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ABSTRACT 

          This investigation was carried out during two successive seasons (2015 and 2016) on 
“Washington” navel orange (Citrus sinensis L.) trees budded on Volkamer lemon rootstock (Citrus 
volkameriana) grown in sand soil under drip irrigation system in a private orchard at Cairo - 
Alexandria desert road Km. (52) Giza Governorate, Egypt to examine the efficiency of foliar 
applications of four horticultural mineral oils types on vegetative growth parameters, leaf growth 
promoters and inhibitors, blooming, C / N ratio, fruiting aspects, fruit biochemical quality attributes, 
anatomical study of buds and biological study of leaves from spring growth cycle of “Washington” 
navel orange trees. As well, effects of these oils on P. ziziphi was also approached by spraying KZ oil 
at 1.5 L /100 L, Alboleum oil at 2 L /100 L, Royal oil at 2 L /100 L and Folk oil at 2 L /100 L as a 
foliar sprays in mid-December. Results indicated that, both KZ oil and Folk oil as foliar applications 
in mid-December had significantly increased some vegetative growth spring shoot flushes (length, 
diameter and number of leaves) and total indols. Anatomy study showed the rapid transformation of 
buds from vegetative to flowering phase during a short period. Also, (KZ and Folk oils) had 
significantly increased some fruiting aspects (leafy inflorescence’s, fruit set and yield efficiency) in 
addition to, controlling of the black purgatorial scale, P. ziziphi (Lucas), however, the same oils had 
no significant effects on the other parameters. On the other hand, Alboleum oil and Royal oil had 
negative effects as foliar applications in mid-December when compared with control for both seasons 
of this study.  
  
Keywords: Indols, fruit set, Leafy inflorescence, and C/N ratio. 

 
Introduction 

Citrus fruits are the most important fruits types in the world. In Egypt, it has a great economic 
importance compared to the other types of fruit. “Washington” navel orange (Citrus sinensis L.) is 
one of the most important citrus fruits grown in Egypt. Total fruitful area approximately 144,427 Fed. 
producing about 1,489,536 tons / year ( according to Ministry of Agric. And Land Reclamation / 
Annual Report 2016).   “Washington” navel orange fruits are the 1st and popular fruit, where, it has 
the greatest nutritional values and its global reputation in foreign markets. 

Certainly “Washington” navel orange tree vegetative growth is compact and has an umbrella 
shape. Therefore, in case of failure to perform some orchard managements as excessive: nitrogen and 
water applications, carless pruning and pest control process, that create favorable conditions for black 
purgatorial scale, Parlatoria ziziphi (Lucas) attack  “Washington” navel orange trees. It’s a common 
insect pest on citrus trees, (Kwaiz, 2009). It injures citrus trees by feeding on the plant sap through 
leaves, branch and fruits causing defoliation and drying up the young twigs, so affecting the 
commercial value of fruits and their export potential, (Hassan and Radwan, 2014).  

Synthetic chemical compounds became an unsafe method in controlling pests as they are one of 
the major reasons for environmental pollution and cause chronic diseases for humans and harmful for 
most of the living organisms. That’s why the usage of these chemicals decreased all over the world 
and humans continued to find practical alternatives. Mineral oils are considered one of the safest 
methods in controlling pests especially the scale insects and mealybugs infesting different plants 
(Helmy et al., 2012). 
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Petroleum oils are highly refined, paraffinic oils that are used to manage pests and diseases of 
plants. The terms “summer oil” or “all season oil” indicate that the product can be safely used on plant 
foliage during the growing season (Bográn et al., 2006). Oils have minimal toxicity, compared to 
alternative pesticides, as oils quickly dissipate through evaporation, leaving little residue. Also, they 
are easy to apply with existing spray equipment and can be mixed with many other pesticides to 
extend their performance (Cranshaw and Baxendale, 2011). Oil sprays can sometimes damage plants - 
this is referred to as phytotoxicity. Instances of phytotoxicity are less common due to the availability 
of high-grade products. Oil application may be evident on fruit surfaces and on leaves up to a few 
weeks after treatment , the extent of application depends on the concentration of oil applied, the 
frequency of application, the citrus variety and the climatic conditions (Khalid et al., 2012). This is 
why it is recommended that HMOs and AMOs most have less than 8% unsaturated molecules because 
a these molecules are responsible for leaf burning effect. (Andrew, 2005). 

This study aimed to evaluate the physiological effects of some horticultural mineral oils as 
foliar application on vegetative growth, blooming, fruit set, yield and fruit quality of “Washington” 
navel orange and on controlling the black purgatorial scale, Parlatoria ziziphi (Lucas). 

 
Materials and Methods 
 

This experiment was carried out during mid-December 2015 and 2016 in a private orchard at 
Cairo - Alexandria desert road Km.52 Giza Governorate, Egypt. Fifteen trees healthy and almost 
uniform “Washington” navel orange trees of 10 –year- old, planted at 5 × 5 m and showed no 
symptoms of nutritional deficiency, to investigate efficiency foliar application of four different 
horticultural mineral oils on vegetative growth, blooming, fruit setting, yield, fruit quality and 
resistance the black purgatorial scale, which infesting "" “Washington” navel orange trees. The 
texture of the soil is sand / lomy soil with well drained. 

The treatments were applied as follows: 
T1- Foliar application of K.Z oil [in (miscible type) developed by (Kafer El-Zayat pesticides & 

Chemicals Co.,) at 1.5    L /100 L]. 
T2- Foliar application of Alboliom oil [in (mayonnaise type) produced by( kafr El-Zayat Pesticides 

and Chemicals Co. containing 80% mineral oil) at 2 L /100 L]. 
T3- Foliar application of Royal oil [in (mayonnaise type) produced by ( El-Ameria petrol refining Co. 

containing 82% mineral oil) at 2 L /100L]. 
T4- Foliar application of Folk oil [in (mayonnaise type) produced by (Alex. Co. for Chemicals 

(KEMEX) containing 80% mineral oil) at 2 L /100L]. 
T5- Control (Traditional application). 
 
Horticultural, Anatomical and Biological studies 
 
Horticultural study: 
 
Some vegetative growth parameters:  

Spring vegetative flushes: shoot length & diameter (cm.); number of leaves / shoot and leaf area 
(cm2). 

 
Some physiological & chemical parameters:  
 
a) Leaf growth promoters and inhibitors:  

Mature leaves were collected in late February for the two seasons to determine total Indoles as 
mg/g dry weight according to (Larsen, 1962) and as modified by (Selim et al., 1978) and total Phenols 
as mg. /g. dry weight by using the Folin calorimetric method (A.O.A.C., 2006). 

 
b) C / N ratio: 

 C/N ratio was determined in leaf sample collected at two weeks intervals from late December 
to late February (The first leaf samples were taken after two weeks from foliar application of 
horticultural mineral oil). These samples defoliated and weighed then, oven dried at 70 centigrade. 
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Total carbohydrates (g/100g. DW): powders samples were acid hydrolyzed and the resulting data 
signing sugar designated as available carbohydrates was determined by the di-nitro-salicylic acid 
(DNS) method of Fisher and Stein, (1961). Total nitrogen was determined in leaf samples in the 
mentioned above dates. 

C/ N ratio was calculated =   Total carbohydrates in leaves / Total nitrogen in leaves. 
 
Some fruiting aspects: 

Four branches one year old were chosen for each tree. Four shoots from the current spring 
growth cycle were labeled to follow up the effects of the differential investigated treatments were 
evaluated through the response of the following measurements: 

 
a) Blooming performance: 

Total number of inflorescences and total number of leafy in florescences were counted then 
leafy in florescences percentage (%) was calculated according to the equation: 
Leafy in florescence % = (Total number of leafy inflorescences / Total number of florescences) ×100. 
 
b) Fruit Set:  

Total number of flowers and total number of fruitlets were counted then fruit set percentage 
(%) was calculated according to the equation: 
Fruit set % = (Total number of fruitlets / Total number of flowers) ×100. 
 
Tree yield efficiency: 

Fruit yield was recorded annually. Yield in relation to tree volume was used as a measure of 
tree efficiency Tree efficiency = kg of fruits /m3 canopy of tree (Castle and Philips, 1980). 

 
Fruit biochemical quality attributes: 

A sample of 10 fruits per each replicate was selected in September to determine the fruit 
quality as follows: T.S.S, T.AC %, TSS/T.AC ratio and Vit.C (mg/ 100 g. juice) (A.O.A.C., 1990). 

 
Statistical analysis: 

A complete randomized complete block design with five treatments and three replicates for 
each treatment were established. The obtained data each season were subjected to one-way analysis of 
variance (ANOVA) according to Snedecor and Cochran (1980) using M-STAT program. Means 
values represented the various investigated treatments were compared by the Duncan’s multiple range 
test (Duncan, 1958) at 0.05 level of significance. 

 
Anatomical study:  

Samples of buds from the terminal part of which emerged on the shoots were taken in (1st 
week and 3rd week) February then, specimens were killed and fixed for at least 48 hrs. in F.A.A. (10 
ml formalin, 5 ml glacial acetic acid, 35 ml distilled water and 50 ml ethyl alcohol 95%). The selected 
materials were washed in 50% ethyl alcohol, dehydrated in a normal butyl alcohol series, embedded 
in paraffin wax of melting point 560C, sectioned to a thickness of 20 micron, double stained With 
Erythrosin and Crystal Violet, cleared in xylene and mounted in Canada balsam (Nassar and El-
Sahhar, 1998). Slides were analyzed microscopically and photomicrographed.   

  
Biological study: 

Samples of 10 infested leaves were collected from each replicates after spraying in all directions 
and level of the tree (10 leaves X 3 replicates) 30 leaves per treatment. The same numbers picked out 
from the untreated trees (control). In addition to 30 leaves from each treatment and control were 
picked just before spraying as a pre-treatment count. These samples were kept in paper bags. Then 
were taken to laboratory for examination. Data of the pre-treatment, control and post-treatment 
samples were recorded for the alive stages (nymphal, adult female and gravid female stages) to 
calculate reduction percentage in population. Three post-treatment counts were taken at 2, 4 and 6 
weeks after spraying. Percentage of reduction in each stage was estimated according to Henderson 
and Tilton equation, (1955). The percentage of reduction for all treatments was subjected to a simple 
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analysis of variance by the aid of a computing and model design in an IBM compatible computer to 
show:  

The "F" values were calculated and the least against insect population and different stages 
significant difference (L.S.D). 

 
Results and Discussion  
 
Horticultural study: 
 
Some vegetative growth parameters:  

It is clear from data presented in (Table 1) that, most vegetative growth parameters were 
significantly affected by mineral oil spraying, as KZ-oil and Folk - oil treatments showed the highest 
significant increase in both, shoot length and diameter as well as number of leaves per shoot, as 
compared with control for both seasons of study. Whereas, applied treatment showed slight reduction 
in leaf area, particularly for second season of study. In this line, (Saied et al., 2012) studied 
application of Falk oil (2.5, 5%), on vegetative and reproductive growth of strawberry cv. ‘Merak’. 
Treatments were applied 2 weeks after establishment period and then plants were grown for 3.5 
months. Results indicated that, Falk oil at both concentrations improved vegetative growth and 
number of achenes in primary and secondary fruits. As well, (Mudzunga et al., 2001) studied effects 
of early winter gibberellic acid and mineral oil applications on flowering of young non-bearing 
clementine (Citrus reticulata Blanco.) and Satsuma (Citrus unshiu Marc.) trees. Results from these 
experiments suggest that, the winter application of GA3, specifically, and possibly in combination 
with mineral oil to enhance early vegetative growth on young trees may be utilized commercially. 
Furthermore, the horticultural mineral oils can be used safely on orange trees at middle Egypt in 
autumn when temperature does exceed 34°C (Helmy et al., 1992). Otherwise, Ibrahim, (1990) studied 
some effects of horticultural mineral oils application on the morphological aspects of citrus trees; he 
mentioned that, the treatment with 1.5% of KZ-oil caused an increase in shoot diameter and the 
vascular cylinder thickness.  
 
Table 1: Effects of foliar applications of some horticultural mineral oils on vegetative growth of 

“Washington” navel orange trees. 
Parameters 

Seasons 
 
Treat. 

Shoot length 
(cm) 

Shoot diameter 
(cm) 

Num. of leaves/ 
plant 

leaf area  
(cm2) 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

1st  
season 

2nd  
season 

1st 
season 

2nd 
season 

T1 23.00A 24.50A 0.69A 0.72A 26.00A 27.00A 19.69B 19.46C 

T2 19.00C 19.80D 0.60B 0.59BC 16.00C 19.00B 21.74AB 20.56BC 

T3 20.50B 20.60C 0.55BC 0.59BC 13.00C 19.00B 22.31A 22.75AB 

T4 23.00A 23.50B 0.61B 0.64B 20.00B 20.00B 20.57AB 20.39BC 

T5 15.50D 16.00E 0.52C 0.55C 9.000D 10.00C 21.12AB 23.07A 

Mean followed by the same letter are not significantly different at 5% level. 

Some physiological & chemical parameters: 
 
Leaf growth promoters and inhibitors: 

Regarding the effect of horticultural mineral oil spraying on leaf total indoles and phenols 
content, illustrated data in (Table 2) revealed that the highest significant leaf indole content was 
recorded for Folk oil spraying (2.83 - 3.10 mg/100g D.Wt) for both seasons, respectively, followed by 
KZ oil application as compared with control for both seasons of study, whereas, spraying with Folk 
oil or KZ oil, resulted in the lowest significant values for leaf total phenols content, for both seasons 
of study. In this concern, Kefeli and Kutacek (1977) suggested that plant phenol may be into three 
groups; promotive, inhibitor and inactive. They added that promotion of plant growth by phenols may 
proceed through the modulation of either IAA biosynthesis or its destruction.  

In this respect, Seif El-Yazal et al. (2018) found that foliar-applied mineral oil enhanced 
hormones and phenols content and hastened breaking bud dormancy in "Astrachan" apple trees. They 
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mentioned that, the decrease in free phenols and the increase in conjugated phenols after mineral oil 
or Universal at different concentrations treatments may be due to that the reduction in free phenols 
contrasted with the increase in total indoles i.e. endogenous promoters increased and consequently 
indigenous inhibitors decreased in the buds which led to an increase in plant growth parameters. 
 
Table 2: Effects of foliar applications of some horticultural mineral oils on leaf total indols and 

phenols content (mg/100g D.Wt.) of “Washington” navel orange trees. 

Parameters Indoles Phenols  

Seasons 
Treat. 

1st season 2nd season 1st season 2nd season 

T1 2.34B 2.54B 0.74D 0.70D 

T2 1.42C 1.55C 0.85C 0.80C 

T3 1.33D 1.50C 1.20B 1.17B 

T4 2.83A 3.10A 0.66D 0.64E 

T5 1.31D 1.34D 1.36A 1.27A 

Mean followed by the same letter are not significantly different at 5% level. 

C / N ratio: 
Regarding the effects of the applied treatments on C/N ratio in leaves can be noticed from 

obtained data in (Fig.1 & 2)  that spraying at mid- December had no effect on C/N ratio for all 
sampling dates, except for , spraying with KZ – oil or Folk- oil that caused significant reduction in 
C/N ratio for the sample collected after two, four and six weeks form foliar application date  however 
, the recorded C/N ratio in leaves  values for both treatments  began to increase  for the rest of 
sampling dates and there were insignificant difference among all treatments and control , that  was 
true for both season of study. These are resulting agreement with those obtained by Ware and Grout, 
(2003) who studied horticultural mineral oils and their use on citrus and that, mineral oils had 
negative effects on C/N ratio in leaves after application for several weeks. In grapes applying oil 
treatments caused an increasing respiratory gases accumulation in buds and that increase in 
concentration of ethylene and dioxide gases, result in delaying bud bursting and increasing buds cold 
tolerance, (Chayani et al., 2015). 

 

 

Fig. 1: Effects of foliar applications of some horticultural mineral oils on C/N ratio in leaves of “Washington” 
navel orange trees.  
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Fig. 2:  Effects of foliar applications of some horticultural mineral oils on C/N ratio in leaves of “Washington” 
navel orange trees. 

Some fruiting aspects: 
Results in (Table 3) showed that, KZ oil application significantly increased leafy inflorescence 

percentage and Yield efficiency kg/m3, followed by Folk oil treatment which significantly increased 
fruit set percentage, as compared with control, for both studied seasons.  This obtained increment may 
be attributed to the explanation by Moss, (1976) who examined effects of a mineral oil spray on the 
flowering of sweet orange (Citrus sinensis). He found that, in trials on trees of Valencia oranges, the 
mineral oil component of white oil sprays as used for insect control adversely affected flowering 
when applied during flower induction. Likewise, Karen et al. (2005) examined effects of the 
horticultural mineral oil and hydrogen cyanamide (HC) concentration on dormancy breaking in 
‘Golden Delicious’ apple trees. They found that, no antagonistic effects on budburst and yield were 
observed when mineral oil and HC were combined at different concentrations. The combination of 
horticulture mineral oil and HC is an effective rest-breaking treatment for 'Golden  Delicious' apple 
trees. Horticulture mineral oil at 1 to 4% plus Dormex at 1% (0.52% HC) was able to break dormancy 
without reducing yield or negatively affecting fruit quality. By contrast, Sarah et al. (2012) discussed 
effects of horticultural oils on the photosynthesis, fruit maturity, and crop yield of winegrapes. They 
concluded that, either oil reduced berry weights, cluster weights and crop per vine, and soybean oil 
reduced cane pruning weights of Chardonnay vines. Also, Omaima et al. (2015) assessed effect of 
mineral oil and Thidiazuron (TDZ) treatments on dormant break of Kanino apricot from the 
previously results obtained that the using the dormant breaking agent like mineral oil and TDZ winter 
treatments depends on the concentration and added date, branches sprayed in 15 Jan. (late date) with 
higher dosage of those materials gave stronger effect. It can be concluded that spraying the higher 
dosage of both TDZ at 250 ppm plus winter mineral oil at 4% at 15 January recorded the best results 
to be as a good recommendation for early bud break % and blooming date with heavy flowering, 
fruiting and negative relationship between fruit set and flower bud abscission in Kanino apricot. As 
well, Seif El-Yazal et al., (2018) talk over foliar-applied mineral oil enhanced hormones and phenols 
content and hastened breaking bud dormancy in "Astrachan" apple trees. They found that, the 
improving effect of mineral oil at different concentrations on yield and its components was mainly 
attributed to its positive action on enhancing growth parameters and photosynthetic pigments. The 
foliar application with mineral oil or Universal at different concentrations for "Astrachan" apple trees 
hastened the bud break, shortened the period of flowering and improved bud growth and fruit set. 
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Universal at 2% and Mineral oil at 6% was found to be the most effective and significantly improved 
the contents of endogenous IAA, GA3 and conjugated phenols as well as reduced ABA and free 
phenols content. This led to the increasing in the percentages of the bud break and fruit set, as well as 
the reduction in the period of flowering, and finally the increasing in the yield. Therefore, we 
recommend using mineral oil at 6% as operator safer bud break promoters for the increase in 
"Astrachan" apple trees productivity. It may provide a well strategy for the increase in the percentages 
of bud break and fruit set, and the reduction in the flowering period to protect the floral buds against 
the high temperature in late winter in Egypt. 

 
Table 3: Effects of foliar applications of some horticultural mineral oils on some fruiting aspects of 

“Washington” navel orange trees. 

Parameters Leafy inflorescence % Fruit set % Yield efficiency kg/m3 
Seasons 

Treat. 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

T1 48.29A 46.61A 2.27B 2.32B 2.29A 2.40A 

T2 20.64E 17.32E 1.68E 1.72E 0.88D 0.91D 

T3 27.00D 23.17D 1.89D 1.81D 0.68E 0.63E 

T4 43.28B 40.72B 2.68A 2.59A 1.80B 1.70B 

T5 35.08C 31.95C 2.11C 2.04C 1.16C 1.17C 

Mean followed by the same letter are not significantly different at 5% level. 

Fruit biochemical quality attributes: 
Data in (Table 4) proved that, no significant effects were shown to take place between 

treatments of KZ oil, Folk oil and control in most of the fruit biochemical quality attributes. 
Furthermore, Royal oil resulted in low significant value for T.S.S, T.S.S/T.Ac. and V.C (mg/100g), as 
compared with control, for both studied seasons. These results are in agreement with those obtained 
by William and Kenneth, (1966) who researched properties of spray oils in relation to effect on citrus 
trees. They found that, the relationship between oil heaviness and delayed solids development in 
Pineapple and Valencia oranges was the same as for Hamlin oranges. Most treatments showed lower 
soluble solids than the control. Thereafter the retarding effect of all the treatments was essentially 
overcome. In most instances, higher solids content was associated with the low rate of application of 
given oil, as would be expected. Delay of solids development was greater by the heavier oils than by 
the lighter oils. As for the acidity percentage in most cases the treatments showed no significant 
effects and no trends in relation to oil properties could be established. Where detrimental effects did 
occur, they were usually associated with the heaviest oil. 

Sarah et al. (2012) discussed the effects of horticultural oils on the photosynthesis, fruit 
maturity, and crop yield of wine grapes. They stated that, fruit soluble solids concentrations (SSC) of 
Chardonnay from oil treatments were significantly lower than the SSC of the control. Furthermore, 

Khalid et al. (2012) mentioned that horticultural mineral oil application and tree canopy 
management improve cosmetic fruit quality of Kinnow mandarin. They reported that, among the 
biochemical quality attributes, vitamin-C, non-reducing and total sugars were found significantly 
different among the treatments. Statistically highest vitamin-C contents were found in (1.0% HMO + 
ICMP) with 34.82 mg/100 g followed by control and (1.5% HMO + ICMP) with 29.85 mg/100 g 
each. The contents of non-reducing and total sugars were statistically highest in the fruit harvested 
from the trees subjected to HMO application at 0.5% (5.63 and 7.75%, respectively). Other treatments 
were found among each other as well as with control. Juice pH, TSS, TA, TSS/acid ratio and reducing 
sugars showed non-significant response to treatments. No sign of phytotoxicity was observed in terms 
of leaves burning, leaves and fruit drop, etc. 
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Table 4: Effects of foliar applications of some horticultural mineral oils on some fruit biochemical 
quality attributes of “Washington” navel orange trees. 

Parameters T.S.S Acidity % T.S.S/T.Ac. V.C(mg/100g) 

  Seasons 
Treat. 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 

season 

T1 10.00A 09.90A 0.21C 0.21B 47.6A 47.1A 33.0B 34.1A 

T2 08.25B 08.65C 0.30AB 0.30A 27.5D 28.8C 30.3C 30.0B 

T3 07.50C 07.70D 0.32A 0.30A 23.4E 25.7D 29.8C 30.4B 

T4 09.90A 09.50B 0.23C 0.20B 43.0B 47.5A 35.7A 35.8A 

T5 09.85A 09.75A 0.25BC 0.23B 39.4C 42.4B 34.9A 35.2A 

Mean followed by the same letter are not significantly different at 5% level.  

B. Anatomical study: 
The anatomical study showed that, buds initiation in Washington Navel orange trees was 

closely related with bud burst activity, therefore, it was essential to determine the process of floral bud 
burst, prior to floral initiation and differentiation studies. These results are in line with the finding of 
(Badu and Kaul, 1972) as they reported that, citrus species flower bud stages occurred between 
November and next March. In this study the following morphological stages of floral bud burst were 
noticed: 
First stage dormant bud; in this stage the bud is still morphological inactive. 
Second stage swelling bud; in this stage the bud begins to show enlargement in its size. 
Third stage bud burst; the bud gave some leaf primordial with floral initials. 
Forth stage elevated flower; the axillary flower primordial appears as a result of the elongation of 
their pedicels.  

Concerning the effects of the foliar applications at mid- December on buds initiation and the 
period of flowering, it could be noticed, from the anatomical study for samples of buds from the 
terminal part of the shoots, that the flower buds which were taken in 3rd week of February have 
uniform distribution of oil glands. As in the first stages (Fig. 5 &11) flower buds burst, glands are 
concentrated near each other at the base of the petals but become more spread out as petals enlarged 
during bud development stages and most glands are observed near the apex of the petal primordia 
(Fig. 4 & 10) that development in flower buds stages as results treatments me be due to the rise in 
temperature around the bud scabe (Marques et al., 2015). The axillary growing points of bursting bud 
started their activation and having the dome-Like shape (Fig.5, 11). A broading of axilary growing 
point apex could be observed in this stage (Fig. 3, 6, 7 and12). In this stage, sepal primordia were 
developed and petal initials start to differentiate within sepal primordia (Fig. 4, 9). It can be noticed 
the appearance of stamen and pistil initials within the develop in sepal and petal primordial (Fig. 10). 
Generally, spraying with horticultural mineral oils at mid-December KZ oil in miscible type or Folk 
oil in mayonnaise type was found the most effective and significantly improved of hastened the bud 
initiation, shortened the period of flowering and improved bud growth and fruit set.     
 

 
 
 
 
 
 
 
 
Fig. 3: Stage (2) Flattening of the floral apex (x10).  
A broading of axilary growing point apex could be 
observed in this stage (TI) – 1* 

 
 
 
 
 
 
 
 
 
Fig. 4: Stage (3) Appearance of petal primordial 
(x10).  
In this stage, sepal primordia was developed and petal 
initials start to differentiate within sepal primordia (TI) 
– 2* 



Middle East J. Agric. Res., 7(4): 1561-1573, 2018 
ISSN: 2077-4605 

1569 

 
 
Fig. 5: Stage (1) Initiation of the generative 
activity of the lateral apex (x10).  
(T2) -1* 

 
Fig. 6: Stage (2) Flattening of the floral apex (x10).  
A broading of axilary growing point apex could be 
observed in this stage (T2) - 2* 

 
 
Fig. 7: Stage (2) Flattening of the floral apex (x10).  
A broading of axilary growing point apex could be 
observed in this stage (T3) – 1* 

 
Fig. 8: Stage (3) Appearance of petal primordial 
(x10). 
 In this stage, sepal primordia was developed and petal 
initials start to differentiate within sepal primordia (T3) 
– 2* 

 
Fig. 9: Stage (3) Appearance of petal primordial 
(x10). In this stage, sepal primordia was developed 
and petal initials start to differentiate within sepal 
primordia (T4)– 1* 

 
Fig. 10: Stage (4) Appearance of stamin and pistil 
primordial (x10).  
It can be noticed the appearance of stamen and pistil 
initials within the develop in sepal and petal primordial 
(T4)– 2* 

 

 
Fig. 11 Stage (1) Initiation of the generative 
activity of the lateral apex (x10).  
(T5) – 1* 

 
Fig. 12 Stage (2) Flattening of the floral apex (x10).   
A broading of axilary growing point apex could be 
observed in this stage (T5) – 2* 

1*Samples of buds were taken in 1st week February. 
2* Samples of buds were taken in 3rd week February. 

 

C- Biological study: 

Efficacy of the tested oils on P. ziziphi  
 Data presented in Tables (5 & 6) showed that all tested mineral oils were able to decrease the 

infestation percent of P. ziziphi on “Washington” navel orange throughout the three post treatment 
counts during the two seasons. Statistical analysis of data demonstrated the high significant 
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differences between the tested mineral oils efficacy and the susceptibility of different stages to the 
tested oils.  

 
1- The 1st post treatment count (2 weeks after application) 

 Reduction  percentage of P. ziziphi different stages showed significant difference between the 
response of different stages to tested oils where nymphs  recorded the highly affected one followed by 
the gravid females then the adult female stage with (81.0, 71.3 and 69.7 %) and (84.8, 73.4 & 71.4), 
respectively. Percentage of reduction of the tested treatments showed that, KZ oil was the most 
effective one followed by oil Folk with significant difference, then Royal and Albolium without 
significant difference recording efficacy of (84, 78.3, 72.4 &71.4 %) and (84.5, 78.3, 68.7 & 68), 
respectively. 

  
 2- The 2nd post treatment count (4 weeks after application)    

 Highly significant response of the tested pest to the tested oils during the two seasons where 
nympal stage followed by gravid females then the adult females with (88.8, 82.4 & 74.9%) and (91.7, 
85.6 &79.1%), respectively. Statistically analysis of data mentioned that reduction percentages  were 
arranged dissentingly as following , [Folk , KZ,  Albolium  and Royal with (87.17, 83.33, 81.17 & 
76.43 % )] and [KZ, Folk, Albolium and Royal with ( 89.4, 89.2, 83.2 & 75 %)], respectively with 
significant  dissentingly between the all tested treatments reduction percentage against P. ziziphi total 
population during the first season and  with insignificant difference between (KZ oil & Folk oil) (% ) 
and  significant difference between Albolium and Royal during the second season. 
 

Table 5: Effects of foliar applications of some horticultural mineral oils against P. ziziphi on infested 
"" “Washington” navel orange trees during the first season. 

Treat. 
First post treatments Second post treatments Third post treatments 

Nymph Adult Gravid Means Nymph Adult Gravid Means Nymph Adult Gravid Means 

T1 82.2 82.2 80 81.5A 86.0 81.0 83 83.3B 97.6 97.4 93.0 96.0A 

T2 82.4 58.5 66.2 69.0C 88.0 74.5 81.0 81.2C 87.4 84.0 80.0 83.8D 

T3 82.3 59.0 66.0 69.1C 89.3 62.0 78.0 76.4D 90.0 80.0 87.0 85.7C 

T4 77.0 79.0 73.0 76.3B 92.0 82.0 87.5 87.2A 94.0 88.0 93.0 91.7B 

Means 81.0A 69.7C 71.3B   
  
  

88.8A 74.9C 82.4B   
  
  

92.3A 87.4B 88.3B   
  
  Treat. 

F = 110.5 F =60.2 F = 93.86 
L.S.D=1.88 L.S.D=1.9 L.S.D=1.92 

Stages 
F= 21.1  F= 29 F=40.82 
L.S.D=1.3 L.S.D.=1.31 L.S.D.=1.29 

 
Table 6: Effects of foliar applications of some horticultural mineral oils against P. ziziphi on infested 

“Washington” navel orange trees during the second season. 

Treat. 
First post treatments Second post treatments Third post treatments 

Nymph Adult Gravid Means Nymph Adult Gravid Means Nymph Adult Gravid Means 

T1 85.7 84.2 82.0 84.0A 91.0 87.6 89.0 89.2A 96.8 95.3 92.5 94.9A 

T2 85.0 60.5 68.7 71.4C 89.8 76.5 83.2 83.2B 88.4 85.1 82.0 85.2C 

T3 86.3 63.0 68.0 72.4C 92.3 67.3 82.6 75.0C 94.2 83.0 88.7 88.6B 

T4 82.0 78.0 75.0 78.3B 93.6 85.0 89.7 89.4A 95.4 90.0 94.2 93.2A 

Means 84.8A 71.4C 73.4B 

 

91.7A 79.1C 86.1B 

 

93.7A 88.4B 89.4B   
  
  Treat. 

F  = 102.3 F  = 137.6 F  = 58.34 
L.S.D =1.9 L.S.D =1.8 L.S.D =1.72 

Stages 
F = 31.3 F = 23.9 F =47.5 
L.S.D =1.3 L.S.D =1.31 L.S.D =1.28 

 
3- The 3rd   post treatment count (6 weeks after application)  

During the two seasons there was a significant difference between the response of the different 
stages of studied pest to the tested oils, where nymphal stage had the highest response with a 
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significant difference between it and the other two stages, where there is no significant difference 
between gravid and adult females stages recorded (92.3, 87.4 & 88.3%) and (93.7, 98.4 &88.4%). 

The tested oils on P. ziziphi total population recorded high efficacy of reduction percentage 
during the two seasons as following [KZ (96%), Folk (91.7 %), Royal (85.7%) and Albolium 
(83.8%)] and [KZ (94.9%), and Fawlk (93.2 %), Royal (88.6%) and Albolium (85.2%)], respectively 
with a significant difference between the all tested oils with each other except KZ and Folk during the 
second season. Miscible oils (KZ, Super Royal and Chemi oil) at the rate of 1.5% and mayonnaise 
oils (Folk and Alboleum) at the rate of 2% to were able to decrease the infestation percent of the fig 
scale insect on apple trees throughout the three post treatment count and till the end of winter spraying 
experiment (Helmy et. al, 2006). Mayonnaise oil (Alboleum) recorded the highest reduction percent 
on the population of SAissetia coffeae (Walker) (Hemiptera: coccidae) infesting Cycas revoluta 
Thunb (Cycadaceae) 94.63% after 25, (El-Sahn, 2007). In this regard, Poerwanto et al., (2011) studied 
responses of Asiatic Citrus psyllid (diaphorina citri) to mineral oil treated mandarin leaves, the results 
indicate that application of the oils to the mandarin leaves may have: (a) suppressed the release of 
attractant host plant volatiles; (b) masked attractant host plant volatiles; (c) led to the release of 
repellent volatiles from leaves; and/or (d) to adults being repelled by oil volatiles. 
 

Conclusion 
The foliar applications of some horticultural mineral oils for “Washington” navel orange 

(Citrus sinensis L.) trees hastened the bud differentiation, shortened the period of flowering and 
improved bud growth and fruit set. KZ oil in miscible type at 1.5 L /100 L or Folk oil in mayonnaise 
type at 2 L /100L in mid-December was found to be the most effective and significantly improved the 
contents of endogenous total indols and reduced in contents of total phenols. This led to increasing in 
the percentages of the bud differentiation and fruit set, as well as the reduction in the period of 
flowering, and finally the increasing in the yield. Finally, mineral oils are very promising control 
agent in Egypt and they need more attention and supervision from the government authority to extend 
the usage of mineral oils on various agricultural pests and to observe the manufacturing of these 
compounds to ensure its validity and efficiency. The relation between winter spraying of horticultural 
minerals oils and flowering in citrus needs more investigations. Also, a lot of researches are in need to 
improve the application of mineral oils as a safe control agent. 
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