2 5 Egypt . J. Hort. 29, No 3-4 pp. 441 - 459 (2002)

Effect of Growing Levels, Cultivation Side and
Transplant Production Method on Production and
Quality of Strawberry Grown in Nutrient Film
Technique (NFT) Using "A- Shape" System

S.H. Ahmed, U.A. El-Behairy’, M.A. Medany and A. F. Abou-
Hadid"

Department of ‘Horticulture, Faculty of Agriculture, Ain—Shams
University, and “Central Laboratory for Agricultural Climate, Cairo,
Fgypl.

HE EXPERIMENT was conducted in the Central Laboratory for

Agriculture Climate Experimental Station, EL-Dokki, Cairo,
Egypt to investigate the effect of growing levels, cultivation side and
transplants production method on production and quality of strawberry
(Fragaria % ananassa) ¢v Camarosa. The experiment was carried out
during 1999/2000 and 2000/2001 seasons. The experiment included
three growing levels of NFT channels by using "A- SHAPE" systern
(top, middle and bottom), two cultivation sides (north and south) and
two transplant production methods: Conventional transplants (runners
separated from the mother plants and propagated in the nursery) and
plugged transplant (runners left connected with mother plants and
cultivated in bags filled with substrates until rooted).

Results indicated that there was an effect for growing levels on
strawberry vegetative growth and preduction where, the top level gave
the highest vegetative growth and yield followed by the bottom then
the middle level.

Cultivation side also had an effect on vegetative growth and
production where the plant cultivated in the south side (facing sun)
gave the highest growth and yield.

Production method of the transplanting also affected the growth
and yield where the plugged transplant gave the highest growth and
yield compared to conventional transplant.

The treatments also affected the fruit quality where the piants
faced the sun (south side) produced fruits with high vitamin C, but
with low acidity, low firmness and vice versa for the planis in the
north side.

No significant differences were observed among the treatments
concerning total leaves area and TSS.
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Strawberry is one of the most important crops in Egypt for export. The most
important problem facing strawberry production is the loss of plants due to soil
pathogens and nematodes. These problems resulted from the intensive cultivation
and continuous cropping which inevitably leads to pests and disease problems in
the soil. The accumulation of these problems may lead to a loss of yield and
eventually failure of the crop. Cropping can only continue if some form of soil
sterilization is economically viable. For this reason, soil disinfection is a common
practice in strawberry production, even in the open field. Soil disinfection is
carried out by using chemicals, especially methyl bromide (Ozeker et al., 1999).
Owing to the bromine residues in soil, underground water and crops, using
methyl bromde for soil disinfection is banned or minimized in many countries
(Jensen & Collins, 1985 and Benoit, 1989) and it will not be permitted after few
years in Egypt. However, alternatives to methyl bromide can also have adverse
effects on human health and environment (Ozeker et al., 1999).

For the production to continue, there is inevitably a trend towards some forms
of scilless or soil replacement cultivation. This does not, however, remove all the
problems; it simply creates a new set (Burrage, 1999).

Soilless cultivation of strawberry can be good altemative to solve the problems of
soil sterilization and also has some further advantages related to the improvement bf
plant growth, yield and earliness { Granquvist, 1981 and Van Winden, 1988).

On the other hand, the efficient use of available water in the Mediterranean
country becomes important. Traditional techniques may be highly productive but
their relative use of water may be high due to run off and infiltration. As a result
of that, the relative water use efficiency will be lower. Soilless techniques also
offer a way of improving water use efficiency and obtaining better water
management in crop preduction.

There are many methods of growing strawberry in soilless culture such as
pipe system (Lieten, 1997) vertical bag (Ozéker, 1999} and A-Shape NFT system,
(EL Behairy et al., 2001a).

Vertical soilless systems provide a possibility of increasing plant density in
greenhouse more effectively. It has been reported that planting density could be
increased three times with the vertical bag system of 240000 plants/ha compared
to the conventional system of 80000 plants/ha (KoseoBu e al., 1997). Nevertheless,
substrates used in vertical bags should have higher water holding capacity, well
aeration and lower bulk density to avoid weight loads to the greenhouse
construction (Paraskevopoulov et al., 1990).
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“A-Shape “ system can be aiso a good method of increasing plant density in
greenhouses buf this system also has some problems such as the effect of the
cultivation side on the yield. EL Behairy er al. (2001b) mentioned that plants
cultivated in the south side (facing the sun under Egyptian condition) had
produced higher yield than plant cultivated in the north side.

On the other hand, propagation method of the transplants affect strawberry
growth and yield positively, Bish et al. (1997) reported that strawberry grown in
plug for 2 weeks prior to planting date give higher yield comparing with the plant
cultivated with conventional method. Furthermore, Hennion et al. (1997) reported
that yield from strawberry planted by plugged runner gave a higher yield than the
field grown strawberry transplant, though the high costs of producing such
plugged transplants, could offset by the yield and the ease of establishment.

The aim of this experiment was to study the effect of growing level,
cultivation side and transplant production methods on strawberry yield and fruit
quailty,

Material and methods

The experiment was conducted at Central Laboratory for Agricultural Climate
Research Station, Dokki, Egypt during 1999/2000 and 2000 /2001 seasons.

Strawberry transplants c.v Camarosa were used for this experiment.
Transplants were produced with two methods. The first method (conventional
transplant) was used by taking the runners from the mother plants then placed in
fungicide (Rhizolix) for 20 min then, planted in small bottom perforated plastic
bags {(about 250 mill) filled with peat +vermiculite 1:1 (v/v). Bags were kept
under mist condition for one week until the roots appeared. Transplants were kept
under low tunnel cover with shading materials for another week. In the second
method of propagation (plugged transplants), runners connected with the mother
plant were planted in perforated plastic bags filled with peat +vermiculite 1:1
{v/v) until the seedling rooted then seedlings were cut off from the mother plants,
and kept under low tunnel until transplants were completely rooted.

Nutrient Film technique NFT consisted of A-shape iron frame, as described
by El-Behairy (2000) with dimensions of 100 * 100 * 80 cm, then aluminum
gullies with dimensions of 11 * 10 * 11 cm and 3 m length, lined with black
polyethylene 750 micron, where fixed on this frames on 40 ¢m for the following
distance from soil surface to perform the bottom level, 25 cm from the bottom
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level to preform the middle level and 25 em from the middle level to preform the
top level, ie. three growing levels.

The mutrient solution vsed in this experiment was the nutrient solution
described by El -Behairy (1994}, The desired initial concentration of the nutrient
solution was attained by suitable dilution of the stock solutions with tap water.
The solution volume was adjusted twice a week. The electrical conductivity was
adjusted to 2.5 m mhos using Orion portable meter Type 150 and the pH was
adjusted to 6.0 using Orion pH meter Type 230.

Number of leaves, total leaf area, early and total yields and fruit finmness,
acidity, vitamin C and TS5 were measured In the ripe fruits according to the
methods described by ADASMAFRF (1987).

The experiments were arranged in facterial randomized block design with
four replicates of 14 plants in each plot. Analysis of variance was conducted
according to Snedecor & Cochran (1989). Statistical analysis was carried ouf by
M-state program at the computer unit in ALARU. F-test was carried out by
performing the analysis of varance {(ANOVA) of the data collected at 0.05 levels
and L.S.D.was estirnated to compare the treatment means.

Results

Figure 1 illustrated the effect of cultivation side apd growing levels on
quantum received by strawberry plants grown in “A-shape”. Data showed thar the
side exposed to the south received more quanium than the plants cultivated in the
north side. On the other hand, plant grown on the top level received more
quantum than the middle, then the bottom level. The highest plants received
quanium were the plants grown in the top level cultivated in the south side, which
received more than 650p mol/m’/sec that is favorable to the photosynthesis

g kel e
Levalt Laveld Laveld
growling leval

Quantum (mmol/Scm?)

Fig 1. The effect of different growing levels, orieptation on gquantum received by
strawberry grown in ‘A-shape”.

Egypt . J. Hort 29, No 3 - 4 (2002)



EFFECT OF GROWING LEVELS, CULTIVATION SIDE 445

he effect of different growing levels, cultivation side and propagation
method of transplants on number of leaves for strawberry grown in “A-
Shape” system 1s presented in Table 1. Data showed that there was no
significant difference regarding the cultivation side on number of strawberry
leaves. On the contrary, the highest number of leaves was obtaised n the top
level comparing with the other two levels. There were no significant
differences between the top and bottom level. Regarding transplant
production method, data showed that using the plugged fransplants gave the
highest number of leaves/plant. Regarding the interaction between the
cultivation side and level, data showed that there was no significant
difference between the two sides of cultivations in all levels. The plants
cultivated in the south side on the top level followed by the north side on the
top level also obtained the highest number of leaves. The differences between
these two treatments and the other treatments were significant.

There were no significant differences regarding the interaction between
the cultivation side, cultivation levels and propagation methods.

Similar trend was obtained in the second season regarding number of
strawberry icaves

Table 2 illustrated the effect of different growing levels; cultivation side
and transplant production method on total leaves area of strawberry grown in
“A-Shape.” Data showed that as found in number of leaves, there was no
effect for cultivation side on total leaves area. On the other hand, the plant
srown in the top level gave the highest total leaves area comparing with the
other two levels. There was no significant difference between the other two
levels. Transplant production method also affecied the total leaves area whers
the plugged plants gave the highest total leaves area comparing with the
conventional ones. There was effect for the interaction betwesn the
cultivation side and the growing level where the highest total leaves arca was
obtained by the ptants cultivated in the south on the top level. The differences
beiween this treatrment and the other treatments were significant. No effects
were observed concerning the other interactions among the experimental

factors. Similar trend was observed in the second season.
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TABLE 1. The effect of different growing levels, cultivation side and transplants
production method on number of leaves for strawberry grown in ‘A-shape”.

Prodion Ch!ti\'sflinn ot : _ Growinglevels
method ke ““Top 1 Middie | B_nnumj 'm-an
First scason
e T T
ST 16.43 g2 | nsr . BBANRSE
Plupged South 2381 16.31 11.56 17.26
loemeamali] s ol IR DS et o i 148z,
| | ¢ North 1193 | 933 8.89 10,05
4 =
Conventional |- - South 11.19 L 10.44 1007
o5 Mear '_] Ise | B9 .| 967 | 1006
Orientation*levels interaction !
Narth 409 953 1023 132 |
South | 17.50 ‘ 1245 | 1108 1367
Levels mean o0 0 Ciske L0 daee U aoes o | et |

‘\Ltmu‘ Seusnn

I L North | 18.00 10.20 ( 12.30 [_
Plugged mauth ’> 233 15 7

! TMexn | . 2165 1 T 1558 _]
e - i B L -

| |- North B 1090 | 10.00 9.00 9.97,

| Conventional | South F 1230 | 9,30 = 11,30 1087 |
', : Mean .| o lL60s | L 948 " 1035 1047

‘_ Gri_g_l_:ation*lm'cis inferactinm . |
Marth j 14.45 10.1D 10.65 LB ]

South —]_ 188 13.25 11,50 14.62 1

« 3 = — l

Levelgmean e 1663 l 11,68 11.23 13e |

First season
Secend season

LSD for 5% 5%
Cultivation side {C) ns ns
Levels (L) 2.00 2.50

Propaganion methods (P) : 245 2.04
C*L . 4.24 3.53
cp : n.s ns

L*P n.s n.s
CEL*P : ns n.s
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TABLE 2. The effect of different growing levels, cultivation side and transplants
production method on total leaves area of strawberry grown in ‘A-shape™s

BES.0
1004.0

e g TG
Ll I

el

1029.0
10290 | 10845 |

First season Seeond season
LSD for: 5% 5%
Cuitivartien side () : n.s ns
Levels (L) 424.6 354.2
Propagaticn methods (P) : 346.9 289.3
CEL, : 600.9 5G0.9
O ] s n.s
L*p : ns n.s
C*L*P : n.s n.s
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Table 3 presented the effect of different treatmments on early yield of
strawberry. Regarding the cultivation side in the lirst season, data showed that
there was a significant increase of early yield when the plants were cultivated in
the south comparing with that cultivated in the north. Regarding the growing
level, it is clear that the plants cultivated in the top level obtained the highest
early yield followed by the middle Jevel then the hottom level. The differences
among the treaments were significant . On the other hand, using plugged plants
gave higher early yield compared to using the conventional fransplants. The
difference was significant. Regarding the interaction between the cultivation sides
and growing level, data showed that the highest early yield was obtained by
growing the plants on the top level oriented to the south followed by plants grown
on the top also but cultivated in the north. The difference between these two
treatments was significant. On the other hand, the differences between these twao
treatments and the other treatments were significant. Data also showed that using
the plugged transplants culfivated in the south gave the highest early yield
followed by the plugged plants cultivated in the north then the other treatments.

There was a significant mcrease in the first treatment compared to the other
treatments. Using plugged plants on all levels gave the highest early yield
compared to the conventional seedlings. Also, there was a pradual reduction 1n
the early yield when the plants cultivated from the top to the bottom. The
differences were significant in the plugged plants in different levels and only in
the top level with conventional transplants. Three was no significant difference
between the middle and the bottom levels with conventional seedlings.

The interaction among the cultivation side, growing level and transplant
production method was significant where, the highest early yvield was obtained by
growing plugged plants on the twop level caltivated in the south followed the same
type of plants on the same leve] but cultivated in the north. On the contrary, the
conventional transplants grown in the boftom level cultivated in the north an the
lowest yield. '

Similar ttend was obtained in the second season except that there was no
significant difference regarding the effect of the cultivation side on the early
yield.

Similar trends as the early yield were found in both seasons regarding the total

yield where the highest total yield was obtained by using the plugged plants
grown on the top level ealtivated in the south (Table 4}
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TABLE 3, The effect of différent growing levels, cultivation side and transplants
production method on early yield of strawberry grown in ‘A-shape”

i T
At e v A .'ii!ti?‘_ Top Mldd‘le : _Ba_rl.inm_- Meun
method Fiies ] bl s L i _4
) Fnst season =
- E 1725 125.0 1400 [li458
Phugged ol 2550 145.0 110.5 02
L ileans . | 2138 d3se o Jass - [1ss0
O NGRS 37.50 32.00 19.50 967 ]
Conventional | South ~ | 69.50 24.00 30.50 ETRE
Mean 53:50 F2a 2500 - [ assn
Orientation*levels inferaction
[ Nor 11050 78.50 79.80 78.80 t:‘
= * [Seutnt [ 1623 81.50 70.50 qUSs: -
| Levels mean el s TS W ®ha8 .
) Second season
- North | 175.0 130.0 142.0 T 149.0°
Plugged ' | South .| 265.0 154.0 1200 1797
e Mean. 2200 e e 1643 .
' L Notth 40,00 1 3200 23.00 3187 ___]
Canventional | South §9.50 5200 | 62.00 61.17 ;
el Mean 5475 _Lm.nn a2 b 4642
- (}_ﬁummmn‘i»M_E‘nu‘tinn -
; Marth. | 1075 | 8100 | B2.50 B3 ]
Seith 167. | 103.0 | 91.0 12042 |
T [1374 [ 92.00 1 8675 | 105.4 B

L5D for:

Cultivation side ()

Levels (L)

Prepagation methods (P)

CrL
C*p
L*P

(g ey

Sccond season

5%

2.64
3.24
2.64
4.31
431

431
6.48

First season

3%
n.s
3.05

2.49
4.58
4.58

4.5
6.1

8
0
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TABLE 4. The effect of different growing levels, cultivation side and transplants
production method on total yield of strawberry grown in ‘A-shape”,

Transplant .Eullii.i-\'nthn'h . Gn?\ﬁflg"l:m-da ‘ 3 :
Production A Tap- ‘ Milllih Bﬂﬁ:ﬂm J Mean
methind S J' -
First season
North i 73940 T 626.6 495.6 6204
Plugged “South 990.0 | 7840 6810 | 8183
] Mean | sees [ g0s3 588.3 7194
: SWNerthe 0| 5026 4133 330.2 4154
[ Conventional | South 663.6 529.5 4653 b - ssrg
: “ Mean J SSR3L 4714 397.8 - 484
Orientation*levels interaciion
North 620.8 500 | 4120 | siT8 |
South 8268 | 6568 | S12 a86.6
e Levelsamean i |7 ?JJ.B‘-’ [ CShEA :I » 4931 —E ' 7)) Bt ]
| Second season
-’ Narth 7320 | 6213 4863 | 132
Plogged | South. | 1o3s | sos 6966 | 8359 |
Memn | 8628 | 7i4d 015 | 746
. North | s003 | aiss 33020 | 4197
| Conventional | Sauih 676 | 530 460.6  [BNVB0
] ~ Mean S605. | 4783 dond I asez =
Oriemtaiion®levels interaetion j
North: | 6207 | 5199 4088 | 5164
L i .| Soath r §37.6 ‘ 671.8 583.1 | g97Rl |
Levels mes - | S @ 59 | w071 |
First season Second season
1.8D for: 5% 5%
Cultvation side (C) : 46.17 44.22
levels (L) : $6.54 34.16
Propagation methods (P) 46.17 44.22
Col : 79 97 76.60
CHp : 79.97 76.60
P 79.97 76.60
CHL*P ns n.s
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The cffect of different growing levels cultivation side and propagation
methods on frust firmness is illustrated in Table 5. Data showed that only the
cultivation side and the growing levels had the effect on stawberry finmness
where cultivating the plants in the north increased fruit firmness significantly
compared to the culfivation in the south. Also, growing the plants in the bottom
level increased the fruit firmness significantly compared to the top level. There
was no significant effect of the other factors on the fruit firmmess. Similar trend
was obtained 1in the second season.

Regarding the effect of the freatiments on total soluble solids, data showed that
there was no effect of all the treatments on TSS { Table 6).

On the contrary, fruit acidity was affected by the treatments where, by
cultivating the planis in the north the fruit acidity increased. Also, growing the
plants towards the botiom increased fruit acidity significantly (Table 7). On the
other hand, using the plugged plants reduced fruit acidity significantly compared
to conventional transplants,

Regarding the interaction between the cuoltivation side and the levels, data

showed that acidity increased when the plants were grown in the bottom and in

the middle compared to the top level. Also, cultivating the plants in the

. " P | % 7 o
increased firuit acidity

There were no significant effects of the interaction between the cultivation
side, propagation methods and growing level on fruit acidity.

The effect of the treatments on vitamin C conients of strawberry fruts is
illustrated in Table § . Data showed that only the cultivation sides, levels, and the
interaction between them had affected the vitamin C contents of strawberry fruits
significantly where cultivating the plants in the south increased vitamin C
contents significantly comparing with the south, OUn the other hand, strawberry
fruits produced from plants on the top level had a higher vitamin C contenis
comparing with the other trearments. On the confrary, there was no significant
difference between the fruits produced from plants in the middle and bottom
levels. Regarding the interaction between the cultivation side and the level on
vitamin C contents in the fruits, data showed that the highest contents obtained i
the fruits preduced on the top cultivated in the south followed by plants in

bottorn and mdddle cultivaied in the south. There was a significant increase

among the treatments.

Epypt . J Horr 29, No 3 -4 (2002)



452

S HE OAHMED er af

TABLE 5. The effect of different growing levels, cultivation side and transplants

productien method on fruit firmness of strawberry grown in ‘A-shape”.

Transplant it | firu wing IEMS : }
Production o Top ©(dacMiddle x TH'.-_uttum Mean :
mothod Rt J L . =1
First season
rfinéth_. L 157 7.93 8.76 808
Plugged “South 6.30 5.70 6.07 o2 - |
Mean' | 1693 683 A 705
North 737 7.23 8.43 et |
| Conventional | . South 6.37 6.7 700 648
gt - Mean A7 g e B e MR
|4 Orientation“levels interaction s e |
" North | 747 7.58 8.58 7.8
{ South | 633 5.88 6.53 625
I
|'T Eevelsmeanls . - ;f Ll 63 1 i l ;ﬁ—
! e Second season -
5 P Nach | 770 788 | 888 |- 416
| Plugged © | South | 613 5.60 I ot DRl | 5.82
! o Tnean. .| Y601 4 ot b 699 |
T
| North 7.57 7.63 .53 7.1
| Conventional | South 6.47 5.75 5.9% 597
i - Mean 6.87 6.69 726, 6:94
_Qricntation*ievels interaction
: ; North | 7.63 7.76 8.71 .03 W
' South | 633 5.68 5.86 5.89 ]
i EETT ;
Levels mean i L S T T 728 ]- 5.69 I
First season Second season
15D for: 5% 3%
Caltrvation side (C) 54 0.56
Levels (1) 066 0.69
Propagation methods (P) n.s ns
C*L ns n.s
C*p n.s ns
[ na ns
C*L*P n.s ns
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TABLE 6. The effect of different growing levels, cultivation side and transplants
production method on fruit TSS of strawberry grown in “‘A-shape”,

First seasan
7.0 6.88 7.38 5
7.32 6,62 6.95 o 4
i s L
7.38 6.68 7.12 T A
748 6.65 ol
Orientation®levels inferaction
714 6.78 725
7.40 6.61 6.80
= R r:’l”
Second season
=g .00 7.00 7.20 3
T Plaggen o _
Godl-g g R 710 6.50 .80 X
on I 720 .50 7.20 X
IRyl ¢ 750 6.30 5.90 B0
i o | S T
Orientation®levels interaction

LS for:
Cultivation side (C_}
Levels (L)
Fropagatien methods (F)
L
C*p
L*p
CL*P

Second season

5%
n.s
n.s
n.s
n.s
ns
n.s

n.s
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TABLE 7. The effect of different growing levels, cultivation side and transplants production

method on fruit acidity of strawberry grown in ‘A-shape™.

.

|  Transplant i:ulrj:v'nt.lll_]!; hr_\m‘illg 11.';}"1!!.-.-:
i Productisn e Top o Mididle Bottom -~ |- Mean
I_ mathod = Vel I
L _ First season
North 1218 15.08 E 1578 A4S ;
[ Plugged | - Souih | 10.00 B6D | 1250 10.37 J
i Mesn's | 1108 -u.:-u'j_ 14,14 A6 = |
_North 12.72 1683 | 1627 a5
| Conventional South 1350 | 1247 12.77 1251
i "Mean, |7 HI3H s Ligsa 1409
— (n-len!ution*levelsiuiurm‘tiun . T
Motk § 1245 | 15% 16.03 14.8]
L -~ South 1175 | 1053 12.63 11.64
; Déuhlmeante | 121 | a3z e Tt R e
e oy Second season L S
}_ﬂp_ru: 1 1L 14.89 15.00 13.69 |
' Plugged © | = South - | 989 | 959 [ 1293 B 7
0% [ Mean 10,84 [0 0 S (S0 [ A D 1 7. ]
o i . - '
Noth | 1334 17.92 1785 [doengit. -
(“Contendanal | Seuth. | 1371 | 1zss | ize0 | pam |
! : Mian: o 3035 0L 1548 1543 1467 .
,.. _ Orientation®levels interaction i all "
i S Nerth | 1216 1611 16.43 1 1490 |
| S south 4 T 11.80 11.29 1297 {8 Eeng _J
r_ Levels meiin: -0 1198 ] 1330 o r 17:70 | 13.46 |
First season Second seascn
£.5D for: 5% 5%
Cutlivation side {C) 2,53 0.75
Levels (L} .09 (.92
Propagation methods (P} 0.8% 0.75
CrL 154 1.30
c*p h.8 n.s
L*P n.§ 1.5
C*L*p n.s n%
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TABLE 5. The effect of different growing levels, cultivation side and transplanis
production method on vitamin C contents of strawberry grown in ‘A-

shape”.
FT'_'B.'M?}’,““' Caltivation — e
s el g = e
T ket ' : 2
_____ - First s
| ot | es20 | se 000 | 6247 |
Plugged Suuth 700 | 70.00 7400 | 9233
i Mean L e e !
=]
- arth 65.00 6200 | 6000 | G6233 -
Conventional |- South 75,00 72.00 7000 [edgr oS
ks Mean Wed | eon w550 | 6750
i AT EAERG - S _____ Orientation*levels interactinn _
i Nertn | 66.60 60.60 60.00 | 6240
Bl Soutle | 74.00 7100 72.80 7250
| |
[ Uevelsmean | 7030 | 6588 - Gere | 6745 _]
-} Second season =
i‘ b moey | eses | evst | sesy  [leswa
Flugeed | South e 2 73.83 67.83 TR '
| Mean _T0At Tl 6383|6745 - |
| Narth ’____EE.RH | &0 | s7i7  Lesda ___‘
Conventianal Stuth 7337 7187 | 7000 [Fid |
{ Mewn | TLOH R 6363 | 6705 |
R Crientatipn*levels interaction .
T— North | 6897 | 6.78 58.50 LGT68 :‘
iis S Sl n 72.85 68.97 7051 ,

l_evdq.*me-nn

[ vime ] e G

S

LS for:
Cultivation
Levels (L)

side ()

Propagation methods ()

C*L
L P54
L
CHL*p

Tirst season

5%
1.47
1.81
-8

2.55
.5
n.s
.y

1%
2.06
2.45

n.§

347

.8

n.%

s

Second season

5%

2.41
2.9%

n.s

1%
3.27
4.01
it.§

4,17 5467

0.8
n.s
.5

%
n.s

n.5
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Discussion

The previous results indicated that there were positive effects for transplant
propagation method, orientation and growing levels on strawberry plant growth
and fruit yield. Using plugged plants in NFT system increased early and total
yield, number of leaves and leaves area. These increases could be explained as
the favourable growth of the plugged plant where plants were planted in the
systemn with intact roots without any damage to the roots, while the root in the
conventional transplant was damaged during the cut off fiom the nursery. Thus
the transplants were much smaller than the plugged ones and the root produced
under mist propagation was not enough to compensate the damaged roots. Bish ez al.
(1997) and Hennion et al. (1997) found that starting the cultivation using the
plugged transplants produced higher yield and higher plant growth and they
suggested that bigger plants gave ligher leaves area increased the photosynthesis,
which reflected on the yield. On the other hand, growing levels had a positive
effect on the early & total yield and also plant growth where the plants grown in
the top level gave plant growth and early and total yield than those grown in the
other levels. The resuits could be attributed to the amount of solar radiation
received by the plants in the upper level than the other levels. High light intensity
is required (more than 650 p mol/m%/sec) for increasing leaves area (Ceulcmahs
et al., 1986). The increases of the plant growth with the higher light intensity
increase the early and total yield. Meanwhile, cultivation side had an effect on the
yield where plants cultivated in the south exposed to more sun that encourage
plant growth and the yield compared to cultivation in the north. On the other
hand, exposing the fruit to the sun reduced fruit firmmess and acidity and
increased vitamin C without affecting the TSS.

Conclusion

It can be concluded that using plugged strawberry transplants in NFT could be
more profitable in NFT than conventional transplants, also exposing strawberry
plant to more sun produced more fruits. This can obtained under the Egyptian
condition by changing the orientation of the “A shape™ 30° towards the East to get
more even distribution of the sun in both sides.
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