
Middle East Journal of Agriculture 
Research 
ISSN 2077-4605 

Volume : 07 | Issue : 03 | July-Sept. | 2018 
Pages:1001-1005 

 
 

Corresponding Author: A.Abdel-Wahab, Vegetable Crops Department, Faculty of Agriculture, Cairo 
University, Giza, Egypt. E-mail: ahmed2hoba@agr.cu.edu.eg 

1001 

Increasing productivity and head quality of lettuce using bio-stimulants 
 

A. Abdel-Wahab 
 
Vegetable Crops Department, Faculty of Agriculture, Cairo University, Giza, Egypt 

Received: 10 July 2018 / Accepted: 22 August 2018 / Publication date: 02 Sept. 2018 
 
ABSTRACT  
 

This experiment was carried out at Eastern Experimental Station of Faculty of Agriculture, 
Cairo University under net house conditions during the two winter seasons of 2013 and 2014 to study 
the effect of algae extract, mycorrhiza and the interaction between them on yield and quality of head 
lettuce cv. Big-bell. The treatments of this experiment were 4 treatments as follow; foliar application 
of algae extract at the rate of 0.5 ml/l, inoculation with the arbuscular mycorrhizal fungus (Glomus 
sp.), foliar application with algae extract at the rate of 0.5 ml/l + inoculation with the arbuscular 
mycorrhizal fungus (Glomus sp.) and control treatment. The foliar application with algae extract was 
sprayed two times at 15 and 30 days after planting. A complete randomized blocks design with three 
replications was adopted. The results indicated that using both of algae extract and mycorrhiza 
application individually or in a combination between them gave a significant increment in the mean of 
head weight, number of leaves per head and head diameter in both tested seasons as compared with 
the control. Moreover, the best total yield of head lettuce was achieved with using mycorrhiza 
treatment. The combination between algae extract and mycorrhiza showed a significant increase in N 
content. Furthermore, algae extract or mycorrhiza treatments in both seasons gave significant 
amelioration in P and K contents as well as Ca concentration in lettuce leaves as compared with the 
control. 

 
Keywords: Lactuca sativa, Algae Extract, Mycorrhiza, Plant Growth, Yield. 

 
Introduction 
  

Head lettuce (Lactuca sativa L.) or salad crop as the world was most used. It is one of the 
important leafy vegetable crops which is eaten fresh and is a major and extensively grown as cool-
season vegetable and best adapted to temperate locations (Rubatzky and Tamaguchi, 1997; Shahein, 
et al. 2014).  The cultivated area of lettuce in Egypt is about 3110 hectare, which produced about 
68644 tons (Ministry of Agriculture and Land Reclamation, Economic Affairs Sector, 2012). Also, 
lettuce is a shallow-rooted crop but it requires an extensive amount of fertilizers to produce high yield 
(Sukor, 2013). 

Plant bio-stimulants, described as any substance or microorganism applied to plants with aim of 
enhancing nutrition efficiency, abiotic stress tolerance, and/or crop quality traits (du Jardin, 2015), 
have a steadily growing market, according to market analysis reports (Marketsandmarkets.com, 
2014). Microorganisms and their metabolites that are capable of enhancing soil fertility, crop growth, 
and/or yield could provide an alternative to agricultural chemicals (Von Bennewitz and Hlušek, 
2006).  

Algae products have been widely used as amendments in crop production systems due to the 
presence of a number of plant growth-stimulating compounds (Khan et al. 2009; Calvo et al. 2014). 
Numerous studies have revealed a wide range of beneficial effects of algae extract applications on 
plants, such as early seed germination and establishment, improved crop performance and yield, 
elevated resistance to biotic and abiotic stress, and enhanced postharvest shelf-life of perishable 
products (Norrie and Keathley 2006; Dudas et al., 2016; Kopta et al., 2018). Moreover, bioactive 
compounds from algae were early considered with high potential in plant growth stimulation. These 
compounds affect metabolic processes including photosynthesis, respiration, nucleic acid synthesis 
and nutrients uptake. Algal extract mixture contain a wide range of active materials including free 
amino and organic acids, phytohormones, vitamins and enzymes which react as growth promoters 
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(Durand et al. 2003; Stirk et al. 2003; Dudas et al. 2016; Kopta et al. 2018). In this respect, fresh 
water microalgae extracts appeared to be a promising natural fertilizer. They contain high macro and 
micronutrients concentrations in addition to the natural enzymes and hormones (Shaaban 2001). On 
the other hand, arbuscular mycorrhizal fungi (AMF) live in symbiosis with at least 90% of plant 
species, including most horticultural crops. The characteristic structures of this type of mycorrhiza are 
arbuscules, i.e. bushy branched ends of AMF hyphae, which are located in cells of plant roots. 
Arbuscules are involved in the metabolic exchange between a plant and the fungus (Głuszek et al. 
2008 and Kowalska, 2015). Also, using mycorrhizal fungi significantly increased plant growth and 
nutrient uptake (Asghari and Cavagnaro, 2014), whereas Altuntas and Dasgan (2017) mentioned that 
mycorrhiza has got the lowest yield value after the control. So, this work was carried out to study the 
effect of algae extraction as a foliar spray, inoculation with mycorrhiza and the interaction between 
them on the growth, yield and chemical contents of head lettuce plants.  

 
Material and Methods 
 

This experiment was carried out at Eastern Experimental Station of Faculty of Agriculture, 
Cairo University under net house conditions during the two winter seasons of 2013 and 2014 to study 
the effect of algae extract, mycorrhiza and the interaction between them on yield and quality of head 
lettuce cv. Big-bell. Transplants of lettuce were planted on 23rd September 2013 and on 25th 
September 2014 on the both sides of row and the distance between plants were 20 cm. A complete 
randomized blocks design with three replications was adopted. The area of the experimental plot was 
12m2 (12 m length X 1 m width). The treatments of this experiment were 4 treatments as follow; 
foliar application with algae extract (trade compound, namely Oligo-X, produced by UAD CO. were 
used) at the rate of 0.5 ml/l, inoculation with the arbuscular mycorrhizal fungus (Glomus sp.) 
[Obtained from Microbiology Lab. of Faculty of Agriculture, Ain Shams University], foliar 
application with algae extract at the rate of 0.5 ml/l + inoculation with the arbuscular mycorrhizal 
fungus (Glomus sp.) and control treatment. The foliar application with algae extract was added two 
times 15 and 30 days after planting. The mean of three plants of each plot, at the harvest stage, was 
randomly sampled to estimate head lettuce characteristics (mean of head weight, number of leaves per 
head, leaves dry weight per 100 g fresh weight and head diameter) as well as total yield. N content 
and nitrate content in lettuce leaves were determined by micro-Kjeldahl method as explained by FAO 
(1980), P content in leaves in mg/g dry weight, according to Taussky and Shorr (1952), K content and 
Ca concentration in leaves were determined by using absorption flame photometer according to the 
method described by Brown and Lilliland (1946) and TSS% in the central part of the head was 
determined by using Zeiss laboratory refractometer. Data were treated by analysis of variance with 
using MSTAT-C v. 2.1 and means were compared by the least significant difference test (L.S.D) at 5 
% level of probability (Snedecor and Cochran, 1980).  

             
Results and Discussion 
 

Table 1 shows the effect of algae extract, mycorrhiza and the combination between them on 
lettuce head characteristics improvement. Using both of algae extract or mycorrhiza individually or in 
a combination between them gave a significant increment in mean of head weight, number of leaves 
per head and head diameter in both studied seasons as compared with the control, except of the 
combination treatment between algae extract and mycorrhiza in the first season that had been not 
significantly different with the control treatment on mean of head weight. On the contrary, there were 
no significant differences between the control treatment and all treatments on leaves dry weight in 
both seasons, except of using mycorrhiza in the first season that significantly increased leaves dry 
weight as compared with control. Generally, using algae or mycorrhiza individually gave the highest 
values in all head characters in both seasons. In this respect, Dudas et al. (2016) reported that 
treatments with both Bio-algeen S-90 or Megagreen increased plant height and number of leaves of 
lettuce plant. Since both preparations affect plant height almost twice as much as head mass and leaf 
number, they assume that their effects could be associated with synthesis, transport and/or 
accumulation of auxins in lettuce.  Moreover, Algal extract mixture contain a wide range of active 
materials including free amino and organic acids, phytohormones, vitamins and enzymes which react 
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as growth promoters (Stirk et al. 2003; Dudas et al. 2016). Concerning the positive effect of 
mycorrhiza on plant growth, Asghari and Cavagnaro, (2014) confirmed that using mycorrhizal fungi 
significantly increased plant growth of two grass species. This positive effect may be due to the bushy 
branched ends of AMF hyphae, which are located in cells of plant roots. Arbuscules are involved in 
the metabolic exchange between a plant and the fungus (Głuszek et al. 2008 and Kowalska, 2015). 
Generally, the increase in fresh and dry weight resulted from the improved nutrient status of the plant 
due to the presence of bio fertilizers especially mycorrhiza in the soil (Altuntas and Dasgan, 2017).  

 
Table 1: Effect of algae extract, mycorrhiza and the interaction between them on head weight, No. 

leaves/head, leaves dry weight (LDW) and head diameter of head lettuce during 2013 and 
2014 seasons. 

 
Treatment  

Season of 2013 Season of 2014 
Head 

weight 
mean 
(kg) 

No. of 
leaves / 

head 

LDW 
/100 g 
fresh 

weight 
(g) 

Head 
diameter 

(cm) 

Head 
weight 
mean 
(kg) 

No. of 
leaves / 

head 

LDW 
/100 g 
fresh 

weight 
(g) 

Head 
diameter 

(cm) 

Algae Extract  1.050 38.33 6.14 13.00 1.017 37.00 5.52 13.33 
Mycorrhiza 1.067 38.67 6.83 10.17 1.000 39.00 6.03 13.33 
Algae+Mycorrhiza  0.650 26.33 5.48 10.00 0.867 28.67 5.88 10.50 
Control  0.633 21.67 5.51 8.33 0.483 21.00 5.78 7.17 
LSD at 0.05 0.209 4.010 1.02 1.46 0.155 3.41 NS 1.46 

 
The effect of bio-fertilizers on TSS% and total yield were presented in Table 2. Data indicated 

that TSS% in head lettuce was significantly higher with using algae extract than the other treatments 
in both seasons, whereas using mycorrhiza individually or in a combination with algae extract did not 
show any significant differences in TSS% as compared with control. On the other hand, algae extract 
and mycorrhiza applied individually in both seasons or in a combination between them in the second 
season had a significant improvement in total yield as compared with control treatment. Moreover, the 
best total yield of head lettuce was achieved with using mycorrhiza treatment. These results may be 
attributed to the stimulatory effect of both algae and mycorrhiza in metabolism of lettuce through 
improving nutrient status that reflected on increasing yield. These results are in accordance with those 
obtained by Shaaban (2001) who reported that fresh water microalgae extracts appeared to be 
promising natural fertilizers and contain high macro and micronutrients concentrations in addition to 
the natural enzymes and hormones that play mean role in yield increment. Also, Dudas et al. (2016) 
mentioned that bio-stimulant significantly affected total yield as well as marketable yield. On the 
contrary, Altuntas and Dasgan (2017) mentioned that mycorrhiza has got the lowest yield value after 
the control.  

 
Table 2: Effect of algae extract, mycorrhiza and the interaction between them on TSS% and yield of 

head lettuce during 2013 and 2014 seasons. 

Treatment  
Season of 2013 Season of 2014 

TSS (%) Total yield (ton/fed.) TSS (%) Total yield (ton/fed.) 
Algae Extract  2.23 15.420 2.00 14.360 
Mycorrhiza 1.43 15.830 1.53 14.940 
Algae+Mycorrhiza 1.40 9.500 1.27 13.000 
Control  1.10 8.833 1.17 7.250 
LSD at 0.05 0.35 1.911 0.43 1.784 

  
With regard to the effect of bio- fertilizers on mineral nutrients concentrations in lettuce leaves, 

data in Table 3 appeared that N content and nitrate content in both seasons did not affect significantly 
with all bio-stimulator treatments as compared with control, except the treatment of combination 
between algae extract and mycorrhiza in the first season which showed a significant increase in N 
content. Furthermore, algae extract or mycorrhiza treatments in both seasons gave significant 
amelioration in Pand K content as well as Ca concentration in lettuce leaves as compared with control, 
whereas the combination between algae and mycorrhiza had no significant effect in P, K or Ca 
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concentrations in both seasons as compared with control, except in Ca concentration in the first 
season that was significantly higher than control with the same treatment. In this regard, Kopta et al. 
(2018) mentioned that bioactive compounds from algae affected nutrients uptake. Different results 
were obtained by Altuntas and Dasgan (2017) concerning mycorrhiza. 

 
Table 3: Effect of algae extract, mycorrhiza and the interaction between them on NPK, Ca and nitrate 

content of head lettuce leaves during 2013 and 2014 seasons.  

Treatment  

Season of 2013 Season of 2014 
N 

(mg/kg 
DM) 

P 
(mg/kg 
DM) 

K 
(mg/kg 
DM) 

Ca 
% 

Nitrate 
(mg/kg 
DM) 

N 
(mg/kg 
DM) 

P 
(mg/kg 
DM) 

K 
(mg/kg 
DM) 

Ca 
 % 

Nitrate 
(mg/kg 
DM) 

Algae Extract  3.37 39.57 222.30 14.00 0.32 3.33 34.86 230.30 13.99 0.31 
Mycorrhiza 3.37 34.57 239.30 12.98 0.34 3.30 34.47 252.70 13.17 0.33 
Algae+Mycorrhiza 3.60 30.83 209.00 12.43 0.34 3.40 30.80 213.00 12.02 0.33 
Control  3.17 29.97 200.30 11.72 0.30 3.40 30.10 203.70 11.80 0.31 
LSD at 0.05 0.36 2.23 13.14 0.41 NS NS 2.26 32.35 0.54 NS 

 
References  
 
Altuntas, O. and H.Y. Dasgan, 2017. Use of plant beneficial microorganisms to improve plant 

nutrition and yield in head salad cultivation. Asian Journal of Science and Technology, 8:(3) 
.4499-4503. 

Asghari, H.R. and T.R. Cavagnaro, 2014. Mycorrhizas effects on nutrient interception in two riparian 
grass species. Eurasian Journal of Soil Science, 3(4): 274–285. 

Brown, J.D. and O. Lilliland, 1946. Rapid determination of potassium and sodium in plant material 
and soil extracts by flame photometry. Proc. Amer. Soc. Hort. Sci., 48: 341-346.  

Calvo, P., L. Nelson and J.W. Kloepper, 2014. Agricultural uses of plant biostimulants. Plant Soil 
383, 3–41. 

Dudas, S., I. Sola, B. Sladonja, R. Erhatic, D. Ban and D. Poliuha, 2016. The effect of biostimulant 
and fertilizer on “low input” lettuce production. Acta Botanica Croatica, 1-12. 

Du Jardin, P., 2015. Plant biostimulants: Definition, concept, maincategories and regulation. Scientia 
Horticulturae, 196:3-14. 

Durand, N., X. Briand and C. Meyer, 2003. The effect of marine bioactive substances (NPRO) and 
exogenous cytokinins on nitrate reductase activity in Arabidopsis thaliana. Physiol Plant, 
119:489–493. 

FAO, 1980. Soil and Plant Analysis. Soils Bulletin 38/2,250. 
Głuszek, S., L. Sas-Paszt, B. Sumorok, and E. Derkowska, 2008. The effect of mycorrhiza on the 

growth and yield of horticultural plants. Post. Nauk Rol., 6: 11-22. (in Polish) http://www. 
instytucja.pan.pl/images/stories/pliki/wydzialy/wydzial_v/dwum_pnr/2008/pnr_6_08.pdf. 

Khan, W., U. P. Rayirath, S. Subramanian, M. N. Jithesh, P. Rayorath, D.M. Hodges, A.T. Critchley, 
J.S. Craigie, J. Norrie and B. Prithiviraj, 2009. Seaweed Extracts as Biostimulants of Plant 
Growth and Development. J Plant Growth Regul., 28:386–399.  

Kopta, T., M. Pavlikova, A. Sekara, R. Pokluda, and B. Marsalek, 2018. Effect of bacterial-algal 
biostimulant on the yield and internal quality of lettuce (Lactuca sativa L.) produced for spring 
and summer crop. Not Bot Horti Agrobo., 46(2): 1-7. 

Kowalska, I., A. Konieczny and M. Gąstoł, 2015. Effect of mycorrhiza and the phosphorus content in 
a nutrient solution on the yield and nutritional status of lettuce grown on various substrates. J. 
Elem., 20(3): 631-642. 

Marketsandmarkets.com. 2014. Biostimulants market by active ingredient (acid-based and extract 
based), by application type (foliar, soil, and seed), by crop type (row crops, fruits and 
vegetables, and turf and ornamentals) and by region - global trends and forecasts to 2019. USA 
MarketsandMarkets™ INC. Retrieved 2016 Jan 11 from http://www.marketsandmarkets.com. 

Ministry of Agriculture and Land Reclamation, (EAS), Economic Affairs Sector. 2012. The Indicators 
Agriculture Statistics, 2: 219. 



Middle East J. Agric. Res., 7(3): 1001-1005, 2018 
ISSN: 2077-4605 

1005 

Norrie, J. and J.P. Keathley, 2006. Benefits of Ascophyllum nodosum marine-plant extract 
applications to ‘Thompson seedless’ grape production. (Proceedings of the Xth International 
Symposium on Plant Bioregulators in Fruit Production, 2005). Acta Hortic 727:243–247. 

Rubatzky, V.E. and M. Tamaguchi, 1997. World vegetables, principles, production and nutritive 
values. Second edition. Chapman and Hall International Thomson Publishing. New York, 
U.S.A. PP. 843. 

Shaaban, M.M., 2001. Green microalgae water extract as foliar feeding to wheat plants. Pakistan J 
Biol Sci., 4: 628-632. 

Shahein, M.M., M.M. Afifi and A.M. Algharib, 2014. Assessing the effect of humic substances 
extracted from compost and biogas manure on yield and quality of lettuce (Lactuca sativa L.). 
American-Eurasian J. Agric. & Environ. Sci., 14 (10): 996-1009. 

Snedecor, G.W. and W.G. Cochran, 1980. Statistical Methods. 7th ed. Iowa State University Press, 
Ames. 

Stirk, W.A., M.S. Novak, and J. Van Staden, 2003. Cytokinins in macroalgae. Plant Growth Regul., 
41:13–24. 

Sukor, A., 2013. M.Sc. thesis, Colorado State Univ., USA. 
Taussky, H.H. and E. Shorr, 1952. A microcolorimentric method for the determination of inorganic 

phosphorus, J. Boil. Chem., 202: 615- 685.  
Von Bennewitz, E. and J. Hlušek, 2006. Effect of the application of two biopreparations on the 

nutritional status, vegetative and generative behaviour of ‘Jonagold’ apple trees. Acta 
Horticulturae, 721:129-135. 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Received: 10 July 2018 / Accepted: 22 August 2018 / Publication date: 02 Sept. 2018
	ABSTRACT 



