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Abstract: This study was carried out during 2011 and 2012 seasons to examine the effect of using 
molybdenum for enhancing the efficiency of organic and biofertilization in Anna apple orchards. The 
suitable N (400 g/ tree/ year) was applied via different proportions of mineral and compost enriched 
with EM sources. Molybdenum was mixed with compost before application. Results showed that 
application of N through 50 to 75 % mineral + 25 to 50 % compost enriched with EM with or without 
molybdenum greatly enhanced leaf area and nutritional status of the trees, yield as well as physical and 
chemical characteristics of the fruits in relative to using N via 100 % mineral or when mineral N was 
applied at percentages lower than 50 %. Organic and biofertilization accompanied with using 
molybdenum was preferable than using organic and biofertilization alone in this connection. Organic 
and biofertilization especially when enriched with molybdenum resulted in great reduction on nitrite 
content in the pulp. The best results with regard to yield and fruit quality of Anna apples were obtained 
with using N via 50 % mineral + 50 % compost enriched with EM at 100 ml and molybdenum at 5 g/ 
tree. 
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INTRODUCTION 

 
 Many trials were accomplished for increasing the efficiency of N fertilization by using organic amendments 
and some microorganisms as a partial replacement of mineral N in Ann apple orchards. Previous studies 
emphasized the necessary of using molybdenum for stimulating nitrogen fixation during the application of 
organic and fertilization (Nijjar, 1985; Mengel, 1985; Mengel and Kirkby, 1987; Yagodin, 1990; Miller et al., 
1990 and Kannaiyan, 2002). Adjusting the uptake of N by organic and biofertilization as well as application of 
molybdenum was accompanied with enhancing growth as well as yield quantitively and qualitatively and at the 
same time reducing nitrite pollution in our environment (Ahmed and El- Dawwey, 1992; Ragab et al., 1997; 
Ahmed et al., 1998; Mansour et al., 1999; Mansour et al., 2007; Seleem- Basma and Telep, 2008; Abd El- 
Hameed et al., 2010; Abada et al., 2010; Abd El- Aziz, 2011; Uwakiem, 2011; Refaai, 2011 and Ahmed et al., 
2012a and 2012b). 
 The target of this study was examining the effect of using molybdenum for enhancing the efficiency of 
organic and biofertilization in Anna apple orchards. 
 

MATERIALS AND METHODS 
 
 This investigation was carried out during 2011 and 2012 seasons on 21 uniform in vigour 13- years old 
Anna apple trees budded on MM 106 rootstock and grown in a private orchard situated at Malawy district, Minia 
Governorate. Dorset Golden and Ein Shemir apple pollinizers were interplanted with Anna apple trees and well 
distributed at the proportion of four rows from Anna apple trees for one row of the previous two pollinizers to 
secure cross pollination with the assistance of two hives of honey bees per feddan. The chosen trees were spaced 
at 3.5 × 3.5 m apart. The texture of the soil is clay. Surface irrigation system was followed. Soil analysis was 
done according to the procedure of Wilde et al., (1985) and the obtained data are shown in Table (1):  
 
Table 1: Analysis of the tested soil. 

characters Values 
Sand % : 9.4 
Silt % : 24.6 
Clay % : 66.0 
Texture : Clay 
O.M. % : 1.80 
pH (1:2.5 extract) : 7.72 
E.C (1: 2.5 extract) ppm : 600 
CaCO3 % : 0.9 
Total N % : 0.09 
Available P (Olsen method, ppm) : 4.9 
Available K (ammonium acetate, ppm) : 395 
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 The chosen trees received all horticultural practices that were commonly applied in the orchard except those 
dealing with mineral, organic and biofertilization. 
The present experiment included the following seven treatments: 
1- Using the suitable N (400 g/ tree/ yr) completely via mineral N namely ammonium sulphate (20.6 % N) 
(1942 g/ tree/ yr). 
2- Using 75 % of the suitable N via mineral N (1457 g ammonium sulphate/ tree/ yr) plus 25 % compost 
enriched with EM (5.0 kg/ tree/ yr + 50 ml EM) without molybdenum. 
3- Using 75 % of the suitable N via mineral N (1457 g ammonium sulphate/ tree/ yr) + 25 % compost enriched 
with EM (5.0 kg/ tree/ yr + 50 ml EM) + molybdenum (2.5 g ammonium molybdenum/ tree/ yr). 
4- Using 50 % of the suitable N via mineral N (971 g ammonium sulphate/ tree/ yr) + 50 % compost enriched 
with EM (10.0 kg/ tree/ yr + 100 ml EM) without molybdenum.  
5- Using 50 % of the suitable N via mineral N (971 g ammonium sulphate/ tree/ yr) + 50 % compost enriched 
with EM (10.0 kg/ tree/ yr + 100 ml EM) + molybdenum (5.0 g ammonium molybdenum/ tree/ yr). 
6- Using 25 % of the suitable N via mineral N (486 g ammonium sulphate/ tree/ yr) + 75 % compost enriched 
with EM (15.0 kg/ tree/ yr + 150 ml EM) without molybdenum. 
7- Using 25 % of the suitable N via mineral N (486 g ammonium sulphate/ tree/ yr) + 75 % compost enriched 
with EM (15.0 kg/ tree/ yr + 100 ml EM) + molybdenum (7.5 g ammonium molybdenum/ tree/ yr). 
 Each treatment was replicated three times, one tree per each. Ammonium sulphate (20.6 % N) as a source of 
mineral N was added at four equal batches on the first week of Feb., Mar., Apr. and May. Compost as a source of 
organic manure (2.0 % N) was used. Nitrogen was added to all trees at fixed rate (400 g/ tree/ yr) (Ahmed and 
Mohamed, 1991). Compost and EM were mixed thoroughly with ammonium molybdedate in large hole, covered 
and left stand for two weeks before application. This mixture was added once at the last week of Jan. in 0.5 × 0.5 
× 0.5 m3 dimension digs around each tree about 75 cm far from trunk. A randomized complete block design 
(RCBD) was followed. 
 Samples of twenty leaves from the middle part of the shoots according to Summer (1985) were selected at 
random from each tree (1st week of June) to measure their area (cm2) according to Ahmed and Morsy (1999) and 
also to determine their content of N, P and K (as percentages), Zn, Fe and Mn (as ppm) on dry weight basis 
according to Wilde et al., (1985). 
 Preharvest fruit drop % was calculated by counting the number of dropped fruits from the middle of June till 
the commercial harvesting date (last week of July) then expressed as a percentage from the whole number of 
fruits retained on the trees at the middle of June. The yield of each tree was recorded at harvest time (last week of 
July) as weight (kg.). Samples consisting of ten fruits from each tree for determination of fruit weight (g.) and 
percentages of T.S.S, total and reducing sugars and total acidity (as g malic acid/ 100 g pulp) (according to 
A.O.A.C, 1995). Also, pulp content of nitrite as ppm determined according to Ridnour- Lisa et al., (2000). 
 All the obtained data were tabulated and statistically analyzed according to Mead et al., (1993) using new 
L.S.D at 0.05.  

RESULTS AND DISCUSSION 
 

1- Leaf area and its content of N, P, K, Zn, Mn and Fe: 
 It is clear from the data in Table (2) that supplying Anna apple trees with N (400 g/ tree/ yr) through 50 to 
75 % mineral plus 25 to 50 % compost enriched with EM with or without molybdenum significantly improved 
the leaf area and N in the leaves in relative to the check treatment (100 % mineral N) or when mineral N was 
applied at 25 % of the suitable N. However, leaf content of P, K, Zn, Mn and Fe were significantly improved 
with using N through 25 to 75 % mineral + 25 to 75 % compost + EM with or without molybdenum comparing 
with using N completely via mineral form. The promotion on leaf content of P, K, Zn, Fe and Mn was 
significantly associated with reducing mineral N % from 100 to 25 % and at the same time increasing 
percentages of compost + EM with or without molybdenum from 0.0 to 75 %. Using molybdenum plus organic 
and biofertilization significantly improved the leaf area and these nutrients in relative to using organic and 
biofertilization alone (without molybdenum). The maximum values of the leaf area and N were recorded on the 
trees fertilized with N through 50 % mineral + 50 % compost + EM + molybdenum. Supplying the trees with N 
through 25 % mineral + 75 % compost + EM + molybdenum gave the maximum values of P, K, Zn, Fe and Mn 
in the leaves. A great decline on the leaf area and its content of N was observed with reducing mineral N % from 
50 to 25 % and at the same time increasing percentages of compost from 50 to 75 %. These results were true 
during both seasons. 
 These results might be attributed to the beneficial effects of organic and biofertilizers on enhancing the 
formation of natural hormones namely GA3, IAA and cytokinins, antibiotics, soil fertility, organic matter, N 
fixation and root development (Nijjar, 1985 and Kannaiyan, 2002). The great benefits of molybdenum on 
enhancing the activity of dehydrogenase as well as growth of bacteria could explain the present results 
(Kannaiyan, 2002). 
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 The beneficial effect of molybdenum on enhancing the efficiency of organic and biofertilization was 
supported by the results of Nijjar (1985), Miller et al., (1990) and Kannaiyan (2002). 
 The results of Uwakiem (2011); Refaai (2011) and Ahmed et al., (2012b) supported the present results. 
 
2- Preharvest Fruit Drop %: 
 It was significantly declined with using N through 50 to 75 % mineral + compost + EM with or without 
molybdenum at 25 to 50 % in relative to using N completely via inorganic form or when mineral N was applied 
at percentages lower than 50 %. Using molybdenum besides organic and biofertilization significantly was 
accompanied with reducing preharvest fruit drop rather than using organic and biofertilization alone. Supplying 
the trees with N via 50 % mineral + 50 % compost + EM + molybdenum gave the lowest values. Under such 
promised treatment values of preharvest fruit dropping % reached 14.8 and 13.5 % in relative to 39.3 and 38.0 
produced by the trees that fertilized with N via 100 % mineral form during both seasons, respectively. These 
results were true during both seasons. 
 The beneficial effect of organic and biofertilization especially when applied with molybdenum on reducing 
preharvest fruit dropping was mainly attributed to the continuous supply of natural hormones especially GA3, 
IAA and cytokinins and other essential nutrients that are responsible for solving the problem of fruit dropping as 
well as the great control of N uptake caused by organic and biofertilization. 
 These results are in harmony with those obtained by Ahmed and Mohamed (1991); Ahmed et al., (1998) and 
Ahmed et al., (2012a). 
 
3- Yield/ Tree: 
 One can say from the data in Table (3) that supplying Anna apple trees with the suitable N (400 g/ tree/ yr) 
through 50 to 75 % mineral plus 25 to 50 % compost + EM with or without molybdenum resulted in significant 
promotion on the yield in relative to using N via mineral N at percentages lower than 50 % or when N was added 
completely via mineral source. Amending organic and biofertilizers with molybdenum significantly enhanced the 
yield comparing with using organic and biofertilization alone. A significant decline on the yield was observed 
with using N through 25 % mineral even with organic and biofertilization with or without molybdenum. The 
maximum yield (33.5 and 35.0 kg/ tree) was presented on the trees that received N through 50 % mineral + 50 % 
compost + EM + molybdenum while, yield of the trees fertilized with N completely via mineral source reached 
(24.0 and 26.0 kg/ tree) during both seasons, respectively. The lowest yield (20.0 and 21.6 kg during both 
seasons) was recorded on the trees that received N via 25 % mineral + 75 % compost + EM without 
molybdenum. These results were true during both seasons. 
 The beneficial effects of organic and biofertilization as well as molybdenum on enhancing growth and 
nutritional status of the trees surely reflected on improving the yield. 
 The beneficial effect of molybdenum on enhancing the yield of fruit crops was emphasized by the results of 
Nijjar (1985); Ahmed and El- Dawwey (1992); Seleem- Basma and Telep (2008) and Ahmed et al., (2012a). 
  
4- Some Physical and Chemical Characteristics of the Fruits: 
 It is clear from the data in Table (3) that fertilizing of Anna apple trees with N through 25 to 75 % mineral N 
+ 25 to 75 % compost + EM with or without molybdenum significantly was accompanied with improving fruit 
quality in terms of increasing fruit weight, T.S.S % as well as total and reducing sugars % as well as reducing 
total acidity and nitrite in the pulp in relative to using N completely via mineral N. The promotion was associated 
with reducing mineral N % from 100 to 25 % and at the same time increasing percentages of compost enriched 
with EM with or without molybdenum. The best results with regard to fruit quality were obtained with using 
organic and biofertilization + molybdenum in relative to using organic and biofertilization without molybdenum. 
Supply the trees with N through 25 % mineral + 75 % compost enriched with EM and molybdenum effectively 
resulted in great promotion on fruit quality. Such promised treatment gave the lowest values of nitrite in the pulp 
(1.00 and 1.94 ppm during both seasons, respectively). Nitrite in the fruits picked from the trees fertilized with N 
completely via inorganic form reached (3.95 and 4.00 ppm during both seasons, respectively). Similar trend was 
observed during both seasons. 
 The reducing effect of organic and biofertilization on nitrite content in the fruit pulp might be attributed to 
their positive action on adjusting N uptake. 
 The promoting effect of organic and biofertilization on fruit quality was mainly attributed to their essential 
role in enhancing organic foods especially total carbohydrates and plant pigments which is reflected on 
advancing fruit maturity (Nijjar, 1985 and Kanniyan, 2002). 
 These results are in harmony with those obtained by Nijjar (1985); Ahmed and El- Dawwey (1992); Ahmed 
et al., (1998) and Ahmed et al., (2012b). 
 As a conclusion, it is preferable for supplying Anna apple trees with the suitable N (400 g/ tree/ year) via 50 
% mineral + 50 % compost + EM at 100 ml + molybdenum at 5.0 g/ tree/ year. 
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Table 2: Effect of using molybdenum along with mineral, organic and biofertilization on leaf area and leaf content of N, P, K, Zn, Mn and Fe of Anna apple trees during 2011 and 2012 
seasons. 

 
Mineral, organic and bio fertilization 

treatments 

 
Leaf area (cm2) 

 
Leaf N % 

 
Leaf P % 

 
Leaf K % 

 
Leaf Zn (ppm) 

 
Leaf Mn (ppm) 

 
Leaf Fe (ppm) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 
100 % mineral N 66.0 66.9 1.99 2.02 0.12 0.13 1.31 1.34 60.0 60.8 63.0 63.7 57.1 58.1

75 % mineral N + 25 % compost + EM 68.0 69.0 2.11 2.14 0.16 0.18 1.40 1.44 62.3 64.1 66.0 66.8 59.5 60.6 
75 % mineral N + 25 % compost +EM+ 

Mo 
71.5 72.3 2.22 2.25 0.19 0.21 1.48 1.52 65.0 66.0 69.5 70.3 62.0 63.0 

50 % mineral N + 50 % compost + EM 74.1 75.1 2.31 2.35 0.22 0.25 1.58 1.62 68.0 67.9 72.9 73.7 64.9 65.9 
50 % mineral N + 50 % compost +EM+ 

Mo 
77.8 79.0 2.41 2.45 0.26 0.29 1.68 1.72 70.5 71.0 75.5 76.8 66.9 67.9

25 % mineral N + 75 % compost + EM 61.0 62.1 1.82 1.85 0.30 0.33 1.75 1.78 72.8 73.0 77.9 80.2 71.0 72.2 
25 % mineral N + 75 % compost +EM+ 

Mo 
63.0 64.0 1.90 1.93 0.34 0.37 1.82 1.85 74.1 75.5 81.0 83.0 73.9 74.9 

New L.S.D at 0.05 1.1 1.0 0.06 0.06 0.03 0.03 0.06 0.06 1.9 2.0 2.0 2.0 1.8 1.9 
Mo = Molybdenum  
 
Table 3: Effect of using molybdenum along with mineral, organic and biofertilization on preharvest fruit drop %, yield, physical and chemical characteristics of the fruits and nitrite content 

of the pulp of Anna apple trees during 2011 and 2012 seasons. 
 

Mineral, organic and bio fertilization 
treatments 

Preharvest 
fruit drop % 

Yield/ tree 
(kg.) 

Fruit weight 
(g.) 

 
T.S.S % 

Total sugars 
% 

Reducing 
sugars % 

Total acidity 
% 

Nitrite in the 
pulp (ppm) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
100 % mineral N 39.3 38.0 24.5 26.0 171.0 172.0 14.1 14.2 9.0 9.1 6.0 6.1 0.550 0.542 3.95 4.00

75 % mineral N + 25 % compost + EM 33.0 31.7 26.0 27.4 178.0 181.0 14.5 14.7 9.5 9.6 6.4 6.4 0.529 0.520 3.11 3.00 
75 % mineral N + 25 % compost +EM+ 

Mo 
29.9 28.3 28.1 29.6 184.0 187.0 15.0 15.2 10.0 10.1 6.9 6.8 0.501 0.491 2.82 2.51 

50 % mineral N + 50 % compost + EM 21.0 19.7 29.9 31.5 189.0 190.0 15.5 15.7 10.5 10.6 7.4 7.2 0.479 0.468 2.62 2.11 
50 % mineral N + 50 % compost +EM+ 

Mo 
14.8 13.5 33.5 35.0 191.0 192.5 16.1 16.2 11.0 11.1 8.0 7.7 0.450 0.440 2.00 1.92

25 % mineral N + 75 % compost + EM 44.9 43.6 20.0 21.6 194.0 195.5 16.5 16.7 11.5 11.6 8.3 8.1 0.429 0.419 1.81 1.52
25 % mineral N + 75 % compost +EM+ 

Mo 
42.0 40.7 21.9 23.5 197.0 197.3 17.0 17.0 11.9 12.2 8.6 8.7 0.401 0.390 1.00 0.94 

New L.S.D at 0.05 1.9 1.8 1.1 1.2 6.0 6.8 0.3 0.3 0.5 0.4 0.3 0.3 0.020 0.019 0.09 0.10 
Mo = Molybdenum  
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