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Abstract

The experiment was conducted in a plastic houskeotegetable research field Horticulture Departmen
College of Agriculture, University of Dohuk, Iratp study the effect of seaweed extracts (seafonde a
seamino) with concentrations (0.0, 1.5ml/L) fortbetxtracts and exposure to low temperature (1)
for three durations (0, 5 and 10) days on the fliwgeand yield of two cucumbeC(cumis sativug.)
cultivars. The extracts were sprayed three timesemen days intervals. Seeds were sown on February
22" 2011. The seedlings were exposed to low temperaifter expansion of cotyledon leaves. The
experiment was arranged in a factorial experimatitimvsplit-split plot in a randomized complete tko
design with four replicates. The results showed tteatment with both extracts significantly enheshc
number of female flowers and fruit setting percgetarhe dual interaction between factors (seafeérce
seamino) + cultivar and (seaforce + seamino) + tratpre exposure for (5) days were significant on
flowering characters. The triple interaction (seedo+ seamino) + low temperature exposure for &sd

+ Karol cultivar increased flowering charactersd dor yield characters its showed that (seaforce +
seamino) significantly increased cucumber yieldnfbar of fruit per plant, fruit weight, yield perapit,
yield.nfand total yield).

Key words: seaweed, temperature, Cucumlmedtivar.

1. Introduction

Cucumber Cucumis sativuk.) is one of the oldest The enhanced plant resistance to diseases pro-
vegetables and an important member of thdded by seaweed extracts is due to the
Cucurbitaceae family. It is planted for its fruitsantimicrobial activity of seaweeds against bacteria
which is considered as a good source of minerajeast, and moulds, whereas, the increased plant
and vitamins. The crop is originated in India in agrowth, yield and quality is resulted from the
area located between Bay of Bengal and Himalayafluence of these extracts on cell metabolism via
mountains. It is one of the four major food crops ahe induction of the synthesis of antioxidant
cucurbitaceae family, which includes watermelomolecules which could improve plant growth and
cucumber, melon and squash (Robinson arplant resistance to stress (Zhang and Schmidt,
Decker-Walters, 1997). Cucumber is a warm@000). These reports reveal that organic com-
season, annual, vining plant with laterals angounds rather than mineral elements are
tendrils. It is commonly cultivated in Iraq duringresponsible for these effects. The importance of
the summer and fall seasons as well as in loi@mperature for cucumber plant growth and its
tunnel and plastic houses. Its fruits are usuaBdu productivity is evident when cucumber seedlings
freshly or after processing (Matlob et, d989). are exposed to low temperatures, which stimulates
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the plant to initiate flowers earlier and increase@) high temperaturesc) and low temperatures
flowers’ number by controlling the temperatureabove freezing (Kohalba 2002). Low temperature
where cucumber seedlings are exposed duriing) considered as one of the most critical abiotic
sensitive flowering stage. The sensitive stage wiresses for plant growth, yielding and energy
low temperature is commenced after widening dfistribution (Xiong et aJ 2002; Oufir et aJ 2008).
cotyledon leaf, which continue for (10-14) daysdt affects translocation of photosynthetic products
and during this stage the stem orientation is éohit and carbohydrate metabolism and then affects
to produce flower clusters so increasing thplant growth and development, yield and fruit
number of flowers (Barten et.al1992). Riley quality (Hongyan et al 2011). Suh et al(1996)
(2002) found that there was a significant increasstudied the effect of exposure to low temperatures
(30-70%) in yield of potato by soil treatment withand short days on growth and yield of strawberry.
the seaweed extract Algal fibre at level (20 and 4Dhe results showed that low temperature stimu-
kg/hectare). Masny et al. (2004) found that usinigted flowering and harvesting, but marketable
the seaweed (Geomar BM 80) with two concendelds were low because of small fruit size.
tration (0, 0.1) ml:f on two varieties (Salut, Elkat) Korkmaz and Dufault (2004) conducted a study for
of strawberry significantly increased the plant'swo years attempting to produce earliest yield of
gualitative characters such as total soluble solidggpring melon by transplanting field muskmelon in
and vitamins (C). In a study conducted by Blundelate winter before the last frost time. The "Athéna
and Paul (2006) who sprayed two potato cultivalSucumis meloL. muskmelon seedlings (were
(King Edward and Pentlanddell) with seaweeéxposed to 2+1 °C then to 295 with various
extracts, they found that there was a significamxposure durations before being transplanted in the
increase in total yield. Treating pepper cultivafield. The results indicated that in both years,
California Wonder with the seaweed extracincreasing duration and frequency of stress
(Ascophyllum nodosumresulted in bigger fruit significantly retarded muskmelon flowering and
size (Eris et a] 2008). Gajewski et al(2008) decreased yields. Tewari et €2009) reported that
demonstrated that application of Geteo (aexposing cucumber seeds Variety Jyoti Green long
organicmineral fertilizer containing algae extracto low temperature &) for (0, 24, 48 and 72
Ascophyllum nodosunwith addition of phos- hours) and then allowing to germinate and grow
phorus) significantly increased yield, marketablender normal conditions for two weeks had a
heads as well as vitamin C content of two cultivargrofound effect on the flowering response in
of chinese cabbage. Al-Jebbouri (2009) stated thaticumber. Foley et a(2009) reported that expos-
spraying cucumber plants with the seaweed extraoy the herbaceous weezliphorbia esulal. to
seaforcel significantly influenced number of malgradually decreased temperatures resulted in rapid
and female flowers, sex expression ratio angk-growth and flowering.

ultimately the total yield of the crop. Sarhan (2p1

conducted an experiment to study the effect of

humic acid and two seaweed extracts Alga 600 ai2d M aterials and Methods

seaforce 2 on potato plants. The results showedT

positive significant effect of humic acid and Re experiment was conducted in a plastic house

L . . (500 nf), its width was 10m and its length was
seaweed extracts and their interactions on yie . . R .
m, provided with a drip irrigation system which

quantltatlve characters. Shehata et @011). consisted of ten perforated houses of 50m length

carried out an experiment in two successive winter, ) . .

. . : -~ .. _each. The experiment consisted of exposing of

seasons to investigate the influence of biostimu- . . :

. S ucumber Cucumis sativud..) seedlings to low

lants seaweed extracts and amino acids in gro Ninperatures 74C after cotviedon expansion
chemical composition, yield and its quality plant, b - y P

o . . Stage for three times (5 and 10 days in addition to
Results indicated that spraying plants with seaweé A

S : . controls), and application of Seaweed extracts at
extracts significantly increased root yield Wherears

spraying with seaweed extract and amino acig™" levels (& control, E1 spray with 1.5 ml/L. of

increased the total sugar content. Temperatu?gaforce’ E2 spray with 1.5 mllL of seamino, E3

stresses exhibited by plants fit into three typeSpray with a mixture of 1.5 mi/L + 1.5 ml/L. of the

: YPE3N0 extracts seaforce and seamino). The two
those occurring aij temperatures below freezing, . )
seaweed extracts (seamino and seaforce) concen-
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trations were prepared by mixing 1.5 ml of eacfiable2
extract with one liter of tap water. The treatment
were arranged in a factorial Randomized Comple
Block Design within split-split plot system. The
main plot was represented by two cucumbetharacteristics  Measuring units 2011
cultivars and the subplot was represented by lovélumetric distribution of soil separate

ome physical and chemical characteristics of the
Slastic house soil

temperature and the sub-sub plot was representaad (%) 50.9

by concentrations of two seaweed extracts. Thergk (%) 22.5

fore, the experiment comprised of three factors; tttlay (%) 26.6

first factor was two cucumber cultivars (Karol and €xture Sandy clay loam
Reem), the second factor was exposing cucumb®ilable nutrient content

seedlings to low temperature 7€lfor three times Total -N (%) 1.652

(0, 5 and 10 days) and the third factor was twoyaiable (%) 0.0297

seaweed extracts (seaforce and seamino) appliec&@?phorus

two concentrations (0.0, 1.5 ml) for both. So, th ;’giﬁ’:ﬁn ppm 1.461
trial included 24 treatments (2 x 3 x 4), eac rganic matter (%) 1.942
treatment was replicated three times and eagh 1:1 in peste 7.04
replicate was represented by four lines, each lirgctrical (ds.m™) 0.178

was (3m) of 10 plants, with 30 cm intra spaceconductivity
between plants. The results were analyzed ™ . . . .
(SAS, 2007) program and Duncan multiple rang e analysis was carried out at soil and water science
test at 5% was used. The average of maximum alﬁgoratory, College of Agriculture, Duhok University.
minimum temperature and relative humidity inside

the plastic house during the study season had begn . o . .
recorded as in Table 1. Sfile plastic house area was divided into ten lines

according to the arrangement of the drip irrigation
system. Each line consisted of 12 parts and was
divided into a line of 3f The area was well
Tablel -
' o irrigated and the doors were kept closed for a few
Average (_Jf maximum ahd minimum temperaturegays for good disinfection. Cucumber seeds of two
and relative humidity inside the plastic housgynoecious indeterminate cultivars ; Reem and

during the study season (2011) Karol were sown in culturing trays previously
Month Temperature(?C) __ Relative Humidity filled with sowing media two seeds per gap on 22
Max. Min. of February, 2011, then the plates were transferred
March o1 8 40 to the greenhouse. The fjeld was drip irrigated
April 8.3 10 428 before planting. All se_edllngs were planted on
May 374 15.3 357 March, 12" 2011 at a distance of 30 cm between
June 40.6 208 309 plants along the perforated nozel line of drip
July 452 25.9 30.6 irrigation system, each seedling was at the water

Temperature was measured by thermohydrograph instument, ~ N0l€. Other cultural operations including weeding,
soil softening around transplants and protective

_ ) spraying were also carried out for each experi-
The soil of plastic house was sandy clay loam.  mental unit. Plants were trained on wires letting
Several samples were taken randomly from the main shoot apex to grow upwards towards the

different sites inside the plastic house at thethdep wire and then dang|e downwards with removal of
of (30 cm). The samples were air dried and then |ateral shoots.

sieved using 2.0 mm sieve for analysis of some
chemical and physical properties of the soil as
illustrated in Table 2.
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Table3

Effect of seaweed extracts, low temperature anid ititeraction on date till *Lfemale flower initiation of
cucumber Karol and Reem cultivars

Cultivars Seaweed Extracts Concentration Exposure to low temperature ~ Seaweeds x
ml/L Odays 5days 10days cultivars
Reem 0 0 43.67a  36.33d-f 35.34ef  38.44a
Seaforce 1.5 38.34bc  35.33ef  35.33ef  36.33ab
Seamino 1.5 37.33sd 35.00fg 36.67de  36.33ab
Seaforce x seamino 1.5 35.67e¢f 32.66h  33.67gh  34.00b
Karol 0 0 4467a  36.00d-f 35.00fg  38.56a
Seaforce 1.5 38.67b  35.00fg  36.00d-f 36.56ab
Seamino 1.5 38.33bc  36.33d-f 35.00fg  36.56ab
Seaforce x seamino 1.5 36.33ef  33.67gh  33.67gh  34.22b
Mean effect of seaweeds
Seaweeds x 0 0 4417a  36.17c 35.17¢c 38.50a
temperature seaforce 1.5 38.50b  35.17¢c  35.67c 36.44b
seamino 1.5 37.83b 35.67c  35.83¢c 36.44b
Seaforce x seamino 1.5 35.50c  33.17d  33.67d 34.11c
Mean effect of cultivars
Cultivars x temperature Reem 38.75a  36.83b  35.25b 36.47a
Karol 39.25a  35.25b  34.92b 36.28a
Mean effect of temperature 39.00a  35.04b  35.08b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level.

Experimental Measurements The number of fruit per plant was accounted from
four plants in each experimental unit starting from
the first harvest and continuing till the end oé th
Number of Nodes till First Female Flower growing season (25 harvests) and then being
Initiation calculated.

a) Flowering Characteristics

It was enumerated at the first female floweAverage Weight of Fruit (g)
initiation for four plants from each experimenta

unit I'I'he average weight of fruit was measured by

weighting the yield of each experimental unit at
Number of Female Flowers each harvest then it was divided by the fruit

They were accounted from the beginning of the umber in each experimental unit and multiplied
emergence during the growing season for fo y one thousand (1000).
plants in each experimental unit. Plant Yield (kg.plant™)

Per centage of Fruit Setting Plant yield was measured by calculating the total
jeld of experimental unit and the number of plants

The fruit setting percentage was determined . .
the experimental unit

calculating the total number of female flowers an
the number of setting flowers for each plant in th¥ield (kg.m?)

experimental unit. It was obtained by calculating the vyield of

b) Yield Measurements experimental unit and the area of experimental

Number of Fruit per Plant™ unit.
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Table4

Effect of seaweed extracts, low temperature, aait thteractions on number of Female Flower.Plarfit
cucumber Karol and Reem cultivars

Cultivars Seaweed Extracts Concentration Exposure to low temperature Seaweeds Xx
ml/L 0 days 5days 10days cultivars
Reem 0 0 4291d-h  39.90g-i  35.44 39.42¢
Seaforce 1.5 4714bc  45.05c-e 40.89f-i  44.36ab
Seamino 1.5 42.17d-i  38.36ij 46.23cd  42.25bc
Seaforce x seamino 1.5 50.49ab  45.92cd 42.61d-h 46.34a
Karol 0 0 4419c-f  41.37e-i 39.46hi  41.67bc
Seaforce 1.5 43.26c-h  44.00cf  42.61d-h 46.34a
Seamino 1.5 43.71c-g  45.22c-f  44.51c-f  44.48ab
Seaforce x seamino 1.5 4312c-h 51252  43.10c-h  45.82a
Mean effect of seaweeds
Seaweeds x 0 0 43.55b-d  40.63de  37.45e 40.54¢
temperature seaforce 1.5 45.20a-c  44.52b-c 41.75c-d 43.82b
seamino 1.5 42.94cd 41.79cd  45.37a-c  43.37b
Seaforce x seamino 1.5 46.81ab  48.58a  42.85cd  46.08a
Mean effect of cultivars
Cultivars x temperature Reem 45.68a 42.31bc  41.29¢c 43.09a
Karol 4357a-c 4546ab 4242bc  43.21a
Mean effect of temperature 44.62a 43.88a  41.85b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level

Total Yield (ton.ha’) cultivars as compared_with plants treated With
seaweed extracts. Cultivars x temperatures inter-

The total yield was accounted from each experaction significantly suppressed number of days till

mental unit from the beginning of harvest till thel® Female Flower Initiation and the highest values

end of the growing season. owned by control plants (38.75, 39.25 days) for
Reem and Karol cultivars respectively.

3. Results Number of Female Flower.Plant™ Significant
' differences were found according to seaweed
Flowering Characteristics extracts treatment. Application of both extracts

Date Till 1¥ Female Flower Initiation: Seaweed (seaforce and seamino) gave the highest number of

extracts decreased the number of days to ﬁrgqmale flowers (46.08) (Table 4). Female flowers

female flower initiation and the higher number ofVere also significantly mcreased in the control
fyants (44.62) as compared with low temperature

days was recorded for control (38.50 days). Effe reatments. Reem cultivar and Karol cultivar were

of exposure to low temperature on the date *of Lo . :

Female Elower Initiation resembled that 0]not significantly different from each other in term

seaweed extracts and control plants possessed (ﬂf]éemale flower number. In Table 5, it IS conspi-
cuous that (seaweeds x temperature) interaction

highest number of days to*Female Flower significantly enhanced number of female flowers
Initiation (39.00 days). No significant differences 9 y

. . :
occurred between date of* Eemale FElower when plants received (seaforce + seamino) and

Initiation for both Reem and Karol cultivars. TheWere exposed to low te'mperature for 5 days
58) as compared with control and other

dual interaction between seaweed extracts a'(':afétments No significant effect on female flower
cultivars depressed the number of days tb f ' 9

Female Flower Initiation, and the highest numbéﬁr'umber was caused by (cultivar x temperature)

teraction and the unexposed plants had the
of days was measured for control plants from.
Reem (38.44 days) and Karol (38.56 day;g:ghest number c_)ffemal_e flower_(45.68). Contrary

0 the previous interaction, (cultivar x seaweeds)
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interaction significantly influenced the number o6 and 10 days (81.58, 80.12)%. Like temperature
female flowers of both cultivars, and the highestffect, no significant differences were noticed
value of flower number was from application ofoetween fruit setting percentage of Reem and
the two extracts seaforce and seamino in Reefarol cultivars. Regarding interaction between
cultivar (46.34). factors, (seaweeds x temperature) interaction was
significant at treating plant with both extracts

Per centage of Fruit Setting: Table 5 showed that seaforce + seamino) and exposing them to low
foliar application of both seaweed extracts (sei— b g

force and seamino) significantly ameliorate emperature for 5 days (85'.39%) (Table 6), and the
percentage of fruit setting with no significant xcellency was for spraying plants from Karol

g . i o
differences between plants that received boﬁjmvar with seaforce and seamino 84.18%.

exacts and pianis na were wested wih eafPSULS 1 To0E © s el ey 1
extract alone. However, higher fruit percentag P

was exhibited by spraying both extracts (83.47% 'aro.l cuIUvqr more than Reem cultivar. The
In case of temperature effect, it had no significa aximum fruit setting percentage was for plants of

influence on fruit setting percentage, and contnﬁarOI cultivar receiving (seaforce + seamino) and

L H 0
plants set higher fruits percentage(82.88%) thaﬁeateol with low temperature for 5 days 86.39%.
plants exposed to low temperature for a duration of

Table5

Effect of seaweed extracts, low temperature, aail thteractions on fruit setting (%) of cucumbearkl
and Reem cultivars

Cultivars Seaweed Extracts Concentration Exposure to low temperature Seaweeds Xx
ml/lL 0 days 5 days 10days cultivars
Reem 0 0 80.38a-d 77.41c-e  73.75¢ 7718
Seaforce 1.5 82.38a-c  80.52a-d 85.57a 82.82a
Seamino 15 81.89a-d 81.91a-d 80.56a-d 81.45ab
Seaforce x seamino 1.5 82.77a-c  84.39ab  81.11a-d 82.76a
Karol 0 0 82.43a-c 78.47b-e  75.71de  78.87bc
Seaforce 1.5 84.76ab 81.27a-d 81.66a-d 82.56a
Seamino 1.5 69.98a-c  82.27a-c 81.87a-d 82.37a
Seaforce x seamino 1.5 85.44a 86.39a 80.72a-d 84.18a
Mean effect of seaweeds
Seaweeds x 0 0 81.40a-c 77.94cd  74.73d 78.02b
temperature seaforce 1.5 83.57ab 80.89bc  83.61ab  82.6%a
seamino 1.5 82.44ab 82.09ab 81.22bc 81.91a
Seaforce x seamino 1.5 84.11ab 85.39a 80.91bc  83.47a
Mean effect of cultivars
Cultivars x temperature Reem 81.86ab 81.06ab  80.25b 81.05a
Karol 83.90a 82.10ab  79.99b 82.00a
Mean effect of temperature 82.88a 81.58ab  80.12b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level
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Table6

Effect of seaweed extracts, low temperature anid ithteraction on number of fruit per plant of cualer
Karol and Reem cultivars

Cultivars Seaweed Extracts Concentration Exposure to low temperature Seaweeds Xx
ml/L 0 days 5 days 10days cultivars
Reem 0 0 39.50c-f  30.99¢f 26.18h 30.55d
Seaforce 1.5 38.85bc  36.33cd 35.01cf  36.73ab
Seamino 1.5 34.54c-f 31.44e-g  37.25c 34.41bc
Seaforce x seamino 1.5 41.72ab  38.78bc 34.54cf  38.35a
Karol 0 0 36.40cd  32.50d-g  29.96g-h 32.96cd
Seaforce 1.5 36.62cd  35.80c-e  34.86¢cf  35.76a-c
Seamino 1.5 36.28cd  37.19¢ 36.50cd  36.65ab
Seaforce x seamino 1.5 36.89cd  44.27a 34.77cf  38.64a
Mean effect of seaweeds
Seaweeds x 0 0 35.45¢ 31.74d 28.07e 31.75¢
temperature seaforce 1.5 37.74bc  36.06bc  34.93dc  36.24b
seamino 1.5 35.41¢c 34.31cd  36.87bc  35.53b
Seaforce x seamino 1.5 39.13ab  41.52a  34.66cd 38.49a
Mean effect of cultivars
Cultivars x temperature Reem 37.40a 34.38ab  33.24b 35.01a
Karol 36.55ab  37.44a 34.02ab  36.00a
Mean effect of temperature 39.98a 35.91a  33.63b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level

(seaforce + seamino) and were exposed to low
temperature for 5 days as compared with Reem
Number of Fruit.Plant™ The foliar sprays of cultivar and other treatments (Table 6).

seaweed extracts significantly enhanced number of . . _ .
fruits per plant. The highest number of fruits WaErw_t_Waght_(gm). It can be seen in Table 7 that
ignificant differences in fruit weight occurred

produced by plants treated with both extrac .
(seaforce + seamino) (38.49). Temperature did n ?tween plants treated with seaweed extracts and
L untreated plants. Fruit weight was increased when

significantly increase fruit number when plants lants were treated with both seaweed extracts
were exposed to low temperature for 5 days. Ho seaforce +seamino). On the other hand, exposure
ever, control plants produced more fruits (38.98); : » €XP

In case of cultivars, concerning fruit number pe Ouiltovv\\ln;[ierr?tpecrgm:gl d'grﬂgt Ségsgggsgélﬁhinm?nﬁ;
plant, no significant difference was observe uit Weight’(151 72 |?n) Asgociated with cuIti\g/ar
between Karol and Reem cultivars. The bed} 9 < gm).

interaction between seaweeds and temperatu?igfe Cr:a:ntRf?(()err: K(;L;gllvirult;(/v:rs inn?;r;;gno'?cgzﬂy
occurred from spraying plants with the two . : :

seaweed extracts and exposing them to IoWe'ght' In_terr_:l(_:t|on bgtween cuIt|v_ars a_md _seaweed
temperature for a duration of 5 days that resutted extracts significantly improved fruit weight in thot

higher number of fruits (41.52) as compared Witﬁultivars plants that were treated with (seaforce +

control, plants treated with each extract alone aﬁammo) which gave 156.55 and 156.98 gm for

plants exposed for 10 days. Regarding Interacti eem and .Kaff." cult!vars respectively. On
between the three factors (cultivar x seaweeds X ntra_ry, no significant d|ffer§nces were abserved
temperature), the fruit number was greatly affected I:_rwt weégrg of bOtn. cultl\c/jars tplants (Ka(rjol
in Karol cultivar compared to Reem cultivar,Cu lvar and reem cu |vag)_ 'Iuel 0 E\seavf\;ee sfx
which did not significantly influence, and the_tempergture) Interaction. Similarly, the efiect o
highest fruit number (44.27) was obtained fron1]nteract|on between the cultivar factor and the

plants of Karol cultivar that received both extgact

Yield M easurements
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temperature factor was not significant on fruitveeds x cultivar) interaction caused a significant
weight in both cultivars. difference in yield per plant of the two cultivars.
Both cultivar plants that were treated with
seaforce + seamino) extracts yielded higher 6.01,
.07 kg than control plants and plants that were
glgeated with each extract separately.

Yield kg.Plant™ Application of seaweed extracts
caused a significant improvement in yield pe
plant. Higher yield 6.04 kg was obtained fro
plants sprayed with both seaweed extra
(seaforce + seamino). Concerning temperatuRdant Yield kg.m?® Data represented effect of
effect, exposure for 5 days enhanced yield pseaweed extracts Table 9 showed that seaweed
plant 5.39 kg, despite that the control plantextracts had a significant influence on yield kd.m
produced slightly higher yield 5.49 kg. In term ofas compared with control. Higher yield 15.13
cultivar effect, the majority was for Karol cultiva kg.m?was produced by plants receiving (seaforce
yielding 5.48 kg more than Reem cultivar. + seamino). In contrast, no significant differences
were found in yield (kg.if) of plants exposed to

w temperature and control plants significantly
fered from exposed plants and had the maxi-
um yield 14.06 kg.th Karol cultivar was
perior to Reem cultivar and gave higher yield
3.72 kg.1if. Regarding binary interactions, effect
seaweeds x temperature) interaction was signifi-
cant on plant yield kg.m

Table 8 indicated that highest interaction betwe
seaweeds and temperature was from applyi
(seaforce + seamino) and exposing plants to low
temperature for 5 days recording 6.49 kg. A spcgr-1
cific interaction was observed between cultivar an
temperature too. Plants from Karol cultivar tha
were subjected to low temperature for 5 da
produced higher yield 5.71 kg in comparison wit
Reem cultivar and other treatments. Also (sea-

Table7

Effect of seaweed extracts, low temperature and igeractions on fruit weight (g) of cucumber khr
and Reem cultivars

Cultivars Seaweed Extracts Concentration  Exposure to low temperature Seaweeds x
ml/lL 0 days 5 days 10 days cultivars
Reem 0 0 134.71h 136.16h 139.63gh 136.83e
Seaforce 1.5 147.74e-g  145.49g-f  148.560-f 147.26¢d
Seamino 1.5 152.83b-f  156.07a-e  150.68d-f 153.19ab
Seaforce x seamino 1.5 161.02ab  152.54b-f  156.08a-e = 156.55a
Karol 0 0 150.70d-f  145.66gf  139.99gh 145.45d
Seaforce 1.5 150.83d-f  152.04gf  148.68d-f 150.52bc
Seamino 1.5 161.71a 150.94d-f  150.88d-f 154.51ab
Seaforce x seamino 1.5 154.25a-f  159.83a-c  156.86a-d  156.98a
Mean effect of seaweeds
Seaweeds x 0 0 142.70de  140.91e 139.81e 141.14d
temperature seaforce 1.5 149.29b-d  148.76cd  148.62cd 148.89¢c
seamino 1.5 157.27a 153.50a-c  150.78a-c 153.85b
Seaforce x seamino 1.5 157.63a 156.18ab  156.47ab 156.76a
Mean effect of cultivars
Cultivars x temperature Reem 149.08a 147.56a  148.74a 148.46a
Karol 153.37a 152.11a  149.10a 151.86a
Mean effect of temperature 151.72a 149.84ab  148.92b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level
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Table8

Effect of seaweed extracts, low temperature and ifieractions on yield kg.plahtof cucumber Karol
and Reem cultivars

Cultivars Seaweed Extracts Concentration Exposure to low temperature ~ Seaweeds x
ml/L Odays 5days 10days cultivars
Reem 0 0 4.15¢f 4.21¢f 3.65f 4.00d
Seaforce 1.5 523b-d 527b-d 5.19b-d  5.23bc
Seamino 15 5.28b-d 4.91cd 5.61bc 5.26bc
Seaforce x seamino 1.5 6.71a 5.91b 5.3%-d 6.01a
Karol 0 0 5.48bc  4.74de 4.20¢f 4.80c
Seaforce 1.5 5.53bc 5.43b-d 5.18b-d  5.38b
Seamino 15 5.86b 5.61bc 5.51bc 5.66ab
Seaforce x seamino 1.5 5.69b 7.07a 5.46bc 6.07a
Mean effect of seaweeds
Seaweeds X 0 0 4.82cd 4.47de 3.92e 4.40c
temperature seaforce 1.5 5.38bc  5.35bc  5.19bc 5.30b
seamino 1.5 5.57b 5.26bc 5.56b 5.46b
Seaforce x seamino 1.5 6.20a 6.49a 5.43bc 6.04a
Mean effect of cultivars
Cultivars x temperature Reem 534ab  5.08ab  4.92b 5.13b
Karol 5.64ab 5.71a 5.08ab 5.48a
Mean effect of temperature 5.49a 5.3%9a 5.02b

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level

Plants treated with (seaforce + seamino) andeld was not influenced by low temperature
subjected to low temperature for 5 days producezkposure, and the control plants produced more
the highest yield 16.25 kg:mThe same was true total yield 123.73 ton. Vice versa was true for
for (cultivar x temperature) interaction in Karolcultivar mean effect, Karol cultivar was
cultivar plants that received the same treatmendéstinguished from Reem cultivar by having higher
(seaforce + seamino and were exposed to lawtal yield 120.78 ton (Table 10). Interaction
temperature for 5 days had the highest yield 14.2#tween cultivar and temperature caused an
kg.m? Interaction between cultivar, seaweeds aridcrease in total yield of Karol plants when they
temperature significantly influenced Karol cultivarwere exposed to low temperature for 5 days as
more than its counterpart Reem cultivar and thisompared with Reem cultivar plants and other
can be seen in Table 9. Perfect interaction todkeatments. Significant differences were also
place between Karol cultivar with application ofobserved in total yield due to (cultivar x seawgeds
(seaforce + seamino) and low temperatunateraction in both cultivars. Spraying plants with
exposure for 5 days resulting in the highest yieldoth extracts (seaforce + seamino) resulted in
17.70 kg.nf as compared with Reem cultivar,higher yield per hectare with 134.13 ton for Karol
control and other treatment (Table 9). cultivar and 132.30 ton for Reem cultivar. In Reem
o vied tonctar® Totl yield was SN Ule bieracton (outhar x seavecds
significantly affected by seaweed extracts trea%arol cultivar which produced the highest total

ment. Application of seaforce extract and seamin : : .
extract together gave the highest total yield pé_ﬁjeslgalrg?r{gssﬂg I\?V(Erlgn(;?( v;f;lgg ;gclil\\//ve?er(\fe:g{ﬁ?e
hectare 133.21 ton, whereas the lowest total yield ) P P

r 5 days (Table 10).

98.88 ton was measured for control plants. Tot 4

Science Target Inc. www.sciencetarget.com



50 © Sarhan and Ismael 2014 | Effect of Low Temperature

Table9

Effect of seaweed extracts, low temperature ani ihieractions on yield kg.frof cucumber Karol and
Reem cultivar

Cultivars Seaweed Extracts Concentration Exposure to low temperature Seaweeds Xx
ml/L 0 days 5 days 10days cultivars
Reem 0 0 11.63fg  10.56gh  9.13h 10.44d
Seaforce 1.5 14.34bc  13.20b-f  13.00b-f 13.51b
Seamino 1.5 13.22b-f  12.28d-f  14.04b-d 13.18bc
Seaforce x seamino 1.5 16.80a 14.80b 13.50b-e  15.03a
Karol 0 0 13.72b-d 11.85f-g 10.51gh  12.02¢c
Seaforce 1.5 13.83b-d 13.60b-d 12.97cf  13.46b
Seamino 1.5 14.67bc  14.03b-d 13.78b-d  14.16ab
Seaforce x seamino 1.5 14.24bc  17.70a 13.78b-d  15.24a
Mean effect of seaweeds
Seaweeds x 0 0 12.68b  11.20c  9.82d 11.23c
temperature seaforce 1.5 14.090  13.40b  12.98b 13.4%b
seamino 1.5 13.95b  13.16b  13.91b 13.67b
Seaforce x seamino 1.5 15.52a  16.25a 13.64b 15.13a
Mean effect of cultivars
Cultivars x temperature Reem 14.00ab 12.71ab  12.42b 13.04b
Karol 1412ab 14292  12.78ab  13.72a
Mean effect of temperature 14.06a  13.50b 12.59ab

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level

4. Discussion particularly, cytokinins, this was evident in frait
. )Eated with seaweed extracts cytokinin which had

Seaweed extracts enhanced flowering and yie o :
: her cytokinin levels as compared with untreated
characters of cucumber as shown in Tables (3, 4,f 9 o b

6, 7, 8 and 9). The increase in cucumber yielfl s (Featonby-Smith and Van Staden 1983,

. . ; T 984). Cytokinin may also promote floral
might be attributed to t_he increase of the disslla initiation. TransgenicArabidopsisplants that are
flowers number, which in turn enhance the numb

. . . Weficient in ¢ tokinins, flower later than normal
of fruits that reflected on yield/plant and totaig while those t)rllat have high levels of cytokinins

(Al-Saaberi, 2005). The beneficial effect of lower earlier than normal (Bernier and Perilleux,

seaweed extracts on crop yield could be due to t 805). High levels of cytokinin could refer to

stimulatory influence of seaweed concentrates Mitrient mobilization. Seaweed extracts are

triggering early flowering and fruit set (Arthur etgg‘/olved either in increasing the movement of

al. 2003). For instance, seedlings treatgd wit okinins from the roots to the developing frait,
seaweed extracts set more flowers earlier th

those of control plants (Crouch and Van-Stadeg%d
1992). In many crops, yield is related to th hi

gum?er of fltow?rs}lat maturity. (’?Sﬂt]he trlgggr an ventually result in a greater supply of cytokinins
cevelopment ot Tlowering an © NUMDEr O, ihe maturing fruit. In addition to growth hor-

flowers produced are correlated with the develo‘?ﬁones, the increase in yield characters could be
mental stage of plants, seaweed exiracts probak&lMe to the fact that seaweed extracts contain

promote flowering through initiation of plantq{;ﬁ;oro, micronutrients and organic matters like,

ameliorating the level or biosynthesis of
ogenous fruit cytokinins (Hahn et,al974).
s increase in cytokinin availability will

growth. Yield enhancement in plants treated wit ino acids that improve nutritional status, vege-

seaweed extracts is thought to be associated wjih. : - A
the hormonal substances existing in the extractiﬁ, |\/2%gérl(.)vxtg1daEnI(_jMy(l)iIi<lr?]u;rl]léypfggilllia:thlggg()j o
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Table 10

Effect of seaweed extracts, low temperature, aei ifiteractions on yield ton.hectaof cucumber Karol
and Reem cultivars

Cultivars Seaweed Extracts Concentration  Exposure to low temperature Seaweeds Xx
ml/L 0 days 5 days 10days cultivars
Reem 0 0 102.40gf  92.92gh 80.40h 91.90d
Seaforce 1.5 126.24bc  116.15b-f  114.42b-f  118.94b
Seamino 1.5 116.36b-f  108.09d-f  123.55b-d  116.00bc
Seaforce x seamino 1.5 147.83a 130.23b 118.82b-e  132.30a
Karol 0 0 120.76b-d  104.28e-g  92.51gh 105.85¢
Seaforce 1.5 121.76b-d  119.67b-e  114.13cf  118.52b
Seamino 1.5 129.15bc  123.52b-d  121.26b-d  124.64ab
Seaforce x seamino 1.5 125.36bc  155.78a 121.26b-d  134.13a
Mean effect of seaweeds
Seaweeds x 0 0 111.58b 98.60b 86.45d 98.88¢
temperature seaforce 1.5 124.00b 117.91b 114.28b 118.73b
seamino 1.5 122.75b 115.80b 122.40b 120.32b
Seaforce x seamino 1.5 136.60a 143.01a 120.04b 133.21a
Mean effect of cultivars
Cultivars x temperature Reem 123.21ab  111.85ab  109.30b 114.78b
Karol 124.26ab  125.81a 112.29ab  120.78a
Mean effect of temperature 123.73a 118.83b 110.78¢

Means within a column, row and their interactions followed with the same letters are not significantly different from each other
according to Duncan’s multiple range test at 5% level

Crouch and Van-Staden (2005) found that sprayirig low temperature exposure to warrant spring
plants with concentrated seaweed extracts gaflewering. Shimizu et al. (2002) demonstrated that
increased fruit number by 10% and fruit weight bylants grown at low temperatures required longer
15%. Number of fruits per plant, fruit yield pertime to flower as compared with those grown at
plant and fruit yield per plot was significantlyoptimal or increased temperatures. Flower abortion
increased as a result of the application of 750 ppimduced by low temperature could be due to the
of chlormequat and 1680 ppm of seaweed extraghdogenous abscisic acid level. It had been found
(Saravanan et al2003). Foliar spray of seaweedthat the level of abscisic acid (ABA) in aborted
liquid extracts enhanced the yield parameters, suftbwers was higher than in retained flowers by
as, fruit length and fruit weight in certain veddéa 23% (Nayyar et al., 2005). Korkmaz and Dufault
crops (Sethi and Adhikary 2008). Better incremer(R004) found that exposing plants to low temper-
in fruit length, fruit diameter, and fruit numbeaw ature caused a profound retardation in plant
shown by application of 2.5% of the seaweetlowering and decreased yield. Hongyan et al
extract Kappaphycus alvarezii(Zodape et al.,, (2011) showed that exposure of plants to low
2009). The increase in fruits’ weight in cucumbetemperature decreased marketable yield and single
plants sprayed with seaweed extracts may refer ptant yield in the first cluster fruit. Significant
its role in enhancing the leaves’ numbers, leah arelifferences were observed between the two
and dry weight and consequently the physiologicaultivars in relation with quantitative yield
activities as photosynthesis and plant nutritiooharacters (Tables: 6, 7, 8 and 9). Yield is well
provision and these could be the reasons &hown as a complicated phenomenon controlled by
increasing fruit weight (Al-Saaberi, 2005). Lowmany genes and expression of such genes is conti-
temperature exposure did not significantly increagaious in nature (Hanchinamani, 2006). Passam et
flowering and yield characters of cucumber aal. 1995 found that seaweed extracts increased
compared with non-exposure treatments or contraarly yield of one variety of greenhouse cucumber.
Our results were not consistent with (Ausin et alAl-dosky (2010) noticed slight differences between
2005), who stated the requirement of many specigld characters of two pumpkin cultivars in
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response to application of the seaweed extrafotant on flowering, fruit setting and overall yiel
(Seaforce 1). Effect of seaweed extracts, fowftomato as shown by (Nour et al., 2010).
hybrids and interaction between them was signi-
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