of 2003. Therefore, the AQAPCo requested to
keep up cucumber production as long as possible during this
season. In the second season (2004) however, al rehabilita
tion programs were completed and plants were removed when
they reached the level of unprofitable production for earlier
new plantation.

(Right)=4%

Photo 1. Comparison between Holland (left) and ABCD (right)
nutrition programs in terms of cucumber plant vegetative
?rqwth, green colour deepness of the leaves and level of

ruit abortion during the summer season of 2004 (second
season).

The final goals to be achieved from this work are reducing
fertilization cost and maximizing product total cash return.
This will help the AQAPCo not only to cease its annual cash
loss but also to achieve profitable cash return from cucumber
production. The cost of both nutrition programs and total
yield cash return were, therefore, recorded. This was carried
out only after the completion of al rehabilitation programs
that have been applied only during the second season to avoid
obtaining false data if the data of first season were included.
Data presented in Figure (3) reveded that ABCD nutrition
program was not only cheaper in cost (230 vrs 353 QR/day/ha
or 9550 vrs 10400 QR/ha/season for ABCD vrs control, re-
spectively) but also higher in total yield cash return (220750
vrs 153250 QR/hal/season for ABCD vrs control, respective-
ly) as compared to that of control. The net difference in the
yield net income reached about 68000 QR (18600 US$)/hal
summer season in the favor of ABCD over Holland nutrition
program. In contrast to Holland nutrition program, the pre-
sented data strongly indicated that ABCD nutrition program
achieved all required goals and addressed all identified prob-
lems of cucumber nutrition.

Practical Implications
Based on the obtained data, AQAPCo decided to replace
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Fig . 3. Comparison between Holland and ABCD nutrition pro-
grams in terms of nutrition cost and total yield cash re-
turn in Qatari Ryals (QR) for cucumber crop grown under
g(g)l(gi4gla$f10use conditions during the summer season of

the Holland nutrition program by the ABCD one for all veg-
etable crops grown, either in cold or non-cold greenhouses
as well as for those grown in open fields since 2004. Data
obtained during the subsequent seasons (after the summer
season of 2004) indicated a marked yield increase of all
crops grown with ABCD nutrition program than those pro-
duced using Holland nutrition program. Furthermore,
ABCD nutrition program is recommended for the farms or
soils suffering from alkaline conditions with pH values
ranging between 8.1 and 8.3.

Acknowledgement: The author expresses his deep
gratitude to AQAPCo for its unlimited support and facilities
offered and to AAAID for its continuous support.

Holland Nutrient  ABCD Nutrition

Program Program

References

Akhtar, A. and Malik, A. 2000. Roles of organic soil
amendments and soil organisms in the biological con-
trol of plant parasitic nematodes: A review. Biore-
source Technology, 74, 1.

Atta-Aly, M. A. 2002. Performance Evauation Report of
the Arab-Qatari Agricultura Production Company
(AQAPCo). Arab Authority for Agricultural Invest-
ment and Devel opment (AAAID), Unpublished.

Atta-Aly, M. A. 2006a. Rehabilitation Programs of the
Arab-Qatari Agricultural Production Company-Arab

Authority for Agricultural Investment and Develop-
ment. 1. Effect of soil solarization on cucumber pro-
duction under cold glasshouse conditions. ISHS Inter-
national Symposium on Advances in Soil and Soilless
Cultivation under Protected Environment, Agadir,
Morocco, 19-24 February 2006.

Atta-Aly, M. A. 2006b. Rehabilitation Programs of the
Arab-Qatari Agricultural Production Company-Arab
Authority for Agricultural Investment and Develop-
ment. 2. Long-term impact of soil solarization on cu-
cumber production under cold greenhouse conditions.
ISHS International Symposium on Advances in Soil
and Soilless Cultivation under Protected Environment,
Agadir, Morocco, 19-24 February 2006.

Atta-Aly, M. A.; Aly, M. K. and Ebrahim, A. A. 2003. Per-
formance Evaluation Report of the Arab-Qatari Agri-
cultural Production Company (AQAPCo0). Arab Au-
thority for Agricultural Investment and Development
(AAAID), Unpublished.

Barker, K. R. and Koenning, S. R. 1998. Developing sus-
tainable systems for nematode management. Ann.
Rev. Phytopathology, 36,165.

Busman, L.; Lamb, J.; Randal, G.; Rehm, G. and Schmitt,
M. 1998. The nature of phosphorus in soils. Univ.
Minnesota Ext. Service, FO-6795-GO.

Chellami, D. O. and Olson, S. M. 1997. Adaptation of soil
solarization to the integrated management of soilborn
pests of tomato under humid conditions. Phytopathol-
ogy, March, p. 250.

Epstein, E. 1972. Mineral Nutrition of Plants: Principles and
Perspectives. John Wiley & Sons, Inc., New York,
USA.

Little, T. M. and Hills, F. J. 1978. Agricultural Experimen-
tation. John Wiley & Sons, Inc., New York, USDA, p.
31

Rasheed, N. H.; Alani, A. N.; Atta-Aly, M. A.; El-Habib,
M. A. and Hassan, B. 2001. Performance evauation
report of the Arab-Qatari Agricultural Production
Company (AQAPCo). Arab Authority for Agricultural
Investment and Development (AAAID), Unpublished.

Stirling, G. R. 1991. Biological Control of Plant Parasitic
Nematodes. CAB International, Wallingford, UK, p.
1

Wicks, T. J. 1988. Effect of solarization on the control of
Phytophthora cambivora in a@mond and cherry. Aust.
J. Exp. Agric., 28, 539.

I
g i G g 5 1 i ] o pll A5 il sl | G iy §binni bl JLa]
00 guul | danpuigd ! i Gud !

1 . .8
Erl.:.l.la.ﬁ.‘::t.la.i.ll.é.s.:.‘?.«aJ.a

dadid!

i sllhs susaus a3 9 2004 5 2003 alad rSlaill puduiatl ra gt! N3 3yaal &rantl  gaall Jaks (SONaIT) Jagus cpangdl JLa s dely s

(Sasanil] ol yall Bl g LY i (po (ol oy & yLia ) i g ABCD Jullanas sanaill alis g (&, 85 &olas) HOIANG (5 5l asennsiill pLLS Laa (v

(g gl asanaill Uk & )L80 sluanl) 3,38 (08 3 s Albo) ] g 5 Ladll (5 yaill J el 8 & gt dalle 303 NABCD Jallos alliis wawill (537 . gadill siladly
Sl 9l sanaill LR &l saandill o daladiiual wie 3Ll HLAl J guant (sulil wiladl 3039 ABCD allos aliis asawil] AIS3 (AAN ) &LSYL

mor dyaly@hotmail.com gi mor dy@aaaid.or g : g yisallsays ¢ (+249) 183 772600: St c3ha guall «p glo yall 2102 3. go ¢ o153 slaliflg ;Laliadl Lasyadl Lisgl !

2006 g aaadl — g1 30 Latinsl) Alans 104



