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ABSTRACT 
 
 Coffee is the most economically important species in the genus Coffea, its cultivator with some degree of 
shade. Recently, it's cultivated in full sunlight but, without flowering, in some private farms of Egypt. The 
objective of this study during 2009 and 2010 is using pruning, foliar spraying with potassium and boron as well 
as using biocontrol agents of Bacillus subtilis, Trichoderma album and Trichoderma viride to induce the 
flowering under Egypt conditions. From results it can be revealed all treatments were able to achieve the 
objective of conducting this study, that is induce flowering in Arabica coffee trees growing in full sunlight 
without shading. The treatments of pruning + foliar nutrition (K+B) + B. subtilis was more effective in this 
respect, it recorded about 20.4 %. Followed by the treatments of pruning + B. subtilis, pruning + foliar nutrition 
(K+B) and pruning only treatments it's gave flowering about 16.8, 9.8 and 8.3 %, respectively. But, the control 
treatment failed in achieving the target of conducting this experiment. Roots of coffee trees were clear infection 
with F. solani as well as slight infection with R. solani. The nematode of Tylenchulus semipenetrans as 
nematode parameters of J2 in soil and roots, female and eggs was common nematode.The biocontrol agents were 
more effective in reducing the percentages of pathogenic fungi frequency as well as significantly reduced the 
number of J2 in soil and J2, female and eggs of T. semipenetrans in roots of coffee trees than those in the control 
treatment. Also, the results indicated that all treatments were significant effect on the vegetative growth of 
coffee trees such as average of number of shoot per plant, shoot length, shoot diameter, number of leaves and 
leaf area as compare with the control, but were differed in their response to pruning, foliar nutrition with 
potassium plus boron and biocontrol agents. Moreover, all treatments were significant increased leaf contents 
from phosphorus, potassium, zinc, boron, except the nitrogen than the control. While leaf nitrogen contents were 
no significant differ between all treatments including control. The best results were obtained from the treatments 
the pruning + B. subtilis, pruning + foliar spraying (K+B) and pruning only in improving of the previously result 
and blossom percentage in coffee tress. The treatment of pruning + foliar nutrition (K+B) + B. subtilis was more 
effective in this respect. Further needed to more studies for achieve the target and evaluate the quantity and 
quality yield of Arabica coffee under Egypt conditions. 
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Introduction 

 
 Coffee is a member of the Rubiaceae or Madder family. Coffee is by far the most economically important 
species. Of the 25-100 species in the genus Coffea (Davies et al., 2006), two main species are use in the 
production: were Coffea. arabica L. called "Arabica" coffee and Coffea canephorab Pierre ex Froehner, called 
"Robusta" coffee. About 70% of the world's coffee is derived from C. arabica, considered to have higher quality 
than Robusta (Fassio and Silva, 2007). C. arabica is self-pollination, soils sands to loamy and light textured 
with slightly acid pH 5-6 are best (DaMatta et al., 2007). Neither requires any chilling. Coffee is its cultivator 
with some degree of shade (Van Kanten and Vaast, 2006). However, coffee can be grown in full sunlight and 
often is in large plantations where the focus is on high yield. Sun-grown coffee will out-yield shade-grown if 
fertilized more heavily (Martin et al., 2002).  
 Pruning of coffee trees is one of the most important cultural practices, that considered as a implant 
technique to stimulate the formation of flowers and fruit buds. Pruning involves thinning of branches and 
removal of old or dead stems. The most effective pruning is done early in the spring season, when the buds 
begin to break and the soft tissue can be pinched off with just the fingers (hence the expression "nipped in the 
bud"), the farmer must prune correctly for efficient annual production and healthy trees (Anonymous, 2011). 
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 Potassium (K) is a macro-nutrient plays a great regulatory role in many physiological and biochemical 
processes of plant. Potassium is important in the formation and functioning of proteins, fats, carbohydrates and 
chlorophyll and in maintaining the balance of salts and water in plant cells (Achilea, 1998). Moreover, many 
investigators proved that potassium increased the percentages of fruit set, fruiting and yield (Anonymous, 2009). 
Boron (B) as a micro-nutrient plays an important role in growth behavior and productivity of trees. It increases 
pollen grains germination and pollen tube elongation, consequently fruit set percentage and finally the yield 
(Anonymous, 2009). It is clear that the potassium and boron play an important regulatory role in many 
physiological and biochemical processes of plant. Many investigators found a great response to potassium and 
boron applications on fruit setting, fruiting and total yield (Coetzer et al., 1993). 
 Several pathogens of root rot diseases such as Fusarium solani and Rhizoctonia solani, as well as plant-
parasitic nematodes of Tylenchulus semipenetrans, Helicotylenchus dihystera and Tylenchorhynchus spp may 
cause yield losses to Arabica coffee trees (Inomoto and Oliveira, 2008). Since their first report in the late 
nineteenth century, several nematode species have been implicated with various degrees of yield losses and/or 
complex diseases involving soilborne fungi. Nematodes have also contributed to, or have been the main cause of 
decimation of coffee production in entire regions (Souza, 2008). The development of biological products based 
on beneficial micro-organisms can extends the range of options for maintaining the health and yield of crops. 
Biological agents can successfully control both F. solani and M. incognita (Arya and Saxena, 1999). Sallam et 
al., (2008) reported that the Trichoderma harzianium and Trichoderma viride had inhibitory effect against 
Fusarium oxysporium and R. solani.  
 The reason to conduct this study found that a number of Arabica coffee trees (ACT) growing in full sunlight 
without shading did not flowering. So, the objective of this study is using pruning as a horticultural practice, 
foliar nutrition with potassium and boron (as macro- and micro-nutrients) as well as using biocontrol agents to 
induce the flowering in ACT under Egypt conditions. 

 
Materials and Methods 

 
 The present study was carried out during two consecutive seasons of 2009 and 2010 on twenty year's old 
Arabica coffee(Coffea. arabica L) trees (ACT). The trees were spaced 3x3 m apart grown in a private farm at 
Kaluobiya Governorate, Egypt. Twenty-seven trees (nine treatments, with three replicates, tree\replicate) were 
chosen randomly, nearly uniform in vigour. The trees were grown in a loamy soil under conventionally accepted 
practices, using flood irrigation system. The soil had organic matter 2.04 % ; pH 8.4 ; E.C. 0.32 dsn-1 ; CaCO3 

1.6 % ; P 2.8 % ;K 47.2 % ; Ca 1000 % ; Mg 114 % ; Na 15.8 % ; Fe 7.6 ppm ; Mn 3.4 ppm, Zn 1.4 ppm and Cu 
1.7 ppm.  
 The treatments that used in this experiment were as follows: 
1- Control (without any treatments). 
2- Pruning only. 
3- Pruning + Bacillus subtilis. 
4- Pruning + Trichoderma album.  
5- Pruning + Trichoderma viride. 
6- Pruning + foliar spraying of potassium and boron (K+B). 
7- Pruning + foliar spraying (K+B) + B. subtilis.  
8- Pruning + foliar spraying (K+B) + T. album. 
9- Pruning + foliar spraying (K+B) + T. viride.  
 
 The pruning is done in 1st week in March as follows:  
1- Cut off the top of the tree (the tree is not taller than 1.5 to 2 meters). 
2- Remove the branches at the bottom of the trunk. 
3- Leave only the thickest and best branches on the trunk.  
4- Cut away all the small branches that grow on the trunk. 
5- Cut away all the dead and dry branches and all diseased branches. 
6- Cut away suckers, they are not needed. 
 
 All foliar nutrients of potassium and boron were conducted after pruning. The solution of two elements was 
sprayed three times in each season during months of March, April and May. The spray solution was contained 
0.1 % triton B as a wetting agent and sprayed till run off. Potassium was applied as 1% of potassium oxidize, 
K2O 35 % in the form of Green liquid and Boron was applied as 0.5% of boric acid. 
 
 
 
 



400 
Res. J. Agric. & Biol. Sci., 7(5): 398-407, 2011 

 

Preparation of Biocontrol Agent Inoculums: 
 
 For preparation of each biocontrol agent (BCA), the bacteria Bacillus subtilis was grown for 4 days on 
nutrient glucose (1%) agar medium at 28 ºC for 48h. The bacterial suspension was suspended in sterile distilled 
water and adjusted to be 3 x 108 colony forming unit (CFU) / ml. For application, 20 ml of B. subtilis suspension 
was added to 1000 ml sterile distilled water. For preparation of fungal BCA, the propgules of Trichoderma 
album and Trichoderma viride, separately, were obtained by flooding 7 day-old cultures on malt extract agar 
medium, incubated at 28o C, with sterile distilled water. The suspension of each fungal BCA was adjusted to be 
3X108 propgules / ml. Each antagonistic fungal mixture was added separately to 1000 ml sterile distilled water 
as mentioned before (Abd-El-Khair and Haggag, 2007). All biocontrol agents (BCA) were applied as soil 
treatments. 
 
Pathological Survey: 
 
Sampling: 
 
 On the same chosen trees, soil and root samples of the rhizosphere of ACT during season of 2009 before 
treatments were collected from each tree. Samples (about 250 g) were collected from each tree at distance about 
50 cm from canopy of tree trunks and at the depth of 30-40 cm. Three samples were composited together, and 
then 250 g of soil as composed sample were obtained. Three of root sub-samples also from the same places of 
soil samples were mixed together and then the composited sample about 5g was obtained. The samples were 
kept in polyethylene bags and immediately transferred to the laboratory of Plant Pathology Department of 
National Research Center, for isolation and extraction of the common mycoflora and nematodes, respectively. 
 
Isolation of Common Mycoflora: 
 
From Roots: 
 
 Roots of ACT, after washing by tap water, were surface sterilized by dipping in 2% sodium hypochlorite 
solution for 2 min. and then washed several times in sterile distilled water. The roots were dried between two 
filter papers, and then cut into small pieces (1-2 cm) according to isolation procedures described by Dhingra and 
Sinclair (1985) and Raviv et al., (2005).The small pieces were plated on potato dextrose agar (PDA) medium 
and incubated at 25 °C for 7 days, to detect the presence of pathogenic fungi, The resulting pathogenic fungi 
were identified on the basis of morphological and culture characteristics (Barnett andHunter, 1972 and Nelson et 
al., 1983). 
 
From Soil: 
 
 The percentages of frequency occurrence (population) of mycoflora in rhizosphere of ACT were 
determined as number of colony forming units (CFU) in one gram of soil susing the pour plate method and 
dilution technique (Ghini et al., 2007). One gram of soil was suspended in 99 ml sterile water to obtain a 1/100 
dilution. Then, serial dilutions were prepared up to 105. One ml of each dilution cultured of 20 ml potato 
dextrose agar (PDA) in Petri dish. Three replicated plates were prepared for each dilution per soil sample. The 
plates were incubated at 25 °C for 7 days. Fungi that grew out were counted as CFU/plate and identified to 
genus and species level according to the morphological and culture characters (Barnett andHunter, 1972 and 
Nelson et al., 1983). Each isolated fungus was counted and its frequency percentage was calculated according to 
the equation: 
Frequency percentage = Fungus no. / Total fungi no. x 100 

 
Nematodes Extraction: 
 
From Roots: 
 
 Roots of ACT were gently washed free of adhering soil and an aliquot of 5 g per replicate (tree) was cut 
into 2-cm- long pieces and put in a Petri dishes with clean fresh water and incubated under Laboratory 
Conditions (25±5 ºC) for a week to extract to Tylenchulus semipenetrans (J2) according to Southey (1970) and 
an aliquot of 5 g per replicate (tree) was blended at 3X103 rpm to separate females and eggs from roots (Goodey, 
1963).  
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From Soil: 
 
 Nematodes were extracted in an aliquot of 250 g soil by sieving and decanting methods (Barker, 1985). The 
extracted nematodes were counted and identified to the generic level by using a Hawksly counting slide under a 
binocular microscope (Mai and Lyon, 1975).  
 
The Measurements: 
 
Population of Mycoflora: 
 
 The percentages of frequency occurrence of mycoflora in rhizoshere of treated and untreated ACT were 
determined, after 2,4 and 6 months of treatment, as numbers of colony forming units (CFU) in one gram using 
the pour plate method and dilution technique as mentioned before. The average of the frequency occurrence of 
each fungus at above periods was calculated. 
 
Population of Nematodes: 
 
 Observations of Tylenchulus semipenetrans parameters as number of J2 in soil, J2 in roots, female and eggs 
were recorded after 2, 4 and 6 months of treatment in treated and untreated in ACT as mentioned before. 
Percentage of reductions in T. semipenetrans population in soil and roots were determined according to the 
formula of Handerson and Tilton (Puntener, 1981): 
Nematode reduction (%) = 1- (PTA/PTB × PCB/PCA) × 100 

 
 Where: PTA = Population in the treated Arabica coffee tree after application, PTB = Population in the 
treated Arabica coffee tree before application, PCB = Population in the check Arabica coffee tree before 
application, PCA = Population in the check coffee tree after application. 
 
Vegetative Growth of Arabica Coffee Trees: 
 
 The following determinations were made on the third week of June of each growing season, to determine 
the vegetative growth, i.e. average of shoot number per plant, shoot length (cm), shoot diameter (cm), number of 
leaves and leaf area that estimated by planimeter, according to Nauliyal et al.,(1990). 
 
Blossom Percentage of Arabica Coffee Trees: 
 
 Average number of flowers / inflorescence on shoots of ACT was determined by total number of flower 
buds divided by the total number of buds x 100.  
 
Leaf Mineral Contents of Arabica Coffee Trees: 
 
 Samples of the third or fourth pair of leaves were obtained from the tip of an actively growing branch of 
ACT. Samples were taken in the morning when leaves are turgid (full of water) and pre-flowering. Leaves 
washed, dried at 70o C till constant weight, then grind and digested to determine the macro-nutrients of nitrogen 
(N), phosphorous (P) and potassium (K) and micro-nutrients of zinc (Zn) and boron (B) according to the method 
described by Rebbeca (2004).  
 
Statistical Analysis: 
 
 The experiments were arranged in a completely randomized design with three replicates according to 
(Snedecor and Cochran, 1980). Data were subjected to analysis of variance using Computer Statistical Package 
(CO-STATE) User Manual Version 3.03, Barkley Co., USA, and means compared by the Least Significant 
Difference (LSD) test at P = 0.05 level of significance  

 
Results and Disscussion 

 
Survey Results: 
 
 Results showed that the roots of ACT showing a clear infection with F. solani and a slight infection with R. 
solani. Results of survey in Table (1) revealed that the pathogenic fungi of Fusarium spp., Fusarium solani and 
Rhizoctonia solani; saprophytic fungi of Aspergillus spp., Aspergillus niger, Aspergillus ochrachceous, 
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Penicillium spp., Penicillium chrysogenum and Penicillum citrinum as well as the bio-control agent of 
Trichoderma spp. were the common fungi in rhizosphere of ACT. Results also revealed that the nematode of 
Tylenchulus semipenetrans as nematode parameters of J2 in soil and roots, female and eggs was common 
nematode in rhizosphere of ACT, followed by Helicotylenchus dihystera and Tylenchorhynchus spp., 
respectively (Table, 1).Fusarium spp. are often cited as components of disease complexes in association with 
nematodes (Bertrand et al., 2000). Root-knot nematodes are the most common, and several species are 
considered as serious parasites of coffee. In many crops, root-knot nematodes are associated with soil borne 
fungi in disease complexes that cause severe damage (Negrón and Acosta, 1989). 
 
Table 1: The common fungi and nematodes in the rhizosphere of Arabica coffee trees in Kaluobiya Governorate. 

Fungi Frequency (%) of fungi Nematodes Counts 
Aspergillus spp. 12 b Tylenchulus semipenetrans  
Aspergillus niger 8.7 c J2 in soil 200g 1273 
Aspergillus ochrachceous 5.7 e J2 in roots 5g 247 
Penicillium spp. 11.4 b Female 220  
Penicillium chrysogenum 14.3 a Eggs 1043 
Penicillum citrinum 11.4 b Helicotylenchus dihystera 206 
Fusarium spp. 6.5 d Tylenchorhynchus spp 176 
Fusarium solani 9.0 c  
Rhizoctonia solani 7.0 d  
Trichoderma spp. 11.4 b  
Others 2.6 f   

   Means in column followed by the same letter are not significantly different according         to LSD test  (P = 0.05). 
 
Effect on Common Mycoflora:  
 
 The fungi of F. solani, Fusarium sp.,Penicillium spp., Aspergillus spp., Trichoderma spp.,Rhizoctonia spp., 
Rhizopus spp. and others were common in rhizosphere of ACT treated and untreated plots (Table 2). Effect of 
the tested treatments,i.e. pruning + bio-control agents (PBAs), pruning+ foliar spraying (K+B) +bio-control 
agents (PFBAs) on mycoflora as the average of fungi frequency (%) in the two seasons after two, four and six 
months of bio-control agent applications,compared to pruning only (P), pruning + foliar spraying (PF) and 
untreated control are listed in Table (2). Significant differences in the frequency of isolated fungi were recorded 
among the tested treatments. Results revealed that the frequency of F. solani was in the range of 6.0 to 10.1% 
with PBAs and in the range of 6.4 to 10.1% with PFBAs, compared to the frequency of 15.2, 17.9 and 16.2% 
with P, PF and untreated control,respectively (Table,2). T. viride significantly reduced the frequency of F. 
solani, followed by T. album and B. subtilis, respectively. The frequency of Fusarium spp. were in the range of 
11.9 to 15.3 with PBAs and in the range of 12.0 to 15.4 with PFBAs, compared to 14.9, 15.4 and 21.5% with P, 
PF and untreated control,respectively. T. album significantly reduced the frequency of Fusarium spp., followed 
by B. subtilis and T. viride, respectively. The frequency of Rhizoctonia spp. ranged from 2.1 to 6.3% with PBAs 
and from 6.3 to 9.3 with PFBAs, compared to 7.0, 2.8 and 4.9 % with P, PF and untreated control, respectively. 
No significant differences in the frequency of fungus were recorded among the tested treatments. B. subtilis 
highly reduced the frequency of Rhizoctonia, followed by T. viride and T. album, respectively. It is clear that the 
tested bio-control agents had the suppressive effect against Fusarium and Rhizoctonia fungi and their efficacy 
not related to pruning and / or foliar spraying. The tested treatments affected on the frequency of Penicillium 
spp., Aspergillus spp., Trichoderma spp., Rhizopus spp. and others, where no significant differences were 
recorded among treatments as well as the untreated control (Table, 2). 
 
Table 2:  Effect of pruning, foliar spray of potassium and boron and soil treatment with biocontrol agents on the frequency (%) of 

mycoflora in the rhizosphere of Arabica coffee trees.  
 

Treatments 
Frequency (%) of fungi

Fusarium 
solani 

Fusarium 
spp. 

Penicillium
spp. 

Aspergillus 
spp. 

Trichoderma 
spp 

Rhizoctonia 
spp. 

Rhizopus 
spp. 

Others

Untreated control 16.2 Ab 18.2 ABab 19.8 Aa 7.9 Be 10.6 Acd 4.9 Af 9.1 Ade 12.9 Ac
Pruning only 15.2 Aab 14.9 ABabc 16.8 Aa 12.5 Bcd 11.7 Ad 7.0 Ae 8.2 Ae 13.8 

Abcd 
Pruning + Bacillus subtilis 10.1 ABb 12.8 Bc 16.7 Ab 23.9 Aa 9.1 Ad 2.1 Ae 8.1 Ad 17.4 Ab
Pruning + Trichoderma 
album 

6.5 Be 11.9 Bd 18.1 Ab 31.1Aa 6.3 Ae 6.3 Ae 6.9 Ae 14.4 Ac

Pruning + Trichoderma 
viride 

6.0 Bcd 15.3 ABb 16.3 Ab 26.2 Aa 8.6 Ac 3.8 Ad 8.6 Ac 15.3 Ab

Pruning + foliar spraying 
(K+B) 

17.9 Ab 21.5 Aa 22.8 Aa 3.2 Ce 8.7 Ad 2.8 Ae 10.0 Ad 13.4 Ac

Pruning + (K+B) + B. 
subtilis  

10.1 ABb 12.9 Bc 16.8 Ab 24.0 Ae 9.3 Ad 2.4 Ae 8.3 Ad 16.2 Ab

Pruning + (K+B) + T. album  6.9 Bd 12.0 Bc 18.2 Ab 31.3 Aa 6.3 Ad 6.4 Ad 7.0 Ad 11.9 Ac
Pruning + (K+B) + T. viride  6.4 Bde 15.4 ABbc 16.4 Ab 26.3 Aa 8.7 Ad 4.5 Ae 8.7 Ad 13.6 Ac

1) Means in each row followed by the same small letter are not significantly different according to LSD test (P = 0.05). 
2) Means in each column followed by the same capital letter are not significantly different according to LSD test (P = 0.05). 
3) Fungi frequency (%) as average of three fungal counts that recorded after 2, 4 and 6 months of  treatments. 
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Effect on the Nematode Population: 
 
 Results showed that the PBAs and PFBAs significantly reduced the number of J2 in soil and J2, female and  
eggs in roots of ACT infected with T. semipenetrans after two, four and six months of treatments,compared to 
P,PF and the untreated control (Table 3). The pruning + B. subtilis significantly reduced the J2 in soil (447), 
followed by pruning + foliar spraying +B. subtilis (447), pruning + T. viride (601), pruning + foliar spraying + 
T. viride (603), pruning + foliar spraying +T. album (610) and pruning +T. album (611),compared to 2221 in the 
untreated control. Results revealed that the pruning + two fungal bio-control agents highly reduced J2 to 203 in 
roots, followed by pruning + foliar spraying +B. subtilis and Pruning + B. sbutilis,respectively. The number of 
female was reduced to (163, 164) with pruning +B. subtilis and pruning + foliar spraying +B. subtilis, followed 
by pruning + T. album and pruning + foliar spraying +T. album and pruning + T. viride and pruning + foliar 
spraying +T. viride, respectively, compared to 245 in the untreated control. The number of eggs was reduced to 
(332, 334) with pruning + B. subtilis and pruning + foliar spraying +B. subtilis, followed by pruning + T. viride 
and pruning + foliar spraying +T. viride and pruning +T. album and pruning + foliar spraying +T. album, 
respectively, compared to 462 in the untreated control. The percentage of total nematodes reduction was highly  
 
Table 3: Effect of pruning, foliar spray of potassium and boron and soil treatment with biocontrol agents on Tylenchulus semipenetrans in 

Arabica coffee trees.  
 
Treatments 

 
Months 

Tylenchulus semipenetrans 
J2 in soil 

 
Roots (5g) Total Reduction 

  % J2 Female Eggs 
 
 
Untreated control  

Initial 1217 c1 470 b 220 cde 367 fhg 2273 c - 
2 2050 b 540 a 227 cd 423 de 3290 b - 
4 2300 a 540 a 240 bc 460 cd 3400 a - 
6 2313 a 557 a 267 a 503 c 3657 a - 

Mean2 2221 A 546 A 245 A 462 A 3449 A - 
 
 
Pruning only 

Initial 1220 c 475 b 225 cd 370 fhg 2275 c - 
2 2060 b 530 a 228 cd 420 de 3300 b - 
4 2290 a 540 a 242 bc 455 cd 3390 a - 
6 2310a 550 a 265 a 500 c 3660 a - 

Mean 2220 A 540 A 245 A 458 A 3450 A - 
 
 
Pruning + Bacillus subtilis 

Initial 990 d 533 a 260 ab 750 a 2533 c - 
2 457 h 220 ef 157 j 353 fhg 1183 de 67.9 
4 447 h 200 f 160 gj 313 g 1120 e 70.7 
6 433 h 237 ef 173 hgj 330 hg 1173 de 71.5 

Mean 446 C 219 B 163 B 332 B 1159 C 70.0 
 
Pruning +Trichoderma 
album 

Initial 1050 d 330 c 210 def 633 b 2213 c - 
2 700 e 217 f 183 fhg 393 ef 1493 d 53.3 
4 567 efh 207 f 160 gj 343 fhg 1277 de 61.3 
6 567 efh 267 e 187 fhg 377 efh 1397 de 60.7 

Mean 611 B 203 B 177 B 371 B 1389 B 58.4 
 
Pruning +Trichoderma 
viride 

Initial 1013 d 543 a 200 def 473 cd 2230 c - 
2 660 ef 200 f 200 def 360 fhg 1420d e 55.9 
4 607 ef 193 f 173 hgj 313 g 1287 de 57.4 
6 537 fh 217 f 193 efh 333 hg 1310 de 63.5 

Mean 601 B 203 B 189 B 335 B 1339 B 58.9 
 
Pruning + foliar spraying 
(K+B) 

Initial 1222 c 478 b 222 cd 365 fhg 2265 c - 
2 2065 b 540 a 226 cd 420 de 3295 b - 
4 2290 a 535 a 238 cd 455 ed 3406 a - 
6 2305 a 555 a 270 a 510 c 3655 a - 

Mean 2220 A 543 A 245 A 395 B 3452 A  - 
 
Pruning + (K+B) + B. 
subtilis  

Initial 995 d 530 a 255 ab 745 a 2530 c - 
2 460 h 215 f 160 gi 360 fhg 1190 de 67.6 
4 450 h 190 f 162 gi 315 g 1122 e 70.3 
6 430 h 240 ef 170 hgi 325 hg 1170 de 71.3 

Mean 447 C 215 B 164 B 334 B 1161 C 69.8 
 
Pruning + (K+B) + T. album  

Initial 1010 d 540 a 205 def 475 fhg 2255 c - 
2 658 e 190 f 190 fhg 362 fhg 1422 d 56.5 
4 610efh 195 f 170 hg 315 g 1290 de 61.7 
6 540 efh 220 f 195 efh 330 hg 1305 de 64.1 

Mean 603 B 202 B 185 B 336 B 1339 B 60.8 
 
Pruning + (K+B) + T. viride 

Initial 1052 d 332 c 205 def 630 b 2210 c - 
2 696 e 215 f 185 fhg 400 ef 1495 a 53.3 
4 570 efh 210 f 162 gi 340 fhg 1280 de 61.2 
6 565 efh 270 e 190 fhg 370 efh 1400 d 60.7 

Mean 610 B 232 B 179 B 373 B 1392 B 58.4 
1- Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). 
2-  As average reading after 2, 4 and 6 months of treatments in the two seasons. 
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in pruning + B. subtilis about 67.9, 70.7 and 71.5% after two, four and six months of treatments, followed by 
pruning + foliar spraying + B. subtilis, pruning + foliar spraying +T. viride, pruning + T. viride, pruning +T. 
album and pruning + foliar spraying +T. album, respectively. Results also revealed that the tested bio-control 
agents reduced the nematode parameters and their effect not related to pruning and / or foliar spraying B. subtilis 
secretes antifungal antibiotics, which can control fungal diseases in plants and crops. It produces novel 
antibiotics such as difficidin and oxydifficidin that have activity against a wide spectrum of aerobic and 
anaerobic bacteria as well as more common antibiotics such as bacitracin, bacillin, and bacillomycin B 
(Zimmerman et al., 1987). The use of B. subtilis as a biocontrol agent of fungal plant pathogens is being 
investigated because of the effects of antifungal compounds on many fungi (McKeen et al., 1986). In addition to 
colonizing roots, Trichoderma spp. attack, parasitize and otherwise gain nutrition from other fungi. The ability 
of these fungi to increase the rate of plant growth and development, including, especially, their ability to cause 
the production of more robust roots has been known. The mechanisms for these abilities are only just now 
becoming known. Trichoderma strains are more efficient for control of some pathogens than others, and may be 
largely ineffective against some fungi. Trichoderma spp. also are highly efficient producers of many 
extracellular enzymes. They are used commercially for production of cellulases and other enzymes that degrade 
complex polysaccharides (Wokocha, 1990). 
 
Impact of Treatments on the Vegetative Growth: 
 
 Results of vegetative growth as average of number of shoot per plant, shoot length, shoot diameter, number 
of leaves and leaf area of ACT in mean values the two seasons in response to pruning, foliar nutrition with 
potassium plus boron and bio-control agents are shown in Table (4).   
 
Table 4:  Aspects vegetative growth and flowering (%) of Arabica coffee trees as affected by pruning, foliar spray of potassium and boron 

and soil treatment with biocontrol agents. 
          

Treatments 
Vegetative growth Flowering 

(%) Shoots No. of 
leaves 

Leaf area 
(cm2) No./plant Length 

(cm) 
Diameter 

(cm) 
Control 21.5 a 48.4 a 0.33 b 20.8 a 49.5 b 0.0 f 
Pruning only  8.7 b 22.7 b 0.67 a 13.0 a 40.4 c 8.3 cd 
Pruning + Bacillus subtilis 6.0 bc 21.3 b 0.69 a 10.0 a 52.8 a  16.8 b 
Pruning + Trichoderma album 6.0 bc 31.2 b 0.70 a 12.7 a 43.5 bc 4.4 e 
Pruning + Trichoderma viride 5.3 c 30.7 b 0.53 a 12.7 a 47.2 b 4.3 e 
Pruning + foliar spraying (K+B) 12.0 b 28.5 b 0.47 a 14.7 a 48.0 b 9.8 c 
Pruning + (K+B) + B. subtilis   9.0 b 36.0 b 0.73 a 17.0 a  58.4 a 20.4 a 
Pruning + (K+B) + T. album   5.0 c 35.3 b 0.60 a  8.3 a 43.8 bc 5.3 de 
Pruning + (K+B) + T. viride  6.0 bc 25.0 b  0.50 a  7.3 a 47.8 b 5.0 e 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). (Mean values in the two 
seasons).  
 
 The number of shoot per plant was significantly decreased, compared to the control (no treatment) where 
the highest significant value of shoot number per plant (21.5 shoot) was recorded. All treatments showed that 
the number of shoot per plant was less than the control (This is attributed to not pruning of trees and growing in 
open area, leading to turn vegetative growth). Pruning plus foliar nutrition (K+B) treatment came next after 
control. That is treatment recoded the greatest number of shoot per plant (12 shoot) than other treatments. The 
next treatment was obtained from the treatment of pruning +foliar nutrition (K + B) + B. subtilis (9 shoot), then 
the treatment of pruning only (8.7 shoot) but without significant differences among them as well as the control. 
In contrast, the lowest values of number of shoot per plant was recorded by other treatments, was not differ 
significant between them. 
 The shoot length of ACT was in the range of 21.3 to 36 cm with different treatments as the means of the 
two seasons, compared to 48.4 cm. in the control treatment (Table, 4). No significant differences were recorded 
among treatments. 
 Results showed that the shoot diameter of treated ACT was in the range of 0.47 to 0.73 cm, compared to 0.33 
cm. in the control (Table, 4). All treatments gave the highest significant values in shoot diameter of Arabica 
coffee trees compared to the control, while no significant differences were recorded among all treatments. 
The number of leaves was in the range of 7.3 to 17.0 compared to 20.8 in the control as means of the two 
seasons (Table, 4). It can be noticed that all treatments had no significant differences among them including 
control. 
 A significant increase in leaf area of Arabica coffee was observed in all treatments comparing with the 
control as means of the two seasons (Table, 4). The leaf area was in the range of 40.4 to 58.4 cm2 compared to 
49.5 cm2. The greatest significant leaf area occurred in ACT with treatment of pruning + foliar nutrition (K + B) 
+ B. subtilis followed by the treatment of pruning + B. subtilis had recorded where the values were 58.4; 52.8 
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cm2, respectively. The lowest significant value (40.4 cm2) was obtained with the treatment of pruning only 
treatment. 
 
 Impact of treatments on the blossom of Arabica coffee:  
 
 Results revealed that the percentage of flowering were in the range of 4.3 to 20.4%, compared to zero 
flowering % in the control (Table, 4). From results it can be revealed the control treatment failed in achieving 
the target of conducting this experiment, that is induce flowering in ACT growing in full sunlight without 
shading. But, all treatments were able to achieve the objective of conducting this study. The treatments of 
pruning + foliar nutrition (K+B) + B. subtilis was more effective in this respect, it recorded about 20.4 %. 
Followed by the treatments of pruning + B. subtilis, pruning + foliar nutrition (K+B) and pruning only 
treatments it's gave flowering about 16.8, 9.8 and 8.3 %, respectively. 
 
Impact of Treatments on Leaf Mineral Contents: 
 
 Results in Table (5) appear the effect of pruning, foliar nutrition (K+B) and bio-control agents on leaf 
mineral contents macronutrients of nitrogen (N) Phosphorus (P) and potassium (K) and micronutrients of zinc 
(Zn) and boron(B) of Arabica coffee trees as means in the two seasons. 
 Nitrogen (N) content in the leaves was in the range from 2.1 to 2.7 % compared to 2.9 % in the control 
treatment. No significant differences were recorded among treatments as well as the control (due to growing in 
open area, leading to turn vegetative growth). 
 
Table 5: Leaf mineral content of Arabica coffee trees as affected by pruning, foliar Spray of potassium and boron and soil treatment with 

biocontrol agents.  

Treatments 
Macroelements (%) Microelements (ppm) 

Nitrogen Phosphor Potassium Zinc Boron 
Control 2.9 a 0.12 e  0.93g  13.0 c 46.8 e 
Pruning only 2.4 a 0.17 bc 2.4 bc 26.8 a 76.4 c  
Pruning + Bacillus subtilis 2.5 a 0.16 cd  2.7 a 28.5 a  79.8 c  
Pruning + Trichoderma album 2.2 a 0.15 d 2.1 ef 20.3 b 69.0 d  
Pruning + Trichoderma viride 2.1 a 0.15 d 2.0 fg 21.4 b 66.2 d  
Pruning + foliar spraying (K+B) 2.7 a  0.18 ab 2.5 b 27.7 a 87.6 b 
Pruning + (K+B) + B. subtilis  2.3 a 0.20 a 2.8 a 29.7 a 97.8 a 
Pruning + (K+B) + T. album  2.3 a 0.15 c  2.3 cd 23.3 b  71.2 d  
Pruning + (K+B) + T. viride  2.4 a 0.16 cd 2.2 de 22.7 b  69.3 d 

Means in each column followed by the same letter are not significantly different according to LSD test (P = 0.05). (Mean values in the two 
seasons). 
 
 Results indicated that all treatments improved phosphorus (P) content in the leaves than the control. The 
highest significant P content of leaves were recorded by the treatments of pruning + foliar nutrition (K+B) + B. 
subtilis; pruning + foliar nutrition and pruning only (0.20, 0.18 and 0.17%, respectively).The lowest significant 
P content (0.12%) in leaves obtained with the control (Table, 5). 
 Results showed also that all treatments improved potassium (K) content in the leaves, where it was in the 
range of 2.0 to 2.8, compared to 0.93 the control as means in the two seasons. The treatments of Pruning + foliar 
nutrition (K+B) + B. subtilis and Pruning + B. subtilis were more effective in this respect (2.8 and 2.7 %, 
respectively), but missed the significant between them. The lowest significant K content (0.93%) in leaves 
obtained with the control (Table, 5). 
 Results showed that the zinc (Zn) content in the leaves of Arabica coffee trees was in the range of 20.3 to 
29.7 ppm, compared to 13.0 ppm in the control as means of the two seasons. The treatments of pruning + foliar 
nutrition (K+B) + B. subtilis; pruning + B. subtilis; pruning + foliar nutrition (K+B) and pruning gave the zinc 
of 29.7, 28.5, 27.7 and 26.8 ppm, respectively. The other treatments came next; while the control treatment 
showed the lowest significant Zn content (13.0 ppm).in leaves of Arabica coffee trees (Table,5). 
 Results mentioned that all treatments arising boron (B) content in leaves of coffee trees was in the range of 
66.2 to 97.7 ppm, compared to 46.8 ppm. The treatments of pruning + foliar nutrition + B. subtilis (97.8 ppm) 
was significant increased in B content in leaves, followed by pruning + foliar nutrition treatment (87.6 ppm). 
The treatments of pruning + B. subtilis and pruning only came next (79.8 and 76.4 ppm). The lowest significant 
value (46.8 ppm).was obtained from the control (Table, 5). 
 The highest values of leaf P, K, B and Zn content were obtained by using mixture of K + B. These results 
may be due to role of K and B in plant such as photosynthesis reactions, nucleic acids metabolism, protein and 
carbohydrate biosynthesis which due to increase of leaf mineral content, it is reflected on vegetative growth and 
the blossom (Krauss and Jiyun, 2000). On the other side, the lowest values of leaf P, K, B and Zn content were 
recorded when the trees were not fertilized with Potassium or boron. These results are in agreement with those 
detected (Hafez - Omaima and El-Metwally, 2007 and Khalifa et al., 2009). Coffee cultivation in the open area 
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without shading is faster plant growth increase leaf exposure to high irradiance and the absorption of much more 
energy than that usable by photosynthesis (Maestri et al., 2001). Pruning trees is stimulating the formation of 
flowers and fruit buds (Anonymous, 2011). 
 So, it can be recommending to conduct the pruning has become an important maintenance operation. High 
productivity is directly dependent on good pruning practices. It is essential in coffee production: (a) to determine 
the shape of the tree, (b) to maximize the amount of new wood for the next season's crop, (c) to maintain a 
correct balance between leaf area and crop. Further needed to more studies for achieve the target and evaluate 
the quantity and quality yield of Arabica coffee under Egypt conditions. 
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