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ABSTRACT 
 

The present research was carried out to study the effect of bio-fertilizers and some sterilization treatments 
with adding organic manures and compost on weed control, growth, yield and fruit quality of cucumber 
(Cucumis sativus L.) under plastic house conditions in the two successive seasons of 2013 and 2014 at Farm of 
Agriculture Research Station, Fac. Agri., Cairo University, Giza. These experiment included 10 treatments (2 
bio-fertilization × 5 sterilization treatments) that were laid out in a split- plot design. The two bio-fertilization 
treatments (1-without bio-fertilization, 2-with using bio-fertilization) were put in the main plots, while the 
sterilization treatments (1- soil solarization + addition of  rabbit compost after solarization (T1) 2-addition of 
rabbit manure + soil solarization (T2) 3- addition of rabbit manure + metam sodium (T3) 4- metam sodium 
application + addition of  rabbit compost after metam application (T4) 5- addition of rabbit compost + 
unweeded(non-sterilized control) (T5) were randomly distributed in the subplots. Results showed that using bio-
fertilizers promoted some weeds and caused a negative effect on cucumber yield that significantly reduced with 
using bio-fertilizers. Moreover treatments of metam T3 and T4 were superior in reduction of number and fresh 
weight of weeds, 30 and 90 DAT over the other treatments, likewise treatments of metam significantly increased 
plant height, 30 days after transplanting (DAT). All sterilization treatments gave a higher early and total yield 
than non-sterilized control. 
 
Keywords: Bio-fertilizers, metam sodium, sterilization, solarization, cucumber, weeds, rabbit manure, rabbit 

compost, yield. 

 

Introduction 
 

Soil pests (soil borne diseases, nematodes and weeds) are one of the most important limiting factors which 
decrease crop yields and consequently global food production, especially under greenhouse conditions. Weed 
interference represents an important limiting factor of soil pests that has negative influence on vegetable yield 
and quality. Weed can suppress crop yield by competing for environmental resources like water, light and 
nutrients and production of allelopathic compounds (Singh et al., 2003). Two nightshade plants growing in-row 
between watermelon plants have been shown to reduce yield 80%–100% in open culture and 60%–75% in 
mulch culture production (Dittmar and Stall, 2012). Competition from amaranth weeds can cause 20%–40% 
yield reduction in lettuce if not controlled within 3–5 weeks of emergence (Dittmar and Stall, 2013). For 
cucurbits, such as watermelon and muskmelon, a single common amaranth can cause at least a 20% reduction in 
yield if competition occurs within the first 3 weeks (Dittmar & McRae, 2012). The minimum weed-free period 
in cucumber, squash, and most cucurbit crops has been estimated as the first 4 to 6 weeks after planting (Noble, 
2009)  . In addition to competition, weeds may simultaneously inhibit crop growth through a mechanism known 
as allelopathy. Red root pigweed and lambs quarters have been shown to reduce bean yields though allelopathy; 
one by interfering with the plant it self and the other interfering with symbiotic Rhizobium bacteria (Gliessman, 
2007). Weeds may also harbor insects or plant disease that could further impact crop health and yield. Weeds 
provide a place of refuge for pests including pathogens and insects (Treadwell, 2009).  

For long time methyl bromide was used as very effective soil disinfectant for controlling most of soil pests. 
However, its use has been prohibited since 2005 due to its danger effect on environment. Many soil chemical 
alternatives have been used to achieve a similar effectiveness in controlling such soil pests. One of this 
alternatives that is used in Egypt, especially for controlling soil pests in greenhouse crops is metam sodium. 
Metam sodium is very effective soil fumigant sodium as an alternative to methyl bromide. Csinos et al. (1997 
and 2000) reported that metam sodium effectively controlled many cool and warm season weeds. Also, 
Fennimore et al. (2003) indicated that vapam HL treatment alone at 420 L/ha significantly reduced the biomass 
of common chickweed (Stellaria media L.). Likewise the common purslane seeds (Portulaca oleracea L.) was 
controlled to near zero, but vapam HL had no effect on little mallow (Malva parviflora L.) like not fumigated 
control treatment. On the other hand, Candole et al. (2007) indicated that all rates of metam treatments 
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significantly reduced the survival yellow nutsedge. Also, Geary et al. (2008) noticed that metam sodium 
treatment partial controlled some species of weeds such as (Amaranthus retroflexus, Chenopodium berlandieri, 
Echinochloa crus-galli, and Setaria glauca) 

Generally most of soil fumigants like metam sodium significantly increased yield of crops cultivated on 
treated soil compared with untreated control (McMillan and Bryan, 2001; Gilreath et al., 2004 and Nelson et al., 
2004). 

Soil solarization is a non-chemical method for controlling soil-borne pests such as pathogenic fungi, bacteria, 
nematodes and weeds in soil prior to planting the crops. This method involves heating of the soil by capturing 
radiant energy from the sun for four to six weeks during summer period of a year when the soil receives the 
direct maximum sunlight. Solarization technology does not leave any toxic chemical residue in the soil and it is 
simple, safe, effective and eco-friendly tool for the home gardens and fields. It can be easily applied on a small 
or large scale and it improves soil texture by increasing the availability of nitrogen, potassium, calcium and other 
nutrients in the soil which are essential for the growth and development of the plants (Stapleton, 1996; Scopa et 
al., 2008 and Kapoor, 2013). 

Soil solarization controls also many of the annual weeds present in the fields such as Abutilon theophrasti, 
Amaranthus retroflexus, Avena fatua, Brassica nigra, Chenopodium album, Convolvulus arvensis, Parthenium 
hysterophorus, Trianthema portulacastrum, Orobanche crenata, Orobanche ramosa, Orobanche aegyptiaca, 
Cornopus didymus, Digera arvensis, Dactyloctenium aegypticum, Echinochloa colona, Acrachne racemose and 
Xanthium strumarium etc. Solarization process generally does not control perennial weeds because perennials 
have deeply buried underground vegetative structures such as roots and rhizomes that may re-sprout after 
solarization process. Cyperus rotundus has been generally resistant to control by solarization (Haidar and 
Sedahmed, 2000; Ozores-Hampton 2004; Mauromicale et al., 2005; Singh, 2006 and Yildiz et al., 2010). All 
experiments that were conducted on solarized soil proved that this application led to plant growth improvement 
and increased the yield of crops e.g., [lettuce (Hasing, 2002), tomato (Mauromicale et al., 2005), cucumber and 
melon (Candido et al., 2008), straw berry (Yildiz et al., 2010), cucumber (Yilmaz et al., 2011), onion (Carrieri et 
al., 2013) and sweet pepper (Nunez-Zofio et al., 2013; Zayed et al., 2013)] because of reduction of weeds 
density and controlling of many soil-borne diseases and some types of nematode. 

Although the principle of solarization is simple, its mode of action is complex, because it involves not only 
the destruction of propagules, but also generates shifts in microbial populations and activity, and changes the 
physical and chemical properties of the soil. The change mainly depends on increasing soil temperatures 
reached during solarization (Mauromicale et al., 2005). Technical improvements in the efficacy of solarization 
could enable its use to be extended beyond its current limits. One possible avenue could be to incorporate more 
organic matter into the soil, prior to covering with the plastic sheet (Nasr Esfahani and Ahmadi, 1997). This 
approach, named biofumigation (both temperature and soil moisture) influence the rate of mineralization of soil 
organic matter, and this process can be promoted by solarization (Ozores-Hampton et al., 2005). Over the short 
term at least, the concentration of some soil mineral nutrients is increased in hot soils (Gelsomino et al., 2006). 
This method causes enhancement of plant growth (Chen et al., 2000). Long-term use of solarization and high 
doses of organic supplementation to solarized soil can; however, also have negative effects on both plant growth 
and beneficial soil biota populations (Assaf et al., 2006). Plant growth can be reduced when a crop is planted 
before the organic material has been fully degraded (Gamliel et al., 2000).  

Bio-fertilization is agricultural practices in sustainable agriculture that used to promote plant nutrient and 
production. Several bacterial strains are used as bio-fertilizers such as nitrogen fixing bacteria and phosphate and 
potassium solubilizing bacteria (PSB and KSB). Bio-fertilizers application makes major essential macronutrients 
available to absorption by plants and causes enhancement in plant growth and yield (Han et al. 2006). Moreover, 
bio-fertilizers contain a variety of beneficial microorganisms and enzymes which promote and improve plant 
growth and protect plants from pests and diseases that led to increase yield and quality of agriculture crops and 
reduce pollution of soil and water by chemical fertilizers (Shehata and El- Khawas, 2003; Abou-Aly et al., 
2006). Using bio-fertilizers significantly increased vegetative growth characteristics in cucumber plants i.e, plant 
height, number of leaves, leaf area, plant fresh and dry weight (Elshabrawy et al., 2010), shoot length, root 
length, number of branches, root fresh weight, shoot fresh weight, and dry weight of shoots and roots (Han et al., 
2006; Salhia, 2010; Isfahani and Besharati, 2012) as compared to non-treated control plants. Likewise 
inoculation soil or plants with bio-fertilizers cause a significant increment in early and total yield and fruit 
quality, such as fruit length, fruit diameter and fruit fresh weight (Paramar et al., 2011; Sure et al., 2012; Raeisi 
et al., 2013 and Abou-El-Yazeid et al., 2007). On the other hand, the highest content of N, P and K was observed 
in plants and fruits treated with bio-fertilizers e.g., [Azotobacter + Phosphobacteria in cucumber (Anjanappa et 
al., 2011), Azotobacter in melon (El- Fraihat, 2011), Azotobacter chroococcumand, Azospirillum sp. In sweet 
pepper (Fawzy et al., 2012). 

Cucumber (Cucumis sativus L.) is one of warm season vegetables that belongs to the family cucurbitaceae 
and growing in Egypt in open field and protecting cultivation in total area 64289.44 feddan that produce 613880 
ton (FAO, Egypt, 2012). Cucumber production in plastic houses in Egypt is very profitable especially in the 
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colder months because of the high price of summer crops in winter. Thus, the present investigation was 
conducted under plastic house condition with the objectives of 1-Studying the effect of some sterilization 
treatments and time and type of adding organic manures on weed control and subsequent effect on growth, yield 
and fruit quality of cucumber, 2- Evaluation using of bio-fertilizers on enhancement of growth, yield and fruit 
quality of cucumber. 
 

Materials and Methods 
 

The present work was conducted in a single plastic house (9×40) on silty loam soil (pH: 7.62, EC: 2.04 
ds/cm, N-NH4: 8.19 mg/L, N-NO3: 3.9 mg/L, P:38.15 mg/L, K:36.51 mg/L, Na: 17.44 mg/L) at the Farm of 
Agric. Res. Station, Fac. Agri., Cairo University, Giza, Egypt during the two sequential seasons of 2013 and 
2014 to study the effect of using bio-fertilizers with 5 weed control treatments on weeds control, growth and 
yield of cucumber.  

The present study included 10 treatments (2 bio-fertilization × 5 weed control treatments) that were laid out 
in a split- plot design with three replicates. The two bio-fertilization treatments (1-without bio-fertilization, 2-
with using bio-fertilization) were put in the main plots, while the five weed control treatments [1-Soil 
solarization + addition of  rabbit compost after solarization (T1), 2-Addition of rabbit manure + soil solarization 
after manure application (T2), 3- Addition of rabbit manure + metam sodium (T3), 4- Metam sodium 
application + addition of  rabbit compost after metam application (T4), 5- Addition of rabbit compost + 
unweeded(non-sterilized control) (T5)] were randomly distributed in the subplots. The area of each 
experimental plot was 6 m2 (5 m length × 120 cm width). 

The experiment was started in June in the two seasons (2013 and 2014). The plastic cover of the greenhouse 
was removed and the soil was good plowed and five planting ridges were done. Soil solarization treatments (T1 
and T2) were carried out on the ridges assigned for these treatments, during the hot summer months (July and 
August) by using black polyethylene mulch (35µm thick), produced by El-Ahram Company. Soil was provided 
every week with water for 1 hour through the drip irrigation system that located under the plastic mulch to 
increase the thermal sensitivity of soil pests and improve heat conduction for the more efficient eradication of 
pests in deeper soil layers (Katan, 1981). Meanwhile, soil temperature was weekly measured at 5 and 10 cm 
depth under the soil surface. Moreover, rabbit manure was added at a rate of 12 kg per plot and perfectly 
incorporated with the soil before covering ridges with the plastic mulch in the case of T2 treatment. All plastic 
mulches in each treatment were removed after the end of solrization. 

Rabbit manure was composted during the summer months (July, August and September) of two seasons, 
through the aerial fermentation without any additions. Rabbit manure was weekly wetted with water and flipped 
to speed the composting process. Compost was ready to use after 100 days.  

For metam sodium application treatments (T3 and T4), hand weeding and surface hoeing were done. Rabbit 
manure at rate 12 kg/plot was added to the soil in the case of T3 treatment (rabbit manure + metam sodium). 
Rabbit manure was thoroughly incorporated with the soil. Thereafter, metam sodium (commercial liquid 
SANALY produced by  LAINCO, S.A, Spain ) was applied on 15/9/2013 and 16/9/2014 in seasons 2013 and 
2014, respectively, to the soil of T3 and T4 treatments, at rate 200 ml/m2 mixed with 3 liter water/m2 (1 liter of 
metam with 15 liter water per plot). A 20 liter backpack sprayer was used for metam application, followed by 
rapid flipping of the soil and covering with polyethylene mulch sheets to allow the gas to transcend through the 
soil layers. Metam treatments were continued for a 15 days period, and then the plastic mulch was removed to 
allow the aeration of the soil that took 25 days. A germination test, using seeds of rocket (Eruca sativa), was 
conducted to determine whether the soil is ready for transplanting or not, to avoid seedlings injury by residues of 
metam sodium gas. Sample from treated soil was taken and put in a jar. The jar was closed with a wit cotton 
piece having few seeds of rocket and the jar cover. When the seed germination of rocket seeds was 100%, 
cucumber transplanting was done in the plastic house. Rabbit compost was added on ditches made on planting 
rows at a rate of 15 kg per plot 3 days before transplanting for T1, T4 and T5 treatments (after the end of soil 
solarization, soil disinfection with metam sodium and hand hoeing, respectively).   

Seeds of cucumber F1 hybrid cv. Hesham (Seminis Co. Netherland). Sown in foam speedlings trays (84 
cells), filled with a mixture of peat- moss: vermiculite (1:1 V/V), on 1 October and 5 October in 2013 and 2014, 
respectively. The greenhouse was covered with polyethylene sheets (180 µm thick) before transplanting. 
Cucumber transplants were planted on 25 October and 27 October in 2013 and 2014, respectively on the two 
sides of ridges (120 cm width) beside the two drip irrigation hoses and at a distance of 50 cm between hills 
within the row. Each plot included 20 plants. 

Bio-fertilization treatment carried out by using the commercial N, P and K-bio-fertilizers (Biogen, 
Phosphoren and Potassiumag) produced by the Egyptian Ministry of Agriculture and containing active bacteria 
(Biogen: Azotopacter sp. + Azosperillium sp., Phosphoren: Bacillus Megaterium and Potassiumag: Bacillus 
circulans, with total bacteria count 106: 108). These bio-fertilizers were applied twice. The first time was added 
through irrigation of the seedlings with a mixture of bio-fertlizers liquid before transplanting. The second time, 
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after 15 days from transplanting, where the soil was inoculated with the same bio-fertlizers in a solid form by 
mixing it with an enough mount of sand, then they were added beside root zone of cucumber plants. Bio-
fertlizers used at rate 4ml/l for the liquid bio-fertilizers and 500 g/fed for the solid one. 

Except no adding for the chemical fertilizers, all agricultural practices were carried out according to the 
recommendations of Egyptian Ministry of Agriculture for cucumber production in greenhouses. 

Data recorded: 1.soil temperature, 2.weeds density: represented half square meter samples of weeds were 
collected from each plot, 30 and 90 days after transplanting (DAT). Thereafter, they were separated and 
introduced as a total number and total weight of weeds, 3.vegetative growth parameters, 30 DAT (plant height, 
dry weight of the fifth leaf and leaf area of fifth leaf from meristem tip, measured by Leaf area meter), 4- yield 
and its components(early yield, marketable and unmarketable yield and total yield/m2), 5- fruit quality, 60 DAT 
(fruit fresh weight, fruit length and fruit diameter), 6- chemical content of leaves, 60 DAT [total chlorophyll 
content in fresh leaves (determined by SPAD 502 chlorophyll meter),  Nitrogen (%) : (determined in the 
digestion product using the micro-kjeldah1 method according to Piper, 1947), Phosphorus (%): (determined 
colorimetrically by using a spectrophotometer at 725μm, King, 1951), Potassium (%): (determined by using a 
flame photometer, Jackson, 1967], 7-chemical content of fruits,60 days after transplanting: Nitrate NO3 
(ppm),Nitrite NO2 (ppm) (determined by using a Spectrophotometric (AOAC Official Method of Analysis, 
2012) and total soluble solids (TSS), 60 DAT, using Zeiss laboratory refractometer. 

Statistical analysis data were statistically analyzed using MSTAT-C v. 2.1 (Michigan State University, 
Michigan, USA) and mean comparisons were based on the least significant difference (LSD) test Maxwell and 
Delaney (1989). 

 
Results  
 
Effect of soil solarization on soil temperature. 

Soil temperatures during the period of solarization taken for mulched and unmulched plots are present in 
Table 1. Results indicate that, soil temperatures elevated remarkably by mulching with the polyethylene tarps 
during the period from 1 July to 30 August in both seasons.  
 
Table 1: Average of soil temperature ( ͦ C) during solarization period (treatment T1 and T2) and control treatment  at 5-10 

cm depth under the soil in 2013 and 2014 season. 
  Season 2013 Season 2014 

  July August July August 

   Soil depth   

Weeks Solar. Tr. 5 cm 10 cm 5 cm 10 cm 5 cm 10 cm 5 cm 10 cm 

W1 

T1 Z 59 42 53 41 56 37 59 38 

T2 62 45 58 44 59 39 61 41 

Control 38 35 37 33 37 35 39 35 

W2 

T1 58 41 54 41 61 44 56 40 

T2 61 45 57 43 65 45 59 41 

Control 39 36 38 34 41 37 38 33 

W3 

T1 58 42 59 43 60 44 57 40 

T2 61 44 62 44 64 46 59 43 

Control 38 37 40 36 40 38 38 32 

W4 

T1 60 44 54 41 62 45 58 41 

T2 65 46 58 43 66 47 59 42 

Control 40 37 39 36 41 39 38 34 

Average T1 58.8 42.3 55.0 41.5 59.8 42.5 57.5 39.8 

 T2 62.3 45.0 58.8 43.5 63.5 44.3 59.5 41.8 

 Control 38.8 36.3 38.5 34.8 38.8 37.0 38.3 33.5 

Increase over control         

 T1 20.0 6.0 16.5 6.7 21 5.5 19.2 6.3 

 T2 23.5 8.7 20.3 8.7 24.7 7.3 21.2 8.3 
ZT1: Solarization followed by compost addition, T2:rabbit manure + solarization. 

In the first season, T1 treatment (solarization+ compost) increased average maximum soil temperature over 
unmulched one by 20.0

 
°C and 6.0 in July and 16.5 °C and 6.7 °C in August at 5 and 10 cm depths, respectively, 

while the second season this treatment increased average maximum soil temperature over unmulched one by 
21.0

 
°C and 5.5

 
°C in July and 19.2

 
°C and 6.3 °C in August at 5 and 10 cm depths, respectively. On the other 

hand, T2 treatment (rabbit manure + solarization) increased average maximum soil temperature over unmulched 
one by 23.5

 
°C and 8.7

 
°C in July and 20.3

 
°C

 

and 8.7
 
°C in August at 5 and 10 cm depths, respectively, while 

the second season this treatment increased average maximum soil temperature over unmulched one by 24.7 °C 
and 7.3

 
°C in July and 21.2

 
°C and 8.3

 
°C in August at 5 and 10 cm depths, respectively.  
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Effect of bio-fertilizers, sterilization and their interaction on number and fresh weight of total weeds. 
 
Number and fresh weight of total weeds, 30 days after transplanting. 
 

The effect of bio-fertilizers, sterilization and the interaction between them on number and fresh weight of total 
weeds, 30 days after transplanting is shown in Table2. Bio-fertilizers relatively increased number and fresh weight 
of total weeds, but such increase was not significant in both seasons. Meanwhile, all sterilization treatments 
caused a significant reduction in fresh weight of total weeds in both seasons, as compared with control treatment. 
However, chemical sterilization (using metam sodium) had a lower fresh weight as compared to physical one (soil 
solarization). The reduction in fresh weight due to metam sodium sterilization was significant in the first season. 
Similar effect was also detected for sterilization on total number of weeds; however, there were no significant differences between 
both of T1 (solarization followed by compost addition) and T2 (rabbit manure + solarization) treatments and unweeded 
control on the total number of weeds in the second season.  

  
Table 2: Effect of bio-fertilizer, sterilization and the interaction between them on total number and total fresh weight of 

weeds, 30 and 90 days after transplanting (DAT) during 2013 and 2014 seasons. 
    Season 2013 Season 2014 
    30 DAT 90 DAT 30 DAT 90 DAT 

    
Total 
weed No. 

Total Fresh 
Weight 

Total 
weed No. 

Total Fresh 
Weight 

Total 
weed No. 

Total Fresh 
Weight 

Total 
weed No. 

Total Fresh 
Weight 

Fertilization Sterilization (g) (g) (g) (g) 

Without 
bio-
frtilizers 

T1Z 78.00 196.30 75.67 302.00 80.33 94.17 60.33 146.00 
T2 90.33 135.30 56.67 239.70 50.67 68.50 49.00 191.30 
T3 29.00 50.33 44.67 169.50 18.67 36.50 25.00 107.70 
T4 35.33 69.67 33.33 178.80 18.67 34.50 13.33 114.30 
T5 190.70 481.70 106.70 354.70 54.67 169.00 39.67 537.00 

  Mean 84.67 186.70 63.40 248.90 44.60 80.53 37.47 219.30 

With using 
bio-
frtilizers 

T1 132.00 281.70 67.67 410.30 50.67 77.00 50.67 296.00 
T2 97.33 248.30 73.67 332.00 38.33 43.67 33.67 231.00 
T3 44.67 170.70 49.00 255.30 19.67 42.10 c 12.00 89.00 
T4 19.67 78.67 28.67 219.50 14.33 35.37 c 13.33 86.83 
T5 111.30 316.70 68.33 455.00 59.67 145.80 72.67 307.30 

  Mean 81.00 219.20 57.47 334.40 36.53 68.79 36.47 202.00 
T1 105.00 239.00 71.67 356.20 65.50 85.58 55.50 221.00 
T2 93.83 191.80 65.17 258.80 44.50 56.08 41.33 211.20 
T3 36.83 110.50 46.38 212.40 19.17 39.30 18.50 98.33 
T4 27.50 74.17 31.00 199.20 16.50 34.93 13.33 100.60 
T5 150.00 399.20 87.50 404.80 57.17 157.40 56.17 422.20 

LSD0.05 for : 
Bio-fertilization (B) 

NS NS NS 17.28 NS NS NS NS 

Sterilization (S) 35.02 81.26 16.87 86.35 22.71 56.49 27.71 104.20 
Interaction (B) × (S) 49.53 114.90 23.85 122.10 32.12 79.89 39.19 147.30 

ZT1: Solarization followed by compost addition, T2: rabbit manure + solarization, T3: rabbit manure + metam sodium, T4: metam sodium 
followed by compost addition, T5: control                                    

The interaction between bio-fertilizers and sterilization treatments had a significant influence on number and fresh 
weight of total weeds in both seasons. All sterilization treatments caused a significant reduction in fresh weight of 
total weeds in both seasons, as compared with control treatment, except T1 treatment (solarization followed by 
compost addition and bio-fertilization application) that did not significantly differ from unweeded control in fresh weight of total 
weeds. Furthermore, using metam sodium+ rabbit manure (T3)  or compost (T4) in absence of bio-fertilizers showed the 
lowest value of total fresh weight of weeds, while unweeded control +non bio-fertilizer in the first season, and unweeded 
control +bio-fertilizer in the second season recorded the highest fresh weight of total weeds. Meanwhile, T5 (control) without 
bio-fertilizer followed by T1 (solarization followed by compost addition) + bio-ferilizers contained the highest number of 
total weeds, while T4 (metam sodium followed by compost addition) + bio-fertilizer showed the lowest weeds 
number. 
 
Number and fresh weight of total weeds, 90 days after transplanting. 
 

The effect of bio-fertilizers, sterilization and the interaction between them on number and fresh weight of total 
weeds, 90 days after transplanting is shown in Table 2. Bio-fertilizers relatively increased number and fresh 
weight of total weeds, but such increase was only significant in fresh weight in the first season. Meanwhile, all 
sterilization treatments caused reduction in number and fresh weight of total weeds in both seasons, as compared 
with control treatment. However, the reduction in the number of total weed due to using T1 (Solarization 
followed by compost addition) in both season and T2 (rabbit manure + solarization ) in the second season was not 
significant, as compared with control treatment. Also, the differences between T1 treatment and control 
treatment in the fresh weight of total weed were not significant in the first season. Generally, chemical 
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sterilization (using metam sodium) had a lower fresh weight as compared to physical one (soil solarization) which was 
significant in the number of weeds in the first season and fresh weight in the second season.  

The interaction between bio-fertilizers and sterilization treatments had a significant effect on number and fresh 
weight of total weeds in both seasons.  In absence of bio-fertlization, all sterilization treatments caused a significant 
reduction in number of total weeds in both seasons and fresh weight of total weeds in the second season, as 
compared with control treatment. Similarly, T3 and T4, which included using metam sodium, significantly reduced fresh 
weight of total weeds in the first season. In presence of bio-fertilizers, T4 in both seasons, and T3 in the second season were the 
treatments that only significantly reduced number of total weeds. Under the same conditions of bio-fertilization all sterilization 
treatments,  except T1 treatment (solarization followed by compost addition + bio-fertilization application) in the first season, 
significantly decreased fresh weight of total weight as compared with hand weeding control. T4 (metam sodium followed by 
compost addition) followed by T3 (rabbit manure + metam sodium) proved to be the most effective treatment in controlling 
of the most weed species that led to a low values in both number and weight of total weeds. 
 
Effect of bio-fertilizers, sterilization and the interaction between them on vegetative growth (plant height, 
leaf area and dry weight of fifth leaf), 30 days after transplanting (DAT).  
 

Concerning the effect of bio-fertilization on vegetative growth, 30 DAT, plant height and leaf area of fifth 
leaf significantly increased without using bio-fertilizers in the first season, but no significant differences 
between using and without using bio-fertilizers were noticed in the second season. Likewise dry weight of fifth 
leaf not significantly affected by fertilization treatment in both seasons (Table 3.) 

 Data indicated that sterilization had no significant effects on leaf area and dry weight of fifth leaf in the two 
seasons, while plant height was significantly affected by sterilization, where treatments of metam (T3& T4) 
gave the highest plant height over the other treatments in the first season. Similarly in the second season plant 
height significantly increased in treatments (T2, T3 and T4) as compared with control treatment. 

With regard to the interaction between bio-fertilizers and sterilization, data in the same Table referred that 
plant height significantly increased in the treatments of metam (T3& T4) without using bio-fertilizers as 
compared with control treatment. Also T4 without bio-fertilizers gave the highest value of leaf area in the first 
season but without significance as compared with control treatment. Moreover the interaction had no significant 
effect on dry weight of the fifth leaf in both seasons, and leaf area in the second season. 
 
Table 3: Effect of bio-fertilizers, sterilization and the interaction between them on vegetative growth (plant height, leaf area 

and dry weight of fifth leaf), 30 days after transplanting (DAT). 

    
Plant height (m2)  after 

30 DAT 
Leaf area (cm2) of fifth leaf Dry weight of fifth leaf  (g) 

Fertiliz. Steriliz. 2013 2014 2013 2014 2013 2014 

Without bio-frtilizers 

T1  1.73 1.66 60.22 60.44 0.16 0.14 
T2 1.71 1.81 64.65 67.91 0.12 0.15 
T3 2.05 1.87 67.55 66.84 0.13 0.14 
T4 2.01 1.95 74.74 59.02 0.15 0.14 
T5 1.70 1.67 73.05 58.27 0.17 0.12 

  Mean 1.84 1.79 68.04 62.50 0.14 0.14 

With using bio-frtilizers 

T1  1.60 1.59 52.69 64.35 0.13 0.15 
T2 1.66 1.80 64.55 69.69 0.15 0.15 
T3 1.64 1.70 64.65 69.69 0.14 0.16 
T4 1.73 1.85 61.36 70.13 0.14 0.15 
T5 1.68 1.63 58.00 68.27 0.14 0.19 

  Mean 1.66 1.71 60.25 68.43 0.14 0.16 
T1  1.67 1.63 56.45 62.40 0.15 0.15 
T2 1.68 1.80 64.60 68.80 0.13 0.15 
T3 1.84 1.79 66.10 68.27 0.13 0.15 
T4 1.87 1.90 68.05 64.58 0.14 0.14 
T5 1.69 1.65 65.52 63.27 0.16 0.16 

LSD0.05 Bio-fertilizers (B) 0.15 NS 5.86 NS NS NS 
LSD0.05 Sterilization (S) 0.13 0.12 NS NS NS NS 
LSD0.05 (B) × (S) 0.19 0.16 18.81 NS  NS 0.05 

ZT1: Solarization followed by compost addition, T2: rabbit manure + solarization, T3: rabbit manure + metam sodium, T4: metam sodium 
followed by compost addition, T5: control   
 

Effect of bio-fertilizer and sterilization and their interaction between them on chemical contents of leaves. 
 
Total chlorophyll content. 

 
Data on Table 4 indicated that bio-fertilization significantly influenced total chlorophyll content in leaves, where 

chlorophyll content in treatment without bio-fertilization was significantly higher than treatment with using bio-
fertilization in both seasons. 
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Sterilization also had a significant effect on chlorophyll content in leaves. Data in the same Table revealed that 
the solarization treatments, T1 and T2 gave significantly a higher chlorophyll content in leaves as compared to the 
other treatments in the two seasons. Likewise, the lowest chlorophyll content was noticed in T4 (metam sodium 
followed by compost addition) and T5 (control) in both seasons. 

The interaction between bio-fertilizers and sterilization was significant. Data revealed that in absence of bio-
fertilization, solarization treatments (T1 and T2) significantly increased chlorophyll content in leaves as compared 
with unweeded  control. This was achieved in both seasons. These results were also recorded in presence of bio-
fertlizers in the second season in the case of T1 (using solarization followed by compost addition). Generally 
treatments of solarization T1 and T2 without bio-fertilizers recorded the highest values of chlorophyll content in 
both seasons. 
 
Table 4: Effect of bio-fertilizer and sterilization and their interaction between them on chemical contents of leaves (Total 

chlorophyll content and NPK %), 60 days after transplanting (DAT) in 2013 and 2014 seasons. 
N% P% K% SPAD chlorophyll % 

Fertiliz. Steriliz. 2013 2014 2013 2014 2013 2014 2013 2014 

Without 
bio-frtilizers 

T1  3.38 4.48 0.47 0.49 2.28 2.15 47.95 41.97 
T2 3.97 5.56 0.54 0.55 2.33 2.52 45.71 43.45 
T3 3.99 4.70 0.32 0.54 2.45 1.97 43.92 39.87 
T4 2.96 4.96 0.53 0.46 2.42 2.20 39.27 35.78 
T5 3.28 4.93 0.45 0.36 2.05 1.80 38.00 32.47 

  Mean 3.52 4.93 0.46 0.48  2.31 2.13 42.97  38.71  

With using bio-
frtilizers 

T1  2.33 3.99 0.48 0.39 1.98 1.97 39.57 40.72 
T2 4.38 4.33 0.49 0.32 1.65 1.18 36.18 33.82 
T3 5.20 4.05 0.40 0.30 2.38 1.57 36.32 31.87 
T4 7.16 4.40 0.36 0.36 2.20 2.23 30.89 35.30 
T5 4.57 5.13 0.41 0.41 1.80 1.85 35.33 35.43 

  Mean 4.73 4.38 0.43 0.36 2.00 1.76 35.66 35.43 
T1  2.86 4.24 0.47 0.44 2.13 2.06 43.76 41.35 
T2 4.18 4.95 0.52 0.44 1.99 1.85 40.95 38.64 
T3 4.60 4.38 0.36 0.42 2.42 1.77 40.12 35.87 
T4 5.06 4.68 0.45 0.41 2.31 2.22 35.08 35.54 
T5 3.93 5.03 0.43 0.38 1.93 1.83 36.67 33.95 

LSD0.05 for: 
Bio-fertilizers (B) 

NS NS NS 0.05 NS 0.22 2.29 1.65 

Sterilization (S) 1.77 NS 0.14 0.11 0.25 NS 3.15 2.79 
Interaction (B) × (S) 2.51 NS 0.20 0.15 0.35 0.61 4.46 3.94 

ZT1:Solarization followed by compost addition, T2: rabbit manure + solarization, T3: rabbit manure + metam sodium, T4: metam sodium 
followed by compost addition, T5: control.  
 

Effect of bio-fertilizer and sterilization and the interaction between them on NPK% of cucumber leaves. 
 

Data concerning NPK % of cucumber leaves are shown in Table 4. Data indicated that, except P% and K% of 
leaves in the second season, bio-fertilizers did not show any positive effect on NPK concentrations in cucumber 
leaves in both seasons, as compared without using bio-fertilizers. In contradiction, P and K% in leaves were higher 
without bio-fertilizers than with adding bio-fertilizers, especially in the second season which was significant 

The same Table showed the effect of sterilization on NPK% of cucumber leaves. As compared with control, 
there was no significant effect for soil sterilization on NPK% of cucumber leaves in both seasons, except the 
significant reduction in N% in the second season due to T1 treatment, and significant increase in K% in the first 
season due to of T3 and T4 treatments. 

Regarding the effect of interaction between bio-fertilizers and sterilization on NPK % of cucumber leaves, the 
same data referred that the highest values of nitrogen % in leaves were noticed in T4 with using bio-fertilizers in the 
first season as well as T2 without using bio-fertilizers in the second season in P% and K% as compared with control. 
Also K% in leaves significantly increased with T3 and T4 with or without using bio-fertilizers in the first season as 
compared with control. In contradiction, the lowest values of N% were recorded with T1 and T3 in the second 
season in leaves with using bio-fertilizers, it was clearly noticed that leaves with T2 treatment with adding bio-
fertilizers had the lowest value of K% in the second season, as compared with control. Except the obvious 
differences, there were no significant differences among all sterilization treatments and control with or without bio-
fertilizers on NPK% of cucumber leaves in both seasons. 

 
Effect of bio-fertilizer, sterilization and their interaction on yield and its components. 
 
Early yield  
 

Table 5 showed that the effect of bio-fertilization on early yield was not significant, in the two seasons. 
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Regarding the effect of sterilization treatments on early yield, the same data indicated that T2 and T3 in the first 
season as well as T3 and T4 in the second season had significant increase in early yield, as compared with control. 

With respect to the effect of the interaction between bio-fertilizers and sterilization on early yield, in the first 
season the highest early yield was found in T3 without bio-fertilizers, while in the second season T4 without bio-
fertilizers recorded the highest value of early yield, likewise the lowest early yield was observed in T5 control with 
using bio-fertilizers in the first season and in T1 with or without bio-fertilizers in the second season. 
 
Total yield 
 

As shown in Table 5, total yield was decreased due to using bio-fertilizers in the both seasons, but such decrease 
was significant in the first season only. 

Regarding effect of sterilization treatments on total yield, data presented in the same table revealed that T3 (rabbit 
manure + metam sodium) in the first season, and T4 (metam sodium followed by compost addition) in the second 
season led to a significant increase in total yield as compared with T5 (hand weeding control). 

The interaction between sterilization treatments and bio-fertilizers was significant in both seasons. In the first season, 
T1 (Solarization followed by compost addition) had remarkable higher yield than the control treatment in absence of 
bio-fertilization. In contrast, no significant differences in total yield were detected between sterilization treatments and 
control in presence of bio-fertilization. In the second season, T4 without bio-fertilization, and T2, T3 and T4 in presence 
of bio-fertilzers had higher yield than control in presence and absence of bio-fertilization.   
   
Marketable and unmarketable yield. 
 

With respect to the effect of bio-fertilizers on marketable and unmarketable yield, data shown in Table 5 
indicated that marketable yield significantly decreased with using bio-fertilizers in the first season. Also in the 
second season, marketable yield in non bio-fertilized plot was higher than the bio-fertilized one but without 
significant differences. On the other hand, unmarketable yield was not significantly affected by bio-fertilizers in both 
seasons. 
 
Table 5: Effect of bio-fertilizers and sterilization and their interaction on yield and its component (total marketable yield, 

total unmarketable yield, total yield and early yield during 2013 and 2014 seasons. 

  
 Total marketable 

yield (kg/m2) 
Total unmarketable 

yield (kg/m2) Total yield (kg/m2) Early yield (kg/m2) 
Fertiliz. Steriliz 2013 2014 2013 2014 2013 2014 2013 2014 

Without  
bio-frtilizers 

   T1 Z 5.18 4.09 0.12 0.11 5.30 4.20 1.22 0.79 
T2 4.29 4.12 0.11 0.07 4.41 4.19 1.14 0.86 
T3 4.75 4.27 0.14 0.06 4.89 4.33 1.43 1.13 
T4 4.33 5.63 0.17 0.09 4.50 5.73 1.32 1.80 
T5 3.44 3.95 0.06 0.11 3.50 4.06 0.95 0.87 

  Mean 4.40 4.41 0.12 0.09 4.52 4.50 1.22 1.09 

With using bio-
frtilizers 

T1  2.90 2.88 0.16 0.06 3.06 2.95 1.00 0.73 
T2 3.00 4.57 0.14 0.05 3.15 4.62 1.20 1.19 
T3 3.79 4.71 0.14 0.07 3.93 4.78 1.18 1.47 
T4 3.34 4.94 0.12 0.08 3.46 5.03 0.93 1.71 
T5 2.58 2.99 0.18 0.07 2.76 3.07 0.78 0.90 

  Mean 3.12 4.02 0.15 0.07 3.27 4.09 1.02 1.20 
T1  4.04 3.49 0.14 0.09 4.18 3.57 1.11 0.76 
T2 3.65 4.34 0.13 0.06 3.78 4.40 1.17 1.03 
T3 4.27 4.49 0.14 0.06 4.41 4.56 1.30 1.30 
T4 3.84 5.29 0.14 0.09 3.98 5.38 1.13 1.75 
T5 3.01 3.47 0.12 0.09 3.13 3.56 0.87 0.88 

LSD0.05:  
Bio-fertilizers (B) 

  
1.16 NS NS NS 1.09 NS NS NS 

Sterilization (S) 1.03 1.07 NS 0.04 1.06 1.08 0.30 0.22 
B × S 1.45 1.51 NS 0.05 1.50 1.53 0.43 0.31 

ZT1: Solarization followed by compost addition, T2: rabbit manure + solarization, T3: rabbit manure + metam sodium, T4: metam sodium followed 
by compost addition, T5: control. 

Regarding the effect of sterilization on marketable and unmarketable yield, data in the same Table referred that 
all sterilization treatments increased marketable yield as compared with control in both seasons. Nevertheless, such 
increase was significant with T1 and T3 in the first season and T4 in the second season. Furthermore sterilization 
treatments had no significant effects on unmarketable yield in both seasons. 

Concerning the effect of interaction between bio-fertilizers and sterilization on marketable and unmarketable 
yield, data indicated that all sterilization treatments, except T1 in presence of bio-fertilization, had generally higher 
yield than control under both bio-fertilzation and absence of bio-fertilzation. However, the increase in marketable 
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yield in absence of bio-fertilizers was only significant in the case of T1 in the first season and T4 in the second 
season and with T2, T3 and T4 in presence of bio-fertilizers in the second season.  It was clear that the highest total 
marketable yield was observed in T1 without using bio-fertilizers in the first season, while treatment T4 without 
using bio-fertilizers gave the highest total marketable yield in the second season. Likewise, the lowest total 
marketable yield was obtained from T1 and T5 control with using bio-fertilizers in both seasons.  

Moreover, the interaction was not significant on the unmarketable yield in the first season, but in the second 
season treatments T1 and T5 without using bio-fertilizers showed the highest value of unmarketable yield. On the 
contrary, the least unmarketable yield was noticed in T2 with using bio-fertilizers. 
 
Effect of bio-fertilizer and sterilization and their interaction on physical fruit quality, 60 days after transplanting  
 

Data presented in Table 6, showed that bio-fertilization led to relative decrease in fruit fresh weight and fruit 
length; however, the differences in fresh weight, length and diameter of cucumber fruits, 60 days after transplanting 
were not significant. . 

Data in the same Table indicated that weed control treatments had no effect on fruit fresh weight and fruit 
physical dimensions, i.e. length and diameter. Nevertheless, fruit diameter obtained from plants treated their soil 
with metam sodium followed by compost addition (T4), and those obtained from plants treated their soil with rabbit 
manure followed by solarization (T2) were thinner that those harvest from control plant. These results were true 60 
days after transplanting in both seasons. 

The interaction between bio-fertilizers and sterilization was significant concerning its effect on fruit fresh weight, 
fruit length and fruit diameter in both seasons T2 treatment (rabbit manure application followed by soil solarization) 
+ bio-fertilizers showed the lowest value of fruit weight and dimension in both seasons and fruit length in the first 
season, while control treatment produced the thinnest fruits in the second season. On the other hand,  the highest 
value of fruit fresh weight and fruit length were recorded In the first season for T3 (rabbit manure application 
followed by metam sodium application) without bio-fertilization, Meanwhile,  the highest fruit diameter value In the 
first season was detected in T4(metam sodium application followed by compost addition) in presence of bio-
fertilization. In the second season, T1 treatment (soil solarization followed by compost addition) without bio-
fertilization gave the highest value of fresh weight and length. 

 
Effect of bio-fertilizers, sterilization and their interaction on chemical fruit quality, 60 days after transplanting. 
 
Nitrate (NO3) and nitrite (NO2) content. 
 

As shown in Table 6, data showed that the effect of bio-fertilization on nitrate and nitrite content in fruits was not 
significant in the two seasons. 
With respect to the effect of sterilization on nitrate and nitrite content in fruits, T5 control achieved the highest 
significant value in nitrate and nitrite, while the least value was found in T2 and T4, followed by T3 in the first 
season. On the other hand, in the second season sterilization had no significant effects on both nitrate and nitrite 
content in fruits. 

The same data revealed that the effect of the interaction between bio-fertilization and sterilization on nitrate and 
nitrite in fruits was significant in the first season, as no significant differences were observed in the second season 
between treatments. Moreover in the first season the highest content of nitrate and nitrite was obtained from T5 
control with using bio-fertilizers and T2 without bio-fertilizers recorded the lowest significant value of both nitrate 
and nitrite. 

 
Fruit TSS %, 60 days after transplanting (DAT) 
 

Table 6 show the fruit TSS %, data referred that both bio-fertilization and sterilization had no significant effects 
on fruit TSS % after 60 DAT, in both seasons. 
There were significant effect for interaction on fruit TSS% after 60 DAT, where T1 without bio-fertilizers gave the 
highest value of fruit TSS% and T5 control recorded the lowest one in the first season. Also T3 without bio-
fertilizers achieved the highest value, while the lowest TSS% of fruits was noticed in T3 with using bio-fertilizers in 
the second season. 
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Table 6: Effect of bio-fertilizers and sterilization and their interactions on physical characters of fruits (fruit length, fruit 
diameter and fruit weight) and chemical characters  (Tss %, NO3 and NO2), 60 days after transplanting (DAT) in 
the two seasons 2013 and 2014. 

 Physical characters Chemical characters 

  

Fruit length 
(cm) 60 DAT 

Fruit 
dimeter(cm) 
after 60 DAT 

Fruit fresh 
weight (g) after 

60 DAT 

Fruit TSS % 
after 60 DAT 

NO3 
(ppm) 

NO2 
(ppm) 

Fertilization 
Steriliz
-ation 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 

without 
bio-

fertilizers 

   T1 Z 13.00 13.40 2.71 1.97 71.92 55.00 3.75 3.93 264.70 264.90 214.40 215.00 
T2 13.11 13.10 2.61 1.93 75.38 51.30 3.57 3.87 154.00 275.20 125.00 223.40 
T3 13.50 12.93 2.78 1.90 82.98 48.20 3.30 3.97 210.50 294.20 170.70 237.60 
T4 12.33 13.37 2.80 2.00 63.90 52.43 3.49 3.77 225.20 278.70 182.80 226.10 
T5 12.50 13.00 2.75 2.00 64.92 52.33 3.06 3.67 257.90 278.70 195.80 226.20 

  Mean 12.89 13.16 2.73 1.96 71.82 51.85 3.43 3.84 222.50 278.30 177.80 225.70 

with using 
bio-

fertilizers 

T1  12.22 13.07 2.60 2.00 65.13 49.00 3.41 3.70 251.40 239.00 204.00 194.10 
T2 12.00 12.83 2.46 1.77 54.97 45.17 3.38 3.70 259.90 260.50 210.90 211.40 
T3 12.28 12.83 2.92 2.00 71.04 50.43 3.37 3.50 243.50 270.60 197.60 219.60 
T4 12.94 13.07 2.95 1.93 79.44 47.30 3.39 3.80 210.50 229.90 170.80 186.60 
T5 13.31 12.20 2.82 2.00 71.17 49.30 3.63 3.73 283.30 285.40 230.00 231.70 

  Mean 12.55 12.80 2.75 1.94 68.35 48.24 3.44 3.69 249.70 257.10 202.70 208.70 
T1  12.61 13.23 2.66 1.98 68.53 52.00 3.58 3.82 258.00 252.00 209.20 204.60 
T2 12.56 12.97 2.54 1.85 65.17 48.23 3.47 3.78 206.90 267.80 168.00 217.40 
T3 12.89 12.88 2.85 1.95 77.01 49.32 3.33 3.73 227.00 282.40 184.20 228.60 
T4 12.64 13.22 2.88 1.97 71.67 49.87 3.44 3.78 217.90 254.30 176.80 206.30 
T5 12.90 12.60 2.79 2.00 68.04 50.82 3.35 3.70 270.60 282.00 212.90 228.90 

LSD0.05 for : 
 Bio-fertilization (B)   NS NS NS NS NS NS NS NS NS NS NS NS 
Sterilization (S) NS NS 0.33 0.09 NS NS NS NS 31.54 NS 26.52 NS 
Interaction (B) × (S) 1.29 1.15 0.47 0.12 21.23 5.75 0.52 0.23 44.60 NS 37.50 NS

Discussion 

Bio-fertilizers increased number and fresh weight of total weeds 30 and 90 days after transplanting; 
however, the increase was only significant in fresh weight in the first year 90 days after transplanting. The 
significant increase in the fresh weight in the first season may be owing to the high density of weeds in the first 
season comparing to that recorded in the second season. The relative increase in the total number of weeds may 
be attributed to presence of a variety of beneficial microorganisms in the bio-fertilizers which protect weeds 
from pests and diseases. On the other hand, the increase in fresh weight in plots treated with the bio-fertilizers, 
which was significant in the first year 90 days after transplanting, may be due to making the  major essential 
macronutrients available to absorption by plants and causes enhancement in plant growth and yield (Han et al. 
2006). Moreover, bio-fertilizers contain a variety of beneficial microorganisms and enzymes which promote and 
improve plant growth (Shehata and El- Khawas, 2003; Abou-Aly et al., 2006).  

Concerning effect of bio-fertilzers on vegetative growth of cucumber, it was clear that except the significant 
high value of plant height 30 days after transplanting in the first season in absence of bio-fertilizers, there were 
no significant effects for bio-fertilizers on vegetative growth characters, i.e. plant height, leaf area and dry 
weight of the fifth leaf. 

The low value of plants height in plots treated with bio-fertilizers may be attributed to the high density of 
weeds in these plots comparing with without bio-fertization. . It was reported that weeds can suppress the plants 
of different crops by competing for environmental resources like water, light and nutrients and production of 
allelopathic compounds (Singh et al. 2003). 

Data concerning NPK % of cucumber leaves are shown in Tables 4. Data indicated that, except P and K% of 
leaves in the second season, bio-fertilizers did not show any positive effect on NPK concentrations in cucumber 
leaves in both seasons, as compared without using bio-fertilizers. In contradiction, P and K% in leaves were higher 
without bio-fertilizers than with adding bio-fertilizers, especially in the second season which was significant. The 
low value of P and K% in cucumber leaves in plots treated with bio-fertilizers may be attributed to the high 
density of weeds in these plots comparing with without bio-fertization.  It is well known that weeds are 
competitive with the crop plants for environmental resources like nutrients (Singh et al. 2003)., 

Data on Table 4 indicated that bio-fertilization significantly influenced total chlorophyll content in leaves, where 
chlorophyll content in treatment without bio-fertilization was significantly higher than treatment with using bio-
fertilization in both seasons. The low value of chlorophyll content in cucumber leaves in plots treated with bio-
fertilizers may be attributed to the high density of weeds in these plots comparing with without bio-fertization. It 
is well known that weeds are competitive with the crop plants for environmental resources like water, and light 
(Singh et al. 2003). 
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Data shown in Table 5 indicated that total and marketable yield significantly decreased with using bio-fertilizers 
in the first season. Also, in the second season, total and marketable yield in non-bio-fertilized plot was higher than 
the bio-fertilized plot but without significant differences. On the other hand, unmarketable yield was not 
significantly affected by bio-fertilizers in both seasons. The low total and marketable yield in bio-fertilzed plots may 
be attributed to the relatively low plant growth, low nutrient contents and low chlorophyll contents in leaves of such 
plants which also due to the high density of weeds in such plots.  

Data presented in Table 6, showed that, after 60 days from transplanting, bio-fertilization led to significant 
decrease in fruit fresh weight and fruit length  in both seasons These results may be attributed to the interaction 
effect between weeds density and bio-fertilzation effect. 

As shown in Table 6, data referred that bio-fertilizers had no significant influence on nitrate and nitrite content in 
fruits as well as on fruit TSS % after 60 DAT, in both seasons 

The present results indicated that solarization alone increased soil temperature at 5 cm depth from 16 to 20 
°C, while manure plus solarization increased soil temperature at 5 cm depth from 20.3 to 23.5 °C

 
.This result is 

almost in line with those obtained by El-Shami et al. (1990); Mohamed (1990) who recorded increase in soil 
temperature due to solarization and Sunboul, (1999) who proved that adding manure before solarization 
increased soil temperature than using solarization alone, which confirm our results. 

Maximum temperatures obtained at the layer 5-10 cm of the mulched soil (57- 47.5°C) were in the range 
considered to be lethal to many weeds (Sunboul, 1999). 

The most prevailing weeds in the present study were (Sorghum virgatum Hack, Cascuta planifora Ten., 
Amarathus ascendens Lois., Sonchus oleraceus L., Bidens bipinnata L., Euphorabia geniculate Ortega, 
Anagallis arvensis L., Convolvulus arvensis L., Chinopodium album L., Cichorium endivia L., Portulaceae 
oleracea L.,  Malva parviflora L., Echinocloa colonum (L.) link and Cyperus rotundus L.). 

All sterilization treatments caused pronounced decrease in the number and fresh weight of total weeds, after 30 
and 90 days from transplanting. The reduction in fresh weight of total weeds was significant in both seasons, as 
compared with control treatment. The success of soil solarization depends on the soil temperatures reached 
during the process (De Vay, 1990). Moreover, chemical sterilization (using metam sodium) had a lower fresh weight as 
compared to physical one (soil solarization).Contra results were found by Schreiner et al. (2001) who indicated that 
solarization was more effective than methyl bromide and metam sodium in controlling winter annual weeds 
measured 8 months after treatment, and they noticed that  number of these weeds per m2 was significantly 
decreased by solarization treatment compared to chemical sterilization. The effective influence of metam sodium 
in controlling of many cool and warm season weeds was previously proved by many researchers like Csinos et al. 
(1997and 2000) Fennimore et al. (2003) , Candole et al. (2007) and Geary et al. (2008). 

  Fennimore et al. (2003) indicated that vapam HL treatment alone at 420 L/ha significantly reduced the 
biomass of (stellaria media L.), likewise the common purslane seeds (portulaca oleracea L.) was controlled to 
near zero, but vapam HL had no effect on (Malva parviflora L.) like not fumigated control treatment. On the 
other hand, Candole et al. (2007) indicated that all rates of metamtreatments significantly reduced the survival 
yellow nutsedge. Also, Geary et al. (2008) noticed that metam sodium treatment partial controlled some species 
of weeds such as [(Amaranthus retroflexus), (Chenopodium berlandieri), (Echinochloa crus-galli), and (Setaria 
glauca)]. 

The positive effect of soliarization on weed control was also reported (Haidar and Sedahmed, 2000; Ozores-
Hampton 2004; Mauromicale et al., 2005; Singh, 2006 and Yildiz et al., 2010). 

Adding fresh manure before soil solarization was more effective in weed control as compared with 
application of solarization then adding rabbit compost. These results were due to increasing soil temperature 
during solarization in the case of adding fresh rabbit manure before solarization comparing to conducting 
solarization then adding rabbit compost. It is well known that the temperature of manure increased during early 
stage of composting. Thus, the soil temperature under plastic cover was due the greenhouse effect of 
solarization and composting of rabbit manure. Similar results were reported by Haidar and Sedahmed (2000) 
who found that solarization treatments alone killed Orobanche seeds at 0 depths, but had no significant effect on 
Orobanche seeds below this depth. Solarization with chicken manure killed Orobanche seeds at all depths. 

Soil sterilization using metam sodium in both seasons caused significant increase in plant height after 30 days 
after transplanting. Similarly, adding rabbit manure thereafter application of soil solarization significantly improved 
plant height after 30 days after transplanting. On the other hand, no significant effect for all soil sterilization 
treatments were detected on leaf area, and fresh and dry weight of the fifth leaf in both seasons. The positive effect 
of metham sodium treatments and solarzition treatment may refer to reducing weed density by this treatment which 
gave a chance to cucumber plants to grow without competition.  

 Several researchers indicated that increase in vegetative growth in plants grown in solarized soils as 
compared with non-solarized soils. Such enhancement was noticed in pepper, radish and Chinese cabbage 
(Stapleton et al, 1985), onion (Adetunji, 1994), cucumber (Coates-Beckford et al., 1997), tomato (Mauromicale, 
2005) and dry beans (Ibarra-Jimenez et al., 2012). Some authors explained that the reason of increment in 
growth of plants cultivated in solarized soils due to phenomenon called increased growth response (IGR) that 
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reported in artificially heated, fumigated and solarized soils; moreover, IGR noticed in infected and non infected 
soils with pathogens and pests after solarization treatment. So authors indicated that enhancement of plant 
growth in solarized soil occurs because of number of biotic and abiotic soil factors, alone or in combination may 
be involved in IGR. Likewise, different mechanisms, notrelated to pathogen control, were mentioned for 
explaining IGR in disinfested soils e.g., increased micro and macro elements in the soil solution, promote of 
beneficial microorganisms suppression of harmful microorganisms, destruction of phytotoxic substances in the 
soil, release of growth regulator, and improvement of soil structure (Chen et al., 1991 and Grünzweig et al., 
1993&1999).  

Concerning the effect of sterilization on chemical content of cucumber leaves the present investigation clearly 
indicated that both soil solarization treatments in the two seasons, and T3 treatment (rabbit manure followed by 
metam sodium application in the first season caused significant increment in chlorophyll content. On the other hand, 
as compared with control, there was no significant effect for soil sterilization on NPK% of cucumber leaves in both 
seasons, except the significant reduction in N% in the second season due to T1 treatment, and significant increase in 
K% in the first season due to of T3 and T4 treatments. It was reported that both temperature and soil moisture 
influence the rate of mineralization of soil organic matter, and this process can be promoted by solarization. 
Over the short term at least, the concentration of some soil mineral nutrients is increased in hot soils (Akhtar 
andMalik, 2000; Thuriès et al.,2000; Gelsomino et al., 2006), thus potentially enhancing plant growth (Chen et 
al., 2000). Long-term use of solarization and high doses of organic supplementation to solarized soil can; 
however, also have negative effects on both plant growth and beneficial soil biota populations (Assaf et 
al.,2006) 

Generally soil sterilization caused remarkable rise in early, marketable and total yield as compared with hand 
weeding control. It was clear that metam sodium treatments especially in the second season and T2 treatment (rabbit 
manure + soil solarization) in the second season caused significant enhancement for early yield. Similarly, the 
increase in marketable yield was significant in the case of T1 (solarization followed by compost application) and T3 
(rabbit manure + metam sodium) in the first season as well as T4 (metam sodium application followed by compost 
application) in the second season. Similarly, T3 (rabbit manure + metam sodium) in the first season as well as T4 
(metam sodium application followed by compost application) in the second season significantly increased total 
yield. The increase in cucumber yield due to soil sterilization may be attributed to absence of weed completion. All 
experiments that were conducted on solarized soil proved that this application increased the yield of crops e.g., 
cucumber, melon, lettuce, sweet pepper, tomato, onion and straw berry, because of reduction of weeds density 
and controlling of many soil-borne diseases and some types of nematode. All of these factors led to plant growth 
improvement and yield increase (Candido et al., 2008; Yilmaz et al., 2011; Carrieri et al., 2013; Nunez-Zofio et 
al., 2013 and Zayed et al., 2013).  

Also, It was reported that soil fumigants like metam sodium significantly increased yield of crops cultivated 
on treated soil compared to untreated control (McMillan and Bryan, 2001; Gilreath et al., 2004 and Nelson et 
al., 2004). 

The present results revealed that weed control treatments had no influence on fruit fresh weight. Moreover, fruit 
diameter obtained from T4 plants (plants treated their soil with metam sodium followed by compost addition) and 
those obtained from T2 plants (treated their soil with rabbit manure followed by solarization) were thinner that those 
harvest from control plant. 

Soil sterilization improved chemical quality of cucumber fruits. In this respect, T2 and T4, followed by T3 
treatment significantly reduced nitrite and nitrate in fruits in the first season. Moreover the interaction between bio-
fertilizers and sterilization showed that treatments T1 (Soil solarization + addition of rabbit compost ) without bio-
fertilizers in the first season and T3 (Addition of rabbit manure + metam sodium) without bio-fertilizers in the 
second season  gave the highest values of fruit TSS as compared with control. The positive effect of both T1 and T3 
treatments without bio-fertilizers on fruit quality (increasing TSS in fruits) may be related to the low density of weed 
in these treatments. This result may refer to achieving good conditions (like light, water, nutrient elements et…) for 
Photosynthesis that led to better growth and more accumulation for sugars in cucumber fruits. It is also found that 
plants grown under light conditions had lower nitrate contents than those grown under shading (Schuphan et al., 
1967). 

Candido et al., (2008) referred that solarization treatments significantly increased the total soluble solids of 
melon fruits by (+25%) in solarized than in non-solarized plots. On the contrary, total soluble solids in tomato 
fruits were lower in solarized than non-solarized plots. Authors explained that effect due to the small fruit size in 
melon and the larger fruit size in tomato as response to solarization treatment. 
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