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Abstract 
Experiments were carried out in field plots to evaluate the effects of Azolla 
filiculoides biomass and ammonium sulphate at quantities of 100 and 200 kg N 
ha-1 and a combined application of the two at 50 and 100 kg N ha-1 of the 
each as biofertilizer for tomato. Azolla biomass can totally substitute inorganic 
nitrogen without affecting crop productivity and quality. 
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1. Introduction 

The water fern Azolla lives in a symbiotic relationship with a diazotrophic 
cyanobacterium, Anabaena azollae. Because of the high productivity and 
nitrogen content of its biomass, this association has been used as a biofer 
tilizer for centuries in South East Asia, mainly in rice cultivation (Lumpkin 
and Plucknett, 1980; Roger and Watanabe, 1986; Whitton and Roger, 1989; 
Van Hove, 1989). 
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Research programmes dedicated to the cultivation and utilization of Azolla 
in rice farming systems were started in the mid-1970's, in Italy (Margheri et 
al., 1979). They confirmed the biofertilizing potential of Azo/la for the rice 
and thus opened the way to studies on the utilization of the Azolla biomass as 
biofertilizer for vegetable garden crops (Fa villi et al., 1988a; 1988b ). 
The management of vegetable gardens is characterized by the planting of a 

succession of different crop species over a period of a year, thus, the Azolla 
biomass is utilized as it is produced. The purpose of this paper is to report on 
the use of the local strain of Azolla filiculoides biomass in the form of green 
manure for tomato. 

2. Materials and Methods 

In 1990, studies were carried out on a farm of the experimental center of the 
ESAC (Ente di Sviluppo Agricolo per la Calabria) located in Sibari (Southern 
Italy). Azolla filiculoides biomass was produced in field level ponds of 500 m2 

(Favilli et al., 1988a). 
Tomatoes, of the local cultivar "Mypeel 244" were grown in 21 field plots of 

50 sq metres each. The Azolla biomass was incorporated 15 days before the 
transplanting of 15-day-old tomato seedlings. Each plot contained 80 tomato 
seedlings, 35 cm apart, in two parallel rows. Six treatments using nitrogen 
fertilization, (100 and 200 kg N ha-1) were applied in the form of A~olla 
biomass (6 plots), ammonium sulphate (6 plots), or a combination of the two 
( 6 plots). Three control plots without nitrogen were also arranged. Phosphorus 
and K were applied respectively as superphosphate and potassium sulphate 
at levels of 80 kg P205 and 40 kg K20 per hectate. The Azolla biomass 
incorporated had a N content of 3.3%, based on dry weight. Each treatment 
was repeated 3 times. 
At harvest, total crop production and the percentage of ripe, unripe and 

damaged fruits were calculated for each experiment. A fruit sample of 3 kg, 
collected from 6 randomized plants of each plot, was utilized for the quan 
tification of the following commercial and chemical characteristics: pH; total 
acidity expressed as % of citric acid; reducing sugars; total dry residue. All 
results are the mean values of the three experiments. 

3. Results 

The comparative effects of Azolla and ammonium sulphate applications on 
tomato yield are given in Fig. 1. All the treatments caused an increase in 
tomato yield while no significant differences were observed in any of the listed 
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Figure 1. 

above fruit chemical characteristics of the crop with the exception of total 
dry residue. Using 100 kg N ha-1, applied in the form of Azolla or ammo 
nium sulphate alone or as the combined application of 50 kg N ha"! of each, 
tomato yield increases were 13.3, 14.4 and 16.9% respectively when compared 
to the controls. No significant differences among the yields were observed as a 
consequence of the different nitrogen sources. 

By doubling the applications to 200 kg N ha-1 (Azolla or ammonium sul 
phate, and a combined application of the two of 100 kg N ha-1 ), the yields 
increased to 21.2, 17.1 and 25.8%, respectively. At this N level the different 
nitrogen sources caused more marked differences in the yields. Moreover, the 
combined application of Azolla and ammonium sulphate N was more effective 
than each by itself. Interestingly, the use of Azolla appears to advance the 
ripening of fruit by about 10 days and results in an average 8% reduction of 
damaged fruits. Most of the chemical characteristics of the crop did not differ 
significantly from controls, i.e., pH range was 5.22 to 5.31; total acidity from 
0.65 to 0.81 % as citric acid; reducing sugar from 3.09 to 3.21 %. Only the val 
ues of the total dry residue differed markedly, ranging from 3. 76 (control) to 
5.05% for combined application of Azolla and ammonium sulphate of 100 kg 
N ha-1 of each. 
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4. Discussion 

The present experiments indicate that tomato yield in Southern Italy 
are higher in the presence of Azolla biomass. Other experiments have 
shown that other biofertilizer applications such as cyanobacterial biomass and 
Azospirillum, also enhanced tomato yields (Kaushik and Venkataraman, 1979; 
Rodgers et al., 1979; Bashan et al., 1989). Even in the case of naturally highly 
fertilized soils, such as in Sibari where crop productivity without N fertilizer 
has been 60.8 t ha-1, the positive effects of Azolla application were noted. 
Indeed, the combined application of Azolla biomass and ammonium sulphate 
was more effective than the application of either Azolla or ammonium sul 
phate alone. The marked effects of the Azolla application ( alone or combined 
with ammonium sulphate) on the tomato yield, indicate that Azolla does not 
act simply as a nitrogen source. There are presumably other factors, such as 
organic matter increase which improves the chemical and physical character 
istics of the soils. In addition, the use of Azolla could be beneficial to the 
crop by providing growth stimulating compounds produced by the endosym 
biotic cyanobacterium. Such compounds are also actively released into the 
soil by living cells or after cell death or lysis. Several authors have observed 
the phytostimulating effects of biologically active substances produced by liv 
ing photosynthetic microorganisms (Kobayashi et al., 1973; Florenzano et al., 
1978; Sing, 1979; Balloni et al., 1986). Although data concerning stimulative 
effects of cyanobacteria and Azolla on rice are available (Venkataraman and 
Neelakantan, 1967; Liu, 1979; Sing, 1988), little is known about the response 
of other crops to cyanobacteria and Azolla application (Dadhich et al., 1969; 
Rodgers et al., 1979; Ferrera-Cerrato and Romero, 1982). Our experiments in 
dicate that Azolla can be applied successfully as a biofertilizer with crops other 
than rice even in countries where agriculture is already intense and the cost of 
labor for the production of Azolla and its application would be high. The eco 
nomic benefits of Azolla use could be estimated both as reduction in the cost 
of the nitrogen fertilizers and on environmental protection as a consequence of 
the lower requirement of chemical inorganic nitrogen. 
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