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Abstract: Trails were carried out during two growing successive seasons of 2002 and 2003 at Kaha experimental
station, Agricultural Research Center, Cairo, Egypt. This research was conducted in an unheated greenhouse
during two seasons to determine the effect of different mulch types on growth and yield of cucumber plant, soil
temperatures and soil moisture. Cucumber seedlings (Cucumis sativus L. F1 local hybrid Sinai 1) were grown
in  clay  soil.  The  plastic  house  constructor  was  covered with 200 µm local-UV-treated polyethylene sheet
of  5.25 m in width. Four mulch colours were tested, i. e., transparent, silver, and black polyethylene in addition
to a new suggested mulch that was craft-paper saturated with paraffin wax. Controls were not mulched. Soil
temperature at 5 cm depth and soil surface temperature of each mulch type were measured. The vegetative
growth, i. e., plant height, number of leaves, fresh and dry weight of leaves, leaf area, leaf area index (LAI), fresh
and dry weight of stems, early and total yield were recorded. The results showed that craft-paper saturated with
paraffin wax gave the highest soil temperature and moisture during two seasons in comparison with other
mulches. The results in this study indicated that best vegetative growth and yield were obtained by both black
mulch and craft-paper saturated with paraffin.

Key words: Plastic mulch, paraffin mulch, cucumber, (Cucumis sativus L.), soil temperature, soil moisture,
vegetative growth, yield

INTRODUCTION maximum of heat . Black plastic film, the heat was

Different types of mulch affects the vegetative half into the air space, the soil was therefore heated up
growth and yield of cucumber plants (Cucumis sativus L.), quite slowly. While with transparent film, the film
whereas different mulch colours and types affects soil transmitted practically the whole of the solar radiation that
temperatures and lead to favourite effect on the growth became absorbed by the soil, the soil was therefore
and yield of cucumber plants. The influence of the type of heated up more quickly .
polyethylene mulch on soil temperature and crop The previous investigators have shown that the
response was dependant upon film color . Black plastic films (transparent and black) created favorable[1]

polyethylene exchanged large quantities of energy with conditions for increasing temperature in soil. Soil
the atmosphere and caused relatively small changes in temperature was 4.9°C higher under clear plastic mulch .
soil temperature while transparent polyethylene film Haddadin  who found that in tomato field the average
transmitted radiation to the soil surface, which was soil temperature was highest under clear plastic mulch
absorbed and converted to sensible heat. The main effect followed by the black plastic much and bare soil
of transparent mulch on plant growth apparently was due treatments. But the differences in soil temperature became
to the raising of soil temperature . Richard  reported that narrow as mulches were partially shaded by the plant .[2]  [3]

the use of plastic mulch would affect soil temperatures in Hanada (1991)  reported that mulching with appropriate
four main ways: it would reduce connective heat loss, materials has a number of effects: it increases the soil
outgoing radiation and evaporation, thus increasing soil temperature, conserves soil moisture, texture and fertility;
temperatures. The very clear advantage of transparent and controls weeds, pests and diseases. Soil temperature
films, which produced a considerable build up of heat in and soil moisture were highest under polyethylene .
the soil during the day because of a better transmissivity Hummel et al.  they indicated that the type of ground
of short wave infrared radiation, thus providing the cover significantly affected temperature in the upper 12

[4]

dispatched by conduction, half going into the soil and

[5]

[6,7]

[8]

[9]

[10]

[11]
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cm of the soil. The highest soil temperatures were on the soil around the roots. Also he indicated that soil
observed under black plastic mulch followed by bare temperature recorded after planting cucumbers (16.00 h)
ground. The high soil temperatures associated with for 3 weeks was higher under black mulch than under
certain ground covers may have reduced white mulch. On the other hand, found that colour of the
entomopathogen detection or survival. mulch did not affect leaf length, leaf width, and plant dry

Plastic mulching modifies the caloric balance. The weight of cucumbers. But cucumbers grown on black
plastic mulch allowed an additional take up of solar mulch produced longer leaves and wider leaves, plant dry
energy representing up to 4% increasing of energy weight was lower. Mulch colour had no significant effect
absorption. Thus if the soil warmed up slowly, heating of on the premium or total yields of cucumbers. 
the same soil covered with transparent polyethylene film On the contrary, Hanna et al  indicated that
was earlier, more rapid and more intense. this resulted, marketable yields of cucumber were not affected
therefore, in a greater storage of heat during daylight, a significantly by the mulch colour. Also, indicated that soil
limitation of cooling during the night-time and temperatures were higher under black than under white
consequently producing an important gain of heat during mulch. More recently, Summers and Stapleton  and
the initial period of growth . Saleh et al.  reported that in general silver polyethylene[4]

It is frequently reported in the literature that plastic used as mulch gave the greatest plant height, leaf area
mulch (both clear and colored) enhanced plant growth and cucumber yields compared to black, transparent
and increased vegetable production and earliness due to polyethylene mulch and bare soil.
increasing soil temperature under plastic mulch . The effects of plastic mulch on weed control were[13,14]

Transparent plastic mulch (TM) resulted in superior yields reported in the literature . They reported that the
over black plastic mulch (BM). Transparent plastic mulch absence of light with black plastic mulch didn't allow
(TM) generally resulted in yields superior to that of bare photosynthesis under the film and therefore weed growth
soil (BS). Black plastic mulch (BM) treatments rarely was depressed. On the contrary with transparent film, the
improved early yields over bare soil (BS), though total presence of light with the improved condition for growth
yields were improved . Campos-de-Araujo et al  they (heat, moisture, good soil structure, etc.) encouraged[15,16]    [17]

reported that the red plastic mulch treatment produced the weed growth.
best yield of 60.27 t/ha. The yield with black plastic mulch Therefore, the aim of the present investigation was
was 47.03 t/ha and with no mulch 42.33 t/ha. All the carried out to study the effect of different mulch color and
mulching (black or clear polyethylene mulch) treatments types (black, silver, transparent, and craft-paper saturated
increased soil temperature, vegetative growth, cucumber with paraffin wax) on the growth and yield of cucumber
yield and fruit characteristics compared to bare soil . plants grown under unheated plastic house. [18,19]

Mulching resulted in earlier flowering, fewer days to
first harvest and increased yield, compared with MATERIALS AND METHODS
unmulched soil. The highest fruit number and yield were
obtained with clear plastic mulch (63.37 t/ha compared The experiments were carried out during two
with 21.61 t/ha for controls). White and black plastic successive growth seasons of 2002 and 2003 at Kaha
mulches also significantly increased yield. Mulching experimental station, Agricultural Research Center, Cairo,
reduced the number of days to flowering and first harvest. Egypt. Cucumber seedlings (Cucumis sativus L. F1 local
Marketable yields of 63.3, 46.2, 44.8 and 21.6 t/ha were hybrid Synai 1) were transplanted in the field in clay soil
obtained under clear, white and black film and no mulch, on october 10  2002 and 2003, under unheated plastic
respectively. All mulches increased weekly measurements house of 50 meters long, 9 meters wide, and three meter
of soil temp. and moisture; clear film significantly height. The plastic house constructor was covered with
increased soil temp. compared with black and white 200 µm local-UV-treated polyethylene sheet of  5.25 m in
film . Cucumber yields were highest on polyethylene width. The greenhouse has five raised beds, each 100 cm[20,21]

foil. The highest marketable yield was obtained with wide. Double rows have been planted on each bed at a
transparent and black mulches which gave increases of distance of 50 cm between rows. Plants were trained to
76.3% and 66.1% over the unmulched control. White one stem.  Cultural operations other than the experimental
plastic mulch increased yields by 40.3% compared with treatments were carried out normally according to the
the unmulched control . recommendations of Ministry of Agriculture, Egypt. [22,11]

Hanna  who found that black polyethylene mulch is Cucumber plants grown under four types of mulch:[23]

preferred for producing early spring tomatoes transparent polyethylene (60µm), black polyethylene
(Lycopersicon esculentum) because of its warming effect (60µm), silver color polyethylene (60µm) and craft-paper

[24]
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[26]

[27,3,5]
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saturated with paraffin wax. Control plants were radiating behavior and its influence on the microclimate
unmulched. The experimental treatments were arranged in around a vegetable plant. 
a randomized complete block design with four replicates. Color affects the surface temperature of the mulch

Soil temperature was measured at soil surface and 5 and the underlying soil temperature. This can be noticed
cm depth (°C). Soil moisture (%): soil samples were taken from (Figure 2) that illustrate the values of the mulch
at 20 depth by the gravimetrical method as described surface-temperature. Black plastic mulch is an opaque
by . blackbody absorber and radiator. Black mulch absorbs[28]

most UV, visible, and infrared wavelengths of incoming
Vegetative growth and yield: all growth parameters were solar radiation and re-radiates absorbed energy in the
measured two times on 30 and 60 days after transplanting. form of thermal radiation or long-wavelength infrared
Plant height (cm) from soil surface to the highest point of radiation. Much of the solar energy absorbed by black
the plant, number of leaves per plant, fresh and dry weight plastic mulch is lost to the atmosphere through radiation
of the plant leaves (gm/pl.), fresh and dry weight of the and forced convection .  The degree on contact between
plant stems (gm/pl.) were recorded. Leaf area (cm /pl.) was the mulch and soil, often quantified as a thermal contact2

measured using a digital leaf area meter (LI – 300 Portable resistance, can affect greatly the performance of mulch. If
Area Meter produced by LI – COR, Lincocn, Nebtaska, an air space is created between the plastic mulch and the
USA). leaf area index (LAI) was calculated according to soil by a rough soil surface, soil warming can be less
Watson . Early yield [first four picking] (Kg / m ) and effective than would be expected from particular mulch.[29]         2

total yield (Kg / m ) were recorded. Surface temperature of the craft paper saturated with2

Data of the experiment were subjected to statistical paraffin wax was the highest compared to those of the
Analysis of Variance (ANOVA) . other mulches. This  was clear when cucumber plants[30]

RESULTS AND DISCUSSIONS not cover the soil yet. This may be due to the releasing of

The values of soil temperatures with mulching are Figure (3) showed that the effect of different types of
much  higher  than  those  of soil without mulching mulch on soil moisture under each mulch. The results
(Figure 1). This may be owing to mulching prevents showed that the highest soil moisture values were
cooling of the soil surface due to evaporation. The values recorded with craft-paper saturated with paraffin wax and
of soil temperature under transparent mulch were higher black polyethylene mulch compared to other mulches.
than those under the other mulches. These clear plastic However,  the lower values of soil moisture indicated that
mulch may permit warming of 3 to 8°C to a depth of 5 cm, with bare soil. Generally, all mulches increased weekly
whereas black plastics permit warming of 2 or 3.5°C. On measurements of soil moisture and water use efficiency
the other hand, The results showed that the values of soil These results were agreed with those obtained by Farias-
temperature under the craft paper is less than those under Larios et al. , Farias-Larios et al. , Salman et al.  and
the clear mulch and greater than those under the black Weber .
plastic mulch. Therefore, the different types of mulch lead to

Sunlight passes through the clear plastic and heats increasing the soil moisture due to decreased of
the soil. A layer of water on the underside of the plastic evaporation from soil surface compared to bare soil. So,
retains the radiant heat at night through what is known as mulches finding favorable soil environmental conditions
a greenhouse effect. Black plastic mulch absorbs most of and had a positive effect on growth of cucumber plants
the sunlight and becomes greatly warmed, and little and contributed to increasing vegetative growth and
energy passes through to warm the soil . yield.      [2]

Using mulch types (polyethylene and paraffin mulch) Results in Tables (1 and 2) showed the effect of
enhanced soil temperature. Clear plastic mulch increased different types of (mulch transparent polyethylene, black
soil temperature more than black and silver plastic mulch polyethylene, silver color polyethylene and craft-paper
especially during the first weeks after transplanting where saturated with paraffin wax) on vegetative growth and
plants did not have enough canopies to shade the soil. yield of cucumber plants at 30 and 60 days after

Concerning the Surface temperature, Plastic mulches transplanting.  
directly affect the microclimate around the plant by Generally, the results indicated that the highest
modifying the radiation budget (absorptivity vs. values and the best vegetative growth [plant height,
reflectivity) of the surface and decreasing the soil water number of leaves per plant, fresh and dry weight of the
loss. The color of mulch largely determines its energy- plant leaves, fresh and dry weight of the plant stems, leaf

[31]

were in the first stage of growth when plant canopy did

latent heat of the melting wax.

[20]    [21]    [32]

[23]
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Fig. 1: Effect different types of mulch on soil temperature (°C) at 5 (cm) depth.

Fig. 2: Effect of different types of mulch on soil surface temperature (°C).

Fig. 3: Effect of different types of mulch on soil moisture (%) under each mulch.
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Table 1: The effect of different types of mulch on vegetative growth of cucumber plants.
Plant height Leaf number F.W. of leaves D.W. of leaves F.W. of stems D.W. of stems
(cm) (g/pl.) (g/pl.) (g/pl.) (g/pl.)
-------------------- -------------------- -------------------- -------------------- -------------------- --------------------
30 60 30 60 30 60 30 60 30 60 30 60
days days days days days days days days days days days days

1st season
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 62.25 158.75 24.75 47.75 80.45 212.37 10.18 24.11 35.63 97.87 5.44 12.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Paraffin 93.00 190.50 42.75 58.50 127.58 343.88 15.16 38.00 60.63 111.28 8.08 13.44
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Siliver 80.75 161.25 30.25 50.75 88.48 258.08 11.03 28.94 41.36 102.69 6.07 12.53
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Black 88.00 180.25 39.00 54.75 119.85 301.90 14.34 33.58 52.36 107.40 7.24 13.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clear 72.75 160.00 26.75 48.50 83.78 232.63 10.53 26.25 39.58 98.58 5.86 12.09
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (5%) 6.72 9.73 3.03 5.54 8.29 17.92 1.37 2.94 8.29 5.92 1.05 0.55
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 nd season
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 59.35 149.12 23.60 44.87 76.71 199.49 9.79 22.75 33.97 93.31 5.28 11.54
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Paraffin 88.67 178.96 40.76 54.97 121.64 323.01 14.53 35.80 57.81 106.10 7.78 12.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Siliver 76.99 151.47 28.84 47.69 84.36 242.42 10.59 27.29 39.43 97.91 5.83 12.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Black 83.90 169.32 37.18 51.44 114.27 283.59 13.75 31.65 49.92 102.40 6.94 12.48
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clear 69.36 150.30 25.51 45.56 79.88 218.52 10.12 24.76 37.74 94.00 5.69 11.60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (5%) 6.41 10.47 2.89 4.55 9.23 23.14 1.31 3.17 6.77 N.S. 1.01 N.S.

Table 2: The effect of different types of mulch on leaf area, L.A.I and yield of cucumber plants.
Leaves area/pl. (cm ) L.A.I./pl. Early yield Total yield2

--------------------------------------------- --------------------------------------------- (Kg/m ) (Kg/m )2 2

30 days 60 days 30 days 60 days
1 st season

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 2350.25 4977.25 0.52 1.09 0.63 4.26
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Paraffin 3556.50 6946.00 0.80 1.53 0.90 5.63
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Siliver 2793.25 5999.00 0.62 1.34 0.83 4.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Black 3291.75 6405.25 0.73 1.42 0.95 5.82
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clear 2527.50 5724.25 0.57 1.27 0.93 4.82
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (5%) 238.27 401.25 0.14 0.21 N.S. 0.19
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 nd season
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 2240.89 4745.60 0.50 1.04 0.70 4.06
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Paraffin 3390.98 6622.73 0.75 1.48 0.90 5.37
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Siliver 2663.27 5719.79 0.58 1.29 0.80 4.64
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Black 3138.55 6107.16 0.70 1.35 0.90 5.55
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clear 2409.86 5457.84 0.55 1.21 1.00 4.59
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (5%) 332.28 531.10 0.13 0.18 N.S. 0.25

area, leaf area index (LAI)] were obtained with paraffin plant, leaves area and leaf area index (LAI) were recorded
mulch in comparison with black, silver, and clear with un-mulched soil. Also these results were statistically
polyethylene.    significant at 30 and 60 days after transplanting in both

On the other hand, the lowest plant height, leaf seasons. The enhancement of vegetative growth due to
number, fresh and dry weight of leaves and stems per mulches has been reported by Vicaria , Emmert ,[33]  [27]
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Manutention , Salman et al  and Saleh et al . 3. Rickard, P., 1976. Plastic mulching for vegetable[5]    [19]    [26]

Mulching has contributed positively to higher soil production. Grower guide Book, 7, 40.
temperature and consequently improving gowth and yield 4. Ballif, J.L. and P. Dutil, 1981. Ten years
of cucumber. Those results were in agreed with findings experimentation with plastic mulching in champagne.
of Hopen , Argall and Stewart , Cevik et al , Farias- Plasticulture, 51: 11-22.[2]    [15]    [18]

Larios et al , Siwek et al , Weber  and Summers and 5. Manutention, A., 1984. Plastic mulch. The choice of[20]    [22]  [11]

Stapleton . film. Plasticulture, 62: 37-45.[25]

The results reported that the greatest total yield/m  of 6. Salman, H.M. and S.F. Gorski, 1985. The effect of2

cucumber plants was obtained with black polyethylene clear and black polyethylene mulches on the soil
mulch followed by paraffin, silver and then by clear environment. Res. Circular, Ohio Agric. Res. And
polyethylene mulch. This effect was statistically Devlopment Center., 288: 7-9.
significant in both seasons. 7. Bonanno A.R. and W.J. Lamont, 1987. Effect of

Increased yield could be largely attributed to the polyethylene mulches, irrigation method, and row
increase in soil temperature due to application of mulch, covers on soil and air temperature and yield of
which resulted in enhancement of soil environment muskmelon. J. Amer. Soc. Hort. Sci. 112: 735-738.
around roots of cucumber plants, which led to increasing 8. Haddadine, S.H., 1982. Effect of plastic Mulches on
plant growth, and hence increasing nutrient absorption Soil Water Conservation, Soil Temperature, and Yield
and uptake. Hence, the increasing in early and total yield of Tomato in the Jordan Valley. 168pp. MSc. Thesis.
was found. These results were in line with those obtained University of Jordan.
by  Clarkson  and  Frezier ,  Salman  et  al , Farias- 9. Hill, D.E., L.I. Hankin and G.R. Melches, 1982.[34]       [35]

Larios et al  and Hanna . Mulches: Their effect on fruit set, timing and yields[21]  [23]

Although, clear plastic mulch may result in an of vegtables. Bulletin, Connecticut Agricultural
increase in soil temperature, the presence of light led to Experiment Station, New Haven, USA No. 805.
the disadvantage of weed growth. While, the absence of 10. Hanada, T., 1991. The Effect of Mulching and Row
light with black plastic and paraffin mulch did not allow Covers on Vegetable Production. 23pp. Puplication
photosynthesis of weeds under the film and therefore of Chugoku Agr. Exp. Stn., Japan.
weed growth was suppressed. This result was in 11. Weber, C., 2000. Biodegradable foil mulch for pickling
agreement with that found by Vicaria . Using paraffin cucumbers. Gemuse Munchen, 36(4): 30-32.[33]

mulch had the advantage of clear mulch in rising soil 12. Hummel, R.L., J.F. Walgenbach, M.E. Barbercheck,
temperature and at the same time the advantages of black G.G. Kennedy, G.D. Hoyt and C. Arellano, 2002.
plastic much on weed control. Effects of production practices on soil-borne

Using mulches with cucumber under unheated plastic entomopathogens in Western North Carolina
house resulted in an increase in vegetative growth i.e. vegetable systems. Environmental Entomology.
plant height, leaf number, leaf area, fresh weight, dry 31(1): 84-91, Available online at
weight, and yield of plants. These results are in agreement http:-www.entsoc.org-pubs-ee-eetocs.
with those reported by Hopen and Oebker  and Chen 13. Chen, Y. and J. Katan, 1980. Effect of solar heating of[36]

and Katan . [13]

Conclusion: Under the experimental conditions, using
paraffin mulch had the advantage of clear plastic mulch in
rising soil temperature and at the same time the
advantages of black plastic much on weed control. The
application method of paraffin mulch needs further
research concerning the application method to increase its
use efficiency.

REFERENCES

1. Lippert, T.L.H. and F.L. Witing, 1964. Soil moisture
under bands of petroleum and polyethylene mulches.
Proc. Amer. Soc. Hort. Sci. 85: 541-546.

2. Hopen, H.J., 1964. Effect of black and transparent
polyethylene mulches on soil temperature, sweet
corn growth and maturity in cool growing season.
Proc. Amer. Soc. Hort. Sci., 89: 415-420.

soils by transparent polyethylene mulching on their
chemical properties. Soil Science, 130(5): 271-277.

14. Wien, H.C. and P.L. Minotti, 1987. Growth, yield and
nutrient uptake of transplanted fresh-warket
tomatoes as affected by plastic mulch and initial
nitrogen rate. J. Amer. Soc. Sci. 112(5): 759-763.

15. Argall, J.F., K.A. Stewart, 1990. The effect of year,
planting date, mulches and tunnels on the
productivity of field cucumbers in southern Quebec.
Canadian Journal of PlantScience., 70(4): 1207-1213.

16. Hanna, H.Y. and A.J. Adams, 1991. Staking fresh
market cucumber for higher yields: a long term
research report. Proceedings of the 104th annual
meeting of the Florida State Horticultural Society,
Miami Beach, Florida, 29-31 Oct. 1991. Proceedings of
the Florida State Horticultural Society. publ. 1992,
104: 237-240.



J. App. Sci. Res., 2(2): 67-73, 2006

73

17. Campos-de-Araujo, J.A., S. M. Campos-de-Araujo, 26. Saleh, S.M., M.A. Medany, U.A. El-Behiry and A.F.
P.D. Castellane, C.E.M.  Siqueira, N.C. (ed.) Prados Abu-Hadid, 2003. Effect of polyethylene colour on
and J.H. Rodriguez, 1992. Analysis of cucumber the growth and production of cucumber (Cucumis
(Cucumis sativus L.) production, "Vista Alegre" sativus) in greenhouses during autumn. Proceedings
variety, using different coloured plastic soil mulch. of the international symposium on the horizons of
XII Congreso internacional de plasticos en using organic matter and substrates in horticulture,
agricultura. Proceedings of a conference held in Cairo, Egypt, 6-9 April, 2002. Acta-Horticulturae.
Granada, Spain, on 3-8 May 1992.  E-108-113. 2003, No. 608, 259-265.

18. Cevik, B., R. Kanber, H. Koksal and Y. Pakyurek, 27. Emmert, E.M., 1956. Black polyethylene for mulching
1992. Effects of different soil mulch materials and vegetables. Proc. Amer. Soc. Hort. Sci., 69: 464-469.
irrigation levels on yield, quality and 28. Gardner, W.H., 1965. Water content. Washington
evapotranspiration of cucumbers grown under State Univ., Pullman, Washington. Methods of soil
glasshouse conditions. Doga, Turk Tarim ve analysis part I. physical and Mineralogical
Ormancilik Dergisi., 16(3): 581-591. Properties.

19. Salman, S.R., A.F. Abou-Hadid, M.S. El-Beltagy and 29. Watson, D.J., 1958. The dependence of net
A.S. El-Beltagy, 1992. Plastic house microclimate as assimilation  rate  on  leaf - area index. Ann Botany.
affected by low tunnels and plastic mulch. Egyptian N. 37-45.
Journal of Horticulture. publ., 1993, 19(2): 111-119. 30. Snedicor, G.W. and W.G. Cochran, 1980. Statistical

20. Farias-Larios, J., M. Orozco, S. Guzman and S. method. 7th Edition. Iowa State University Press.
Aguilar, 1994a. Soil temperature and moisture under Amer, Iowa, USA.
different plastic mulches and their relation to growth 31. Lamont, W.J., 1999. The use of different colored
and cucumber yield in a tropical region. mulches for yield and earliness. Proceedings of the
Gartenbauwissenschaft., 59(6): 249-252. New England Vegetable and Berry Growers

21. Farias-Larios, J., S. Guzman and A.C. Michel, 1994b. Conference  and  Trade  Show,  Sturbridge,  Mass.
Effect of plastic mulches on the growth and yield of pp. 299-302.
cucumber in a tropical region. Biological Agriculture 32. Salman, S.R., A.F. Abou-Hadid, A.S. El-Beltagy and
and Horticulture, 10(4): 303-306. T.T. El-Labban, 1991a. The interrelation between

22. Siwek, P., E. Kunicki and Z. Fiedorow, 1998. plastic mulch and irrigation. Egyptian Journal of
Ecological aspects of mulching with polyethylene Horticulture. publ. 1993, 18(1): 77-86.
film in early cucumber cultivation. Ekologiczne 33. Vicaria, D.J., 1952. The physiological basis of
aspekty produkcji ogrodniczej, Poznan, Poland, 17-18 variation in yield. Advance., Agron., 4: 101-145.
listopada 1998. Roczniki Akademii Rolniczej w 34. Clarkson, V.A. and W.A. Frezier, 1957. effect of paper
Poznaniu, Ogrodnictwo. No., 27, 277-283. and polyethylene mulches and plastic caps on

23. Hanna, H.Y., 2000. Black polyethylene mulch does cantaloupe yield and earliness. Proc. Amer. Hort. Sci.
not  reduce  yield  of  cucumbers  double-cropped 69: 400-404.
with  tomatoes  under  heat  stress. HortScience. 35. Salman, S.R., A.F. Abou-Hadid, M.O. Bakry and, A.S.
35(2): 190-191. El-Beltagy,   1991b.   The   effect   of  plastic  mulch

24. Hanna, H.Y., R.L. Parish and R.P. Bracy, 2003. on  the  microclimate  of  plastic house. Acta Hort.
Reusing   black  polyethylene  mulch  saves  money 287: 417-425.
in  vegetable  business.  Louisiana  Agriculture, 36. Hopen, J. H. and N.F. Oebker, 1976. Vegetable crop
46(1): 21-22. responses to synthetic mulches. Univ. of Illinois,

25. Summers, C.G. and J.J. Stapleton, 2002. Use of UV Spec. Publ. No. 42.
reflective mulch to delay the colonization and reduce
the severity of Bemisia argentifolii (Homoptera:
Aleyrodidae) infestations in cucurbits. Crop-
Protection, 21(10): 921-928.


