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ABSTRACT

This study was carried out during 2008, 2009 and 2010 seasons as an attempt for reducing inorganic N
fertilizers partially in Flame seedless vineyards by application of Fulvic acid and Spirulina platensis algae as
bio- organic fertilizers. Chemical fertilizers was applied at 40 to 100 % out of the recommended N rate. Fulvic
acid and Spirulina platensis algae each at 5 to 20 cm3/vine/ season were added as a substitute for chemical
N fertilizer. Results showed that using the suitable N through 60 to 80 % inorganic beside Fulvic acid and
Spirulina platensis algae each at 5 to 10 cm3/ vine/ season was very effective in simulating main shoot length,
leaf area, percentages of N, P, K and Mg in the leaves, yield and cluster weight comparing to using N
completely via inorganic form or using inorganic N at percentages lower than 60 %. The promotion on quality
of the berries was associated with reducing inorganic N percentages from 100 to 40 % and at the same time
increasing levels of Fulvic acid and Spirulina platensis algae from 5 to 20 cm3 per vine/ season. The best
results with regard to yield and quality of Flame seedless grapevines were obtained with supplying the vines
with the suitable N as 60 % inorganic source plus organic and biofertilization with Fulvic acid and Spirulina
platensis algae each at 10 cm3/ vine/ season.
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Introduction

Nitrogen fertilization is an important and limiting factor for growth, nutritional status and fruiting of
grapevines (Cook, 1966). Considerable amounts of N applied via soil are lost through leaching accordingly a
part of N is must added via different N sources namely organic, bio and humic acids. More studies are needed
for finding out the best N management that was responsible for improving fruiting of different grapevine cvs.
In addition, the high cost of inorganic fertilizers is considered a big problem facing grape growers in addition
to their roles on health problems and environmental pollution. A great attention was realized to fulfill the
nutrient requirements of grapevines from organic and biofertilizers as an alternative to the inorganic fertilizers.
Adding organic fertilizers not only increases the organic matter in the soil but also enhances the available P,
K and most micronutrients through their effects on lowering soil pH. Using these fertilizers improve water use
efficiency. Organic N fertilizers are responsible for avoiding all forms of pollution that may result from
conventional agricultural techniques (Nijjar, 1985).
Biofertilization for grapevines has called the attention for researcher and it has become in the last few decades
a positive alternative to chemical fertilizers. Biofertilizers mainly consist of beneficial microorganisms that can
release nutrients from plant residues in the soil and make them available for human, animal and environment,
since they reduce at the lower extent the great pollution happened in our environment. They are responsible
for fixation of N and had higher amounts of hormones, vitamins B and antibiotics (Kannaiyan, 2002).

Using of organic fertilizers as well as humic acid sources is beneficial in solving soil and water salinity
and improving soil fertility physically and chemically (Nijjar, 1985).
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Humic substances namely humic acid, fulvic acid and humin acts as conditioners for the soil and as bio
catalyst and improve soil structure, and increase root development. Benefits of humic substances are addition
of organic matter to organically deficient soils, increase root vitality, improve nutrient uptake, increase
chlorophyll synthesis, better seed germination, increase fertilizer retention, stimulate beneficial microbial activity
and produce healthier plants and improve yield. Humic acids, the fraction of humic substances that is not
soluble in water under acidic condition but is soluble at higher pH values. They are dark brown to black in
color. Fulvic acids, the fraction of humic substances that is soluble in water under all pH conditions. Fulvic
acids are light yellow to yellow brown in color. Humin, the fraction of Humic substances that is not soluble
in water at any pH values and in alkali. They are black in color (Stevenson, 1982; Gaffney et al., 1996; Hayes
and Wilson, 1997; Davis and Ghabbour, 1998 and Kabeel et al., 2008).

The humic substances in the soil have multiple effects (Sangeetha et al., 2006). It may have both direct
and indirect effects on plant growth (Chen and Avid, 1999). Indirect effects involve improvement of soil
properties such as aggregation, aeration, permeability, water holding capacity, micronutrients transport and
availability (Tan, 2003). Direct effects are those, which require uptake of humic substances into the plant tissue
resulting in various biochemical effects (Chen and Avid, 1999). Kulikova et al., (2005) pointed out that humic
substances might show anti- stress effects under a biotic stress conditions (unfavorable temperature, pH,
Salinity, etc.). 

On the other hand, algal biofertilizer is also useful for the reclamation of marginal soils such as saline-
alkali and calcareous soil (Hedge et al., 1999).

Spirulina platensis is a photosynthetic blue- green microalga. It is a commercial product high nutritional
value, serving as a source of nutrients for food, feed and biofertilizer (Sànchez, 2003). Spirulina platensis has
been used as biofertilizer for many crops in different application methods individually or combined with other
organic fertilizers (Aly et al., 2008).

Combined application of inorganic N with biofertilizers (Dobrie et al., 2001; Kamel, 2002; Eissa 2003;
Mahran, 2005; El- Khafagy, 2006; Refaai, 2007; Seleem- Basma and Telep, 2008; Abada, 2009; Uwakiem,
2011 and Refaai, 2011) and humic substances (Saleh et al., 2006; Kabeel et al., 2008 and Abd El- Aziz, 2011)
as a partial substitute for chemical fertilizers was very effective in stimulating growth, yield and quality of
berries in various grapevine cvs.

The target of this study was examining the effect of Fulvic acid and Spirulina platensis algae as organic
and biofertilizers as a partial substance of mineral N fertilizer for Flame seedless grapevines.

Materials and methods

This investigation was carried out during 2008, 2009 and 2010 seasons on 36 eleven- years old Flame
seedless grapevines. The selected vines were visually uniform in vigour, grown in sandy soil at 2 × 3 m apart
in a private vineyard located at West Matay district, Minia Governorate. Irrigation was made by drip system.
Short (spur) pruning method with Gable shape supporting system was followed.  Pruning was carried out in
the middle of Jan. leaving 72 eyes/ vine (on the basis of 15 fruiting spurs × four eyes + six replacement spurs
× two eyes). Soil analysis before study start was carried out according to the procedures of Page et al., (1982)
and the obtained data are shown in Table (1).

The present experiment included the following four treatments from inorganic N as well as Fulvic acid
and Spirulina platensis algae application:
1. Application of the suitable N (80 g/ vine/ season) completely via inorganic form (388 g ammonium

sulphate/ vine/ season). 
2. Application of 80 % of the suitable N via inorganic form (310.4 g ammonium sulphate/ vine/ season) +

Fulvic acid at 5 cm3/ vine/ season + Spirulina platensis algae at 5 cm3/ vine/ season. 
3. Application of 60 % of the suitable N via inorganic form (232.8 g ammonium sulphate/ vine/ season) +

Fulvic acid at 10 cm3/ vine/ season + Spirulina platensis algae at 10 cm3/ vine/ season. 
4. Application of 40 % of the suitable N via inorganic form (155.2 g ammonium sulphate/ vine/ season) +

Fulvic acid at 20 cm3/ vine/ season + Spirulina platensis algae at 20 cm3/ vine/ season. 
Each treatment was replicated three times, three vines per each. Inorganic N source was ammonium

sulphate (20.6 % N). It was splitted into three unequal batches added as 50 % on the first week of Mar., 25
% just after berry setting (last week of Apr.) and 25 % at one month later (last week of May). Fulvic acid
organic fertilizer at 5 to 20 cm3/ vine/ season was added once at the first week of Feb. Spirulina platensis
algae biofertilizers at 5 to 20 cm3/ vine/ season was added once at the first week of Mar. The selected vines
received all horticultural practices that already applied in the vineyard.
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Table 1: Soil analysis at the trial location.
Characters Values
Sand % 82.5
Silt % 10.0
Clay % 8.5
Texture Sandy
O.M. % 0.9
pH (1:2.5 extract) 8.00
E.C. (1:2.5 extract) (mmhos/1cm3/25°C) 1.22
CaCO3 % 2.33
Total N % 0.009
Available K (ammonium acetate, ppm) 41.2
Available P (Olsen method, ppm) 2.1

Spirulina platensis was obtained from Microbiology Res. Department, Soils, Water and Environment
Research Center (ARC), Giza, Egypt. The Algae was grown in one liter Erlenmeyer flasks containing 500 ml
of standard synthetic medium (Zarrouk, 1966) under continuous illumination (2000 lux). The flasks were
incubation at 350C ± 20C. After 30 days of incubation the culture was transferred to glass- reactor (4 liter) and
maintained under aerobic conditions using filtered compressed air and incubation at 37 ? C for 21 days.
Spirulina platensis culture concentration of 2.54 nm was measured spectrophotometrically at 560 nm by Leduy
and Therien (1977). pH (1.51) and dry weight (2.63 gl-1) were estimated according to Vonshak (1986).
Chlorophyll- a (23.5 mgl-1) was determined by the method of Vonshak and Richmond (1988).
Some characteristics for Spirulina platensis culture are shown in Table (2).

Completely randomized block design was adopted. The following parameters were recorded.
1. Growth characters namely main shoot length (cm.) and leaf area (cm2) were recorded at the last week of

June. Leaf area was measured by taken twenty leaves opposite to the basal clusters according to Ahmed
and Morsy (1999) equation.

2. Percentages of N, P, K and Mg in the petioles of the same leaves used for measuring leaf area were
determined according to the procedures outlined by Chapman and Pratt (1965) and Wilde et al., (1985).

3. Yield expressed in weight (kg.) per vine was recorded at harvesting date (last week of June) when T.S.S/
acid in the berries of the cheek treatment (100 % inorganic form) reached at least 25/1. 

4. Average cluster weight (g.).
5. Five clusters were taken at random from the yield of each vine for determination of berry weight (g.), total

soluble solids, total sugars (Lane and Eynon method, 1965) and total acidity (as g tartaric acid/ 100 ml
juice, A.O.A.C., 1995).
All data were tabulated and statistically analyzed using New L.S.D test at 5 % according to Mead et al.,

(1993).

Table 2: Some characteristics for Spirulina platensis.
Characteristics Values
Color Blue- green
pH 10.51
EC (dScm-1) 19.3
Organic matter (gl-1) 2.72
Organic carbon (gl-1) 1.60
Total nitrogen (gl-1) 0.70
Total phosphorus (gl-1) 0.50
Total potassium (gl-1) 2.34

Results and discussion

1. Growth Characters:

It is clear from the data in Table (3) that using the suitable N via 60 to 80 % inorganic form plus 5 to
10 cm3 / vine/ season Fulvic acid and Spirulina platensis algae significantly stimulated main shoot length and
leaf area compared with using N completely via inorganic form or with using inorganic N at percentage lower
than 60 %. Reducing percentage of inorganic N from 100 to 60 % and at the same time increasing percentages
of organic and biofertilizers from 0.0 to 10 cm3/ vine/ season were accompanied with a gradual stimulation
on such two growth characters. A great decline on such two growth aspects was observed when inorganic N
fertilizer was used at percentages lower than 60 %.
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The maximum values were recorded on the vines that received N as 60 % inorganic + Fulvic acid and
Spirulina platensis algae at 10 cm3/ vine/ season. The minimum values were recorded when the suitable N was
added through 40 % inorganic + organic and biofertilizers each at 20 cm3/ vine/ season. These results were
true during the three seasons. These results are in agreement with those obtained by Mahran (2005), Abada
(2009) and Abd El- Aziz (2011).

2. Percentages of N,P,K and Mg:

As shown in Table (3) nutrients namely N, P, K and Mg were significantly increased with using N as 60
to 80 % inorganic + Fulvic acid and Spirulina platensis algae each at 5 cm3/ vine/ season comparing with
using N completely via inorganic form or when N was added as inorganic N at percentages lower than 60 %.
Significant reduction on these nutrients was observed when inorganic N was applied at percentages lower than
60 %. Fertilizing of the vines with N through 60 % inorganic + Fulvic acid and Spirulina platensis algae each
at 10 cm3/ vine/ season gave the maximum values. The minimum values were recorded on the vines that
fertilized with N as 40 % inorganic + 20 cm3/ vine/ season from Fulvic acid and Spirulina platensis algae.
Similar announced during the three seasons.

Similar results were revealed by Dobrie et al., (2001); Kamel (2002); Eissa (2003) and Saleh et al., (2006).

3. Yield/ Vine and Cluster Weight:

It is evident from the data in Table (4) that yield/ vine and cluster weight were positively affected by
application of N via 60 to 80 % inorganic plus 5 to 10 cm3/ vine/ season Fulvic acid and Spirulina platensis
algae comparing with using N as 100 % inorganic or using inorganic N at percentages lower than 60 %.
Varying N management had significant effect on the yield and cluster weight. A great and significant decline
on the yield and cluster weight was observed with reducing the percentages of inorganic N from 60 to 40 %.
Complete application of the suitable N via inorganic from significantly improved the yield and cluster weight
comparing with using N as 40 % inorganic + organic and biofertilizers each at 20 cm3/ vine/ season.
Supplying the vines with N through 60 % inorganic + 10 cm3/ vine/ season Fulvic acid and Spirulina platensis
algae gave the maximum values. The lowest values were produced from vines received the suitable N as 40
% inorganic + 20 10 cm3/ vine/ season Fulvic acid and Spirulina platensis algae. These resultes were true
during three seasons.

The present results are in harmony with those obtained by El- Khafagy (2006); Refaai (2011); Uwakiem
(2011) and Abd El- Aziz (2011).

4. Quality of the Berries:

It is clear from the data in Table (4) that varying N management had significant effect on physical and
chemical characters of the berries. Decreasing percentages of inorganic N from 100 to 40 % and at the same
time increasing the levels of both Fulvic acid and Spirulina platensis algae from 5 to 20 cm3/ vine/ season
caused a gradual promotion on quality of the berries in terms of increasing berry weight, total soluble solids
and total sugars and decreasing total acidity. The best results with regard to quality of the berries were
obtained when the vines were fertilized with the suitable N as 40 % inorganic + Fulvic acid and Spirulina
platensis algae each at 20 cm3/ vine/ season. Similar results were obtained during 2008, 2009 and 2010
seasons.

These results are in harmony with those obtained by Kabeel et al., (2008); Uwakiem (2011); Refaai (2011)
and Abd El- Aziz (2011).

The previous positive action of Fulvic acid and Spirulina platensis algae on fruiting cold be attributed to
their essential role on enhancing soil fertility, the availability of nutrients, natural hormones and antibiotics.

As a conclusion, treating Flame seedless grapevines grown in sandy soil with the suitable N through 60
% inorganic N + Fulvic acid and Spirulina platensis algae each at 10 cm3/ vine/ seasons was beneficial in
improving yield quantitively and qualititively.
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Table 3: Effect of Fulvic acid and Spirulina platensis algae as organic and biofertilizers on main shoot length (cm.), leaf area (cm2) and
percentage of N, P K and Mg in the leaves of Flame seedless grapevines during 2008, 2009 and 2010 seasons.

Treatment Main shoot length (cm.) Leaf area (cm2)
--------------------------------------------- ----------------------------------------------------------
2008 2009 2010 2008 2009 2010

100 % inorganic N 96.4 99.7 97.9 101.3 100.7 101.0
80 % inorg. +F+ S at 5 cm3/ vine 99.3 102.3 103.7 104.7 103.3 104.0
60 % inorg. +F+ S at 10 cm3/ vine 104.3 106.0 108.0 108.9 108.0 108.7
40 % inorg. +F+ S at 20 cm3/ vine 91.5 93.3 94.1 97.2 98.0 97.3
New L.S.D at 5 % 1.9 2.0 1.8 2.0 2.1 2.3
Characters Leaf N % Leaf P %
100 % inorganic N 2.11 2.19 2.31 0.13 0.14 0.13
80 % inorg. +F+ S at 5 cm3/ vine 2.22 2.39 2.41 0.17 0.18 0.17
60 % inorg. +F+ S at 10 cm3/ vine 2.33 2.48 2.51 0.22 0.21 0.22
40 % inorg. +F+ S at 20 cm3/ vine 2.20 2.11 2.24 0.09 0.10 0.09
New L.S.D at 5 % 0.05 0.06 0.06 0.03 0.03 0.03
Characters Leaf K % Leaf Mg %
100 % inorganic N 2.55 2.60 2.63 0.29 0.30 0.28
80 % inorg. +F+ S at 5 cm3/ vine 2.66 2.71 2.74 0.36 0.36 0.36
60 % inorg. +F+ S at 10 cm3/ vine 2.77 2.82 2.85 0.44 0.43 0.44
40 % inorg. +F+ S at 20 cm3/ vine 2.45 2.50 2.51 0.23 0.23 0.22
New L.S.D at 5 % 0.07 0.08 0.07 0.05 0.06 0.06
F = Fulvic acid as humic substances
S = Spirulina platensis Algae

Table 4: Effect of Fulvic acid and Spirulina platensis algae as organic and biofertilizers on yield/ vine (kg.), cluster weight (g.) as well
as physical and chemical characters of the berries of Flame seedless grapevines during 2008, 2009 and 2010 seasons.

Treatment Yield/ vine (kg.) Cluster weight (g.)
--------------------------------------------- ----------------------------------------------------------
2008 2009 2010 2008 2009 2010

100 % inorganic N 8.5 9.9 9.8 325.0 330.0 335.0
80 % inorg. +F+ S at 5 cm3/ vine 9.4 11.2 11.5 355.0 360.0 362.0
60 % inorg. +F+ S at 10 cm3/ vine 10.2 12.2 12.5 381.0 390.0 391.0
40 % inorg. +F+ S at 20 cm3/ vine 7.6 9.0 9.1 301.0 306.0 307.0
New L.S.D at 5 % 0.6 0.7 0.7 21.0 22.0 20.0
Characters Berry weight (g.) T.S.S %
100 % inorganic N 2.11 2.20 2.31 18.0 18.5 18.4
80 % inorg. +F+ S at 5 cm3/ vine 2.25 2.30 2.33 18.6 19.2 19.4
60 % inorg. +F+ S at 10 cm3/ vine 2.41 2.44 2.45 19.4 20.0 20.2
40 % inorg. +F+ S at 20 cm3/ vine 2.62 2.63 2.64 20.0 20.6 21.0
New L.S.D at 5 % 0.07 0.08 0.08 0.4 0.4 0.3
Characters Total sugars % Total acidity %
100 % inorganic N 16.0 16.1 16.1 0.670 0.666 0.664
80 % inorg. +F+ S at 5 cm3/ vine 16.7 16.8 17.0 0.630 0.627 0.622
60 % inorg. +F+ S at 10 cm3/ vine 17.5 17.7 18.0 0.591 0.590 0.588
40 % inorg. +F+ S at 20 cm3/ vine 18.2 18.4 18.6 0.550 0.540 0.531
New L.S.D at 5 % 0.5 0.4 0.4 0.030 0.031 0.033
F = Fulvic acid as humic substances
S = Spirulina platensis Algae
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