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ABSTRACT  
 

Two field experiments were conducted at Siwa Oasis, Marsa Matruh Governorate during two 
successive summer seasons of 2015 and 2016 to study the effect of soil additions or foliar spraying 
treatments and their interaction on growth, yield, active constituents, disease and insect pests 
reduction of Roselle plant. Soil additive treatments were chicken manure at 10 m3/Fed., EM bokashi 
at 10 m3/Fed and kaolin sand at 2 ton/Fed. While foliar spraying treatments were Super Nano, Tracer 
24% Sc, ALKANZ 2000 and EM1. Higher significant observations related in growth, yield, active 
constituents were obtained from chicken manure followed by EM bokashi and kaolin sand, 
respectively. However, EM bokashi followed by chicken manure and kaolin sand, respectively 
showed higher significant observations related in reducing wilt disease incidence and severity or 
insect pests infestation as well as increase microbial total counts of Roselle rhizosphere. Foliar 
spraying with natural product led to increase all the measured parameters. EM1 was the most effective 
significantly to encourage plant growth, yield and chemical constituents in addition to contribute to 
reduce wilt disease incidence and severity. On the other hand, Tracer had a superior effect in this 
respect followed by Super Nano, ALKANZ 2000 and EM1, respectively against leaf miner insects. 
The Roselle plants treated as foliar spraying with ALKANZ 2000 and Super Nano formulations 
exhibited a highly decrease of mealy bug population. The tracer and EM1 reduced the infestations in 
moderate effect. EM1 was the lowest effective significantly for reduction of infestation of mealy bug 
and leafminer insects. Treatments with both soil additive and spraying indicated that chicken manure 
and EM1 was the superior treatment followed by EM bokashi and EM1 to enhance all the growth 
characters, yield of sepals /fed and chemical constituents. Since treatment with EM bokashi and EM1 
gave the highest decrease in wilt incidence and severity. Moreover, the interaction of EM bokashi 
with Tracer or ALKANZ 2000 gave highly reduction percentage of leafminer insects infestation, also, 
the combination of EM bokashi with ALKANZ 2000 or Super Nano were the superior effect against 
mealy bug insects.  

 
Key words: Roselle, pests, productivity and natural products   

 
Introduction 

 
Roselle (Hibiscus sabdariffa L.) is a tropical plant belongs to family Malvaceae , and known in 

Egypt as Karkade. It is probably native of West Africa and widely distributed to other places of the 
world, e.g., Sudan. China, Thailand, Mexico and West India.The Roselle calyces contain organic 
acids (tartaric, oxalic, malic, ascorbic and succininc acids), glucose, ß-carotene and lycopne, in 
addition to two types of anthocyanin, i.e. delphinidin and cyandin (Peng-Kong et al., 2003). Roselle 
has also many medicinal properties since it is used as digestive, choleretic, antibilious, laxative, 
diuretic, hypotensive, antiscorbutic. Moreover, the seeds contain sterols, including 3.2% ergosterol 
(Khare, 2007).  

Soil borne diseases have been reported as a limiting factor to the production and quality of 
Roselle in Upper Egypt (Hassan et al., 2014). Wilt disease affected seriously Roselle production in 
Egypt where Fusarium. oxysporum Schlecht is the causal agent of vascular wilt on Roselle (Hassan et 
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al., 2014). Damage done to hibiscus by insects is minor but it does exist. Pests include the stem borer, 
flea beetles, abutilon moth, cotton bollworm, and the cutworm. Mealy bugs, leafminers and the 
leafhoppers (Mazaud et al., 2004). Moreover, different phonologies of Roselle have been reportedly 
attacked by insects which cause economic damage, attacking the lamina of the young foliage and 
matured leaves therefore result in reduction of the photosynthetic ability of the crop (Fasunwon and 
Banjo 2010). 

Conventional agricultural systems that embedded virtual use of chemical fertilizers and 
pesticides were capable to compensate both the biotic stresses and the overpopulation. Yet, health 
deterioration and environmental degradation and unsustainable systems are the consequences of these 
ways of management. Chemical fertilizers and pesticides are not allowed in virgin areas especially 
Siwa Oasis. Therefore, sustainable agriculture systems which embedded a wide variety of 
environmental practices such as organic natural materials and compounds derived from biological 
origins provide an effective alternate to the use of chemical products or a means to minimize their use 
(Bhanti and Taneja, 2007). 

Organic farming seems to be more appropriate, it considers the important aspects like 
sustainability of natural resources and environment. It is a production system which favors maximum 
use of organic materials (crop residue, animal residue, legumes, on and off farm wastages, growth 
regulators, bio-pesticides) and discourages use of synthetically produced agro-inputs, for maintaining 
soil productivity and fertility and pest management under conditions of sustainable natural resources 
and healthy environment (Ortega et al., 2016). 

The technology of EM is an example of an appropriate technique applied into organic farming 
systems (Guest, 1995).  EM-bokashi is an effective organic fertilizer in nature farming crop 
production (Abd El-Ati and El-Hadidy 2013). This type of farming provides several benefits to the 
growers and it is an environmental friendly method of cultivation. Foliar application of EM appears to 
suppress the occurrence of plant diseases and facilitates the uptake of simple organic molecules that 
can increase plant growth and yield in relatively short time (Wididana and Higa, 1998).  

An ecofriendly alternative to chemical pesticides is biopesticides, which encompasses a broad 
array of microbial pesticides, biochemicals derived from micro-organisms and other natural sources 
(Gupta and Dikshit 2010). Biopestcides as one of the natural products have played an important role 
either directly by controlling insects, plant pathogens, weeds and nematodes in the field, or indirectly 
by improving plant health (Koivunen et al., 2013). 

Kaolin is a white, non-abrasive, inert aluminosilicate mineral widely used in a variety of 
industrial applications including paints, cosmetics and pharmaceuticals (Unruh et al., 2000). Kaolin-
based particle film has been developed in the USA for use in agriculture. Studies have shown that 
hydrophobic formulations of kaolin-based particle films can effectively protect host plants from insect 
pests including lepidopterans, sucking insects and mites. Kaolin applications serve to repel pests, 
disrupt feeding and deter oviposition (Alavo et al, 2010).Tracer 24% SC, Spinosad is the first active 
ingredient proposed for a new class of insect control products, the Naturates (Ali 2016). Also, 
AlKANZ products contains plants extracts which had a different chemical components such as many 
elements and many active materials such as tannins, carbohydrates, glycosides, flavonoides, volatile 
and fixed oil (Abd El-Azim et al., 2016). 

The aim of this work is to study the impact of some commercial natural products as soil 
additions, foliar spraying and their interaction that are acceptable under organic farming regulations 
on wilt disease or some insect pests management and productivity of Roselle under field conditions in 
Siwa Oasis conditions.,  

 
Material and Methods 
 

The present study was conducted at the Experimental Farm of Desert Research Center (DRC) at 
Siwa Oasis, Marsa Matruh Governorate during two successive summer seasons of 2015 and 2016 to 
investigate the effect of the interaction between natural product treatments as soil addition or as foliar 
spraying and their interactions on wilt disease and insect pests suppression as well as enhancement of 
Roselle growth and productivity under field conditions. Seeds of Roselle (Hibiscus sabdariffa L.) as 
dark red variety were obtained from Medicinal and Aromatic Plants Dept. (DRC).Seeds were sown on 
1st April during both seasons in field has previous history of wilt disease and immediately irrigated. 
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After four weeks from planting, seedlings were thinned to be one plant/hill. The physical and 
chemical properties of the used experimental soil are shown in Table A, according to (Chapman and 
Pratt, 1971). 
 
Table A: Physical and chemical properties of the experimental soil. 
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pH 

Soluble cations (meq/l) 
Soluble anions 

(meq/l) 

Sand Silt Clay Na+ K+ Ca++ Mg++ CO3
-- HCO3

- Cl- So4
-- 

92.91 5.21 1.88 Sandy 0.5 4.1 7.5 0.2 24.7 8.6  7.5  - 3.6 31.3 6.1 

The irrigation system of the experiment was drip irrigation with the drippers of four liters/h 
for half an hour once every day. The lateral sides were pipe lines from plastic material diameter 16 
mm and with 43 m tall. The spaces between them (pipe) were 75 cm, 50 cm between the plants on the 
row and 1 m between the treatments. The lateral side of every replicate was 10 m and contained 20 
plants. Every treatment had three replicates and contained 60 plants. The chemical analysis of the 
used irrigation water is shown in Table (B). 

Table B: The chemical analysis of irrigation water. 
pH E.C. Soluble anions (meq/l) Soluble cations (meq/l) 

Ppm - -
3CO -

3HCO -Cl - -
4SO ++Ca ++Mg +Na +K 

4.23  2709.60  - 2.17 22.02 15.77 9.47 7.75 21.75 0.99 

1. Soil addition treatments:  

1.1. Chicken manure at 10m3/fed 
1.2. EM bokashi  at 10m3/fed  
1.3. Kaolin sand at 2 ton/fed  
1.4. Control (without addition) 
 

The chemical analysis of the used soil additions are shown in Table (C). 
 
Table C: Chemical analysis of soil additions. 

Soil additions pH 
E.C. 
ds/m 

O.M.(%) 
O.C. 
(%) 

N(%) C/N(%) P(%) K(%) 

EM bokashi  7.49 16.3 17.5 10.2 0.61 16.7 0.35 1.67 
Chicken manure 8.22 9.51 24.2 14.1 0.92 15.3 0.46 1.13 
Kaolin sand 8.02 2.34 - - 0.61 - 2.2 0.28 

 
Soil additions were applied during soil preparation for planting. 
 
2. Foliar spraying treatments :- 
 
2.1. Supper Nano, Aluiminuim Silcate, It was an active ingredient for kaolin product. It was 

produced by Memco Company. The concentration used of Supper Nano as foliar spray in both 
two seasons was 3 Kg/100L  

2.2. Tracer 24% SC, Spinosad is the first active ingredient proposed for a new class of insect control 
products, the Naturates. Spinosad is derived from the metabolites of the naturally occurring 
bacteria, Saccharopolyspora spinosa. Spinosad is an emulsifiable concentrate, formulated by 
Dow Agro Sciences Limited containing a mixture of Spinosyn A and Spinosyn D (Ali 2016). 
The concentration used of Tracer 24% SC as foliar spray in both two seasons was 0.5 ml/L. 

2.3. ALKANZ 2000 EC formulation consists of lots of natural plant extracts like Ricinoleic acid and 
Elenin. The concentration used of ALKANZ 2000 as foliar spraying in both seasons was 2.5 
ml/L that was produced by Alkanz Company for oil extractions. 

2.4. EM1 (Effective Microorganisms), It was kindly obtained from Dr. Abdelati (Desert Reserch 
Center). It consists of lactic acid bacteria, yeasts, photosynthetic bacteria, actinomycetes and 
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mycorrhiza (Higa, 1991). The concentration used of EM1 as foliar spray in both seasons was 10 
ml/L as recommended by (Abdel-Ati 2014). 

2.5. Control (without spraying). 
The plants were sprayed using hand-held sprayer and the used volume of the solutions were 

maintained just to cover the whole plant foliage completely every 15 days from the first spray date 
after 30 days from sowing date till the beginning of flowering . 

 
Recorded data were as follows: 
 
1-Plant characters 
  
1.1.Growth characters 
 

Plant height (cm), number of branches / plant, total plant dry weight (g) was estimated at 120 
days after sowing by taking 5 random plants from each treatment. 

 
1.2-Yield 
 

At harvesting stage (210 days after sowing), fruits number /plant and sepals (g/plant) were 
determined, then total sepals yield per feddan (kg/fed) was calculated. 

 
1.3.Chemical analysis 
 

Total chlorophyll (mg/g as leaves fresh weight) was determined according to Rodriguez and 
Miller (2000) and of the anthocyanin content (mg / 100 g) in dried sepals was determined according to 
the method described by Fuleki and Francis (1968) and adopted by Francis (2000) for Hibiscus 
sabdariffa. 

 
2- Wilt disease assement: 
 

 Roselle plants showing wilt symptoms were used for isolation of causal pathogens. Three 
pathogenic fungal isolates were established and identified as Fusarium oxysporum, Fusarium solani, 
and Fusarium equiseti by Assiut University Mycological Centre (AUMC), Assiut, Egypt. 
Pathogenicity of these fungi on roselle  plants was proved. A highly virulent isolate of each isolated 
fungal species were selected for further use. All isolates were maintained on potato dextrose agar 
(PDA) at 4ºC. Inocula for soil-infestation were prepared using barley grain medium as described by 
Singleton et al. (1992).  
 
2.1. Wilt disease assessment: 
 

Disease incidence and severity of wilt disease were determined after 90 days. Disease severity 
assessed by using a rating scale of 0 to 5 on the basis of root discoloration and leaf yellowing as 
follows: 0, neither root discoloration nor leaf yellowing; 1, 1~25% root discoloration or one leaf 
yellowing; 2, 26~50% root discoloration or more than one leaf turned yellow; 3, 51~75% root 
discoloration plus one leaf wilted; 4, up to 76% root discoloration and more than one leaf wilted; and 
5, completely dead plants. For each replicate a disease severity index (DSI) was calculated according 
to Liu et al. (1995) as following: 
DSI = Σd/dmax × n × 100 
Where d is the disease rating possible, dmax is the maximum disease rating and n is the total number 
of plants examined in each replicate. 
 
2.2 Assessment of Fusarium sp. population: 
 

Population of Fusarium sp.: Soil samples were collected from each plot at 0, 15, 45, and 90 
days after sowing. Samples were taken from plant rhizosphere 15 cm of the soil surface where four 
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soil extracts were prepared for each plot. Serial dilution of 10g soil/ 90 ml of sterile distilled water 
were made to obtain 103 dilution and 0.1ml of each dilution was spread plated on appropriate selective 
media (Nash and Snyder, 1962), for Fusarium sp.. Inoculated plates were incubated at 25ºC in 
darkness and developed colonies were enumerated five days after inoculation. 
 

Assessment of rhisospheric microbial population:- 
 

Microbial population: Soil extracts were prepared and 103 dilutions were made as above 
mentioned. A 0.1ml of each dilution was spread plated on each of media for the total counting of 
actinomycetes and bacteria, respectively Lingappa & Lockwood (1962), and Collins & Lyne (1985). 
Plates were incubated at 30ºC in darkness for three days before counting bacterial colonies, and for 
five days before counting actinomycetes. 
 
Insect observations 
 

 Samples of 20 leaves from each replicate representing different levels and directions of the 
plants were randomly collected to investigate the insects that attacking roselle 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 (R %) was calculated according to the formula (Topps and Wain, 1957). 

 
Where: C: Number of insects recorded in the control samples. 
             T: Number of insects recorded in treatment samples. 
 
Design and Statistical Analysis 
 

The experimental design was factorial experiment between soil additions and foliar spraying 
treatments in Split Plot design (main plots were soil additions treatments and sub plots included the 
foliar spraying) with three replicates. Data of the present study were statistically analyzed and the 
differences between the means of the treatments were considered significant when they were more 
than least significant differences  at the 5% levels by using computer program of Statistix version 9 
(Analytical software, 2008). 

 
Results  

 
1- Pathological studies: 

 
1.1 Pathogenicity test of isolated fungi:  
 

 Fig.1 illustrated that, the three tested fungal isolates were pathogenic under greenhouse 
conditions in 2016 and the symptoms of wilt that observed during the pathogencity test were close to 
those observed in natural symptom. Fusarium oxysporum had the most wilt symptoms compared with 
other fungal isolates.   
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Fig 1: Pathogenicity test of three isolated fungi for wilt incidence 

2. Effect of soil addition treatments on: 
 
2.1. Growth characters 
 

The effects of soil additives on the growth of Roselle plant are presented in Table (1). Data 
demonstrated that addition of Kaolin sand, EM bokashi and chicken manure significantly improved 
plant growth characters such as plant height (cm), number of branches per plant, total plant dry weight 
(g / plant) and number of fruits / plant compared to control. The highest values in this respect were 
obtained from chicken manure followed by EM bokashi then kaolin sand respectively comparing with 
control. Moreover, all Roselle parameters under study increased significantly by using chicken 
manure as a comparison with other treatments during both seasons.  

 
Table 1: Effect of soil addition treatments on growth characters of Roselle plant during two seasons 

(2015 and 2016). 

Soil addition 
plant height 

(cm) 
Number of 

branches/plant 
Total plant dry 

weight (g) 
Number of fruits / 

plant 
First season 

Control 98.70   d 6.73  d 266.64 d 58.37  d 

Kaolin sand 111.27  c 8.13  c 284.61 c 102.17 c 

EM bokashi 114.67  b 9.63  b 304.74 b 108.54 b 

Chicken manure 118.07  a 10.93 a 329.19 a 114.87 a 

Second season 
Control 101.30  d 7.20  d 281.02 d 65.25  d 
Kaolin sand 121.28   c 8.99  c 294.85 c 116.80 c 
EM bokashi 125.33  b 10.03 b 317.74 b 126.67 b 
Chicken manure 133.20  a 11.53 a 339.22 a 135.67 a 
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
 

2.2. Yield and Chemical Constituents 
 

The data for yield of dry sepals (g/ plant or Kg / feddan), total chlorophyll (mg/g.f.w.) and 
anthocyanin Content (mg/100g) are presented in Table (2). Data cleared that, soil addition treatments 
(Kaolin sand, EM bokashi and chicken manure) significantly increased all tested yield and chemical 
constituents compared to control during two seasons. Furthermore, the highest values of above 
mentioned parameters were obtained by chicken manure addition which recorded significantly 
increased in this regard as compared with other treatments for all.  
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Table 2: Effect of soil addition treatments on yield and chemical constituents of Roselle plant during two 
seasons (2015and 2016). 

Soil additions 
Dry sepals yield 

/plant (g) 
Dry sepals yield 

/feddan (kg) 
Total chlorophyll 

(mg/g.f.w.) 
Anthocyanin 

Content (mg/100g) 
First season 

Control 22.67  d 249.36 d 2.35  d        328.70 d 
Kaolin sand 40.26  c 442.93 c 2.56  c   407.34  c 
EM bokashi 44.68  b 491.45 b 2.68  b      419.45  b    
Chicken manure 49.45  a 543.97 a 2.78  a          428.99  a 

Second season 
Control 24.38 d 268.13 d 2.39  d      373.13   d 
Kaolin sand 40.31 c 443.37 c 2.70  c     465.48   c  
EM bokashi 45.10 b 495.64 b 2.79  b          479.74  b 
Chicken manure 47.99 a 527.84 a 2.87  a      489.96  a 
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 

 
2.3. Disease incidence and severity: 
 

 Results presented in Fig. 2 indicated the effect of the three soil additives (chicken manure, EM 
bokashi and kaolin sand) which significantly reduced wilt disease incidence and severity compared to 
the control treatment (without additives). EM bokashi was the most significant effective soil additive 
that reduced wilt disease incidence in two seasons. Also, Data in Fig. (2) illustrated that, disease 
severity (internal root browning & foliar wilt rating) was reduced by soil additives compared with the 
control treatment  in two seasons. EM bokashi had highly significant for reducing internal root 
browning & foliar wilt rating. 

 
 

 

 

 

 

 

 

 

 

IRB = internal root browning      FWR= foliar wilt rating  

 Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
Fig 2: Effect of soil addition treatments on disease incidence (A) and disease severity (B) of Roselle wilt during 

two seasons (2015and 2016). 

 
2.4. Total counts of rhizospheric microbial and Fusarium sp.: 
 
     Results in Fig. (3) Presented that, soil additives have highly significant to increase microbial total 
counts (bacteria & actinomycetes) as well as to decrease Fusarium sp. counts in two seasons. EM 
bokashi had highest value to increase rhizospheric microbial counts; while it had lowest value to 
decrease Fusarium sp. counts in soil.   
 

A B 
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M=Microbial       F= Fusarium sp. 

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 

Fig 3: Effect of soil addition treatments on rhizospheric microbial and Fusarium sp. total counts of Roselle. 

 

2.5. Leafminer fly (Liriomyza trifolii ) insect infestation: 

 

Data in Fig (4) illustrated that, three soil additions showed significant reduction of both leaves 
and larvae infestation of leaf miner fly as compared with control treatment (without additions). Data 
showed that the highest reduction was obtained from EM Bokashi treatment followed by Chicken 
manure, respectively while kaolin sand had the lowest efficacy for reducing both the leaves and larvae 
during both seasons. 

  

  
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
Fig 4: Effect of soil addition treatments on leafminer fly (Liriomyza trifolii ) of Roselle plant during two seasons (2015 and 

2016). 
 

2.6. Mealy bug (Phenacoccus solenopsis) insect infestation:  
 
   Data presented in Fig (5) show the effects of soil addition on the population of mealy bug 
infestation on Roselle plant. Data presented for this study demonstrated that, addition of EM bokashi, 
Chicken manure and Kaolin sand, significantly improved plant healthy characters in moderate range 
compared to control treatment. The highest reduction of mealy bug  were achieved from plants grown 
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in soil treated with EM bokashi followed by Chicken manure and kaolin sand as compared with 
untreated plants  
 

  

  
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
Fig 5: Effect of soil addition treatments on mealy bug (Phenacoccus solenopsis) of roselle plant during two 

seasons (2015 and 2016).  

3. Effect of foliar spraying treatments on: 
 

3.1. Growth characters 
 

From Table (3) data recorded that foliar spraying with Supper Nano, ALKANZ 2000, Tracer 
and EM1 gave significant increment of plant height, number of branches per plant, total plant dry 
weight and number of fruits / plant in comparison with control plants. Moreover, foliar spraying with 
EM1 recorded the highest values and gave significant increase in growth parameters compared with 
Supper Nano, ALKANZ 2000, Tracer and control treatments during the two seasons. 
 
Table 3: Effect of foliar spraying treatments on growth characters of Roselle plant during two seasons (2015and 

2016). 
Foliar spraying 

treatments 
plant height (cm) 

Number of 
branches/plant 

Total plant dry 
weight (g) 

Number of fruits / 
plant 

First season 
Control 91.42  e 6.67 d 259.96 e 54.42 e 
Super Nano 102.54 d 7.67 cd 267.28 d 79.59 d 
Tracer 111.83 c 8.42 bc 285.36 c 97.92 c 
ALKANZ 2000 121.42 b 9.83 b 324.46 b 115.63 b 
EM1 126.17 a 11.71 a  344.42 a 132.38 a 

Second season 
Control 93.71  e 6.33 e 262.00 e 62.29 e 
Super Nano 116.86 d 8.32 d 272.10 d 99.34 d 
Tracer 122.79 c 9.55 c 315.82 c 121.75 c 
ALKANZ 2000 129.54 b 10.58 b 335.05 b 129.59 b 

EM1 138.50 a 12.42 a 356.10 a 142.52 a 
Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability 
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3.2. Yield and Chemical Constituents 

Data presented in Table (4) show that, yield of dry sepals per plant and feddan, total 
chlorophyll (mg/g.f.w.) and anthocyanin content (mg/100g) were increased by spraying plants with 
some commercial products (Supper Nano, ALKANZ 2000, Tracer or EM1). However, all foliar 
spraying treatments significantly increased yield of dry sepals per plant and feddan, total chlorophyll 
(mg/g.f.w.) and anthocyanin content (mg/100g) compared with control (without spraying). Also, the 
maximum increment in this respect and highly significant was obtained from the treatment of EM1 
followed by ALKANZ 2000, Tracer then Supper Nano compared with control under this study in the 
two seasons.  

Table 4: Effect of foliar spraying treatments on yield and chemical constituents of Roselle plant during two 
seasons (2015 and 2016). 

Foliar spraying 
treatments 

Dry sepals yield 
/plant (g) 

Dry sepals yield 
/feddan (kg) 

Total chlorophyll 
(mg/g.f.w.) 

Anthocyanin Content 
(mg/100g) 

First season 
Control 22.51 e 247.58 e 2.39  e        326.50 e 
Super Nano 33.96 d 373.61 d 2.47  d     351.87 d 
Tracer 43.41 c 477.54 c 2.62  c      381.44 c 
ALKANZ 2000 46.09 b 507.02 d 2.67   b     436.22 b 
EM1 50.36 a 553.91 a 2.82   a    484.57 a 

Second season 
Control 23.53 e 258.78 e 2.48  e           370.7  e 
Super Nano 35.00 d 384.96 d 2.59   d      401.45 d 
Tracer 40.35 c 443.82 c 2.68   c     435.20  c 
ALKANZ 2000 47.72 b 524.85 b 2.77   b    499.51  b 
EM1 50.58 a 556.32 a 2.91   a    553.43 a 
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
 

3.3. Disease incidence and severity:  
 

Data presented in Fig (6) showed that, there is significant deference between foliar spraying 
treatments except kaolin (Super Nano) compared with control for reducing wilt disease incidence and 
severity during both seasons. EM1 was the most effective treatment significantly that reduced wilt 
incidence and severity.  

 

  
IRB= internal root browning       FWR= foliar wilt rating  
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 

Fig. 6: Effect of foliar spraying treatments on disease incidence (A) and disease severity (B) of Roselle wilt 

during two seasons (2015and 2016).  
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3.4 Rhizospheric microbial and Fusrium sp. total counts: 
 

Data in Fig (7) illustrated that, foliar spraying treatments had no significant effect on microbial 
total counts except EM1 to increase microbial total counts in first season.  However, in second season 
EM1, Tracer and ALKANZ 2000 as foliar spraying led to increase microbial total counts compared 
with control. Moreover, Data in Fig (7) showed that foliar spraying treatments had no significant 
effect for reducing Fusarium sp. population in both seasons.  
 

 
Fig. 7:  Effect of foliar spraying  on  risospheric microbial and Fusarium sp. total counts of Roselle plant during 

two seasons (2015and 2016). 

3.5. Leafminer  (Liriomyza trifolii )insects infestation: 
 
   As shown in Fig (8) foliar spraying treatments caused significant effect on reduction percentage and 
infestation level of leafminer fly where these values of these treatments gave the lowest values 
compared with untreated plants. The foliar treatments reduced significantly both leaves and larvae 
infestation when compared with control treatment. Tracer had a superior effect in this respect 
followed by Super Nano, ALKANZ 2000 and EM1, respectively as compared with control treatment. 
EM1 had the lowest efficiency for reducing both the leaves and larvae infestation of leafminer fly 
through two seasons. 
 
3.6. Mealybug (Phenacoccus solenopsis) insects infestation: 
 
        The data illustrated in Fig (9) presented that, the foliar spraying revealed significantly lower 
infestation of mealy bug insects in the treated plants than untreated ones. The evaluation of mealy bug 
infestation on Roselle plants implemented prior to natural products (ALKANZ 2000, Super Nano, 
Tracer, EM1,) treatments which gave acceptance effects against preadult and adults of mealy bug 
population on the final results across the treatments. The Roselle plants treated as foliar spraying with 
ALKANZ 2000 and Super Nano formulations exhibited a highly decrease of mealy bug population 
that was statistically similar to the infestation prior to the treatment that produced the greatest 
reduction in the leaves, adult and pre adult infestations. The tracer and EM1 reduced the infestations 
in moderate effect. On the other hand, the untreated control recorded higher infestations of mealy bug 
insects. 

b b b b a

a a a a a

0

5

10

15

20

25

30

35

40

45

50

Cont. Super Nano Tracer ALKANZ 2000 EM1

Microbial and Fusarium sp. total counts

M.Counts 1st season

F.Counts 1st season

M.Counts 1st season

F.Counts 2nd season



Int. J. Environ., 6 (4):  139-162, 2017 
ISSN: 2077-4508 

150 

  

  
Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 

Fig 8: Effect of foliar spraying treatments on leafminer fly  (Liriomyza trifolii ) of Roselle during two seasons 
(2015and 2016). 

 

  

 
 

Fig. 9: Effect of foliar treatments on mealybug (Phenacoccus solenopsis) insects of Roselle during two   seasons 
(2015 and 2016). 
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4. Effect of interaction between soil addition and foliar spraying treatments 
  
4.1. Growth characters 
 

Results recorded in Table (5) indicted that all the studied growth characters, i.e. plant height 
(cm), plant number of branches per plant, total plant dry weight and number of fruits / plant of Roselle 
were promoted as a result of the interaction between the soil additive and the foliar spraying 
treatments. Moreover, plant height, number of branches per plant, total plant dry weight and number 
of fruits / plant were significant increased with all interaction treatments compared with control 
(without soil addition and without spraying) in the first and second seasons. Furthermore, the best 
interaction treatment in this connection was that the addition of chicken manure and foliar spray by 
EM1 followed by EM bokashi+EM1 compared to the other ones under study in most cases. 
 
4.2. Yield and Chemical Constituents 
 

It is evident from the obtained data in Table (6) that, the interaction treatment between 
chicken manure and EM1 was the superior followed by the interaction treatment between EM bokashi 
and EM1 in yield of dry sepals (g/ plant and Kg  / feddan) compared to the other interaction 
treatments under study. Such increment was significant in both seasons, in most cases. Generally, all 
yield parameters highly significantly increased with all interaction treatments between soil addition 
types and foliar spraying with natural products compared with control (without soil addition and foliar 
spray with tap water) in the two seasons. Furthermore, all interaction treatments between soil 
additions and foliar spraying significantly increased chlorophyll and anthocyanin content compared 
with control treatment in the first and second seasons. However, the superior interaction treatments 
were that between chicken manure & EM1 followed by EM bokashi & spraying with EM1 
respectively in this regard compared to other interaction treatments under study in both seasons. 

 
4.3. Disease incidence and severity: 
 

Results indicated in Table (7) show that, the interaction between natural soil addition and foliar 
spraying treatments significantly decreased wilt incidence as well disease severity of Roselle. The 
lowest value of wilt incidence in addition to disease severity were obtained from the group of 
interaction between (EM Bokashi ×foliar spraying except kaolin) in two seasons, while the highest 
observation was obtained from (EM Bokashi× EM1) compared with other treatments and control in 
two seasons. 

 
4.4 Rhizospheric microbial and Fusarium sp. total counts: 
 

Data in table (7) illustrated that, there are no significant effect of the interaction between soil 
additives × foliar spraying on increasement of rizospheric microbial total count or decrease Fusarium 
sp. counts. The most treatment was EM bokashi × all foliar spraying treatments to increase microbial 
total counts or decrease Fusarium sp. counts in two seasons.  
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Table 5. Effect of interaction between soil addition and foliar spraying treatments on growth characters of 

Roselle plant during two seasons (2015and 2016). 
Soil 

addition 
Foliar spraying 

plant height 
(cm) 

Number of 
branches/plant 

Total plant dry 
weight (g) 

Number of 
fruits / plant 

First season 

C
on

tr
o

l 
 

Control 85.00 o 5.67 i 240.58 m 40.33 m 
Super Nano 94.83 m 6.33 ghi 243.83 m 51.17 l 
Tracer 100.33 l 6.84 fgh 252.93 l 62.67 k 
ALKANZ 2000 106.00 k 7.00 fg 294.43 h 67.00 jk 
EM1 107.33 i 7.83 ef 301.44 g 70.67 j 

K
ao

li
n

 s
an

d 
 

Control 90.67 m 6.33 i 253.75 l 45.00 m 
Super Nano 102.67 k 7.67 f 254.85 l 85.83 i  
Tracer 112.00 k 7.67 de 274.55 j 107.33 g 
ALKANZ 2000 124.33 e 9.33 cd 313.58 e 126.67 e 
EM1 126.67 d 9.67cd 326.33 d 146.00 c 

E
M

 
bo

k
as

hi
 

 

Control 94.00 m 7.33 hi 265.36 k 63.00 k 
Super Nano 104.67 jk 8.33 f 264.93 k 88.67 hi 
Tracer 115.00 g 9.50 cd 297.44 h 107.67 g 
ALKANZ 2000 126.33 de 10.00 c 343.75 c 130.17 e 
EM1 133.33 b 13.00b 352.23 b 153.17 b 

C
hi

ck
en

 
m

an
ur

e 

Control 96.00 m 7.33 fg 280.17 i 69.33 j 
Super Nano 108.00 i 8.33 cd 305.50 f  92.67 k 
Tracer 120.00 f 9.67 cd 316.50 e 114.00 f 
ALKANZ 2000 129.00 c 13.00 b 346.09 c 138.67 d 
EM1 137.33 a 16.33 a 397.67 a 159.67 a 

Second season 

C
on

tr
o

l 
 

Control 85.17 q 5.50 i 244.83 p 40.50 p 
Super Nano 99.00 n 6.68 ghi 250.17 o 62.67 n 
Tracer 103.00 m 7.50 fgh 292.77 i 73.00 m 
ALKANZ 2000 105.33 l 7.83 fg 304.67 k 72.67 m 
EM1 114.00 j 8.50 ef 312.67 g 77.42 l 

K
ao

li
n

 s
an

d 
 

Control 89.00 p 6.00 i 255.00 n 45.33 o 
Super Nano 121.00 i 8.10 f 260.00 m 103.67 j 
Tracer 125.58 g 9.68 de 312.83 g 134.33 kh 
ALKANZ 2000 129.50 f 10.33 cd 315.93 g 143.67 f 
EM 141.33 ed 10.83 cd 330.50 e 157.00 c 

E
M

 
bo

k
as

h
i 

 

Control 91.67 o 6.33 hi 265.67 l 77.00 l 
Super Nano 122.75 h 8.33 f 274.17 k 104.67 oj 
Tracer 125.25 g 10.50 cd 323.67 f 138.00 g 
ALKANZ 2000 140.33 d 11.00 c 351.67 d 148.67 e 
EM1 146.67 b 14.00 b 373.50 b 165.00 b 

C
hi

ck
en

 
m

an
ur

e 

Control 109.00 k 7.50 fg 282.50 g 86.33 k 
Super Nano 124.67 g 10.17 cd 304.00 h 126.33 i 
Tracer 137.33 e 10.50 cd 334.00 e 141.67 f 
ALKANZ 2000 143.00 c 13.17 d 367.92 dc 153.33 d 
EM1 152.00 a 16.33 a 407.67 a 170.67 a 

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
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Table 6: Effect of interaction between soil addition and foliar spraying treatments on yield and chemical 
constituents of Roselle plant during two seasons (2015and 2016). 

Soil 
additions 

Foliar spraying 
Dry sepals 
yield /plant 

(g) 

Dry sepals yield 
/feddan (kg) 

Total 
chlorophyll 
(mg/g.f.w.) 

Anthocyanin 
content 

(mg/100g) 
First season 

C
on

tr
o

l 
 

Control 14.42 n 158.62 n 2. 24 m 307.77  s 
Super Nano 14.83 n 163.17 n 2.29 lm 317.65  r 
Tracer 26.20 kl 288.16 kl 2.36 kl 321.41  q 
ALKANZ 2000 27.73 k 305.07 k 2.43 jk 337.20  o 
EM1 30.16 cj 331.80 j 2.45 jk 359.46   l 

K
ao

li
n

 s
an

d 
 

Control 20.37 m 224.11 m 2.36 kl 324.50  q 
Super Nano 35.74 i 393.14 i 2.45 jk 355.57  m 
Tracer 44.62 g 490.86 g 2.55 hi 395.89   i 
ALKANZ 2000 47.67 f 524.41f 2.67 fg 446.50  f 
EM1 52.92 cd 582.12 cd 2.77 de 514.22  c 

E
M

 
bo

k
as

hi
 

 

Control 24.46 l 269.10 l 2.45 jk 331.47  p 
Super Nano 41.37 h 455.07 h 2.52 hij 363.23  k 
Tracer 49.18 ef 541.02 ef 2.77 de 402.44  h 
ALKANZ 2000 51.32 de 564.52 de 2.69 ef 475.28   e 
EM1 57.05 b 627.55 b 2.95 b 524.82  b 

C
hi

ck
en

 
m

an
ur

e 

Control 30.77 j 338.47 j 2.50 ij 342.25  n 
Super Nano 43.91g 483.05 g 2.60 gh 371.03  j 
Tracer 53.65 c 590.11 c 2.81 cd 406.00  g 
ALKANZ 2000 57.64 b 634.08 b 2.88 bc 485.88  d 
EM1 61.29 a 674.15 a 3.10 a 539.79  a 

Second season 

C
on

tr
o

l 
 

Control 12.84 p 141.20 p 2.26 h 342.91 m 
Super Nano 23.17 n 254.83 n 2.31 h 359.66 l 
Tracer 25.79 m 283.69 m 2.41 g 364.42  l 
ALKANZ 2000 29.10 l 320.10 l 2.45 fg 389.28   k 
EM1 30.98 k 340.82 k 2.51 ef 409.36   j 

K
ao

li
n

 s
an

d 
 

Control 21.69 o 238.63 o 2.41 g 367.01 l 
Super Nano 35.86 i 394.50 i 2.67 d 410.28  j 
Tracer 42.93 g 472.23 g 2.69 d 452.14   h 
ALKANZ 2000 49.06 e 539.66 e 2.84 c 510.28   f 
EM1 51.99 d 571.85 d 2.87 c 587.68  c 

E
M

 
bo

k
as

h
i 

 

Control 26.53 m 291.87 m 2.56 e 382.69 ok 
Super Nano 40.61 h 446.67 h 2.66 d 411.92  j 
Tracer 46.22 f 508.46 f 2.82 c 461.10 gh 
ALKANZ 2000 54.63 c 600.89 c 2.89 c 543.18 e 
EM1 57.30 b 630.30 b 3.03 b 599.80  b 

C
hi

ck
en

 
m

an
ur

e 

Control 33.04 j 363.40 j 2.70 d 390.53 k 
Super Nano 40.35 h 443.85 h 2.72 d 423.93  i 
Tracer 46.45f 510.91 f 2.81 c 463.14 g 
ALKANZ 2000 58.07 b 638.73 b 2.89 c 555.30 d 
EM1 62.03 a 682.29 a 3.23 a 616.90 a 

Means having the same letter (s) within the same column are not significantly different according to LSD for all-
pairwise comparisons test at 5% level of probability 
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Table 7: Effect of interaction between soil addition and foliar spraying treatments on Roselle wilt disease, 
rhizospheric microbial and Fusarium sp. total counts during two seasons (2015and 2016). 

Soil 
additions 

Foliar 
Spraying 

Disease 
incidence 

Disease severity 
Microbial total 

counts 
Fusarium sp. 

Counts 
internal root 

browning       
foliar wilt 

rating 
First season 

C
on

tr
o

l 
 

Control 71.2a 11.5a 3.8a 34.8d 19.7a 
Super Nano 69.8a 11.1a 3.7a 32.3d 19.6a 
Tracer 69.2ab 10.4ab 3.3ab 34.7d 19.8a 
ALKANZ 2000 67.7b 9.8b 3.3ab 34.6d 19.5a 
EM1 67.3b 7.4c 2.6b 36.2cd 19.0a 

K
ao

li
n

 s
an

d
 

 

Control 66.8b 9.4b 3.1ab 37.0c 19.8a 
Super Nano 64.8b 9.1b 3.0ab 37.1c 18.8a 
Tracer 64.1bc 8.5bc 2.6b 37.5 c 17.8b 
ALKANZ 2000 59.7c 8.1bc 2.4b 37.3c 19.2a 
EM1 60.1c 4.9d 2.0b 37.8c 18.8a 

E
M

 
bo

k
as

hi
 

 

Control 54.1d 2.9e 1.6bc 52.9a 14.3c 
Super Nano 51.6e 2.8e 1.6bc 52.6a 14.0c 
Tracer 49.8e 2.5e 1.3bc 53.8a 14.1c 
ALKANZ 2000 50.2e 2.2e 1.0c 52.7a 14.2c 
EM1 44.2f 1.8f 0.5d 53.5a 13.9c 

C
hi

ck
en

 
m

an
ur

e 

Control 58.7c 4.9d 2.3b 46.4b 17.8b 
Super Nano 59.0c 4.6d 2.3b 46.4b 17.2b 
Tracer 58.4cd 4.4d 2.1b 47.7b 17.8b 
ALKANZ 2000 55.4d 3.8de 1.9b 46.5b 17.3b 

EM1 55.1d 2.6e 1.3bc 48.0b 17.6b 
Second season 

C
on

tr
o

l 
 

Control 64.6a 11.1a 3.4a 33.5d 20.7a 
Super Nano 65.0a 10.7a 3.2a 32.1d 20.7a 
Tracer 63.1a 9.5ab 2.7ab 33.2d 20.8a 
ALKANZ 2000 64.6a 10.1ab 2.9ab 33.3d 20.5a 
EM1 62.4ab 7.0c 2.4b 35.0d 20.0a 

K
ao

li
n

 s
an

d
 

 

Control 63.1a 8.9b 2.7b 35.3d 20.9a 
Super Nano 62.9ab 8.6b 1.7c 34.1d 19.8a 
Tracer 54.6b 7.7c 2.0b 37.1c 18.9b 
ALKANZ 2000 59.1ab 7.7c 2.2b 36.9c 20.3a 
EM1 54.3b 4.6d 1.7c 38.0c 19.8a 

E
M

 
b

o
k

as
hi

 
 

Control 48.9c 2.7e 1.1d 52.7a 15.3b 
Super Nano 48.5c 2.6e 1.1d 51.8a 15.0b 
Tracer 46.3c 2.0e 0.7de 53.8a 15.1b 
ALKANZ 2000 45.0cd 2.3e 0.7de 53.2a 15.2b 
EM1 37.9e 1.3f 0.1e 54.6a 14.9b 

C
h
ic

ke
n

 
m

an
ur

e 

Control 55.4b 4.5d 1.8c 46.6b 18.8b 
Super Nano 56.0b 4.4d 1.8c 46.5b 18.4b 
Tracer 51.7bc 3.5de 1.3cd 47.9b 18.8b 
ALKANZ 2000 54.0b 4.0d 1.6c 47.1b 18.3b 
EM1 49.0c 2.4e 0.8de 47.9b 18.6b 

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
 

4.5. Leafminer fly  (Liriomyza trifolii ) insects 
 

Results for the efficacy of the interaction between foliar spraying and soil addition on 
leafminer fly, are given in Table (8) and Fig 10. Significant differences were found for the average 
number of infested leaves and larvae infestations among the treatments. Data indicated that the 
treatments decreased significantly the leafminer fly populations on Roselle  plants. Moreover, Data 
indicated that the most effective interaction treatment for reducing leafminer fly from 70 to 90% 
reduction  was the interaction between soil additives (EM bokashi) with foliar spraying (tracer and 



Int. J. Environ., 6 (4):  139-162, 2017 
ISSN: 2077-4508 

155 

ALKANZ 2000)  as compared with control and other interaction treatments against leaves and larvae 
infestations of leafminer fly on Roselle plants. The lowest effect were achieved by EM bokashi, 
kaolin sand & Chicken manure with control and control with EM1, respectively  that gave less than 
50% reduction effect during the two seasons. 

 
Table 8: Effect of interaction between soil addition and foliar spraying treatments on Leafminer and Mealybug 

insects of Roselle during two seasons (2015and 2016).  

Soil 
additions 

Foliar 
Spraying 

Leafminer insects Mealybug insects 

Leave 
Infestation 

Larvae 
infestation  

Leave 
infestation 

Adult 
Infestation 

Preadult 
Infestation 

First season 

C
on

tr
o

l 
 

Control 94.3 a 99.8 a 122.8 a 247.0 a 1205.3 a 
Super Nano 38.5 e 39.8 g 36.5 i 76.0 j 313.8 l 
Tracer 32.5 f 39.3 g 66.5 e 132.0 f 601.5 g 
ALKANZ 2000 37.8 e 40.8 g 30.5 j 66.8 k 271.3 m 
EM1 70.5 b 75.5 d 85.5 d 165.5 d 78.5 e 

K
ao

li
n

 s
an

d
 

 

Control 63.0 c 85.0 b 116.3 b 197.5 b 988.8 b 
Super Nano 18.8 gh 27.3 hi 21.5 kl 58.0 l 266.0 m 
Tracer 17.3 hi 24.8 ij 38.5 i 97.8 h 453.5 j 
ALKANZ 2000 20.3 g 29.5 h 21.0 kl 54.3 Im  240.8 n 
EM1 41.5 d 59.3 e 54.5 f 128.8 f 636.8 f 

E
M

 
bo

k
as

hi
 

 

Control 62.0 c 75.0 d 84.3 d 159.5 e 878.0 d 
Super Nano 15.8 i 20.3 k 17.0 Im 37.0 o 158.8 p 
Tracer 9.3 k 13.3 m 33.3 i 67.3 k 371.8 k 
ALKANZ 2000 13.0 j 16.5 l 8.0 n 22.5 p 85.5 q 
EM1 31.0 f 38.8 g 45.5 g 91.0 i 485.5 j 

C
hi

ck
en

 
m

an
ur

e 

Control 63.5 c 80.8 c 95.8 c 187.8 c 934.5 c 
Super Nano 16.8 hi 23.5 j 24.3 k 51.5 mn 234.3 n 
Tracer 15.3 ij 20.3 k 41.8 h 88.0 i 374.0 k 
ALKANZ 2000 19.0 gh 22.8 jk 19.5 Im 48.5 n 186.3 o 
EM1 37.5 e 49.8 f 56.3 f 116.5 g 566.3 h 

Second season 

C
o

nt
ro

l 
 

Control 99.0 a 106.5 a 136.5 a 265.5 a 1383.0 a 
Super Nano 44.5 e 45.5 g 39.5 i 84.5 i 395.8 h 
Tracer 36.5 g 44.5 g 72.0 e 146.5 e 588.0 f 
ALKANZ 2000 43.3 e 45.5 g 33.5 jk 69.8 j 339.5 hi 
EM1 70.5 b 85.0 c 95.5 d 201.3 d 959.3 c 

K
ao

li
n

 s
an

d
 

 

Control 69.0 bc 87.8 b 118.8 b 232.3 b 1167.5 b 
Super Nano 25.0 h 34.3 h 28.0 Im 56.3 kl 307.0 ij 
Tracer 22.0 i 28.0 i 50.0 gh 100.0 h 503.3 g 
ALKANZ 2000 25.3 h 32.0 h 30.0 kl 58.3 k 302.5 ij 
EM1 45.8 e 64.5 e 74.0 e 151.3 e 757.0 d 

E
M

 
bo

ka
sh

i 
 

Control 63.5 d 75.5 d 97.3 d 203.3 d 1011.3 c 
Super Nano 20.8 i 26.8 i 21.0 n 43.8 m 207.8 k 
Tracer 11.0 k 17.5 k 37.0 ij 82.8 i 382.8 h 
ALKANZ 2000 15.5 j 22.8 j  13.3 o 29.0 n 133.5 l 
EM1 35.5 g 43.0 g 53.3 g 108.3 g 537.8 fg 

C
h
ic

ke
n

 
m

an
ur

e 

Control 67.3 c 86.0 bc 109.0 c 215.0 c 1120.5 b 
Super Nano 20.5 I  26.8 i 31.8 jk 63.3 jk 319.0 i 
Tracer 17.5 j 23.8 j 48.3gh 103.8 gh 485.3 g 
ALKANZ 2000 20.3 i 27.5 i 25.5 m 49.0 lm 256.8 jk 
EM1 40.0 f 54.5 f 64.0 f 128.0 f 660.0 e 

Means having the same letter (s) within the same column are not significantly different according to LSD for all-pairwise 
comparisons test at 5% level of probability 
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Fig. 10: Reduction percentage of the interaction between foliar spraying and soil addition on leafminer  
(Liriomyza trifolii ) insects through 2015 & 2016 seasons 

 
4.6. Mealy bug (Phenacoccus solenopsis) insects: 
 
   As indicated in Table (8) and Fig (11) the obtained data clear that, the interactions between soil 
additions and foliar spraying treatments decreased most of the infestation of mealy bug insect. The 
highest reduction of mealy bug insect  were obtained from the group of interaction between EM 
bokashi as soil additives  with ALKANZ 2000 and Super Nano formulations as foliar spraying 
compared with other treatments and control  against leaves , preadult and adults of rosella mealy bug 
through  the two seasons. 

 

 

 

 

Control

Control
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Fig.  11: Reduction percentage of the interaction between foliar spraying and soil addition on mealybug 

(Phenacoccus solenopsis) insects through 2015 & 2016 seasons 

 
The use of natural products, such as biofertilizers or biopesticides is an integral part of organic 

farming. The application of nature soil additives or foliar spraying, the microorganisms present, the 
properties of the soil, and environmental conditions are key factors that can influence the populations 
of soil-borne plant pathogens or pest, insects and the crop to be protected. Using organic additives, 
antagonistic microorganisms and phytochemicals in controlling pests and soil borne diseases offers an 
alternate strategy to the prevalent use of synthetic pesticides (Shafique et al., 2016).  

As obtained from the results of this study, applying the natural soil additives or foliar natural 
products in addition to their interactions led to significant increase in all studied Roselle growth 
characters, yield and its attributes in addition to enhance its chemical composition similar to what 
reported by Javaid and Mahmood (2010). Moreover, the plants resistant to wilt disease were also 
encouraged in addition to increase reduction of infestation of mealy bug, leafminer insects. 

Natural soil additions such as chicken manure, EM bokashi and kaolin sand contribute to 
increase the plant growth, yield, chemical parameters and rhizospheric microbial population of 

Control

Control



Int. J. Environ., 6 (4):  139-162, 2017 
ISSN: 2077-4508 

158 

Roselle, as well as reduce wilt disease incidence or the infestation of mealy bug and leafminer insects. 
Natural soil additives are improving the soil physical, chemical and biological properties therefore, 
enhance water and plant relationships, thus plant growth and metabolism (Javaid & Mahmood, 2010). 
Chicken manure led to increase in Roselle growth characters and productivity (Gad 2011, Diovany et 
al. 2012 and Ahmed 2013). EM bokashi fertilizer  led to enhance healthy growth of crops and  
suppress soil borne pathogens significantly (Abd EL-Ati and EL-Hadidy, 2013 and Shin et al., 2017). 
In  addition Teguh et al. (2016) reported that,  soil chemical properties can be improved (by releasing 
organic nutrients include sugars, organic acids, amino acids, nucleic acids, vitamins, enzymes of 
varied types, plant hormones, etc. to encourage the nutrients uptake by plants. Organic nutrients are 
generated in the soil through the digestion process of organic materials by microorganisms that 
demonstrate antagonistic behavior towards pathogenic microorganisms (Javaid & Mahmood, 2010).  

Moreover, organic manures contain nitrogen, phosphorus, potassium and many other essential 
nutrients so it enhances retention of nutrients, consequently promotes growth of beneficial organisms 
that helps plants to resist soil borne diseases, thus plant growth and productivity (Ross, 2008). Also, 
changes can occur in the aeration and the water holding capacity of soil in response to organic 
decomposition, (Heredia Zárate et al., 2003), favoring the growth and development of plants. Also, 
the positive effect of applying organic additions may have been caused not only by the increased 
nutrient supply but also by raising the soil humidity and capacity to exchange cations, which 
consequently improved the use of the nutrients already present in the soil (Anikwe et al., 2015). 

In the present study, it was reported that, all the growth characters, yield of sepals /fed and 
chemical constituents increased by spraying plants with natural products such as ALKANZ 2000, 
Tracer, Supper Nano or EM1 in comparison with control treatment (without spraying). Moreover, all 
foliar spraying treatments except kaolin contribute to reduce wilt incidence and severity significantly; 
the best effective treatment was EM1. Inoculation of EM cultures to plant ecosystem can improve 
plant health, growth, yield, and quality of crops, this result agreement with Abdel-Ati (2014) on wheat 
and Abdel-Ati (2017) on faba bean. Moreover, EM application led to suppress soil borne pathogens 
(Abdel-Ati and Elhadidy 2013) and induce plant resistance (Elhadidy and Abdel-Ati 2014). These 
results may be due to the content of EM1 which consists of lactic acid bacteria, yeasts, photosynthetic 
bacteria, actinomycetes and other types of organisms such as mycorrhizae which are mutually 
compatible with one another and coexist in based molasses liquid culture. These bacteria synthesize 
amino acids, nucleic acids, bioactive substances and sugars, substances from secretions of roots, 
organic matter (carbon) by using sunlight and the heat of soil as sources of energy. They can use the 
energy from infrared band of solar radiation from 700 nm to 1200nm to produce the organic matter, 
while plants cannot, so the efficiency of the plants is increased. These metabolites are absorbed into 
plants directly and also act as substrates for bacteria increasing the biodiversity of the micro flora 
(Higa and Parr, 1994).  

However, data cleared that Tracer, kaolin (Super Nano) and ALKANZ 2000 as foliar spraying 
reduced the infestation of leafminer and mealy bug insects beside to increase Roselle plant growth 
characters and yield, these results are in harmony by using plant extracts on Roselle foliage (Olaniran 
et al. (2013) or foliar spraying of squash with kaolin (Ibrahim and Selim 2010).Glenn et al. (1999) 
showed that kaolin gave immediate reduction in adults of pear psylla numbers 1 day after application.. 
Foliar spraying with kaolin (Super Nano) led to form a layer on the foliage surface, which in turn 
decreased transpiration rate, and hence led to keep more water in plant tissues that would reflect 
favorable effect on plant metabolism, photosynthetic rate and increased outward transportation of 
photosynthesis from the foliage to the fruits (Cantore et al., 2009).Kaolin (Super Nano) has no 
environmental toxicity; due to white coating from kaolin sprays the need of further treatments is 
easily detectable by the growers watching the fruits in the field (Ali 2016). Infestations suppressed on 
a plant coated with a hydrophobic particle film barrier by making the plant visually or tactually 
unrecognizable as a host. Insect movement, feeding and other physical activities can be severely 
impaired by the attachment of particles to the arthropods body as they crawl upon the film (Gleen et 
al. 1999). Furthermore, the positive effect of the Tracer (Naturates Spinosad) may be due to the 
metabolites of the naturally occurring bacteria, Saccharopolyspora spinosa that containing a mixture 
of Spinosyn A and Spinosyn D (Ali 2016 & 2017). This results was agreement with El-Zoghby 2017 
who show the effect of the different Azadiractin and Spinetoram examined materials on the 
population density of the cotton aphid, Aphis gossypii, infesting Roselle leaves. 
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The interaction between chicken manure as soil addition and EM1 as foliar spraying was the 
superior treatment followed by the interaction treatment between EM bokashi and EM1 to enhance all 
the growth characters, yield of sepals /fed and chemical constituents. However, the combination of 
EM bokashi and EM1 has highest decrease in wilt incidence and severity. Moreover, the interaction of 
EM bokashi with Tracer or ALKANZ 2000 gave highly reduction percentage of leafminer insects 
infestation, however, the combination of EM bokashi with ALKANZ 2000 or Super Nano were the 
superior effect against mealy bug insects. These results may be due to the interacting between organic 
additions and spraying with natural products and its components as mentioned before which reflected 
in increase the plant resistant towards wilt disease and insects then on growth and yield parameters. 
Moreover, the interaction of EM bokashi with Tracer or ALKANZ 2000 gave highly reduction 
percentage of leafminer insects infestation, however, the combination of EM bokashi with ALKANZ 
2000 or Super Nano were the superior effect against mealy bug insects. The effectiveness of 
ALKANZ 2000 formulation prior to a highly reduction infestation both leafminer and mealybug 
insects as foliar spraying  or interaction with EM bokashi as soil additions due to ALKANZ 2000 
consists of many plant extracts. This data was agreement with Olaniran et al .(2013) who said that the 
plant extracts of Tephrosia vogelii and Azardirachta indica A. Juss. (L) were effective in the control 
of Podagrica species and Zonocerus variegatus studied insects compared to untreated plants (control) 
on Roselle plants. These results agree with Dent (1999), who showed that Roselle insects are 
notorious for leaves defoliation resulting in reduction of photosynthetic ability of the infested plants 
which invariably affect the plant growth. 

 
Conclusion 
 

Biotic stress  is one of the challenges that face the universal agricultural production, yet, soil 
borne diseases and insect pests respectively will remain the most serious ones, particularly when 
integrated together to challenge the plant growth and productivity. Wilt disease and insect pests such 
as leafminer and mealybug were integrated together to challenge the Roselle growth and productivity 
under Siwa oasis conditions of Marsa Matrouh- Egypt. Under these conditions ensuring natural 
additives supply to the infested soil with wilt pathogens will remain the first key issue to mitigate the 
disease infection consequences. Foliar spraying with natural products will deliver the second issue to 
mitigate pest insects' bad consequences within several effective modes of actions. However, when 
wilt disease and pest insects are untied to challenge the plant together, the integration between 
Chicken manure & EM1, EM. Bokashi & EM1 or EM bokashi with Tracer or ALKANZ will be the 
most effective ecofriendly strategy to overcome these dramatic conditions to conserve the 
environment and produce an appreciated yield.  Generally, it can be recommended that the addition of 
chicken manure with EM1 as a foliar application led to increase the productivity and chemical 
constituents of Roselle plants under Swia Oasis conditions.    
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	ABSTRACT 
	Two field experiments were conducted at Siwa Oasis, Marsa Matruh Governorate during two successive summer seasons of 2015 and 2016 to study the effect of soil additions or foliar spraying treatments and their interaction on growth, yield, active constituents, disease and insect pests reduction of Roselle plant. Soil additive treatments were chicken manure at 10 m3/Fed., EM bokashi at 10 m3/Fed and kaolin sand at 2 ton/Fed. While foliar spraying treatments were Super Nano, Tracer 24% Sc, ALKANZ 2000 and EM1. Higher significant observations related in growth, yield, active constituents were obtained from chicken manure followed by EM bokashi and kaolin sand, respectively. However, EM bokashi followed by chicken manure and kaolin sand, respectively showed higher significant observations related in reducing wilt disease incidence and severity or insect pests infestation as well as increase microbial total counts of Roselle rhizosphere. Foliar spraying with natural product led to increase all the measured parameters. EM1 was the most effective significantly to encourage plant growth, yield and chemical constituents in addition to contribute to reduce wilt disease incidence and severity. On the other hand, Tracer had a superior effect in this respect followed by Super Nano, ALKANZ 2000 and EM1, respectively against leaf miner insects. The Roselle plants treated as foliar spraying with ALKANZ 2000 and Super Nano formulations exhibited a highly decrease of mealy bug population. The tracer and EM1 reduced the infestations in moderate effect. EM1 was the lowest effective significantly for reduction of infestation of mealy bug and leafminer insects. Treatments with both soil additive and spraying indicated that chicken manure and EM1 was the superior treatment followed by EM bokashi and EM1 to enhance all the growth characters, yield of sepals /fed and chemical constituents. Since treatment with EM bokashi and EM1 gave the highest decrease in wilt incidence and severity. Moreover, the interaction of EM bokashi with Tracer or ALKANZ 2000 gave highly reduction percentage of leafminer insects infestation, also, the combination of EM bokashi with ALKANZ 2000 or Super Nano were the superior effect against mealy bug insects. 



