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he effect of kaolinite and diatom sediments (DS) were 
applied as crud natural products for soil addition at rates 
of 2.5 and 5 ton/fed and/or as commercially products for 

foliar spraying these products are kaolin (Super Nano) and diatoms 
forms at concentrations of 2.5 and 5% against some potato pests as 
insects leafminer fly (Liriomyza huidobrensis), and aphid (Myzus 
persica) as well as disease early blight caused by Alternaria solani, 
also to study their effect on growth, plant leaves area (cm2) and fresh 
and dry weight/plant as well as, leaves area index (LAI) and net 
assimilation rat (NAR) in addition to chlorophyll content measured 
after 45 and 75 days from sowing, yield and its components (tubers 
number/plant, average of tuber fresh weight and yield/plant, plot and 
feddan) as compared with traditional agricultural practices on potato 
crop (Solanum tuberosum L.) Daimond variety. The experiment was 
carried out under the desert conditions (Eastern part of Al-Ismailia 
governorate within Sinai) in split block design. The results cleared 
that the diatoms and kaolin (Super Nano) as foliar spraying were the 
superior effect at 5% concentration on cumulative leafminer, aphid 
infestations and early blight disease incidence and severity. The 
highest reduction of soil additive treatment against leafminer insect 
was obtained from diatom sediments (DS) at 5 ton/fed, followed by 
diatom sediments (DS) at 2.5 ton/fed. In case of aphid leaves 
infestations as soil additives, the highest reduction was (DS) at 5 
ton/fed followed by kaolinite at 5 ton/fed. The most effective soil 
additive to reduce incidence and severity of early blight disease was 
obtained from diatom sediments (DS) at 5 ton/fed, followed by 
kaolinite at 5 ton/fed.  The interaction between soil additives and 
foliar spraying decreased significantly infestation with leafminer, 
aphid and early blight disease. The most effective treatment was 

T 
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achieved from the interaction between soil additives (DS at 5 ton/ 
fed) × foliar spraying (diatoms 5% or super Nano 5%) to reduce 
leafminer and aphid infestations and incidence and severity of early 
blight disease. Diatom at 5% as foliar spraying or/and (DS) at rate of 
5 ton/fed as soil additive, which had significant positive response to 
plant growth and chlorophyll content as well as  yield and its 
component. High significant positive correlations were found 
between potato yield and either plant leaves area, NAR, no. of 
tuber/plant and average of tuber weight. Regression coefficients 
indicated that for each increase of one tuber/plant, yield of potato 
correspondingly increased by 3.64 ton/fed.  

Keywords: Potato, kaolinite, diatom sediments, leafminer insects, aphid, 
early blight disease, growth, productivity  

 
Potato (Solanum tuberosum L.) is the fourth most cultivated crop as 

one of the most important tuber staple cash crops around the world and 
(FAO, 2012 and Jalali, 2013). Potato is one of Egyptian strategic vegetable 
crops occupping an advanced rank among the crops of local and export 
consumption. Pests and pathogenic diseases are the most important 
impediments which determine spread potato cultivation and decrease the 
production in Upper Egypt and Delta regions. The loss in production ranged 
between 15-60% and may reach 100% in the field and 10 -20% after harvest 
(Van der Walls et al., 2001 and Abdel-Razek et al., 2014). Potato crop plants 
are susceptible to many insect pests such as the leafminer fly (Liriomyza 
huidobrensis Blanchard). Potato tuber moth (Phthorimaea operculella 
Zeller) and aphids (Kroschel et al., 2013). Recently, leafminer larvae have 
become an economically important pest of potato. The larvae of leafminer 
fly feeds on the leaf mesophyll tissue, furthermore, these wounding also 
allows entry of bacterial and fungal diseases (Bueno et al., 2007 and 
Palumbo, 2012). Aphids (M. persicae Sulzer) are the most important pest 
than attack all organs of potato plants, especially young and soft parts 
(Edward and David, 2002). The economically aphides damaging is done 
through sucking the plant cells juices; secrete a sugary liquid that stimulates 
black sooty mold growth cover the surface of leaves which reduce sunlight 
absorbing (Qureshi, 2014); aphids also transmit different viruses disease to 
potato which results in high yield loss (Maketon et al., 2008). Potato plants 
are infected with early blight disease caused by (Alternaria solani Sorauer) 
that, is the most economically important foliage diseases, which survive in 
leaf or stem tissues on or in the soil (Van der Walls et al., 2001). This 
disease challenges a wide range of Solanaceous plants over a wide range of 
climatic conditions, often resulting in a complete defoliation of plant. The 
disease initially appears on the older leaves causing premature senescence 
and leaf area reduction. The fungus causes stem canker or collar rot of young 
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seedlings, sunken spots or cankers on older stems, blossom drop and loss of 
young fruits and dark leathery fruit spots, usually about the point of 
attachment of decayed lesions may form on the tubers, permitting the 
entrance of decay organisms on potato. In severe attacks, lesions appear on 
upper stems and petioles (Raziq and Ishtiaq, 2010).  

Pests and disease control by using industrial of chemical products 
resulted in resistance of some pests and pathogen to conventional 
insecticides and fungicides, in addition to the negative impacts in human 
health and environment. Also, more than 540 insect species are resistant to 
synthetic insecticides (Vincent et al., 2003).  

Kaolinite is one of clay minerals with formula Al2Si2O5(OH)5 has 
chemically inert over a wide range of pH and a low exchangeable captain 
capacity (1-16 meq/100g) (Brown et al., 2010). Many investigators used 
kaolin as novel biological control material, which creates a protective 
mechanical barrier against plant pathogenic diseases and approach to 
suppressing arthropods, diptera, homopterous, trips and aphides after 
sprayed on the plant surface as particle film (Lamb et al., 2002; Liang and 
Liu, 2002; Reitz et al., 2008 and Crooks and Prentice, 2011). In this respect, 
Gindaba and Wand (2007) reported that kaolin particle film application on 
apple trees was achieved vary inconsistently in its effect on leaf temperature 
and photosynthetic rate. While, Steiman and Bittenbender (2007) observed 
that kaolin spraying on glass slides reduced photosynthetically active 
radiation, UV transmission and the temperature of glass surface. Glenn et al. 
(2010) found that using kaolin as particle film application increased leaf 
water potential and decreased stomatal conductance. However, kaolin at 
concentration of 6 % in treated soybean plants decreased node number, stem 
height, stem diameter, number of seeds and number of pods per plant, weight 
of seed, biological yield, seed yield and harvest index but the number of 
seeds per pod was not affected  (Javan et al., 2013). Also, Mohadeseh et al. 
(2013) found that sprayed kaolin on wheat at concentrations of 3.75% 
increased grain yield and decreased aphid damage while 1.25% kaolin 
treatment resulted in the highest biological yield.  

Diatoms (Bacillariophyceae) are microscopic unicellular algae found 
in both freshwater and marine environments. Many species of diatoms are 
found floating in the surface layers of the water in almost all aquatic 
habitats; they are key components of food webs in nearly all freshwater and 
saline environments (Dixit et al., 1992). Cell walls are composed primarily 
of biogenic silica (SiO) or opaline silica (SiO2.nH2O) consisting of two 
interlocking, box-like halves, one larger than the other (the thecae) (Canter-
Lund and Lund, 1995). Many diatoms have specific optima and tolerance for 
a range of environmental variables and therefore shifts in e.g. salinity, pH, 
nutrient concentrations or temperature are likely to result in changes in 
species composition which are due to characteristics of diatoms (Battarbee et 
al., 2001). Diatoms are used in many industries like toothpastes, agricultural 
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chemicals, fertilizers, polishes, catalyst carriers, porcelain (Mann and 
Stickle, 1997). Diatoms were investigated as pest management, because they 
are very rich in silica (85%) which composed of amorphous silica (SiO2) 
(Laing et al., 2006). Silicon is an agronomic ally beneficial eliminate as it 
confers rigidity strength and resistance against pests and diseases; improves 
water economy by reducing transportation rate; alleviates the ill effects of 
abiotic stresses and enhances any crop yield (Vasanthi et al., 2014). Diatoms 
is used as insecticide that has a different mode of action in terms of its action 
on insect exoskeleton but diatomaceous earth is powdered remains of 
fossilized diatoms and has extremely small but sharp protrusions that 
severely injure insects when they crawl over it (Sarwar, 2016).  

 Crooks and Prentice (2011) found that Diatoms, which are prepared 
commercially with milling process produced glass-like product used as spray 
or dust. The product can scratch an insect's exoskeleton or puncture gut 
linings making them less tolerant of environmental conditions in addition, 
releasing the diatoms cells compounds to plant leaves (Linker et al., 2000).          

The aim of this work is to study the effects of natural products such as 
kaolin and diatoms as foliar spraying or /and soil additives against potato 
insect pests (leafminer fly and aphid), early blight disease, improving plant 
growth, yield and quality of potato plants (Solanum tuberosum L.) under 
newly reclaimed  desert land. 

MATERIALS AND METHODS 

The factorial trails were carried out in Al-Kantara Sharq 
experimental station located 300 49' 41.4" N and 32o 24' 11.4" S, Eastern 
part of Al-Ismailia governorate within Sinai to evaluate the effects of kaolin 
SN and diatoms products as foliar spraying and soil additives on potato 
plants. Two factors were tested, the first included five foliar treatments, 
control, low pressure spraying kaolin (Super Nano) at concentration of 0, 2.5 
and 5.0% and diatoms at 0, 2.5 and 5.0%, while the second factor involved 
control (without addition), crud kaolinite at rates of 2.5 and 5.0 ton/fed and 
diatoms sediments (DS) at rates of 2.5 and 5.0 ton/fed as soil additions. 

Traditional agricultural practices of potato Daimond cv. have been 
done like soil tilling before and after the poultry manure addition and 
recommended dose of mineral fertilizers supply (90-60-75 units of NPK 
during growing season). Drip irrigation system used, the soil ridged 60 cm 
apart between one and another, drip irrigation hoses (GR 4L/h) were 
extended, the experimental field divided into 5 blocks each of it 3.5 m width 
and 15 m length, every block splitted to 5 plots with 3.5 x 3 m (10.5 m2), the 
experiment repeated 4 replicates, the treatments were randomly distributed, 
where foliar spraying in blocks while soil additives within plots. Soil 
treatments were done before planting. Splatted potato tubers Daimond cv. 
were sown on February 2nd 2014 and 2015 early summer seasons, ridges 30 
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cm apart between halls. The foliar spraying was applied after 15 days from 
75% of seedling emerged and repeated every 2 weeks twice. 

Physical and chemical analyses of the experimental soil were carried 
out according to the methods described by Piper (1950) and Jackson (1962), 
respectively, while irrigation water analysis was determined by methods of 
Richards (1954) as shown in tables (1, 2 and 3). 
 

Table (1). Mechanical properties of the experimental soil. 

Seasons 
Soil 

depth 
(cm) 

Coarse 
sand 

Fine 
sand Silt Clay Class 

Texture 
% 

1st 0-40 29.33 46.51 14.65 9.51 Sandy loam 
2nd 26.89 49.83 13.02 10.26 Sandy loam 

Table (2). Chemical analysis of the experimental soil. 

Seasons 
Soil 

depth 
(cm) 

pH 
EC 
dS/
m2 

CaCO3 
(%) 

Saturation soluble extract  
Soluble anions (ppm) Soluble Cations (ppm) 

CO3
-2 HCO3 SO4

-2 Cl- Ca++ Mg++ Na+ K+ 
1st 0-40 7.37 1.62 12.31 - 45.7 157.8 542.3 55.4 43.1 268.1 34.2 
2nd  7.21 1.44 10.05 - 27.4 137.2 488.7 41.3 31.0 249.5 21.1 

Table (3). Chemical analysis of the irrigation water. 

Season pH EC 
dS/m 

Soluble anions (ppm) Soluble cations (ppm) 
CO3

= HCO3
- So4

-2 Cl- Ca++ Mg++ Na+ K+ 
1st 7.12 2.22 - 57.50 294.3 602 98.4 61.4 547.8 16.4 
2nd 7.10 2.07 - 55.5 380.2 540.1 88.8 87.6 319.5 21.1 

Data Recorded 
1. Insect Observations 

Samplings of potato leaves with four replicates were arranged in a 
split block design. Samples of 25 leaflets from each replicate representing 
different levels and directions of the plants were randomly collected to 
investigate potato insects attacking potato plants (Sharaby et al., 2015). For 
all treatments, samples of infested leaves were collected immediately before 
spraying as index of pre–treatment count, and every 15 days after the 
successive sprays to determine the level of infestation. The collected samples 
were kept in paper bags in a refrigerator till examined by the use of a 
binocular microscope. They were separated, identified and counted. The 
percentage of reduction in infestation was calculated according to the 
formula (Topps and Wain, 1957). 

            
Where: 
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C: Number of insects recorded in the control samples. 
T: Number of insects recorded in treatment samples. 

2. Disease Assessment 
The percentage of disease incidence and severity of early leaf blight 

natural infection was recorded before and after each spray date. Percentage 
of disease incidence (D.I) was calculated based on the following formula:  

 
The disease severity was recorded on 0 - 5 scale. Five infected plants 

were selected randomly from each plot and five leaves were selected from 
each selected plant for scoring the disease severity data (Table 4) (Singh, 
2004). Percentage of disease severity (PDS) was calculated based on the 
following formula: Disease severity (%) was calculated by using the 
following formula: 

.  
 
Table (4). Score of disease severity of early blight of 

potato disease score disease severity. 
Disease score Disease severity 

0 No infection 
1 0.1-1.0 per cent leaf area affected 
2 1.1-10.0 per cent leaf area affected 
3 10.1-25.0 per cent leaf area affected 
4 25.1-50.0 per cent leaf area affected 
5 < 50.1 per cent leaf area affected 

 
Plant Data Recorded  
1. Growth Characters 

After 21 days from sowing, the 75% of potato Daimond cv. seedling 
emergency were recorded. Foliar treatments were takes place after 36, 51 
and 66 days after sowing date. Five plants were randomly taken from each 
experimental plot after 45 and 75 days from tubers sowing to record growth 
characters i.e. plant leaves area (cm2) using leaf area meter, fresh and dry 
weight (g) of plant foliage as well as, leaves area index (LAI), which was 
calculated using the equation as follows: 
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Canopy area was measured in the middle of the day when the sun was 
in a perfect perpendicular position to the experiment location. Also, Net 
Assimilation Rate (NAR) was determined according to the equation 
described by Watson (1947) as follows: 

 
Where: 
W1 = Plant dry weight in the first 
sample.   

L1 = Plant leaves area of first sample. 

W2 = Plant dry weight in the second 
sample. 

L2 = Plant leaves area of second 
sample. 

T1 = First sample time. Loge = Nature logarithm. 
T2 = Second sample time.  

 
2. Yield and its Components 
          Potato tubers Daimond cv. were harvested after 105 days from 
sowing. Ten plants from each plot were randomly taken to determine yield 
components i.e. average of tubers number/plant, average of tuber fresh 
weight and yield/ plant, plot and feddan (feddan = 4200 m2 or 0.42 of 
hectare). 

3. Chemical Composition 
Chlorophyll contents (mg/100 g) of fresh leaves at 75 days from 

tubers sowing was calorimetrically determined as described in AOAC 
(1990). 
 
Experimental Design and Statistical Analysis  

Split block design with four replicates was used and statistically 
analyzed according to the method described by Thomas and Hills (1975). 
The foliar treatments were distributed in the blocks, while soil additives 
randomly occupied split-blocks (plots). The results of both investigated 
seasons were tested for homogeneity for applying combined analysis. Also 
the correlation and regression between some parameters were done. 

RESULTS  

1. Effect of Kaolin and Diatoms Against Some Potato Pests   
1.1. Treatments on leafminer fly Liriomyza huidobrensis (Blanchard) 
1.1.1. Effect of foliar spraying on leafminer insect  

The data in table (5) indicated that infestation was significantly 
lower in the treated plants than untreated ones. The diatoms showed the 
superior effect at 5% concentration on average cumulative leafminer 
infestations of leaves, leaflet and larvae. Kaolin (Super Nano) at 5% 
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concentration has the second potential effect after diatoms. Diatom at (2.5%) 
and Super Nano (2.5%) indicated lower effect than diatom and Super Nano 
(5%).  

Table (5). Effect of foliar treatments on leafminer fly Liriomyza 
huidobrensis of potato (Diamond cultivar).    

 
Foliar treatments 

Infestations 
Leaves Leaflet Larvae 

Mean R % Mean R % Mean R % 
Control 16.6 a  65.5 a  32.5 a  
Super Nano 2.5% 7.8 b 53.0 31.0 b 52.0 15.3 b 52.9 
Super Nano 5% 5.9 d 64.5 23.4 d 64.3 11.3 d 65.2 
Diatoms 2.5% 6.8 c 59.1 27.5 c 58.1 13.5 c 58.5 
Diatoms 5% 4.8 e 71.1 18.7 e 71.5 9.4 e 71.1 

R % = Reduction percentage  
*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
 
1.1.2. Effect of soil additives on leafminer 
 As shown in table (6) the results indicated that variations among the 
treatments in reduction percentage and infestation levels of L. huidobrensis 
of potato plants Diamond cultivar were significantly lower in the treated 
potatoes with soil addition than untreated ones. The highest reduction was 
obtained from diatom sediments (DS) 5 ton/fed treatment followed by 
diatom sediments (DS) at 2.5 ton/fed, kaolinite at 5 ton/fed and kaolinite at 
2.5 ton/fed, respectively.  

Table (6). Effect of soil additives on leafminer fly (Liriomyza huidobrensis) 
of potato (Diamond cultivar).    

 
Soil additives 

Infestations 
Leaves Leaflet Larvae 

Mean R % Mean R % Mean R % 
Control 11.2 a  44.3 a  21.7 a  
kaolinite 2.5 ton/fed 9.8 b 12.5 38.9 b 12.2 19.4 b 10.6 
kaolinite 5 ton/fed 8.6 c 23.2 34.5 b 22.1 17.1 c 21.2 
(DS) 2.5 ton/fed 7.2 d 35.7 28.7 c 35.2 14.2 d 34.6 
(DS) 5 ton/fed 5.1 e 54.5 19.8 d 55.3 9.7 e 55.3 

R % = Reduction percentage        (DS) = diatom sediments  
 *Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
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1.1.3. The interaction effect of foliar spraying and soil additives on 
leafminer 

Data in table (7) indicate that the treatments decreased significantly 
the leafminer flay population on potato plants where the most effective 
treatment was the interaction between soil additive (DS at 5 ton/ fed × foliar 
treatment, diatoms at 5%). On the other side, the lowest effective treatment 
was Super Nano at (2.5%) without soil additives, kaolinite (5 ton/fed) and 
DS (5 ton/fed). 

 
Table (7). The average number of interaction effect of foliar treatments and 

soil additives on leafminer fly Liriomyza huidobrensis of potato 
(Diamond cultivar). 

Measurements 
Treatments 

Leave 
infestations 

Leaflet 
infestations 

Larva 
infestations 

Control 

Control 22.5 a 87.8 a 43.5 a 
Kaolinite 2.5 t/fed 19.0 b 74.8 b 37.5 b 
Kaolinite 5.0 t/fed 17.3 c 68.3 c 33.5 c 
DS 2.5 t/fed 14.0 d 56.5 d 28.0 d 
DS 5.0 t/fed 10.0 e 40.0 e 20.0 e 

Super Nano 
2.5% 

Control 10.3 e 41.0 e 19.8 e 
Kaolinite 2.5 t/fed 8.8 f 35.8 f 17.8 e 
Kaolinite 5.0 t/fed 8.0 f 32.0 f 15.8 e 
DS 2.5 t/fed 7.0 fg 28.5 fg 14.0 e 
DS 5.0 t/fed 5.0 h 17.8 fgh 9.0 f 

 
Super Nano 
5.0% 

Control 7.8 f 30.8 f 14.8 e 
Kaolinite 2.5 t/fed 6.8 g 26.8 fg 13.0 e 
Kaolinite 5.0 t/fed 5.8 gh 23.8 fg 12.3 e 
DS 2.5 t/fed 5.0 h 20.0 fg 9.8 f 
DS 5.0 t/fed 4.0 hi 15.8 gh 6.8 g 

Diatoms 2.5% 

Control 9.0 ef 35.8 f 17.5 e 
Kaolinite 2.5 t/fed 8.5 f 34.3 f 17.0 e 
Kaolinite 5.0 t/fed 6.8 g 28.0 fg 13.8 e 
DS 2.5 t/fed 5.8 gh 22.8 fg 10.8 ef 
DS 5.0 t/fed 4.0 hi 16.5 gh 8.3 fg 

Diatoms 5.0% 

Control 6.5 g 26.0 fg 13.0 e 
Kaolinite 2.5 t/fed 5.8 gh 22.8 fg 11.5 ef 
Kaolinite 5.0 t/fed 5.3 h 20.3 fg 10.0 ef 
DS 2.5 t/fed 4.0 hi 15.8 gh 8.3 fg 
DS 5.0 t/fed 2.3 j 8.8 i 4.3 h 

  DS = diatoms sediments 
 *Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
 

Leaves
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1.2. Treatments on aphid (Myzus persica (Sulzer) 
1.2.1. Effect of foliar spraying on aphid insects 
 The data in the table (8) revealed that, diatom at 5% and Super Nano 
(kaolin) at 5% showed significant results in controlling aphids as compared 
to the control treatment. The percent reduction of all treatments showed 15-
65% in aphids as compared to the control treatment after spray applications.  

 
Table (8). Effect of foliar treatments on aphid of potato (Myzus persica 

(sulzer) (Diamond cultivar).    
 

Foliar Treatments 
Infestations 

Leave Leaflet Larvae 
Mean R % Mean R % Mean R % 

Control 6.7 a  26.0 a  33.0 a  
Super Nano 2.5% 5.2 c 22.4 22.1 b 15.0 26.1 b 20.9 
Super Nano 5% 2.8 b 58.2 11.0 d 57.7 14.0 d 57.6 
Diatoms 2.5% 3.6 d 46.3 14.0 c 46.2 17.8 c 46.1 
Diatoms 5% 2.4 e 64.2 9.7 e 62.7 11.3 e 65.8 

R % = Reduction percentage 
 *Means having similar letters in the same column are not statistically differed at 
P≥0.05. 

 
1.2.2. Effect of soil additives on aphid insects    

The data presented in table (9) revealed significantly lower values in 
the treated plants than untreated ones. The evaluation of aphid infestation on 
potato plants implemented prior to natural products (diatom sediments (DS) 
and kaolinite) addition which resulted aphids accumulations and could be 
disregard the effect of the initial population on the final results across the 
treatments. Thus, we can conclude that the tested materials exhibited 
different control performances on potato aphids. The potato plants treated as 
soil addition with kaolinite at 2.5 ton/fed exhibited a moderate decrease of 
aphid population that was statistically similar to the infestation prior to the 
treatment. Among the natural products tested, the formulation of (DS) (5 ton/ 
fed) and kaolinite at 5 ton/fed. produced the greatest reduction in the leaves, 
leaflet and adult relived. The DS at 2.5 ton/ fed and kaolinite at 2.5 ton/fed 
reduced the infestations in moderate effect.  

1.2.3. The interaction effect of foliar treatments and soil additives on 
aphid  

Data represented in table (10) indicate that the most effective 
treatment for reducing aphid was the interaction between soil additives{ DS 
at (5 ton/ fed.) × foliar treatments { Diatom at (5%) .The interaction between 
diatoms at 5% as foliar spraying × DS at 5 ton/ fed. as soil additives was 
recorded lowest infestation of leaves, leaflet and adults for aphid.  
 

Leaves
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Table (9). Effect of soil additives on aphid of potato plants Diamond 

cultivar.    
 

Foliar Treatments 
Infestations 

Leave Leaflet Adult 
Mean R % Mean R % Mean R % 

Control 7.4  29.8  36.4 a  
kaolinite 2.5 ton/fed 4.4 a 40.5 17.1 a 42.6 22.0 b 39.6 
kaolinite 5 ton/fed 3.1 b 58.1 12.3 c 58.7 15.1 d 58.5 
(DS) 2.5 ton/ fed 3.7 c 50.0 15.3 b 48.7 18.4 c 49.5 
(DS) 5 ton/ fed 2.1 d 71.6 8.4 d 71.8 10.2 e 72.0 

R % = Reduction percentage        (DS) = diatom sediments 
 *Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
 
2. Effect of Kaolin and Diatoms Against Early Blight Disease 
2.1. Effect of foliar spraying on early blight disease 

The promising of foliar treatments for reducing both disease 
incidence and severity of early blight in field were applied under natural 
field conditions during two successive growing seasons (Fig. 1). The foliar 
treatments reduced significantly both disease incidence and severity when 
compared with control; diatoms at (5%) had a superior effect in this respect 
followed by kaolin Super Nano at (5%), kaolin Super Nano at (2.5%) and 
diatoms at 2.5% respectively. Diatoms at 5% reduced disease incidence by 
33% and disease severity by 45.6%, while, diatoms at 2.5% had the lowest 
efficiency for reducing both the disease incidence and severity. 

2.2.  Effect of soil additives on early blight disease 
Data in fig. (2) illustrated that, the soil additive treatments showed 

significant reduction of both incidence and severity of early blight as 
compared with control. The highest reduction was obtained from diatom 
sediments (DS) at 5 ton/fed treatment followed by kaolinite at 5 t/fed, 
kaolinite at 2.5 ton/fed. and DS at 2.5 ton/ fed. DS at 5 ton/fed reduced 
disease incidence by 20.6% and disease severity by 10.4%, while, DS at 2.5 
ton/fed had the lowest efficacy in reducing both the disease incidence and 
severity by 1.8% and 2.8% respectively (Fig. 2). 

 
2.3. The interaction effect of foliar treatments and soil additives on early 
blight disease 

Data presented in table (11) indicated that the all interactions between 
foliar treatments and soil additives decreased significantly both disease 
incidence and disease severity of early blight. Also, data represented in table 

Leaves
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(11) indicate that the most effective treatment for suppressing disease 
incidence was the interaction between DS at 5 ton/fed as soil additive × 
diatoms or kaolin at 5% as foliar spraying. The lowest effective treatment to 
suppress disease incidence was DS or kaolinite at (2.5 ton/fed) as soil 
additive × diatoms at (2.5%) as foliar spraying compared with other 
treatments and control (Table 11).   
 
Table (10). The average number of interaction effect of foliar treatments and 

soil additives on aphid insects (Myzus persica (sulzer)) of potato 
(Diamond cultivar). 

Measurements 
Treatments 

Leave 
infestations 

Leaflet 
infestations 

Adult 
infestations 

Control 

Control 12.8 a 48.5 a 63.3 a 
Kaolinite 2.5 t/fed 7.5 c 29.8 b 37.8 b 
Kaolinite 5.0 t/fed 4.0 f 16.0 c 18.3 cd 
DS 2.5 t/fed 6.0 d 24.3 dc 30.5 c 
DS 5.0 t/fed 3.0 g 12.0e 15.0 cd 

Kaolin  
Super Nano  
2.5% 

Control 8.3 b 33.5 b 41.0 b 
Kaolinite 2.5 t/fed 6.0 d 24.3 bc 30.3 c 
Kaolinite 5.0 t/fed 4.5 f 18.8 c 22.8 cd 
DS 2.5 t/fed 4.5 f 21.8 bc 22.8 cd 
DS 5.0 t/fed 2.8 g 12.0 c 13.5 cd 

Kaolin 
Super Nano 
5.0% 

Control 5.3 e 21.0 bc 26.0 c 
Kaolinite 2.5 t/fed 3.0 g 10.8 c 15.5 cd 
Kaolinite 5.0 t/fed 2.0 h  8.0 cd 9.5 d 
DS 2.5 t/fed 2.3 h 10.0 cd 11.3 d 
DS 5.0 t/fed 1.5 i 5.3 e 7.5 d 

Diatoms 2.5% 

Control 6.8 d 27.5 b 33.8 bc 
Kaolinite 2.5 t/fed 3.3 g 12.5 c 16.3 cd 
Kaolinite 5.0 t/fed 2.8 g 10.8 c 13.8 cd 
DS 2.5 t/fed 3.0 g 11.3 c 15.0 cd 
DS 5.0 t/fed 2.0 h 8.0 cd 10.0 d 

Diatoms 5.0% 

Control 4.0 f 18.5 bc 17.8 cd 
Kaolinite 2.5 t/fed 2.0 h 8.0 cd 10.0 d 
Kaolinite 5.0 t/fed 2.3 h 8.0cd 11.0 d 
DS 2.5 t/fed 2.5 9.3 12.5 
DS 5.0 t/fed 1.0 4.5 5.0 

  DS = diatoms sediments  
*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
 

 

Leaves
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*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 

 
Fig (1). Effect of foliar treatments on disease incidence (D.I) and disease 

severity (D.S) (A) and the reduction (%) (B) of early blight.    

 
*Means having similar letters in the same column are not statistically differed at 
P≥0.05.  

Fig (2). Effect of soil additives on disease incidence (D.I) and disease 
severity (D.S) (A) and the reduction (%) (B) of early blight.    

 
Data represented in table (11) indicate that, the most effective 

treatments for reducing disease severity were the interaction between  
kaolinite 5 ton/ fed as soil additives × diatoms at 5% as foliar spraying 
followed by kaolinite 2.5 ton/fed × diatoms 5%, respectively. The lowest 
effective treatments to suppress disease severity were DS at 2.5 ton/fed as 
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soil additives × diatoms at 2.5% as foliar spraying followed by DS at 2.5 
ton/fed × kaolin Super Nano at 2.5%, respectively. 
 

Table (11). The interaction effect of foliar treatments and soil additives 
 on early blight  disease incidence and severity. 

Measurements 
Treatments 

Disease 
incidence 

Disease 
Severity 

Control 

Control 52.2 a 17.2 a 
Kaolinite 2.5 t/fed 47.4 b 15.9 b 
Kaolinite 5.0 t/fed 45.2 c 14.8 c 
DS 2.5 t/fed 51.4 ab 16. 8 b 
DS 5.0 t/fed 41.7 e 13.8 d 

Kaolin Super 
Nano 2.5% 

Control 43.9 d 13.0 e 
Kaolinite 2.5 t/fed 41.7 e 11.7 h 
Kaolinite 5.0 t/fed 39.9 ef 11.2 i 
DS 2.5 t/fed 42.0 e 12.7 f 
DS 5.0 t/fed 36.4 fg 10.8 j 

Kaolin Super 
Nano 5.0% 

Control 37.0 f 10.9 j 
Kaolinite 2.5 t/fed 33.1 g 9.9 k 
Kaolinite 5.0 t/fed 31.2 h 9.8 k 
DS 2.5 t/fed 37.6 f 11.3 i 
DS 5.0 t/fed 27.9 j 9.0 l 

Diatoms 2.5% 

Control 47.7 b 14.9 c 
Kaolinite 2.5 t/fed 44.3 d 12.7 f 
Kaolinite 5.0 t/fed 41.2 ef 11.7 h 
DS 2.5 t/fed 47.4 e 13.7 ef 
DS 5.0 t/fed 38.1 f 10.8 j 

Diatoms 5.0% 

Control 35.0 fg 10.8 j 
Kaolinite 2.5 t/fed 31.3 h 8.9 m 
Kaolinite 5.0 t/fed 29.7 i 8.5 m 
DS 2.5 t/fed 33.4 g 10.1 jk 
DS 5.0 t/fed 27.4 k 9.8 k 

  DS = diatoms sediments  
*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 

 
3. Effect of Kaolin and Diatoms Treatments on Growth, Yield and its 
Component of Potato Plant   
3.1. Growth parameters 

The effect of the foliar spraying with concentration of kaolin and 
diatoms at 2.5 or 5% and soil addition with rates of kaolinite and diatom 
sediments (DS) at 2.5 or 5 ton/fed on growth of potato plants diamond 
cultivar expressed as leaves area per plant (LsA cm2) and leaf area index 
(LAI) as well as foliage fresh (FFW) and dry weight/plant (FDW) after 45 
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and 75 days from planting were presented in table (12). Results revealed that 
all investigated parameters were increased with sprayed diatoms at 
concentrations of 5 and 2.5% as compared with super Nano leaf surface film 
of kaolin and control treatments. Spraying with diatoms at concentrations of 
2.5 and 5% significantly gradual increased the LsA with 8.6 and 14.3%, after 
45 days, and then increased to 15.7 and 29.2% after 75 days from sowing, 
respectively. With the same way, the increases of FFW were 3.7 and 8.2% 
after 45 days increased to 8.2 and 14.1 after 75 days from sowing. The FDW 
increased by 7.3 and 15.2% after 45 days and 10.5 and 19.2% after 75 days 
from sowing date. Observes of spraying with super Nano of kaolin had led to 
sharp significant decreases with increase the concentration upon 5.0% during 
age plant progress. The decrement portions of LsA, FFW and FDW at high 
concentration after 75 days from sowing were 19.57, 21.64 and 28.2%, 
respectively compared with control. 

As for, the effect the soil additives of kaolinite and diatoms sediments 
at rate of 2.5 and 5 ton/fed of each on the late mentioned parameters, table 
(12) show that the investigated parameters were slights significantly 
increased with the tested materials as compared with the control treatment; 
the highest significant values were obtained, generally, with DS addition at 
rate of 5 ton/fed followed with DS 2.5 ton/fed., kaolinite at rate of 5 ton/fed 
and 2.5 ton/fed kaolinite.   

Furthermore, data of the interaction among foliar treatments and soil 
additives presented in table (12) revealed that the highest significant values 
of growth parameters, were observed in plants treated with DS at rate of 5 
ton/fed within blocks sprayed with diatoms at concentration of 5%; followed 
by DS at 5 ton/fed with diatoms at 2.5%; DS at 2.5 ton/fed with diatoms at 5 
%; kaolinite at 5 ton/fed with diatoms at 5% and kaolinite at 2.5 ton/fed with 
diatoms at 5%.  

Data in fig. (3) show the effect of foliar spraying or soil addition after 
45 and 75 days from sowing on chlorophyll content. Data indicated that the 
concentrations 2.5 or 5.0% of kaolin as foliar spraying led to significant 
decrease in leaves pigments; the decrement was increased with increasing 
kaolin concentration and plant age.  

On the other hand, foliar spray with diatoms whether 2.5 or 5% 
achieved the highest significant values when compared with control 
treatment. The increments were associated with the age progress and 
increase diatoms concentration.    

Meanwhile, chlorophyll contents gradually increased in sequence of 
kaolinite at rates of 2.5 then 5 ton /fed and DS at rates of 2.5 then 5 ton/fed, 
respectively. The increases were retreated with increase plant age. The 
highest values were gotten from plants treated with 5 ton/fed of DS after 45 
days from sowing date. 
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Table (12). The effect of foliar treatments, soil additives and there 
interactions on leaves area (LsA), leaf area index (LAI) foliage 
fresh weight (FFW) and foliage dry weight (FDW) after 45 
and 75 days from sowing of potato plants Diamond cultivar.  

Measurements 
 
 
 

Treatments 

LsA cm2/plant LAI cm2 fresh 
leaves/ cm2 soil FFW g/plant FDW g/plant 

45 day 
from 

sowing 

75 day 
from 

sowing 

45 day 
from 

sowing 

75 day 
from 

sowing 

45 day 
from 

sowing 

75 day 
from 

sowing 

45 day 
from 

sowing 

75 day 
from 

sowing 
Effect of foliar applications 

Control 490  c 1819  c 1.15  a 2.36  c 75.6  d 305  c 15.1  bc 61.0  c 
Kaolin 2.5% 458  d 1655  d 1.12  a 2.15  d 78.1  c 268  d 14.4  cd 50.4  d 
Kaolin 5.0% 447  e 1463  e 1.11  a 1.90  e 80.3  b 239  e 14.3  cd 43.8  e 
Diatoms 2.5% 532  b 2105  b 1.16  a 2.73  b 78.4  c 330  b 16.2  ab 67.4  b 
Diatoms 5.0% 560  a 2352  a 1.18  a 3.05  a 81.8  a 348  a 17.4  a 72.7  a 

Effect of soil applications 
Control 455  e 1584 d 1.13 b 2.06 d 74.6 d 253 d 14.2 d 48.2  d 
Kaolinite 2.5 t/fed 473  d 1732 c 1.15 ab 2.25 c 76.6 c 275 c 14.6 d 52.7  c 
Kaolinite 5.0 t/fed 496  c 1961 b 1.13 b 2.55 b 77.9 c 312 b 15.3 c 62.5  b 
DS 2.5 t/fed 516  b 1981 b 1.15 ab  2.57 b 80.9 b 308 b 16.1 b 61.7  b 
DS 5.0 t/fed 547  a 2136 a 1.16 a 2.77 a 84.2 a 342 a 17.1 a 70.0  a 

Effect of interaction 

Control 

Control 445 ijkl 1540 kl 1.14 ab 2.00lm 72.5 o 250 i 13.9 fghi 48.1 jkl 
Kaolinite 
2.5 t/fed 

479ghij 1730 hi 1.15 ab 2.25hij 74.1 
lmno 

287 h 14.4 efghi 56.3 ghi  

Kaolinite 
5.0 t/fed 

507 efgh 1914 fg 1.13 ab 2.49 fg 74.4 
jklmn 

319 ef 15.3 defg 65.5 def 

DS 2.5 
t/fed 

486 ghi 1855 gh 1.16 ab 2.41 gh 75.9 
ijklm 

316 ef 15.2defgh 63.0 efg 

DS 5.0 
t/fed 

531 de 2057 de 1.17 a 2.67 de 81.2 efg 352 bc 16.6 cd 72.1 bcd 

Kaolin 
2.5% 

Control 435klm 1419im 1.10 ab 1.84mn 73.7 
mno 

225 jk 13.6 ghi 41.5 lm 

Kaolinite 
2.5 t/fed 

425 lm 1544 kl 1.13 ab 2.01lm 75.2 
jklmn 240 ij 13.7 ghi 43.7 l 

         
Kaolinite 
5.0 t/fed 

453hijk 1748 hi 1.10 ab 2.27hij 78.1 hi 280 h 14.5 efghi 53.5 ijk 

DS 2.5 
t/fed 

486 ghi 1736 hi 1.14 ab 2.26hij 81.0 efg 286 h 15.2 defgh 54.6 hij 

DS 5.0 
t/fed 

489fghi 1824 gh 1.15 ab 2.37ghi 82.5 cde 307 fg 15.3 defg 58.7 fghi 

Kaolin 
5.0% 

Control 422 lm 1271 m 1.08 b 1.65 no 76.9 ij 196  l 13.2 i 34.3 m 
Kaolinite 
2.5 t/fed 

403 m 1350im 1.11 ab 1.75mn 79.2 gh 207  kl 13.4 hi 35.7 m 
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Table (12). Cont.        
Kaolinite 
5.0 t/fed 

429 klm 1570 k 1.10 ab 2.04 l 79.5 gh 249 i 14.1efghi 46.2 kl 

DS 2.5 
t/fed 

477ghij 1537 kl 1.11 ab 2.00lm 81.9 def 251 i 14.9 efghi 46.8 kl 

DS 5.0 
t/fed 

506efgh 1585 jk 1.13 ab 2.06 kl 84.2bcd 289 gh 15.8 de 55.8 ghij 

Diatoms 
2.5% 

Control 469hijk 1695 ij 1.14 ab 2.20 jk 73.5 no 286 h 14.6 efghi 56.1 ghi 
Kaolinite 
2.5 t/fed 

513 efg 1861 gh 1.17 a 2.42 gh 74.7jklm
n 

319 ef 15.0 defgh 62.7 efgh 

Kaolinite 
5.0 t/fed 

527 def 2148 d 1.15 ab 2.79 d 76.2 ijkl 341 cd 15.5 def 69.6 cde 

DS 2.5 
t/fed 

560 bcd 2312 c 1.17 a 3.00 c 81.9 def 335 cde 17.5 bc 77.0 bc  

DS 5.0 
t/fed 

592 ab 2511 b 1.18 a 3.26 b 85.5 b 368  b 18.5 ab 78.5 ab 

Diatoms 
5.0% 

Control 505 efgh 1992 ef 1.17 a 2.59 ef 76.5 ijk 306 fg 15.8 de 61.3 fghi 
Kaolinite 
2.5 t/fed 

544 cde 2175 d 1.18 a 2.82 d 80.0 fgh 323 def 16.6 cd 65.3 def 

Kaolinite 
5.0 t/fed 

561 bcd 2426 bc 1.17 a 3.15 bc 81.3 efg 368 b 17.3 bc 77.7 b 

DS 2.5 
t/fed 

573 bc 2462 b 1.18 a 3.20 b 83.8 bcd 352 bc 17.9 bc 74.0 bc 

DS 5.0 
t/fed 

618 a 2704 a 1.19 a 3.51 a 87.6 a 392 a 19.3 a 85.2 a 

DS = Diatoms sediments 
*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 

 
 Interaction values in table (13), cleared that the significant highest 

pigments concentration have been achieved from plants sown since 75 days 
and grown in soil treated with 5 ton/ fed kaolinite within blocks sprayed with 
diatoms at concentration of 2.5 or 5%, followed by those treated with 2.5 
ton/fed kaolinite and sprayed with 5% diatoms then 2.5 ton/fed DS within 
diatoms 5%. 

Net assimilation rate as influenced by single treatments of foliar 
application or soil addition of kaolin and diatoms were graphed in fig. (4). 
Data cleared that the dry matter accumulation was significantly increased 
with diatoms spraying compared with kaolin concentrations. The highest 
values were obtained with diatoms at concentration of 2.5 and 5%. While the 
investigated soil addition showed the superiority achievement of 5 ton/fed 
kaolinite and 5 ton/fed diatoms sediments.  

 The effect of interaction between foliar spraying and soil addition as 
shown in table (13), led to significant increase of dry matter accumulation in 
plant tissues. The highest values of dry matter being 713.6, 686.1, 685.1, 
679.0, 677.3 and 673.7 μg/cm2/day have been made from treatments of 5 
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ton/fed DS, 5 ton/fed kaolinite, 5 ton/fed kaolinite within blocks sprayed 
with diatoms at concentration of 5%; 5 ton/ fed kaolinite with diatoms 2.5%; 
2.5 ton/fed DS and 2.5 ton/fed in diatoms 5%, respectively.  

4. Effect of Kaolin and Diatoms on Potato Yield and its Components 
The effect of foliar spraying and single or mixed soil addition of 

kaolin and diatoms on potato tuber yield and its components expressed as: 
average of tubers number, the average of tuber weight and tubers yield per 
plant, plot and feddan were illustrated in table (14). Data show that the foliar 
spraying with diatoms at concentrations of 5.0 and 2.5% significantly 
increased yield and its components compared with control or kaolin 
treatments. The increase portions for tubers number and tuber weight when 
compared with control treatment were 6.9 and 4.3%, respectively. While the 
highest increase portions compared with the lowest values achieved of 
kaolin spraying at concentration of 5% were 28.3 and 17.5% for the same let 
mentioned characters, respectively. While, The increment of tuber yield per 
plant, per plot and per feddan were 51.2, 49.1 and 49.3%, respectively more 
than lowest yield achieved with plants sprayed with kaolin at concentration 
of 5% and were 11.7, 10.9 and 10.8%, respectively for recently mentioned 
parameters more than control treatment. 

 

 
Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
 
Fig. (3). Single effect of foliar spraying and soil application treatments of 

kaolin and diatoms on chlorophyll content (mg/100 g) after 45 and 
75 days from sowing of potato plants Diamond cultivar. 
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Table (13). The effect interactions of foliar treatments and soil additives on 
chlorophyll content (mg/100 g) after 45 and 75 days from 
sowing and Net assimilation rate (NAR) μg/cm2/day of potato 
plants Diamond cultivar.  

Measurements 
 

 
Treatments 

Chlorophyll content 
NAR  μg/ 
cm2/day 

45 days 
after 

sowing 

75 days 
after 

sowing 

Control 

Control 47.0 fgh 47.2 d 561.5 cdefg 
Kaolinite 2.5 t/fed 47.1 fgh 45.3 de 623.0  abc 
Kaolinite 5.0 t/fed 47.8 efg 45.7 de 686.4  ab 
DS 2.5 t/fed 51.6 ab 50.9 abc 677.3 abc 
DS 5.0 t/fed 51.7 ab 51.1 abc 713.7 a 

Kaolin 
2.5% 

Control 43.1 jk 39.9 fg 484.5 hi 
Kaolinite 2.5 t/fed 43.9 ijk 41.4 f 500.6  fghi 
Kaolinite 5.0 t/fed 44.9 hij 40.7 fg 588.8  bcdef 
DS 2.5 t/fed 48.4 defg 46.0 de 581.3 cdefg 
DS 5.0 t/fed 49.7 bcde 47.3 d 619.2 abcd 

Kaolin 
5.0% 

Control 40.6 l 37.4 h 397.3 j 
Kaolinite 2.5 t/fed 41.8 kl 39.2 fgh 411.7  ij 
Kaolinite 5.0 t/fed 43.0 jk 38.4 gh 527.4  defgh 
DS 2.5 t/fed 45.3 hij 43.6 e 509.8 efgh 
DS 5.0 t/fed 46.1 ghi 44.5 e 609.5 bcd 

Diatoms 
2.5% 

Control 47.8 efg 49.7 c 627.8 abc 
Kaolinite 2.5 t/fed 47.9 efg 50.3 bc 659.5  abc 
Kaolinite 5.0 t/fed 51.5 abc 53.4 a 679.0  abc 
DS 2.5 t/fed 52.1 ab 49.7 c 618.1 abcd 
DS 5.0 t/fed 51.9 ab 49.5 c 654.0 abc 

Diatoms 
5.0% 

Control 49.2 cdef 51.7 abc 607.0 bcd 
Kaolinite 2.5 t/fed 50.4 abcd 51.9 abc 596.8  bcde 
Kaolinite 5.0 t/fed 52.0 ab 52.7 ab 685.1  ab 
DS 2.5 t/fed 52.9 a 51.4 abc 626.5 abc 
DS 5.0 t/fed 52.0 bc 50.5 bc 673.7 abc 

DS = Diatoms sediments 
*Means having similar letters in the same column are not statistically differed at 
P≥0.05. 
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Means having similar letters in the same column are not statistically differed at 
P≥0.05. 

Fig. (4). Single effect of foliar spraying and soil application treatments of 
kaolin and diatoms on net assimilation rate (NAR; µg/cm2/day) of 
potato Diamond cultivar.  

Also, data in table (14) cleared that a significant slight increases in 
tubers number per plant, tuber weight and tubers yield per plant, plot and 
feddan as reaction of soil additive treatments when compared with control. 
Nevertheless, the highest values of tuber weight have gotten in plants treated 
with DS at rate of 2.5 ton per feddan. The highest increase portion was 10.2 
more than control. The highest yield quantities were achieved from plants 
grown in soil treated with 5 ton per feddan of diatom sediments as compared 
with untreated plants. The increments were 18.7, 17.6 and 17.9% of tubers 
yield per plant, tubers yield per plot and tubers yield per feddan, 
respectively. 

According to the effect of the interaction between foliar treatments 
kaolin and diatoms at concentration of 2.5 and 5% and control treatment, 
also soil additive treatments (kaolinite and diatoms sediments at rate of 2.5 
and 5 ton per feddan and control) on recently mentioned parameters, data 
tabulated in table (14) in generally, show that highest significant values in all 
measured parameters of plants sprayed with both diatoms concentrations and 
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grown in soil treated with DS at rate of 5 or 2.5 ton per feddan or kaolinite at 
rate of 5 ton per feddan. The gotten increments were more than the increases 
achieved of separate foliar spray or soil additive treatments. 

Table (14). Effect of foliar treatments and soil additives on average of tubers 
number/plant, average of tuber fresh weight (g) and tuber yield 
per plant, plot and feddan of potato plants Diamond cultivar. 

   Measurements 
 
 

Treatments 

Tubers 
number 
/ plant 

Tuber 
fresh 

weight 
(g) 

Tuber 
yield (g)/ 

plant 

Tuber 
yield 
(kg)/ 
plot 

Tuber 
yield t/ fed 

Effect of foliar applications 
Control 7.2  b 116  b 830.6  c 40.5  c 16.21  c 
Kaolin 2.5% 6.6  c 109  c 715.0  d 35.1  d 14.03  d 
Kaolin 5.0% 6.0  d 103  d 613.4  e 30.1  e 12.03  e 
Diatoms 2.5% 7.4  ab 119  ab 882.3  b 42.9  b 17.16  b 
Diatoms 5.0% 7.7  a 121  a 927.4  a 44.9  a 17.96  a 

Effect of soil applications 
Control 6.6  b 108  c 718.4  bc 35.2  d 14.06  d 
Kaolinite 2.5 t/fed 6.9  ab 109  c 757.1  b 37.0  c 14.79  c 
Kaolinite 5.0 t/fed 7.1  a 113  bc 804.2  ab 39.1  b 15.65  b 
DS 2.5 t/fed 7.0  a 118  ab 836.6  a 40.8  a 16.31  a 
DS 5.0 t/fed 7.1  a 119  a 852.4  a 41.4  a 16.57  a 

Effect of interaction 

Control 

Control 6.8 defg 111fgh 754.6 fg 37.2 de 14.89 de  
Kaolinite 2.5 
t/fed 7.1 cdef 111 fgh 794.0 ef 38.9 d 15.54 d 

Kaolinite 5.0 
t/fed 7.3 abcd 113  efg 825.4 de 39.9 cd 15.98 cd 

DS 2.5 t/fed 7.2 bcde 122 ab 880.4 c 43.1 bc 17.22 bc 
DS 5.0 t/fed 7.4 abcd 122 ab 898.7 bc 43.5 ab 17.41 ab 

Kaolin 
2.5% 

Control 6.2 ijk 102 jk 635.6 ij 31.1 gh 12.45 gh 
Kaolinite 2.5 
t/fed 

6.6 fghi 104 ijk 679.1 hi 33.3 fg 13.33 fg 

Kaolinite 5.0 
t/fed 

6.7 efgh 106  hij 711.5 gh 34.8 ef 13.91 ef 

DS 2.5 t/fed 6.6 efgh 114 defg 757.5 fg 37.3 de 14.94 de 
DS 5.0 t/fed 6.7 efgh 117 bcde 791.4 ef 38.7 d 15.50 d 

Kaolin 
5.0% 

Control 5.7 k 96   k 544.2 k 26.6 i 10.62 i 
Kaolinite 2.5 
t/fed 

6.0 jk 99   kl 589.1 jk 28.8 hi 11.53 hi 
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Table (14). Cont.     
Kaolinite 5.0 
t/fed 

6.2 ijk 102  jk 625.2 ij 30.7 gh 12.30 gh 

DS 2.5 t/fed 6.0 jk 107 hij 645.4 i 31.5 gh 12.61 gh 
DS 5.0 t/fed 6.1 ijk 109 ghi 663.3 hi 32.6 fg 13.06 fg 

Diatoms 
2.5% 

Control 6.9 defg 113 efg 781.1 ef 38.3 d 15.32 d 
Kaolinite 2.5 
t/fed 

7.3 abcd 113 efg 826.4 de 40.2 cd 16.09 cd 

Kaolinite 5.0 
t/fed 

7.6 abc 122  abc 922.0 abc 44.7 ab 17.90 ab 

DS 2.5 t/fed 7.6 abc 123 ab 936.2 ab 45.5 ab 18.20 ab 
DS 5.0 t/fed 7.7 ab 123 ab 945.6 ab 45.8 ab 18.30 ab 

Diatoms 
5.0% 

Control 7.5 abc 116 cdef 876.5 cd 42.6 bc 17.03 bc 
Kaolinite 2.5 
t/fed 

7.5 abc 119 abcd 897.0 bc 43.6 ab 17.44 ab 

Kaolinite 5.0 
t/fed 

7.6 abc 123  ab 937.0 ab 45.4 ab 18.15 ab 

DS 2.5 t/fed 7.7 ab 125 a 963.7 a 46.5 a 18.61 a 
DS 5.0 t/fed 7.9 a 123 ab 963.1 a 46.4 a 18.56 a 

DS = Diatoms sediments    *Means having similar letters in the same column are not 
statistically differed at P≥0.05. 

5. Correlation and Regression Tests 
Generally, the correlation and regression tests are used to reflect the 

relationships between dependent and independent variables, the question, 
what is the affecting range of potato yield with these morphological 
characters? 

 The observations from fig. (5) that potato tuber yield (ton/fed.) was 
significantly correlated positively with leaves area (cm2/plant) after 45 and 
75 days from sowing. Corresponding liner coefficients of determination (r2) 
were 0.77 and 0.85, respectively, which indicated that 77.13 and 85.26%, 
respectively of the variation in potato tuber yield per fed were related to the 
correlated parameters. Furthermore, the regression coefficients were 0.04 
and 0.006, respectively. This indicated that for each increase of one cm2 of 
leaf area after 45 and75 days from sowing, the potato tubers yield increased 
by 0.04 and 0.006 ton/fed, respectively.                                                                                   

The accumulation of dry matter in the plant, with the same recently 
mentioned method in the results interpretation, fig. (6) indicated that net 
assimilated rate (μg/cm2/day), number of tubers / plant and average of tuber 
weight (g) correlated with dependent potato tuber yield by 72.6, 95.7 and 
94.4%, respectively. Also, that accumulate one μg/cm2/day of dry matter in 
plant tissue increase the potato tuber yield with 24.6 kg /fed, while increase 
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one tuber / plant or one gram in potato tuber increased potato tubers yield by 
3.64 or 0.28 ton/fed of potato tuber yield.      

                                                  

 
Fig. (5). Coefficient of determination (r2) and regression coefficients (b) of 

potato tuber yield (ton/fed) on some independent growth variables. 

 

Fig. (6). Coefficient of determination (r2) and regression coefficients (b) of 
potato tuber yield (ton/fed) on NAR (µg/cm2/day), tuber 
number/plant and tuber weight (g) independent variables. 
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DISCUSSION 

     Natural products have played a direct role in controlling insects, and 
plant pathogens in the field, or indirectly through leading up to development 
of modern pesticides through chemical syntheses (Koivunen et al., 2013). 
The data proved that, foliar treatments of diatoms and kaolin (Super Nano) 
significantly reduced the infection levels of leafminer and aphid on potato 
plants as compared with untreated plants. These results were in agreement 
with those obtained by Markó et al. (2008), who mentioned that kaolin 
treatment reduced the population density of Aphis pomi, Anthonomus 
pomorum, and Empoasca vitis, and the number of communal caterpillar 
webs. The results points to the feasibility of using diatoms 5 % and particle 
film technology (kaoline 5%) composed of a non-toxic material, to leafminer 
and aphid damage as an alternative to the applications of insecticide in 
organic orchards. This data were at the same line with Eileen and Sydney 
(2016), who reported that diatoms may control soft-bodied insects like 
aphids, as well as slugs, millipedes and sow bugs by absorbing the waxy 
layer on insect bodies, abrades the skin, and dries out the insect. Diatoms 5% 
and kaolin 5% had moderate to high effects on leafminer and aphid insects 
with reduction percentage when compared with lower concentration.  

Kaolin is a white, non-abrasive, inert aluminosilicate mineral which 
serve to reduce insect pest populations by repellency, disruption of feeding 
and oviposition (Unruh et al., 2000). Kaolin is sprayed onto plants as a liquid 
suspension while water evaporates leaving kaolin as a white porous 
protective powdery film on the leaves surface. Highly reflective white 
kaolin-based particle film caused a reduction of adult population. Although it 
is not directly toxic to insects, its insecticidal properties are repellent nature, 
antiovipositional qualities or due to its highly reflective white coating (Ali, 
2016). Diatoms has a different mode of action than kaolin effect on insect 
exoskeleton, where diatoms absorbs and removes the protective waxy 
covering of insects that are exposed to it due to diatoms is powdered remains 
of fossilized diatoms and has extremely small but sharp protrusions that 
severely injure insects when they crawl over it (Sarwar, 2016). This covering 
protects insects from water loss so they dehydrate when the protective layer 
is removed (Sarwar, 2016). When foliar and soil treatments were used on the 
same potato plants, the data reveled that  diatoms 5 % and kaolin 5 % 
achieved reduction of  infection levels of leafminer and aphid with 25- 76 % 
with low effect when compared with foliar spraying only. The data presented 
here agree with those revealed by Vincent et al. (2003), who found that 
kaolin is effective against spirea aphids, Aphis spiraecola, lost footing and 
fell off the treated plant, and damage by the potato leafhopper, Empoasca 
fabae, was significantly reduced.  

Diatoms at 5% or kaolin at 5% as foliar spraying or/and diatom 
sediments (DS) 5 ton/ fed or kaolinite 5 ton/fed as soil addition had a 
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superior effect to reduce significantly both disease incidence and severity of 
early blight disease compared with control. Foliar spraying of clays, such as 
kaolin as spraying or dusts have been suggested as a method of reducing 
fungal diseases by interfering with the ability of the pathogen to penetrate 
the leaf surface. Foliar spraying of kaolin as compared to current standard 
chemical sprays for control of downy mildew of European cucumber in 
commercial greenhouses. Foliar spraying of clay reduced disease severity of 
powdery mildew on field grown squash in Israel (Marco et al., 1994) and 
greenhouse cucumber (Ehret et al., 2001). Diatoms were investigated to pest 
management, it is very rich in silica (85%) (Laing et al., 2006). Silicon is as 
an agronomic all beneficial eliminate as it confers rigidity and strength, 
resistance against pests and diseases (Vasanthi et al., 2014), improves water 
economy by reducing transportation rate, alleviates the ill effects of abiotic 
stresses and enhances crop yield (Vasanthi et al., 2014). Silicon nutrition 
suppressed the leaf blast, brown spot; sheath blight and leaf scald infection 
in rice (Datnoff and Rodrigues, 2005). Silicon application as calcium silicate 
reduced powdery mildew in cucumber (Menzies et al., 1991) and in pumpkin 
(Torlon et al., 2016). The accumulation of silica induces resistance by (1) 
playing a mechanical role as a barrier for the invading pathogen either by 
reducing the rate of progress of the disease or by restricting the lesion size 
and production of spores for secondary infection (Seebold et al., 2001) (2) 
by inducing host resistance by enhancing the levels of preformed inhibitors 
like phenolics or by mediating the synthesis of pest infectionally formed 
antifungal phytoalexins or by activating oxidative enzymes (Fauteux et al., 
2005).  

Kaolin spraying at concentration of 2.5 and 5% in earlier potato plant 
age, after 45 days from sowing led to increase foliage fresh weight (FFW) 
despite significantly decrease in the rest of vegetative measurements such as 
leaves number, leaves area and canopy area per plant. These increments in 
FFW may be due to, sprayed kaolin made antitranspiration particle film on 
plant leaves led to increase free water in plant tissues, in turn increase plant 
fresh weight. This result agreement with those obtained by Glenn et al. 
(2010), who found that kaolin spray increased leaf water potential and 
lowered stomatal conductance, also Javan et al. (2013) indicated that 
spraying kaolin at concentration of 6% decreased node number, stem height 
and diameter of soybean plants. Support this hypothesis that dry foliage 
weight, chlorophyll content accumulated dry weight in plant tissue were 
decreased significantly in the same sample. This agree with the finding by 
Steiman and Bittenbender (2007), who mentioned that kaolin spraying 
reduced photosynthetically active radiation and ultraviolet transmission. The 
leafminer and aphid as well as early blight which destroy leaves mesophyll 
tissue, sucking the plant cells juices or complete defoliation of plants, 
especially in young and soft parts in turn decrease plant fresh weight or 
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death whole plant, were significantly decreased with using kaolin as 
particulate film on potato leaves.  

This finding may be due to kaolin physical properties especially the 
white color and small particulate size that accumulate on plant leaves surface 
led to close the stomata and reflect sun light in turn reduce gas exchangeable 
between the plant and the atmosphere so, reduce photosynthetic process 
which in turn reduce the biological appearance. This hypothesis is in 
agreement with finding reported by Glenn et al. (2010), Steiman and 
Bittenbender (2007) and Javan et al. (2013).  

The spraying treatments of diatoms at concentrations of 2.5 and 5 % 
through different plant phases significantly increased all studied vegetative 
growth measurements as compared with control treatment. Obtained results 
may be due to the several reasons, like (1)- by direct reasons through that, 
diatoms contain organic compounds like protein, amino acids, growth 
regulators, carbohydrates, vitamins, minerals and especially  silica ( 
amorphous silica) that can inter to plant from leaves surface through stomata 
or from roots. These can contribute in enhancing plant metabolism in turn 
produce vigor and strong tissues resistant to adverse environmental 
conditions (Mann and Stickle, 1997; Laing et al., 2006 and Vasanthi et al., 
2014).  (2)- Indirect reason through, the foliar spray treatments that mainly 
significantly reduced leaf-miner and aphids infestations and both early blight 
disease incidence and severity in turn enhancing plant characters. This result 
is compatible with finding pointed by Eileen and Sydney (2016) and Sarwar 
(2016).  

Data showed that all vegetative growth measurements were 
significantly increased as a result of applied kaolinite and diatom sediments 
at rate of 2.5 and 5 ton/fed. of both. The results may be due to the role of 
kaolinite as a clay mineral and diatom sediments can enhance plant growth 
medium by (1)- Kaolinite has a very low cation exchange capacity (1 to 16 
m.e./100 gm). The ability of kaolinite to hold positively charged plant 
nutrients is very limited. So, its ability to hold certain herbicides, insecticides 
and fungicides (Brown et al., 2010). This ability may contributed in plant 
resistance enhancement against insect pests attack and diseases infections in 
turn produced vigor plants. (2)- Diatom sediments contain materials back to 
death or stile life microorganisms, these materials definitely contain proteins, 
carbohydrates, fats, phenol compounds, vitamins, growth regulators, silica 
and minerals. These materials are release through soil solution to plants 
subsequently, to plant released bio-processes to produce strong plant 
resistance to pests, diseases and adverse environmental conditions. 

Plant - nutrition balanced, healthy, vigor and free of pathogenic diseases 
and pest insects necessarily, produce a yield commensurate with its strength. 
Due to the strong correlation between yield and independent growth 
variables such as number of leaves, leaves area and number of tubers per 
plant as well as NAR and average of tuber weight, the yield and its 
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components were in the same trend with growth parameters. Whatever, these 
results agree with those obtained by Javan et al. (2013), who found that 
number of seeds and number of pods per plant, weight of thousand seed, 
biological yield, seed yield and harvest index were significantly decreased in 
soybean plants treated with kaolin at concentration of 6 %.   

CONCLUSION 

In this study; leafminer and aphid insects furthermore early blight 
disease were integrated together as biotic stress to challenge the potato 
growth and productivity under the desert conditions. Particle film technology 
of  kaolin or diatoms at 5% were used as foliar spraying or as soil addition, 
or a combination with foliar spraying and soil addition has great potential for 
the control of insect population and rate of disease progress will be the most 
effective ecofriendly strategy to conserve the environment and produce an 
appreciated yield. These materials can be used also as new natural products 
for IPM programs in potato fields and needs further studies in the future. The 
result of foliar spray or soil addition indicated that potato yield and its 
components, as a general, are significantly affected with treatments. The 
effects were in the same vegetative growth results trend which due to the 
strong correlation between yield and independent growth variables such as 
number of leaves, leaves area and number of tubers per plant as well as NAR 
and average of tuber weight. This is a direct reaction to yield affecting by 
treatments while the indirect reactions were that the effect of treatments on 
insect pests and pathogenic diseases which cleared the correlation force 
between foliar spraying treatments and insect pests or pathogenic diseases. 
In generally, the research gave the promising use of diatoms and kaolin as 
one of the safety natural alternatives to protect plants from pests and 
diseases, increase yield and quality. 
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جأثٍر الكاولٍن والدٌاجومات على نمو وانحاجٍة وآفات البطاطس جحث ظروف 
 شمال سٍناء

 ٢يعبٍر المرسً أحمد الحدٌدو *٢ً، عصام أحمد عل١خالد عوض هللا أحمد صبٍح
 لسى اإلَخاس انُباحٍ، يزكش بحىد انصحزاء، انًطزَت، انماهزة، يصز١
 ، انًطزَت، انماهزة، يصزلسى ولاَت انُباث، يزكش بحىد انصحزاء٢

 
 

َهذف انبحذ ئنً دراست حأرُز انًعايالث األرظُت بًعذٌ انكاؤونُُُج ورواسب 
وكذنك حأرُز انزش عهً انًضًىع  ،فذاٌ/غٍ ٥و ٥.٢ث ىياث  كًُخضاث خاو  غبُعُت بًعذالانذَاح

ايم يُفزدة أو يضخًعت كعى  ٪٥و ٥.٢( بًعذالث بًُخضاحهى انخضارَت )انكاونٍُ وانذَاحىياث ٌانخعز
صُف دَايىَذ نًماويت بعط اِفاث انخٍ   .Solanum tuberosum Lعهً َباحاث انبطاغس 
وحشزة انًٍ  Liriomyza huidobrensisيزم حشزة صاَعاث األَفاق  ؛حصُب َباحاث انبطاغس

Myzus persica  و يزض انهفحت انًبكزةAlternaria solani، ًى رُزهى عهً انُوكذنك دراست حأ
يحصىل  ًحخى عه ٍوئَخاصُت يحصىل انبطاغس يمارَت بانًًاراساث انشراعُت انخمهُذَت انخ

سخخذاو انخصًُى اانبطاغس. ولذ حى حُفُذ انخضزبت ححج ظزوف انًُاغك انصحزاوَت  بسُُاء ب
 حصائٍ انمطاعاث انًُشمت.اإل
ا عهً انًضًىع رشً   يٍ انذَاحىياث وانكاونٍُنكاًل  ٪٥سخخذاو حزكُش ئٌ أوظحج انُخائش أ  

كذنك عهً و ،َفاق وحشزة انًٍا عهً حشزة صاَعاث األفعم انًعايالث حأرُزً أ ٍانخعزٌ ه
رظُت بزواسب انذَاحىياث  وحممج انًعايهت األ انًبكزة وشذحها. نهفحت اصابت بًزض حذود اإل

 ًوعهَفاق األصابت عهً حشزة صاَعاث اإل ٍفذاٌ أعهٍ خفط ف/غٍ  ٥.٢فذاٌ و /غٍ ٥بخزكُش 
 ًعهأوراق انبطاغس بحشزة انًٍ كاٌ أصابت ئوفٍ حانت   حذود يزض انهفحت انًبكزة وشذحها.

 ٥فذاٌ رى َهُها انكاونُُُج /غٍ ٥ يٍ رواسب انذَاحىياث بًعذل رظُت نكاًل رُز نهًعايهت األأح
نً خفط ئ ٌوأدث يعايهت انخفاعم بٍُ انًعايهت األرظُت وانزش عهً انًضًىع انخعز . فذاٌ/غٍ

َفاق وحشزة انًٍ ويزض انهفحت انًبكزة عهً َباحاث انبطاغس. األصابت بحشزة صاَعاث حعذاد اإل
 فذاٌغٍ/ ٥رواسب انذَاحىياث  بًعذل  وكًا كاَج أفعم يعايالث انخفاعم بٍُ انًعايهت األرظُت  

دث انًعايهت بانذَاحىياث أ  .٪٥خزكُشبو انكاونٍُ أ انًضًىع انخعزٌ  بانذَاحىياث  ًيع انزش عه
فذاٌ يُفزدة أو غٍ/ ٥و انًعايهت األرظُت بًعذل  أ  ٌانًضًىع انخعز ًا عهرشً  ٪٥بخزكُش 

انىسٌ انطاسس وعهً صفاث انًُى )يساحت أوراق انُباث  ٍيضخًعت ئنً انخأرُز انًعُىٌ اإلصاب
يعذل انخًزُم انعىئٍ( ويحخىي  ٍصافوت انىرل تنً دنُم يساحئظافت نضاف نهُباث باإلوا

باإلظافت  تيخىسػ انىسٌ انطاسس نهذرَو)عذد درَاث انُباث  هانكهىروفُم وكذنك انًحصىل ويكىَاح
بٍُ  ٌَضابً يعُىئرحباغ ئوصذ   وانفذاٌ يٍ انذرَاث(. تنً يحصىل انُباث وانمطعت انخضزَبُئ

يعذل انخًزُم انعىئٍ وعذد درَاث انبطاغس  ٍصافوراق واأل  يٍ يساحتانبطاغس وكاًل  يحصىل
نً ئ ٌواحذة َإد توأشار يعايم اإلَحذار ئنً أٌ سَادة انُباث درَ . نهُباث ويخىسػ وسٌ انذرَت

  غٍ. ٦٤.٣ سَادة يحصىل انفذاٌ يٍ انبطاغس بًعذل
 
 


