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Abstract  
An experiment was conducted at the Experimental Station of Faculty of Agriculture, Cairo University, Giza, Egypt, during two 

successive seasons (2012 and 2013) to study the effects of humic substances on yield and quality of two lettuce cultivars (Dark 

Green and Big-Bell). The experiment included 7 treatments; (T1) 50% mineral recommended NPK with humic substances 

extracted from biogas manure as foliar treatment (HBF);  (T2) 50% NPK with humic substances extracted from the 

compost as foliar treatment (HCF);  (T3) 50% NPK with humic substances of biogas manure as drench soil treatment 

(HBS);  (T4) 50% NPK with humic substances of compost as drench soil treatment (HCS); (T5) 50% 

NPK+HBF+HCS; (T6) 50% NPK+HBS+HCF, and (T7) 100 % mineral recommended NPK (control).  
 Dark Green was taller than Big-Bell with two combination treatments, while Big-Bell had higher fresh weight. Meanwhile, Dark 

Green was double in dry weight. Treatment 50% NPK+HCF+HBS was superior in chlorophyll content in both cultivars. Big-

Bell achieved the highest total crop yield particularly with foliar application of humic substances extracted from compost or 

biogas manure with 50%NPK.  Humate of compost either by foliar or soil application with Dark Green cultivar and humate 

biogas by soil application with Big-Bell cultivar gave the lowest nitrate content in the leaves. Combination treatment, 50% 

NPK+HCF+HBS (T6) was the highest in total count of bacteria, fungi and actinomycetes, while combination treatment, 50% 

NPK +HCS+HBF (T5) was the best treatment in values of dehydrogenase and nitrogenase enzymes in the rhizosphere region in 

both cultivars. Also, the combination treatment (T6) recorded the highest level of total soluble solids in both Dark Green and 

Big-Bell cultivars, respectively. NPK contents in lettuce leaves were the highest with T1, T6, T4 and T5 for both cultivars. It is 

concluded that the best treatments were T1 (50% NPK+HBF), T2 (50% NPK+HCF) and T5 (50% NPK+HBF+HCS) which gave 

highest fresh yield and low levels of nitrate.    
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Introduction   

Lettuce (Lactuca sativa L.) is the most popular among the salad crops [1 1 ]. It is among the top five most commonly 

consumed vegetables in the united stat [2 ].  Lettuce is considered as an excellent nutritive source of minerals and 

vitamins as it is consumed as a fresh green salad [3 ]. Also, lettuce leaves are a rich source of antioxidants, vitamins 

A and C [4 ], and phytochemicals which are anti-carcinogenic [5 ]. The cultivated area of lettuce in Egypt is about 

3110 hectares, which produced about 68644 tons [6 ]. Lettuce is a shallow-rooted crop and requires an extensive 

amount of nitrogen fertilizer to produce high yield [7 ]. N is an important factor for higher yield and average head 

weight of lettuce [8 ]. On the other hand, nitrogen is the most limiting nutritional factor for crop production in arid 

and semiarid lands. Thus, addition of N-fertilizer to soils has become a mandatory agricultural practice in arid regions 
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[9 ]. However, the increase in the nitrogen fertilization rate enables obtaining a higher yield but at the same time 

conveys a risk of deteriorating yield quality resulting from an excessive nitrate accumulation. It particularly refers to 

leaf vegetables [10 ,11 ]. Nitrate accumulation is the main problem facing lettuce production [1]. Tests of nitrate 

accumulation in Egyptian vegetables, including lettuce showed considerable higher values as compared to those 

found in vegetables grown in several European countries [12 , 13 ,14 ]. In this trend, high nitrate in the fresh vegetables 

has been found to be responsible for methemoglobinemia, particularly in babies [15 ,16 ]. Also, an increase in N 

fertilizer led to increase in nitrate content of the crop tissues without significant increase in yield [17 ]. Furthermore, 

increasing the use of chemical fertilizers lead to the high cost of vegetable production and created pollution of 

agricultural environment as well as affects the soil fertility [8 ]. Therefore, there is an increasing interest in the use of 

organic N sources as fertilizers for the production of vegetable crops and particularly for the organic production of 

vegetables [18 ]. The organic fertilizers can be used to reduce the amount of toxic compounds such as nitrates 

produced by mineral fertilizers in vegetables like lettuce [5 ]. Consumers prefer fresh vegetables among the most 

popular organic products [19 ]. Liquid fertilizers or foliar feeding has been introduced into the agricultural market in 

recent years as an alternative to traditional solid fertilization to increase the effectiveness and efficiency of traditional 

solid fertilizers [20 ]. The foliar application of organic fertilizers can supply nutrients more rapidly than methods 

involving root uptake which made the local growers use foliar fertilizers to supplement soil applied nutrients to 

compensate for decreased root activity. These products have numerous agronomic applications, including the supply 

of plant nutrients, control of pests and diseases, and in management of soil health. The most commonly identifiable 

groups of these products are compost teas, seaweed extracts, and humic substances [21 ]. Humic substances may be 

absorbed by the roots and transported to shoots, enhancing the growth of the whole plant [22 ]. Also, it can be added 

to the soil for improvement the crop yield. There are divergent findings about humic substance effects on plants. 

Application of humic substances can potentially stimulate crop growth and development through the actions of plant 

growth-promoting hormones, including cytokinins, auxins, and gibberellins [21 ]. Its effects may be attributed to 

many factors, including the natural source and concentration of humic substances, soil pH, and plant species [22 ]. A 

benefit of humic acid due to its ability to complex metal ions and form aqueous complexes with micronutrients and 

also may form an enzymatically active complex, which can be carried on reactions that are usually assigned to the 

metabolic activity of living microorganisms [22 ]. So, the use of these organic substances in such soil showed a good 

means in that concern [24 ]. The major functional groups of humic acid include carboxyl, phenolic hydroxyl, alcoholic 

hydroxyl, ketone and quinoid [25 ]. There is a paucity of information on the use of humic substances as fertilizers for 

vegetable production and therefore the objective of the study was to assess the effects of two different sources of 

humic substances in single or in combined applications on the biological activity in the rhizosphere, growth, yield, 

and quality properties of lettuce.  

  

2. Materials and Methods  

2. 1.Field trials were carried out at the Agricultural Experimental Station, Faculty of Agriculture, Cairo 

University, Giza, Egypt, during the two winter successive seasons of 2011/2012 and 2012/2013 using Big-Bell and 

Dark Green lettuce cultivars, to study the efficiency of using some organic stimulators (two different sources of humic 

substances) on improving plant growth, the biological activity in the lettuce rhizosphere (total counts of bacteria, 

fungi, actinomycets, nitrogenase, and  dehydrogenase activities) and increasing the quantity and quality of yield. 

Lettuce seeds were planted in the nursery on 18 and 20 of November 2011 and 2012 seasons, respectively. The 

experiment included seven treatments with each lettuce cultivar,(T1) 50% mineral recommended NPK with humic 

substances extracted from biogas manure as foliar treatment (HBF);  (T2) 50% NPK with humic substances extracted 

from the compost as foliar treatment (HCF);  (T3) 50% NPK with humic substances of biogas manure as drench soil 

treatment (HBS);  (T4) 50% NPK with humic substances of compost as drench soil treatment (HCS); (T5) 50% 

NPK+HBF+HCS; (T6) 50% NPK+HBS+HCF, and (T7) 100 % mineral recommended NPK (control).  

  

Table 1: chemical analyses of the experimental soil  

 EC  Cations meq/l  Anions meq/l  
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pH  

 dS/m  Ca++  Mg++  Na+  K+  CO3-  HCO3-  Cl-  SO4=  

 7.97  0.83  1.3  0.4  6.3  0.5  0.14  1.2  3.1  4.2  

  

2.2. Transplanting was carried out on January 13th and 15th of 2012 and 2013, respectively, on both sides 

of the ridges. The experimental design was split-plot with three replicates, representing each cultivar in 

the main plots and the seven humic extract treatments to the subplots. The plot dimensions were 1.1m 

width, 3.4m long and contained two rows 80 cm apart, (3.7 m² plot area), and each row contained 24 

plants 20-25cm apart.  

  

2.3. Soil Properties: The experimental trial was conducted in clay soil using surface irrigation system. 

Chemical properties of the experimental soil were analyzed and the results are shown in Table 1  

  

Table 2: Physical, chemical and biological analysis of compost and biogas manure samples  

 
 Physical and chemical analysis  Biological analysis  

  Compost Biogas   Compost Biogas  
Density (kg/ m3)  594  400  Total bacterial count (cfu /g x 106)  75.6  130  
Moisture content (%) 17.7  27.74  Total actinomycets (cfu/ g x 104)  15.9  2.6  
Dry matter (%)  82.3  72.26  Total fungi (cfu/g  x 104)  19.5  5.7  
pH (1:10)  7.51  8.11  Total coliform (cfu/g  x 102)  Nd  Nd  
EC dS/m (1:10)  3.75  5.97  Faecal coliform  (cfu/g x 102)  Nd  Nd  
Ammonia (ppm)  51.7  38.2  Salmonella and Shigella (cfu/g x 101) Nd  Nd  
Nitrate      (ppm)  277.3  402.8  Nematode (larva/200g)  Nd  Nd  
Total nitrogen (%)  1.36  1.61  Weed Seeds  Nd  Nd  
Organic matter (%)  54.80  38.98        

Organic carbon (%) 31.78  22.61        

Ash (%)  45.20  61.02        

C/N ratio  23.4:1  14: 1        

Total phosphorus (%) 0.69  0.58        

Total potassium (%) 0.58  0.79        

 
           Nd: not detected; C/N: Carbon / Nitrogen ratio; cfu: colony forming unit  

  

2.4. Compost and biogas manure source:  

Compost and biogas manure were obtained from Agricultural Wastes Training Center, Moshtohor, Kalubia 

Governorate, Egypt. The physical and chemical analyses are shown in Table 2. The main physical and chemical 

properties of the compost and biogas manure were determined according to the standard methods described by [26 ] 

and [27 ]. The plate count using the suitable serial dilutions and specific media was applied for estimation of the 

examined microbial groups. Nutrient agar medium [28 ] was used for estimating the total count of bacteria. 

Meanwhile, Martin’s agar medium was used for fungi and Jensen’s medium [29 . Total and faecal coliform was 

counted on MacConekey's agar medium, while salmonella and Shigella were counted on SS agar medium [30 ]. 

Nematode was examined according to [31 ].  

  

2.5. Extraction of humic substances:  

Extractions of humic substances (HS) from compost and biogas manure were run according to the method described 

by [32 ]. Total phosphorus was determined by the method described by [33 ]. Total potassium was determined by 
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flame photometrically [34 ]. Total nitrogen was determined according to [26 ]. Total acidity, phenolic and carboxylic 

groups were determined as described by [35 ]. Characteristic of humic substances are shown in Table 3.  

  

2. 6.Time and Method of Application: The mineral fertilizers (100 % recommended mineral NPK) were applied 

at a rate of 55kg nitrogen/fed (164 kg ammonium nitrate, 33.5% N); 22.5kg P2O5/fed (150 kg super calcium 

phosphate, 15.5% P2O5) and 24 kg K2O/fed (50 kg potassium sulfate, 48% K2O). Super phosphate was added as one 

dose during soil preparation, whereas ammonium nitrate and potassium sulfate were added at three equal portions, 

before transplanting, and after 20 and 40 days from transplanting. The humic substances extracted from mature 

compost and biogas manure were applied onto soil surface beside plants after 3, 6 and 9 weeks from transplanting at 

rates of 1.6 and 1.4 L/fed for HS-C and HS-B, respectively.  The foliar treatments of humic substances were applied 

at the same times at rates of 0.8 and 0.7 L/fed for HS-C and HS-B, respectively. The recommended agricultural 

practices for commercial lettuce production were followed. Harvesting was carried out on 13 and 16 March in the 

first and the second season, respectively.  

  

2.7. Data Recorded:  

2.7.1. Growth Characters: A random sample of ten lettuce plants was taken from each plot to 

investigate the plant height (cm), head diameter (cm), head fresh weight (g), and head dry 

weight (g).   

  

Table 3: Characteristic of humic substances extracted from compost and biogas manure.  

  

 Samples Humic acid  
  % 

Fulvic acid 

  %   

   Total  (mmol/100g HS) Total Macro-elements (%)  

 Phenolic  Carboxylic  
Acidity   
   groups   groups 

N   P   K 

HS-C.    26.6   16.1   925   590   335   3.5  1.1   4.2 

HS- B.   30.4   17.5   875   510   365   5.1  2.3   4.5 

HS-C.: humic substances extracted from compost. HS-B. : humic substances extracted from biogas manure.  

  

2.7.2. Chemical and biological analysis:   

-Chlorophyll content: Mean of 3 readings per leaf, taken from 3 plants per plot, was measured using a Minolta SPAD-

502 meter (Spectrum Technologies Inc., Plainfield, IL.).  

-The percentages of total soluble solids (TSS) were measured using Digital Refractometer SR-95.  

-Nutrient minerals (N, P, and K) in head lettuce were determined on dry weight basis of wrapping leaves according 

to [36 ]. Total nitrogen was determined by Kjeldahl method according to the procedure described by [37 ]. Phosphorus 

content was determined according to [38 ]. Potassium content was determined spectrometrically using atomic 

absorption spectrometer as described by [34 ]. Assessment of NO3 in the lettuce heads was performed using Brucine 

method reported by [39 ].  

- Dehydrogenase activities were determined in rhizosphere region during harvesting by triphenyl formazan (TPF) 

extraction method according to [27 ]. The activity of nitrogenase (µmole C2H4 / gm soil) was estimated according 

to the methods of [40 ]. The plate count, using the suitable serial dilutions and specific media, was applied for 

estimation of the examined microbial groups. The media included: Nutrient agar [28 ] for a total count of bacteria, 

Martin's agar medium [24] for fungi and Jensen's medium [29 ] for Nematode.  

2.8. Statistical analyses: The results were expressed as means. Treatment means were compared using the least 

significant difference of the means; the significant difference (at P < 0.05) was evaluated by analysis of variance 

(ANOVA by using GenStat Discovery Edition 3.   

  

3. Results and discussion  

3.1. Plant Growth Characters  
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29.01   29.10   727.00   36.54   40.44   

0.86   2.05   52.69   8.02   6.06   

3.1.1. Plant height (cm): The two lettuce cultivars differed significantly in plant height in both seasons (Table 4). 

Dark Green cv was taller with 33.89 and 34.53cm in the first and second seasons, while the Big-Bell was shorter with 

24.30 and 23.57cm in both seasons, respectively.  Treatment T6 (50% NPK + HCF+ HBS) recorded the tallest plants 

in both seasons, recording 30.25 and 30.23cm, in the first and second seasons, respectively. Generally, Dark Green 

cultivar plants that fertilized with a combination of chemical and humic substances showed the highest values (Table 

5). Plants that received either 50% NPK + HBF+ HCS or 50% NPK+HCF+HBS were taller than all other treatments 

(35.73 and 35.58 cm for both seasons, respectively).  El-Shinawy et al. [41 ] reported that lettuce plants treated with 

inorganic fertilizer were taller than plants treated with buffalo manure. Results revealed that treatments of 50% 

NPK+HCF and 50% NPK+HCF+HBS attained the tallest plants for Big-Bell cultivar (26.25 and 25.33 cm for both 

seasons, respectively). This result is in line with the findings of [42 ], who reported that vermicompost, and FYM 

combined with 50 and 100% recommended dose of NPK were superior in terms of root length of carrot. The increase 

in plant growth could be attributed to the beneficial effects of N on stimulating the meristmatic activity for producing 

more tissues and organs [8 ]. Nitrogen plays major roles in structural proteins and other several macromolecules 

related to growth plants [43 ]. Also, may be due to containing organic manure nutrient elements that can support crop 

production beside, organic matter improve the chemical and physical properties of soil [44 ].   

  

Table 4: Effect of some nutrient treatments on plant height (cm), fresh weight (g) and dry weight (g) of two lettuce 

cultivars  

 
 Plant height(cm)  Fresh weigh (g)  Dry weight(g)  

Cultivars  

Dark Green  
Big Bell  24.30  23.57  922.14  882.10  26.14  24.46  

LSD at 0.5  0.31  2.65  90.04  N.S.  9.84  7.42  

Treatments                     

T1: 50% NPK + HBF  29.30  29.49  824.45  830.60  40.74  41.15  

T2: 50% NPK + HCF  29.57  27.80  817.90  758.35  37.89  36.57  

T3: 50% NPK + HBS  27.78  28.15  738.05  743.70  40.97  42.45  

T4: 50% NPK + HCS  28.47  29.30  765.90  761.65  39.72  42.55  

T5: 50% NPK + HBF+HCS  29.30  29.28  844.20  792.90  45.84  42.75  

T6: 50% NPK + HCF+ HBS  30.25  30.23  750.75  836.75  40.38  42.09  

 T7: 100 % NPK (control)  752.30  

 LSD at 0.5  N.S.  

  

 HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted Humic substances extracted from biogas as soil treatment, HCS: 
Humic substances extracted from compost as soil treatment.from compost as foliar, HBS:   

  

3.1.2. Fresh weight (g): Fresh weight was greater in the Big-Bell cultivar at the end of the experimental period, 

compared with the Dark Green cultivar with 922.14 and 882.10 g in the first and the second season, respectively 

(Table 4). Treatment T5 (50% NPK+HBF+HCS) recorded the best results in the first season (844.20 g); while T6  

treatment (50% NPK+HCF+HBS) showed better results in the second season (836.75g). For Dark Green cultivar, 

plants treated with combinations of soil, foliar applications, and inorganic fertilizers grew better than other treatments. 

In the present study, the plants received both 50% NPK+HCF+HBS or 50% NPK+HCS+ HBF obtained more fresh 

weight than those supplied by 50% NPK+HCF, 50% NPK+HBF, 50% NPK+HCS and control (Table 5). On the other 

hand, the Big-Bell cultivar showed the opposite trend, where using 50% NPK with the foliar application either with 

HCF or HBF recorded the best results in both seasons respectively. The results are in agreement with those reported 

2012   2013   2012   2013   2012   2013   

33.89   34.53   640.21   682.54   54.44   57.82   
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23.62   767.5   813.3   22.08   21.60   

1.22   236.5   207.7   11.34   8.57   

by [41 ] who found that fresh mass of lettuce was influenced positively by organic manure. Other researchers [45 , 

46 ], also reported the positive role of organic fertilizers compared to inorganic fertilizers on a fresh mass of 

amaranthus and cucumbers. Similarly [47 ] reported that fresh weight of lettuce was increased as N rate increased. 

HA and FA differently enhanced the growth of Phaseolus vulgarus[48 ].  

  

3.1.3. Dry weight (g): One of the estimated quality features was among others the dry matter, according to [49 ]. The 

obtained results showed a significant increase in dry matter content of the leaves of the Dark Green cultivar; it gave 

almost double the dry weight of Big-Bell cultivar in first and second seasons, having values of 54.44 and 57.82 g, 

respectively. Treatment T5 (50% NPK+HBF+HCS) showed the highest dry weight in both seasons (Table  

4).  Both treatments of HBS and HBF+HCS combined with 50% NPK were significantly higher in dry weight with 

Dark Green cultivar. Plant dry weight may provide the best estimate of fertilizer efficiency response [50 ]. These 

results are in agreement with those obtained by [22 ], who reported that the humic compounds may be absorbed by 

the roots and transported to shoots, thus enhancing the growth of the whole plant.  A similar observation was also 

reported by [51 ] who reported a positive response of dry mass to organic fertilizer in lettuce.  Xu et al. [52 ] also, 

showed that vegetables grown with higher levels of organic manures grew better than those grown with inorganic 

fertilizers. The increments in leaf dry weight could be attributed to nitrogen concentration and its effect on the rate 

of photosynthesis [53 ].  Magkos et al. [54 ] evaluated the dry matter content of several leaf vegetables such as 

spinach, lettuce, chard, and white cabbage. They found that organically cultivated crops have higher dry matter 

content as compared to those produced inorganically.   

  

Table 5: Effect of interaction between cultivars and nutrient treatments on plant height, fresh weight and dry weight 

of lettuce  

 
 Plant height (cm)  Fresh weigh (g)  Dry weight (g)  
 Cultivars  Treatments  

2013  
   T1: 50% NPK + HBF 34.30  

 T2: 50% NPK + HCF  32.88  31.43  538.8  538.4  46.87  46.83  

 T3: 50% NPK + HBS  33.25  34.80  678.1  731.3  58.97  63.60  

 T4: 50% NPK + HCS  33.43  35.10  601.1  662.2  52.30  57.57  

 T5: 50% NPK + HBF+HCS  34.17  35.73  745.7  696.1  64.87  60.87  

 T6: 50% NPK + HCF+ HBS  35.58  35.13  646.4  785.3  56.23  60.93  

 T7: 100 % NPK (control)  34.40  35.20  

 T1: 50% NPK + HBF  25.08  24.67  

T2: 50% NPK + HCF  26.25  24.17  1097.0  978.3  28.91  26.31  

T3: 50% NPK + HBS  22.30  21.50  798.0  756.1  22.97  21.29  

 T4: 50% NPK + HCS  23.50  23.50  930.7  861.1  27.13  27.53  

 T5: 50% NPK + HBF+HCS  24.42  22.83  942.7  889.7  26.80  24.62  

 T6: 50% NPK + HCF+ HBS  24.92  25.33  855.1  888.2  24.52  23.24  

 T7: 100 % NPK (control)  23.00  

 LSD at 0.5  TXC  2.91  

  
HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic  

  substances extracted from biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

  

Table 6: Effect of some nutrient treatments on chlorophyll content, crop yield (ton/fed) and nitrate content (mg/kg)  

 

2012   2013   2012   2013   
584.9   673.2   50.87   55.64   

686.5   691.3   51.00   59.27   

1064.0   988.0   30.60   26.66   
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3.1.4. Crop yield: The obtained result showed that crop yield of the Big-Bell cultivar was greater at the end of the 

experimental period, compared with the Dark Green cultivar recording 36.83 and 34.78 ton/fed in the first and the 

second season, respectively (Table 6). The treatment T5 (50% NPK+HBF+HCS) recorded the best results in the first 

season (33.50 ton/fed); whereas treatment T1 (50% NPK+HBF) showed better results in the second season (32.52 

ton/fed). On the other hand, Big-Bell cultivar recorded higher total crop than Dark Green cultivar with foliar treatment 

(HS extracted biogas or compost) + 50% NPK recording 43.83 and 39.47 ton/fed in the first and the second season, 

respectively.  On the other hand, in Dark Green cultivar, the foliar applications of compost or biogas, and the full 

dose of NPK recorded the lowest total crop, while treatments of HBF+HCS or HBS with 50% NPK showed 

significantly the highest yield achieving 29.83 and 29.23ton/fed in first and second season, respectively (Table 7). 

Similar finding was gained by [52 ] who showed that vegetables grown with organic fertilizers grew better and 

resulted in a higher total yield than those grown with chemical fertilizers. Also, similar result reported by [48 ] who 

revealed that HS extracted from compost (5 ppm+50 ppm nitrogen) achieved the highest yield with Phaseolus 

vulgarus. The present research showed that inorganic fertilizers resulted in lower yields compared to humic 

substances in the production of lettuce. These are in agreement with those obtained from [55 ] who reported that 

chemical fertilizers do not possess good characteristics to aggregate the soil particles. As a result, the plants produced 

by inorganic fertilizers showed relatively lower yield compared to organic materials. Also, as that known the decrease 

in yield at the highest nitrogen dose might be due to toxicity in the plant [56 ].   

  

3.2. Chemical and Biological Analysis:   

3.2.1. Chlorophyll content: Nitrogen is considered as the characteristic constituent of the integral part of chlorophyll 

molecules, proteins, and amino acids [57 ]. In both seasons, without significant differences, chlorophyll content of 

Dark Green was lower than that of Big-Bell (Table 6).  Treatment T5 recorded the best results in the first and second 

season with values of 33.54 and 35.14 Spad. Chlorophyll concentration significantly decreased by spraying lettuce 

plants with humic substances from biogas, and from compost. In both cultivars, the combination treatments of HS 

from biogas soil treated + HS from compost foliar treated + chemical fertilizer and HS from compost foliar treated + 

HS from biogas soil treated + chemical fertilizer, as well as the full dose of chemical fertilizer significantly increased 

total chlorophyll concentration compared to the single treatments (Table 6). On the other hand, the results here 

presented contradict the earlier findings of [58 ] reporting a higher chlorophyll content at a more intensive nitrogen 

fertilization. Based on a study conducted on Dark Green lettuce by [59 ], the full dose of nitrogen fertilization (120 

kg N ha-1) enhanced leaf growth and photosynthesis.  

  

3.2.2. Nitrate contents in leaves: The lowest nitrate content in vegetables is very important for human health, due to its 

potential transformation to nitrites, which have the highest possibility to interact with hemoglobin and affect blood oxygen 

transportation [60]. It is known that the content of nitrate in lettuce is limited by head size [61]as well as by nitrate content 

in soil [62]. Results of the present study showed that nitrate content of the Big-Bell was significantly higher than that of 

the Dark Green in the first season. Among all treatments, the highest value of NO3 was obtained when the plant was 

received the full dose of chemical fertilizer T7 (100 % NPK) in both cultivars and in both seasons (Table 6). The nitrate 

contents of Dark Green plants that received 100% NPK were higher than other treatments, while HS extracted from biogas 

manure either foliar or soil application with 50% NPK attained lower values of nitrate being 0.59 and 0.61 mg/kg in first 

and second seasons, respectively. This suggests that several plant species accumulate NO3 as a result of an excess of N 

uptake. Similar results were reported by [63, 64] who found significant decreases in nitrate accumulation when lettuce 

plants were treated with bio-fertilizers. Williams [65] also, reported lower value in nitrate concentration in organically 

fertilized crops, particularly leafy vegetables.  Data presented in Table 7Error! Reference source not found. showed that 

nitrate contents of the Big-Bell plants, received 100% NPK were higher than other treatments, whereas treatment T2 (50% 

NPK + HCF) showed the lowest NO3 content (0.54 and 0.46mg/kg) in first and second seasons, respectively. However the 

control treatment showed the highest NO3 content (1.47 and 1.30 mg/kg in first and second seasons respectively).  Similar 

findings were gained by [66] who determined a lower nitrate concentration in cabbage with organic fertilization compared 
with mineral fertilization. Stopes et al. [67] found that the peak nitrate content might be lower in organically produced 

vegetables including lettuce.  
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Dapoigny et al. [68 ] concluded a relationship between light intensity and nitrate accumulation, a low light intensity 

during cultivation leads to an excessive nitrate accumulation, while a high light intensity, i.e. a long day, activates 

photosynthesis and nitrate reductase resulting in lower nitrate content in plants. Many other factors determine the 

nitrate content in plants, acting simultaneously during the cultivation. Therefore, nitrate content in the plant is difficult 

to predict [69 ]. Soil microorganisms are important component of terrestrial ecosystem because they play a central 

role in organic matter decomposition and nutrient cycling, thereby affecting soil nutrient availability and 

consequently primary productivity. Therefore, knowledge of the factors influencing soil microorganisms is 

fundamental for sustainable environmental management [70 ].    

  

Table 7: Effect of cultivars and nutrient treatments on chlorophyll content, crop yield and nitrate content of lettuce heads. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances extracted from 

biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

  

3.2.3. Total counts bacteria: Data in  table 8 revealed that the highest total count bacteria was detected with treatment 

T6 followed by T5, the values were 139, 141 and 110,122 x 107cfu/gm soil with Dark Green cultivar in first and 

second seasons respectively. Meanwhile, the same treatment (T6) with Big- Ball cultivar gave the same behavior with 

Dark Green cultivar (95 and 105 x 107cfu/gm soil in both seasons respectively. Also, data revealed that the highest 

values of  total count fungi was recorded with treatments T6 and T3 with Dark Green cultivar (25 and 46  x105cfu/g 

soil), while  T6 gave the highest number in Big Ball cultivar (23 and 45 x105 cfu /gm soil during season 2012 and 

2013 respectively). In addition, total actinomycets numbers were high with treatment T6, which exhibited 92, 109 

and 55, 75 x105 cfu /gm soil in both cultivars and seasons respectively.  It is worth that the numbers of total count 

bacteria, fungi and actinomycets with Dark Green cultivar were higher than that of Big-Bell cultivar. This could be 

attributed to type of root exudates of cultivar. Humates are known to stimulate microbial activity. Soil testing for 

microbial activity, levels increased 400 to 5000 times with the introduction of humate (300 ppm) into the soil. Humates 

Cultivars Treatments 
Chlorophyll Content  

(Spad) 

Crop yield 

Ton/fed. 

Nitrate content  

mg/kg 

  2012 2013 2012 2013 2012 2013 

Dark 

Green 

T1: 50% NPK + HBF 29.17 30.87 23.40 25.57 0.59 0.64 

T2: 50% NPK + HCF 29.13 30.40 21.53 21.50 0.68 0.66 

T3: 50% NPK + HBS 24.03 28.30 27.20 29.23 0.62 0.61 

T4: 50% NPK + HCS 28.83 24.97 24.03 27.50 0.83 0.89 

T5: 50% NPK + HBF+HCS 31.50 34.97 29.83 28.00 0.87 0.76 

T6: 50% NPK + HCF+ HBS 30.67 35.40 25.83 27.43 0.73 0.88 

T7: 100 % NPK (control) 31.97 30.57 23.43 27.20 1.21 1.20 

Big Bell 

T1: 50% NPK + HBF 27.90 27.47 42.50 39.47 0.96 0.68 

T2: 50% NPK + HCF 27.97 29.70 43.83 39.07 0.54 0.46 

T3: 50% NPK + HBS 31.03 31.67 31.87 30.20 0.95 0.65 

T4: 50% NPK + HCS 32.67 33.37 37.67 34.40 1.03 0.83 

T5: 50% NPK + HBF+HCS 35.57 35.30 37.17 35.53 1.07 0.90 

T6: 50% NPK + HCF+ HBS 31.60 32.00 34.13 32.23 0.97 0.76 

T7: 100 % NPK (control) 33.97 32.17 30.67 32.53 1.47 1.30 

LSD at 0.5  4.01     4.02 6.21 N.S. 0.17 0.08 
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added to feed rations stimulate the microbial growth and the extent can be quite large depending upon the species, the 

culture medium, and the environment. Beneficial bacteria and fungi reproduction created in the presence of humic acid 

biologically increase plant growth. The microbial activity produced by these bacteria and fungi are excellent root 

stimulators. Humic acid has also been shown to lower pH to a more neutral level, helping with the availability of nutrients. 

All these translate into healthier, stronger, and more pest-resistant plants [71 ]. Afifi [48 ] reported that humic acid extracted 

from compost (10ppm with 25ppm of nitrogen) was the superior concentration for their significant result in total bacterial 

counts, actinomycets and fungi in soil (185 x 105, 255 and 102 x 105 cfu / g, respectively).  Also, he found that the low 

concentration of humic acid extracted from biogas manure with the highest concentration of nitrogen showed an 

enhancement in all soil microorganisms than all concentrations of Fulvic acids.   

 Table 8. Effect of humic substances extracted from both compost and biogas on soil biological characters.  
Microbial  counts (cfu g-1 soil)  

   Bacteria  Fungi  Actinomycetes  

 Treatments  x (107)  x  (105)  x (105)  

 2012  2013  2012  2013  2012  2013  

    Dark Green    

T1: 50% NPK + HBF    60 65    11 30    40 51  

T2: 50% NPK + HCF    55 60    13 35    44 55  

T3: 50% NPK + HBS    98 105    15 46    71 87  

T4: 50% NPK + HCS    105 112    17 39    76 94  

T5: 50% NPK + HBF+HCS    110 122    20 41    88 102  

T6: 50% NPK + HCF+ HBS   139 141    25 45    92 109  

T7: 100 % NPK (control)  75  98    7 25    32 48  

    Big Bell    

T1: 50% NPK + HBF    21 82    12 14    20 25  

T2: 50% NPK + HCF    20 88    11 16    19 23  

T3: 50% NPK + HBS    38 92    14 19    36 45  

T4: 50% NPK + HCS    45 75    17 23    38 56  

T5: 50% NPK + HBF+HCS    51 84    18 35    48 61  

T6: 50% NPK + HCF+ HBS    95   105   23   45   55   75 

T7: 100 % NPK (control)    71   80   8   12   18   22 

HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances extracted from 

biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

3.2.4. Dehydrogenase enzymes activities: Dehydrogenases (DHA) are intracellular enzymes that are active in living cells 

and are an important indicator of microbial activity of the soil [72 ]. As shown in Table 9, DHA activities in rhizosphere 

region of Dark Green cultivar were higher than that of Big-Bell cultivar in the first season, while in the second season the 

opposite rend was happening. The values of enzymatic activity were higher in the combination treatments particular T5 

than the other treatments for both cultivars. On the other hand, the full dose of NPK (control) recorded the lowest values 

being 20.23, 28.89 and 20.63, 30.10 TPF/g/day for Dark Green and BigBell cultivars for season 2012 and 2013 

respectively. This effect was reflected in lettuce yield, although reduction of recommended mineral fertilizers to 50%. 

These results are matched with [73 ,74 ] where they found that inoculation of tomato plants with phosphate dissolving 

bacteria enhanced activities of dehydrogenase compared to control. Studies of enzyme activities in soil are important as 

they indicate the potential of the soil to support biochemical processes which are essential for the maintenance of soil 

fertility [75 ]. The dehydrogenase activity was estimated as an indication of the respiratory activity of roots and soil 

microorganisms [64 ].  Nitrogenase activity revealed the same behaviors, treatment T5 was superior in nitrogenase enzyme 

values (35.95, 37.23 and 44.88, 51.2 µmole C2H4 / gm soil in season 2012 and 2013 respectively), followed by T4. 

Nevertheless, control treatment achieved increases than treatments T1 and T2 (12.13, 13.52 and 24.16, 27.5 during both 

2012 and 2013 seasons respectively). Massoud et al. [76 ] reported that the nitrogenase and dehyrogenase activities, mixture 

combined of Arbuscular mycorrhizae, Azotobacter chroococcum, Azospirillum lipoferum, and Bacillus circulans + 50 % 
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(HA) + 50 % NPK recorded high nitrogenase activity after 45 days, whereas, the treatment mix + 75 % humic + NPK gave 

the highest activities of both nitrogenase and dehyrogenase enzymes after 75 days respectively.  

Table 9: Effect of some nutrient treatments on Enzymes, total soluble solids content (TSS) % of two cultivars lettuce 

heads  

Cultivars 

Dehydrogenase 

TPF/gm soil 

Nitrogenase 

µmole C2H4/gm soil 

T.S.S. Content 

% 

 2012 2013 2012 2013 2012 2013 

Dark Green 34.77 40.02 18.08 20.16 2.67 2.85 

Big Bell 34.59 41.71 25.66 28.09 2.36 2.35 

LSD at 0.5 N.S. N.S. ----- ----- N.S. N.S. 

Treatments       

T1: 50% NPK + HBF 30.05 33.61 16.35 17.75 2.34 2.40 

T2: 50% NPK + HCF 28.12 32.66 12.72 13.88 2.37 2.19 

T3: 50% NPK + HBS 37.24 41.71 17.11 18.99 2.55 2.84 

T4: 50% NPK + HCS 37.73 43.77 30.67 33.23 2.60 2.67 

T5: 50% NPK + HBF+HCS 49.42 57.32 40.42 44.22 2.59 2.55 

T6: 50% NPK + HCF+ HBS 39.82 47.51 17.66 20.32 2.78 3.09 

T7: 100 % NPK (control) 20.43 29.50 18.17 20.51 2.40 2.48 

LSD at 0.5 6.45 6.45 ----- ------ N.S. N.S. 
HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances extracted from 
biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

Table 10: Effect of cultivars and nutrient treatments on enzymes, and total soluble solids content in lettuce leaves  
Cultivars Treatment Enzymes T.S.S. Content 

% 
DeHydrogenase 

TPF/gm soil 

Nitrogenase 

µmole C2H4 / gm soil 

2012 2013 2012 2013 2012 2013 

D
ar

k
 G

re
en

 

T1: 50% NPK + HBF 30.50 35.11 11.15 13.2 2.47 2.63 

T2: 50% NPK + HCF 30.43 36.0 10.81 12.56 2.47 2.50 

T3: 50% NPK + HBS 40.30 44.30 12.01 14.0 2.60 2.97 

T4: 50% NPK + HCS 35.63 42.21 26.13 28.3 2.73 2.93 

T5: 50% NPK + HBF+ HCS 45.23 48.54 35.95 37.23 2.87 2.77 

T6: 50% NPK + HCF+ HBS 41.10 45.12 18.34 22.33 3.03 3.40 

T7: 100 % NPK (control) 20.23 28.89 12.18 13.52 2.53 2.73 

B
ig

 B
el

l 

T1: 50% NPK + HBF 29.60 32.11 21.54 22.30 2.20 2.17 

T2: 50% NPK + HCF 25.80 29.31 14.63 15.20 2.27 1.87 

T3: 50% NPK + HBS 34.17 39.12 22.21 23.98 2.50 2.70 

T4: 50% NPK + HCS 39.83 45.32 35.20 38.16 2.47 2.40 

T5: 50% NPK + HBF+ HCS 53.60 66.10 44.88 51.2 2.30 2.33 

T6: 50% NPK + HCF+ HBS 38.53 49.89 16.97 18.30 2.53 2.77 

T7: 100 % NPK (control) 20.63 30.10 24.16 27.5 2.27 2.23 
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LSD at 0.5  ----- ----- 25.18 35.15 21.01 24.22 

HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances  extracted 
from biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  
  

3.2.5. Total Soluble Solids (TSS) in lettuce heads: Potassium plays an important role increasing TSS and quality 

properties of fruits [77 ]. Although Dark Green plants attained a higher level of total soluble solids than Big-Bell 

plants in both seasons (Table 9), there were non-significant differences in TSS% between the two lettuce cultivars.  

In general plants treated with HBS or HCF combined with 50%NPK gave higher level of soluble solids in both 

seasons compared to control plants. These treatments could be considered as advantages of organic growing. On 

the other hand, the treatments: 50% NPK+HBS, 50% NPK+HCS, and 50% NPK+HCF+HBS, recorded highly 

significant TSS% compared to the control plants in both cultivars.   

  

Table 11: Effect of some nutrient treatments on Total Nitrogen, Phosphorus, and Potassium of two lettuce cultivars 

during 2013  

Cultivars N% P% K% 

Dark Green 2.41 0.55 2.65 

Big Bell 3.62 0.57 3.61 

LSD at 0.5 0.74 0.13 0.52 

Treatments    

T1: 50% NPK + HBF 2.55 0.60 3.47 

T2: 50% NPK + HCF 1.37 0.41 2.59 

T3: 50% NPK + HBS 1.64 0.51 2.66 

T4: 50% NPK + HCS 2.24 0.51 3.60 

T5: 50% NPK + HBF+HCS 2.54 0.63 3.14 

T6: 50% NPK + HCF+ HBS 1.85 0.73 2.84 

T7: 100 % NPK (control) 1.94 0.54 3.62 

LSD at 0.5 0.73 0.15 0.54 
HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances extracted from 
biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

  

3.2.6. Total Nitrogen: Nitrogen plays a crucial role in the synthesis of amino acids and proteins, plant growth, 

chlorophyll formation, leaf photosynthesis, and yield of lettuce [7 ].  As shown in Table 11, the total N content of 

Big-Bell was significantly higher than Dark Green cultivar. The treatment T1 (50% NPK + HBF) recorded the best 

results in both cultivars. Foliar application with HBF (T1) and its combinations (HBF + HCS) showed high N % 

(2.55 and 3.5 % in Dark Green and Big-Bell cultivars respectively. On the other hand, foliar application of compost 

(HCF), and biogas soil application (HBS), recorded the lowest N% in both lettuce cultivars (Table 12) .  N is the main 

yield factor and considered as the characteristic constituent of functional plasma, an integral part of chlorophyll 

molecules, proteins, amino acids, nucleic acids (RNA and DNA), nucleotides, phosphotides, alkaloids, enzymes, 

coenzymes, hormones, and vitamins [57 ]. Wolkowski [78 ] reported that relatively high applications of composted 

wastes should be added to supply, crop N needs and produce yields similar to those found with recommended doses 

of commercial fertilizer. Bar-Tal [79 ] found that incorporating compost has a positive effect on crops only when 

additional N applications are carried out, and that the organic matter content and net N mineralization increases over 

time in soils treated with compost. These results are matched with [80 ] who found that the highest values of N content 

sesame in seeds was achieved by application of humic acid combined with the high rate of mineral N fertilizer.  
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3.2.7. Total Phosphorus: Regarding total P content in lettuce leaves, data in Table 11 showed that Big-Bell cultivar 

had significantly higher P content than "Dark Green".  Moreover, treatment T6 (50% NPK+HCF+HBS) showed a 

significant increase in total phosphorus content in lettuce leaves (0.71 and 0.75 % in both cultivars) compared to the 

control and other treatments (Table 12). Organic fertilizers are used for their organic matter contribution and nutrients, 

mainly N and P [81 ]. The availability of nutrients in organic fertilizers does not depend on its total content of material, 

but on the dynamics of the process; thus, some elements can become more available because of pH, moisture, and 

aeration, or in composting for the temperature allowing the development of specialized 

organisms. Likewise,theearthworm’sactioncanaffect,inonewayoranother,the availability of an element [82 ].   

  

Table 12: Effect of interaction between cultivars and nutrient treatments on total Nitrogen, Phosphorus, and 

Potassium in lettuce leaves during 2013  

Treatment 
TN% TP% TK% 

Dark Green Big Bell Dark Green Big Bell Dark Green Big Bell 

T1: 50% NPK + HBF 2.50 2.60 0.61 0.58 2.73 4.20 

T2: 50% NPK + HCF 1.20 1.53 0.38 0.43 2.00 3.17 

T3: 50% NPK + HBS 1.17 2.10 0.48 0.53 1.85 3.47 

T4: 50% NPK + HCS 2.00 2.47 0.48 0.53 3.63 3.57 

T5: 50% NPK+ 

HBF+HCS 
1.57 3.50 0.65 0.60 2.47 3.80 

T6: 50% NPK+HCF+ 

HBS 
1.43 2.27 0.71 0.75 2.37 3.30 

T7: 100 % NPK (control) 1.47 2.40 0.51 0.57 3.50 3.73 

LSD at 0.5 0.71 0.18 0.55 

HBF: Humic substances extracted from biogas as foliar, HCF: Humic substances extracted from compost as foliar, HBS: Humic substances extracted from 

biogas as soil treatment, HCS: Humic substances extracted from compost as soil treatment.  

  

3.2.8. Total Potassium: There is a relationship between K concentration and nitrate accumulation [14 ]. Data 

presented in Table 11 recorded significant increases in K contents in Big-Bell cultivar compared to Dark Green plants. 

Moreover, leaves K content in T1and T4 were higher than other treatments (3.63 and 4.20 % in both Dark Green and 

Big-Bell cultivars respectively) (Table 12). Similar finding was gained by [80 ] who reported that the highest values 

of K contents in sesame seeds were achieved by soil application of humic acid combined with the high rate of mineral 

N fertilizer. The results also are in agreement with those reported by [83 ] who found that, the combined application 

of compost with mineral fertilization recorded the highest K contents in Oregano plants. This effect could be attributed  

to  the  role  of  mineral  fertilization  in  increasing  the  absorption  and  accumulation  of potassium in the plant 

organs [84]. Also the organic manure improved the soil microbial biomass and activity, as well as potassium 

dissolving bacteria, and consequently the available K for the plant [85 ]. So, using combination of mineral fertilizer 

and organic manure unified these advantages [83 ].  

  

Conclusion  
We recommend using humic substances extracted from compost and biogas manure as organic stimulators for lettuce plants 

because, it has beneficial effects on biological activities in soil and reflect that on enhancement of plant growth and yield. Also, 

it gave the lowest concentration of NO3 in leaves. So, they consider friendly to the environment and they have no harmful effect 

on human health.  The best treatments were T1 (50% NPK+HBF), T2 (50% NPK+HCF), T5 (50% NPK+ HBF+HCS) and T6 

which they gave highly fresh yield and low levels of nitrate.    
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