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Abstract 
A field experiment was conducted at the Agricultural Research Station, Hada Al-Sham, King Abdulaziz 

University in the two successive seasons of 2014 to investigate the lettuce plant yield and its content of harmful 

nitrate when grown with a combined application of cellulose-decomposing bacilli and organic fertilizers 

compared to recommended traditional mineral fertilization of N, P and K. In addition, the main various groups of 

soil microorganisms, i.e. total microbial counts, total fungi, total actinomycetes and total cellulose-decomposing 

microorganisms were evaluated at the final stage of lettuce growth. Five cellulose-decomposing bacilli strains 

were isolated and designated as Sh1, Sh2, Rh1, Rh2 and C. The strains Sh1 and Sh2 were isolated from sheep 

dung; strains Rh1 and Rh2 were isolated from the plant rhizosphere, and strain C was isolated from mature 

compost. Strains Sh2 and C exhibited the highest efficiency in cellulose decomposition as detected by clear 

zones on CMC agar medium. Bio- and organic fertilization treatment performed synergistically in increasing the 

leaf, root and whole plant dry weight to levels that were not significantly different from the NPK fertilization 

treatment. Inclusion of the cellulose-decomposing bacilli to the combined treatment of cow manure and palm 

tree leaves increased leaf dry weight (g/plant) by 19.15 % over the chemical fertilizer treatment. Both bio- 

organic treatments of olive by-product waste and cow manure + palm tree leaves waste + cellulose-decomposing 

bacilli increased plant dry weight by 11.04 and 11.86 % consecutively in comparison with the positive control. 

The bio-organic treatments reduced the percentages in the nitrate content from 21.2 to 41.4, with the highest 

reduction obtained with the treatment of cow manure + barley straw and the lowest with cow manure. The 

reduction in percentages in nitrate ranged from 34.0 with cow manure to 58.6 with cow manure + barley straw. 

Application of cellulose-decomposing bacilli together with the organic treatments enriched the soil with high 

numbers of the total microbial count, actinomycetes and fungi in comparison with treatments that did not receive 

the cellulose-decomposing bacilli. In conclusion, application of bio-organic farming became inevitable to get 

organic products safe for human consumption. 
 

Key words: Bio-organic farming, lettuce, nitrate, cellulose-decomposing bacilli, cow manure, olive by-product 

waste, barley straw, palm tree leaves waste. 
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INTRODUCTION 
 

Currently, bio-organic farming practices are of great importance for sustainable agriculture to stop the 

deterioration of agricultural lands and the environment, to obtain yields safe for human and animal consumption, 

to encourage the natural enemies of harmful insects and to suppress soil-borne diseases (Gomaa et al., 2005). 

Recently, there has been a renewed interest to utilize the natural resources for food production while reducing 
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the serious diseases caused by application of huge amounts of agro-chemicals in agriculture. Application of 

biofertilizers together with organic manures is analternative safe way to grow organic products safe for human 

consumption (Gomaa et al., 2002). Further, both biofertilizers and organic manures improve the biological, 

physical and chemical properties of soil (Lampkin, 1990). Results comparable to the positive control of chemical 

fertilizers were obtained for various parameters of bean growth parameters when using organic manuring of bean 

plants and diverse composted agriculturalresidues. 
 

Organicmanuringofbeanplantswithdifferenttypesofcompostedagriculturalresiduesinduced a  significantly 

higher yield of snapbeans than did the chemical fertilizer either alone or when accompanied with microelements 

(Ebadah et al., 2006). Saleh et al. (2006) stated that organic fertilization with municipal solid waste (MSW) 

reduced leaf N and K contents of Thomson seedless grapevine compared with100% mineral N fertilization, 

while theirP content was not affected.Gomaa and Magda (2007) found that the highest forage yield of guar was 

obtained with application of the bio-organic treatment at 20 t/fed. FYM+Rhizobium+Rhodotorula. 
 

Lettuce (Lactuca sativa) is an annual plant of the daisy family Asteraceae. It is most often grown as a leaf 

vegetable, but sometimes for its stem and seeds. Lettuce was first cultivated by the ancient Egyptians who 

transformed it from a weed whose seeds were used to produce oil into a food plant grown for its succulent leaves 

andits oil-rich seeds. Lettuce consumption spread to the Greeks and Romans, the latter of whom gave it the name 

"lactuca" from which the English word "lettuce" is ultimately derived. Certain varieties of lettuce are a good 

source of vitamin A, vitamin K and potassium, with higher concentrations of vitamin A found in darker green 

lettuces. It also provides some dietary fiber (concentrated in the spine and ribs), carbohydrates, protein and a 

small amount of fat. With the exception of the iceberg type, lettuce also provides some vitamin C, calcium, iron 

and copper, with vitamins and minerals largely found in the leaf (University of Illinois Extension, 2012). 
 

The aim of this research was to investigate the ability of bio-organic treatments to reduce the quantity of the 

harmful nitrate content in lettuce leaves in comparison with the traditional recommended doses of N, P, and K 

chemical  fertilizers.  Also,  the  influence  of  various  bio-organic  treatments  on  the  total  lettuce  yield  was 

evaluated. 

 
MATERIALS AND METHODS 

 

A field experiment was conducted at the Agricultural Research Station, Hada Al-Sham, King Abdulaziz 

University  in  the  two  successive  seasons  of  2014  to  investigate  the  combined  application  of  cellulose - 

decomposing bacilli and organic fertilizers on lettuce plant yield and its content of harmful nitrate in comparison 

with the recommended traditional mineral fertilization of N, P and K. Further, the main groups of soil 

microorganisms (total microbial counts, total fungi, total actinomycetes and total cellulose-decomposing 

microorganisms) were evaluated at the final stage of lettuce growth. 
 

Isolation and purification of cellulose-decomposing microorganisms 
The decimal dilution technique was used for the isolation of cellulolytic bacteria. Ten grams from each soil 

sample was mixed thoroughly with 90 ml sterilized distilled water in 250 ml dilution bottles to give 10-1 

dilution, then further decimal diluted up to 10-6. Aliquots of one ml from the 10-4, 10-5 and 10-6dilutions were 

transferred to sterile Petri dishes. The melted CMC agar medium (Sakthivel et al., 2010) was poured and mixed 

well with the added inoculum. After solidification, the inoculated Petri dishes were incubated for 24hr. at 

30ºC.Bacterial colonies were purified by streaking on nutrient agar plates, incubated at 30°C for 24 hr. The pure 

isolated colonies were maintained on CMC agar  slants at 4°C for further analysis.Bacterial isolates were 

separately inoculated into CMC broth medium, incubated in a shaking incubator at 30ºC and sampled at24 hr. 

intervals up to 96 hr. Sampled cultures were centrifuged at 7000 rpm in a cooling centrifuge (4ºC) for 15 

minutes. 
 

Determining the efficiency of the isolated strains in cellulose degradation 
For determining the relative activity of cellulase production of the various isolates, the disc 

diffusion method was applied. According to Sakthivel et al. (2010), the agar plates were prepared with 

0.5% CMC and 2.0% agar. Filter paper discs of one cm diameter was saturated with either the entire culture 

or its supernatant, then transferred onto the CMC medium under sterile conditions. The control filter paper 

discs were saturated with sterile distilled water. The plates were incubated at 30ºC for 24 hr. After 

incubation, the medium was flooded with Congo red solution (0.1% w/v), then flooded with 1M NaCl for 

15 min. Clear zone of CMC hydrolysis were measured using a ruler. 

The nursery cultivation: 

Lettuce seeds were cultivated in  the  nursery one  month before transplanting using common 
cultural practices according to the experimental design. 

The experimental design: 
A split plot design with 4 replicates was used, where the main plots represented uninoculated or 

https://www.researchgate.net/publication/271076827_The_bio-organic_farming_and_its_effect_on_nodulation_growth_and_yield_parameters_of_vetch_Vicia_sativa_L?el=1_x_8&enrichId=rgreq-5b43ed0a-6ac5-4285-bf63-08fbe6dee5c2&enrichSource=Y292ZXJQYWdlOzI3NTUyMjEyMztBUzoyMjI5MjgyNTI3Mzk1ODRAMTQzMDE2MTY0NTIxNg==
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Parameters 

 
Organic waste 

 

Macro-elements (%) 
Micro-elements 

(mg/kg) 

 
OM 

(%) 

 

 
pH 

C/N 

 
ratio N P O K O Ca Mg Fe Zn Mn Cu 

 

Cow manure 
 

2.42 
 

1.80 
 

1.10 
 

1.94 
 

0.37 
 

110 
 

290 
 

322 
 

240 
 

62 
 

6.3 
 

14.8 

Olive by-product 
waste 

 

2.93 
 

0.17 
 

0.65 
 

1.90 
 

0.19 
 

118 
 

32 
 

35 
 

34 
 

27 
 

6.64 
 

25.4 

Barley straw 0.58 0.07 1.49 0.43 0.08 27 60 12 3 79 7.1 79.1 

Palm date leaves 0.19 0.56 1.49 0.35 0.18 4 7 39 5 88 7.8 264.9 

 

inoculated  with  cellulose-decomposing bacilli.  The  sub-plots  received  the  6  organic  fertilizers  (cow 

manure, olive by-product waste, cow manure + barley straw, cow manure + palm tree leaves, olive by- 

product + barley straw, and olive by-product + palm tree leaves) in addition to the full dose of mineral 

fertilizers as control treatment. The organic fertilizers were applied at the rate of 20 t/ha. The organic 

fertilizers and cellulose-decomposing bacilli were applied to the experimental plots one month before 

transplanting. After lettuce transplanting, the NPK (20:20:20) fertilizer was added weekly in equal doses at 

the rate of 750 kg/ha. 

The drip irrigation system was used with daily irrigation as needed during the growing season of 

the  lettuce  crop.  The  required  irrigation  water  was  calculated based  on  crop  evapotranspiration and 

available water in the soil according to the Penman-Monteith equation as described by Allen et al. (2011). 

At maturity, 10 random guarded plants/plot were tagged and separately harvested to determine the 

plant dry weight (g/plant), root dry weight (g/plant), the total yield dry weight (t/ha) and the leaf nitrate 

content according to Hotly and Potworauski (1972). 
Statistical analysis: 

The results were statistically analyzed through the analysis of variance using the SAS program 

(2006).  
RESULTS AND DISCUSSION 

The mechanical analysis of the experimental soil revealed that it was a sandy loam containing 

71% sand, 22% silt  and  7%  clay. The chemical analysis ofthe  major  macro-and micro elements of 

experimental soil is presented in Table (1). 

 
Table 1: Chemical analysis of the experimental soil. 

 

 

pH 
EC Macro-nutrients (%) Micro-nutrients (ppm) O.M 

(%) mS/cm N P K Ca Mg Na Fe Mn Cu Zn 

7.5 2.3 0.25 0.11 0.8 1.4 1.1 0.12 160 130 4.2 33 0.55 

 
Table (2) indicates the main macro- and micro-nutrient content of the applied organic manures and 

plant residues. The C/N ratio was lowest for cow manure and highest for the plant residue of palm date 

leaves. The nitrogen content was highest with the olive by-product waste and lowest in the waste of palm 

date leaves. 

 
Table 2: Chemical analysis of the organic manures and plant residues. 

 
 
 

2    5 2 
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Screening  for  cellulytic  activity  and  identification  of  the  cellulose  decomposing 

bacilli: 
Five cellulose-decomposing bacilli strains were isolated and designated as Sh1, Sh2, Rh1, Rh2 

and C. Strains Sh1 and Sh2 were isolated from sheep dung; Rh1 and Rh2 from the rhizosphere area and 

strain C from mature compost. The efficiency of these strains in cellulose decomposition is presented in 

Table (3).Strains Sh2 and C had the highest cellulytic activity (Table 3, Plate 1). These two cellulose- 

decomposing  bacilli  strains  were  identified  as  Bacillus  brevis  (C)  and  Bacillus  megatherium  (Sh2) 

according characteristics described in the Bergey’s Manual of Determinative Bacteriology (1994). 
 
 

Table 3: Clear zone diameters (cm) of various strains on CMC agar medium at different incubation 

periods. 

Bacterial 

strains 

Incubation period (hr.) 

24 48 72 96 120 

Sh1 0.5 1.7 2.1 2.2 3.0 

Sh2 0.9 2.2 2.8 3.7 4.4 

Rh1 0.2 0.4 0.7 0.85 1.2 

Rh2 0.3 0.6 1.2 1.2 1.6 

C 1.4 2.1 3.0 3.4 4.1 

 

 
 

Bacillus megatherium Bacillus brevis 

 
Plate 1: Cellulytic activity of selected strains on CMC agar medium after incubation for 120 hr. at 

30ºC. 

The impacts of different bio-organic treatments on the dry weight of lettuce leaves (g/plant), roots 
(g/plant), total yield (t/ha) and leaf nitrate content are presented in Table (4). The differences in plant 

biomass either among the various bio-organic treatments or between the bio-organic treatments and the full 

dose of mineral fertilizers (N, P, K) were statistically not significant. Nevertheless, the organic fertilization 

of lettuce with cow manure, olive by-product waste, cow manure + barley straw or olive by-product + palm 

tree  leaves  waste increased the  mean dry weight of leaves (g/plant) in  comparison with the  control 

treatment that received the full doses of mineral fertilizers (N, P, K); the percentages of increases reached 

0.23, 13.65, 9.99 and 6.45 % respectively in comparison with the positive control (full doses of mineral 

fertilizers). 
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Table 4: Influence of various bio-organic and on the mean dry weight of lettuce leaves, roots 

and total yield (t/ha), and the leaf nitrate content (mg/kg F.W.). 

Parameters 

 
Organic fertilizers 

Dry weight Leaf Nitrate 

content 

(g/kg F.W) 
Leaves 
(g/plant) 

Root 
(g/plant) 

Yield 
(t/ha) 

With cellulose decomposing bacteria 

The positive control (100% NPK) 53.93 17.19 3.17 3.82 

Cow manure 54.05 18.77 2.55 2.91 

Olive by-product waste 61.29 18.70 3.52 2.72 

Cow manure + Barley straw 59.31 17.67 2.73 2.24 

Cow manure + Palm tree leaves 50.89 18.45 2.96 2.53 

Olive by-product + Barley straw 52.61 20.08 3.00 2.61 

Olive by-product + Palm tree leaves 57.68 17.35 2.42 2.70 

Without cellulose decomposing bacteria 

The positive control (100% NPK) 52.53 18.46 2.95 3.94 

Cow manure 54.61 17.48 2.38 2.60 

Olive by-product waste 49.63 15.67 2.37 2.34 

Cow manure + Barley straw 50.43 19.04 2.67 1.63 

Cow manure + Palm tree leaves 62.59 17.02 3.30 1.84 

Olive by-product + Barley straw 52.39 18.51 2.41 1.71 

Olive by-product + Palm tree leaves 52.04 16.34 2.61 1.43 

LSD (0.05) 12.22 03.58 1.30 0.24 
 

Inclusion of the cellulose-decomposing bacilli in the combined treatment of cow manure and palm 

tree leaves increased lettuce leaves dry weight (g/plant) by 19.15 % in comparison with the positive 

control. The same trend was recorded by Gomaa et al. (2010) who found that percentage of increases in dry 

weight of faba bean plants (g/plant) ranged from 2 to 41% over the positive control owing to the different 

tested bio-organic treatments. The bio-organic treatments produced results of total yield of lettuce 

comparable to the positive control without significant variations(Table 4).In addition, both treatments of 

olive by-product waste and cow manure + palm tree leaves waste + cellulose-decomposing bacilli induced 

increases reaching11.04 and 11.86 % consecutively in comparison with the positive control (full doses of 

N, P, K). These findings are consistent with those obtained by Gomaa and Magda (2007) who found that 

the highest forage yield of guar was obtained with application of the bio-organic treatment of 20 t/fed. 

FYM+Rhizobium+Rhodotorula. Also, Ebadah et al.(2006) mentioned that organic manuring of bean plants 

with different types of composted agricultural residues significantly increased the yield of snap beans 

compared to the positive control either alone or when accompanied with microelements. 

With regard to the nitrate content of lettuce leaves, the data presented in Table (4) indicate that the 

differences  between  the  various  bioferilizer  treatments  and  the  chemical  fertilizer  treatment  were 

statistically significant. The nitrate content in lettuce leaves ranged from 2.24 to 2.91 g/kg lettuce leaves 

fresh weight in the organic treatments supplemented with the cellulose-decomposing bacilli. For nitrate 

content in lettuce leaves, the bio-organic treatments reduced the range of percentages in the nitrate content 
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from 21.2% on the low end with cow manure and 41.4% on the high end with the treatment of cow manure 

+ barley straw. These findings are in agreement with those obtained by Amal et al. (2010) who found that 

the positive control (100% NPK) recorded the highest values of nitrogen content in grain sorghum in 

comparison with the bio-organic treatments. Further, Saleh et al. (2006) stated that organic fertilization of 

Thomson seedless grapevine with municipal solid waste (MSW) reduced leaf N and K contents in 

comparison with100% mineral N fertilization. As to the organic treatments without the cellulose- 

decomposing bacilli, the reduction in percentages in nitrate content ranged from a low of 34.0% with cow 

manure + barley straw and 58.6%with cow manure as such. The chemical fertilizer treatment receiving the 

full dose of mineral fertilizers (N, P, K) recorded the highest amount of nitrate content in lettuce leaves, i.e. 

3.94 and 3.82 g/kg leaves fresh weight respectively in the absence or presence of cellulose-decomposing 

bacilli. The reduction percent due to the application of cellulose-decomposing bacilli reached 3.0 %. 
 

Table 5: The total microbial count, fungi, actinomycetes and cellulose decomposers (CFU/g soil dry 

weight). 

Parameters 

 
Treatments 

 

Total count 

(x 10
4
) 

 

Actinomycetes 

(x 10
4
) 

 

Fungi 

(x 10
3
) 

Cellulose 
decomposers 

(x 10
3
) 

With cellulose decomposing bacteria 
 

The positive control (100% NPK) 34.4 ab 6.1 c 3.1 ab 2.4 f 
 

Cow manure 72.2a 13.4 a 4.4 a 4.1 d 
 

Olive by-product waste 51.5 ab 10.6 b 4.9 a 3.3 e 
 

Cow manure + Barley straw 42.9 ab 2.9 cde 3.9 a 7.0 b 
 

Cow manure + Palm tree leaves 49.1 ab 2.4 de 3.8 a 4.9 c 
 

Olive by-product + Barley straw 52.9 ab 5.3 cd 3.2 a 4.9 c 
 

Olive by-product + Palm tree leaves 34.7 ab 2.6 de 3.9 a 4.9 c 

Without cellulose decomposing bacteria 
 

The positive control (100% NPK) 7.6   b 2.9 cde 3.1 ab 4.9 c 
 

Cow manure 13.6 b 3.1 cde 3.5 a 1.3 g 
 

Olive by-product waste 9.3   b 0.5e 3.8 a 1.3 g 
 

Cow manure + Barley straw 7.2 b 1.0e 1.9 b 7.9 a 
 

Cow manure + Palm tree leaves 13.7 b 1.4 e 4.6 a 2.4 f 
 

Olive by-product + Barley straw 54.2 ab 1.6 e 4.4 a 3.3 eg 
 

Olive by-product + Palm tree leaves 37.1 ab 1.2 e 3.6 a 2.4 e 

 

Table (5) indicates the impact of different organic and bio-organic treatments on population 
densities of the main groups of soil microorganisms i.e., total microbial count, actinomycetes, fungi and 
cellulose decomposers at the end of the experiment. Application of cellulose-decomposing bacilli together 
with the organic treatments in soil increased the total microbial count, and populations of actinomycetes 
and fungi in comparison with treatments that did not contain the added biofertilizers of cellulose- 
decomposing bacilli. The total microbial counts, actinomycetes and fungi in the presence of cellulose 

decomposers ranged from 34.7 to 72.2 x 10
4
, 2.4 to 13.4x 10

4 
and 3.2 to 4.9 x10

3
cfu/g dry soil respectively 

against 7.2 to 54.2, 2.4 to 13.4 and 1.9 to 4.6 cfu/g dry soil consecutively for the organic treatments that did 
not receive the cellulose-decomposing bacilli. The same trend occurred for the chemical fertilizer treatment 

regarding the total microbial counts and fungi where their population densities reached 34.4 x 10
4 

and 6.1 x 

10
4 

cfu/g dry soil, respectively, in the presence of cellulose decomposers against 7.6 and 2.9 x 10
4 

cfu/g dry 

soil respectively in the absence of cellulose decomposers. Irrespective of the treatment, the cellulose- 

decomposing bacilli ranged from 1.3 x 10
3
to 7.9 x 10

3 
cfu/g dry soil. These results could be attributed to 

the synergism between the applied cellulose-decomposing bacilli and the initial soil microorganisms. 
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