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Abstract 

The avicidal repellent effects of camphor plant 

leaves and green algal extracts were studied under 

laboratory conditions, crude plant and algal extract when 

solved by ethanol and hexane. For the free and one-choice 

feeding test, the ethanol and hexane extracts were coated 

with sorghum seeds to introduce them as bait to target birds 

in different concentrations and were tested to clarify their 

repellent activity against house sparrow bird Passer 

domesticus niloticus (Passeriformes: Passeridae). The 

results proved that ethanol extract was more effective than 

hexane. The assessment of phytochemicals of camphor 

extract indicated that sterol and triterpenes, phenols, 

anthraquinone, saponin flavonoid, alkaloid carbohydrates, 

and glycosides were found in high amounts, and they may 

be responsible for the avicidal repellent effect observed in 

the present study. Therefore, camphor could be used as 

an avicide repellent more than algal extract. 
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Introduction 

Agronomic crops provide food, 

feed grain, oil, and fiber for domestic 

consumption and are a major 

component of U.S. export trade. Crop 

damage caused by birds, particularly 

cereal grains, is a serious problem 

worldwide. In African countries, like 

Egypt, with a limited cultivated area, 

food insufficiency is the major problem 

that faces the overgrowing human 

population. The Egyptian government 

started to find a solution to this problem 

by reclaiming desert areas. Recently in 

Egypt, the house sparrow, passer 

domestics niloticus, and crested lark, 

Galerida cristata, are considered the 

most economic vertebrate pests in 

agricultural land, particularly in the 

newly reclaimed areas. Currently, these 

pests are mostly controlled chemically 

by using  insecticides and synthetic 

avicides such as repellent compounds 

such as Methiocarb (Rachana and 

Mukesh, 2020 El-Deeb, 1990 and 

Khidr, 2001). The house sparrow bird 

Passer domesticus niloticus 

(Passeriformes: Passeridae) is 

considered to be one of the most 

important agricultural pests in 

cultivated areas. Bird damage to cereal 

crops represents economic losses of 5-

10% of production, Omar (2019). Birds 

consume many crops, especially cereal 
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grains such as wheat and sorghum (El-

Deeb, 1991) reported that birds damage 

the ripening stages of wheat and 

sorghum. However, bird control is more 

difficult because many birds are 

protected by international laws. Bird-

repellent methods are safe for the 

environment because they are based on 

the physical and chemical sense of 

target pests. The work aims to introduce 

some suitable, economical, and safe 

techniques to control house sparrow P. 

domesticus niloticus bird.

. 
Materials and methods  

Tested species: 

English name: Camphor  

Latin name: Eucalptus glbulus 

Family name: Myrtaceae 

 Part tested: Leaves  

 Source: Giza                                                           
Camphor leaves 

English name:    Sea lettuce   

Latin name: Ulva Lactuca 

Family name:  Ulvaceae 

Division: Chlorophyta 

Source:  Abouquri in Alexandria                                                     

Green algae 

1. Preparation of camphor leaf plant 

extract:  

The activity of the extract 

depends on the solvent used and the 

parts of the plant (Muhamad et al., 

2019). The tested plants were extracted 

according to Freedman et al. (1979) 

with minor modifications. Leaves of the 

camphor plant were dried at room 

temperature, and then ground into 

powder; afterward, 150 grams of the 

powder were extracted three times 

successively with two solvents varied in 

their polarity.  Hexane and ethanol. The 

ground plant parts were macerated, and 

the homogenate was allowed to stand 

for 72 hrs. The extracts were filtered 

through anhydrous sodium sulphate, 

and then the filtrates were combined 

and rotary evaporated at temperatures 

50 °C maximum. The crude extracts 

were weighed and kept in a deep freezer 

until use.  

2. Preparation of algal extract:

   

The tested macroalgae was 

extracted according to Michalak and 

Chojnacka (2014) as follows: One 

hundred and fifty grams of air-dried 

samples were extracted with ethanol 

and hexane. It dried well, grounded into 

powder, then extracted three times 

successively with the two solvents, 

hexane and ethanol. The solvent was 

removed by a rotary evaporator, and 

the residue was dried, weighed, and 

kept in a deep freezer until use. 

3. The bird species: 

Acclimatization and adaptation 

procedure  

Laboratory trials were 

conducted against the house sparrow 

bird passer domesticus niloticus. Birds 

were trapped by “Paratrap,” adapted 

from the MAC trap. Birds were 

transferred directly from the aviary (2.4 

x 2.4 x 3.6) to the laboratory. All birds 

had access to water, grit, and whole 

grain sorghum. Birds were housed in a 

communal wire mesh hiding cage (53 x 

25 x 36 cm) with no more than two 
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birds/cage for two weeks at room 

temperature before testing and allowed 

free access to the same diet and water 

for acclimatization (Koehler et al., 

1987). 

4. Repellency studies 

4.1. Repellency of Eucalptus glbulus 

leaves and Ulva lactuca extracts to 

house sparrow Passer domesticus 

niloticus: 

4.1.1. The non-choice method under 

laboratory conditions:  

The non-choice method 

described by Bullard and Shumake 

(1979), modified by Shefte et al. 

(1982), and by El-Danasory and 

Abouamer (2012) was adopted. These 

methods are based on the original 

method of Starr et al. (1964) and 

Schafer and Brunton (1971). Five 

individually caged birds were used for 

each of the crude extractions of 

extract. Each bird was offered 120 

grains untreated, and the consumed diet 

was assessed daily. Then the same 

pretested birds were offered 120 grains 

of coated sorghum with one of 

the tested extracts for another four 

successive days. The consumed diet 

was calculated daily during the 

pretreatment and post-treatment 

periods. Khidr and Abo-Hashem 

(2019). The repellency potential was 

calculated by using the following 

equation according to Mason et al. 

(1989). 
                                          Averaged consumed treated grains 

% acceptance= --------------------------------------------------------------------------------            x100                            
                       Averaged consumed treated grains+ Averaged consumed untreated  

                    
Birds with food acceptance less than 

40% are considered repelled. 

4.1.2. Free-choice method: 

L. l the two-choice method test 

described by Russell et al. (1989) was 

followed. Five birds were individually 

caged and used for one crude of the 

tested camphor Leaves plant and 

green algae extracts.120 grains from 

treated and untreated sorghum grains 

were separately exposed to each bird 

daily in two small Petri dishes for four 

successive days. The position of the 

two dishes was alternated and 

changed daily to prevent any bias to 

location. Consumed treated and 

untreated sorghum grains were 

recorded every day. The repellency 

potential was calculated according to 

the previous equation. 

5. R50 determination: 

R50 value means that 50% of 

the population of birds consumed less 

than half of the offered treat food. 

Laboratory trials were conducted to 

determine R50 for extracts that 

were found to have a repellent effect 

on birds, such as camphor and green 

algae extract. R50 values are calculated 

for four tested extracts using the 

Engeman et al. (1989) method. Five 

caged birds of the house sparrow, p. 

domestics, were used individually 

using untreated sorghum grains for 

successive four days for 

acclimatization, then offered treated 

grains with the extract to each one for 

24 hrs. Birds that consume less than 

50% are considered repellent. The 

percentage of consumed food by 

repelled birds that had treated grains 

was determined. Estimated R50 values 

were determined according to Weil 

(1952), Gabr (2005), and Khidr and 

Abo-Hashem (2019). 

6. Toxicity study: 

6.1. LD50 determination:  

LD50 values were calculated 

according to Thompson and Weil 

(1952). The term LD50 refers to the 

estimation of the amount of poison 

that, under control conditions, will be 

a lethal dose to 50% of large, tested 

birds of a particular species; it is 
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expressed in milligrams of substance 

being tested per kilogram of animal 

body weight (mg/kg). Laboratory 

trials and serial doses of each tested 

extract were done to determine LD50 

values which showed a repellent 

effect on house sparrows. P. 

domesticus niloticus  camphor and 

Ulva extracts the bird was exposed to 

a dose 0.5% of its weight, then 

individually caged, then provided 

with water and food, and observed for 

6 hrs. to observe the sign of toxicity 

and 24 hrs. for mortality.  

6.2. Bioactive component screening 

of the camphor and green algal 

extracts: 

The studied camphor L. and 

green algae were extracted for 

phytochemical analyses and showed 

the following 

constituents:Carbohydrates test and 

glycosides according to Karawya and 

Abd El-Wahab (1975); Velavan. 

(2015) and Ramalingam et al. (2021), 

phenolic glycosides and 

anthraquinone tests according to 

Balbaa (1981). Cardic glycosides 

according to Baljet et al. (1918) 

and saponin glycosides according to 

Wall et al. (1964).    

Sterol and triterpenes test: 

Sterol and triterpenes were 

determined. Tannin was estimated by 

Clause (1961). Flavonoids were 

estimated by Venkatarmann (1962) 

Alkaloid was estimated according to 

Romo (1966). 

Results and discussion 

1. Repellency screening test:  

The effects of camphor leaves 

and green algal extracts as house 

sparrow bird repellents were 

determined under laboratory 

conditions using one and two-choice 

feeding methods. They were extracted 

with hexane and ethanol solvents. 

-Extracts repellency using one and 

two-choice methods:  

Data in Table (1) and Figure 

(1) show the repellency potential of 

camphor and green algae extracts to 

the house sparrow, P. domesticus, 

using the one-choice method. Using 

hexane and ethanol extracts of each 

revealed that camphor leaves have 

repellent effects more than algal 

extract. The sorghum seeds treated 

with camphor extract were accepted 

by the bird at 7.1 with 37% acceptance 

in the case of hexane and ethanol 

extracts, respectively. The algal 

extracts showed a repellent effect 

against the house sparrow, P. 

domesticus birds, with 48.1 and 

47.50% acceptance in the case of 

hexane and ethanol extracts, 

respectively. The same trend was 

observed when these extracts were 

tested using a two-choice feeding 

method. Repellent compounds that, 

when added to a food source, act 

through the taste system to produce a 

marked decrease in the utilization of 

that food by the target species, Roger 

(1985) separated repellents into two 

classes primary, where the animai 

reacts to the taste of the repellent 

alone, and secondary (conditional 

aversion), where the animal uses the 

taste of the repellent as a cue later 

adverse effect. Many investigators 

have reported the phenomenon of 

repellency action of some tested 

compounds against bird species 

(Rachana and Mukesh, 2020). Finally, 

it is needless to say that natural 

repellents are preferred over synthetic 

ones for their safety, selectivity, 

degradability, applicability, and cost-

effectiveness. They were repelled 

from feeding on a crop without killing 

them. This bird-repellent technology 

is very simple and easy to transfer to 

farmers. However, the physiological 

  Adawy et al., 2024   



366 
 

and biochemical mechanisms 

responsible for their repellency are 

still to be thoroughly investigated 

(Khidr and Abo-Hashem, 2019 and 

Khidr, 2006). 

Table (1): Repellency potential of camphor plant and green algal (Ulva lactuca) extracts against 

Passer domestics nilotticus under laboratory conditions using one-choice feeding methods. 

 Extracts Hexane extracts Ethanol extracts 

Daily average no. of 

consumed sorghum grains/ 

bird 

% 

Acceptance 

Daily average no. of 

consumed sorghum grains/ 

bird 

 

% 

Acceptance 

 

Pre-

treatment 

Treated Pre-treatment Treated 

Camphor 96.0 3.7 7.1 94.8 56.5 37.3 

green algal 

(Ulva 

lactuca)  

91.0 84.2 48.1 82.11 74.30 47.50 

 

 

 

 

 

 

 

 

Figure (1): Repellency potential of camphor plant and green algal (Ulva lactuca) extracts against 

Passer domestics nilotticus under laboratory conditions using one-choice feeding methods. 

Table (2) and Figure (2) 

illustrate the efficiency of 

the camphor plant and algal extracts 

using free choice feeding methods 

with hexane and ethanol. Hexane 

extract of camphor results in 9.8 and 

53.0%, respectively, while ethanol 

extract was 11.7 and 48.9%, 

respectively. 

 

Table (2): Repellency potential of camphor leaves and green algal extracts against house sparrow, 

Passer domesticuus nilotticus under laboratory conditions using free choice feeding methods.  

Extract  Hexane extracts Ethanol extracts 

Daily average no. of 

consumed sorghum grains/ 

Bird 

% 

Acceptance 

Daily average no. of 

consumed sorghum 

grains/ bird 

% 

Acceptance 

 

Untreated Treated Untreated Treated 

Camphor 82.3 9.0 9.8 80.5 10.7 11.7 

 Green algae 74.0 83.4 53.0 95.9 91.8 48.9 
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Figure (2): Repellency potential of camphor leaves and green algal extracts against house sparrow 

Passer domesticuus nilotticus under laboratory conditions using free choice feeding methods.  

2. R50 and LD50 determination for 

camphor and green algae extracts: 

From studying, it is obvious that 

both extracts have a repellent effect 

against house sparrows, while camphor 

plant extract is more repellent than Ulva 

lactuca therefore, R50 and LD50 were 

determined. 

2.1. R50 determination: 

The data in Table (3) illustrates 

the camphor plant extract effect values; 

the results show the difference that 

hexane is greater than ethanol, and the 

R50 of ethanolic and hexanoic in 

camphor leaves are between 0.271 and 

0.128 mg/kg, respectively. While in the 

ethanolic green algae extract was 2.16 

mg/kg seeds. 
Table (3): Repellency of bioactive   camphor plant extracts to house sparrow Passer domestics 

niloticus R50 (mg/kg seed) and Lethal effect mg/kg.b.w   

Plant Solvent R50(mg/kg seed) LD50mg/kg.b.w  . 

Camphor leaves Ethanol 0.271 0.920 

Camphor leaves Hexane 0.128 1.260 

Ulva lactuca Ethanol 2.16 5.14 

Ulva lactuca Hexane - - 

2.2.  LD50 determination:  

The toxic effects represented as 

LD50 of bioactive plant extracts against 

house sparrows in Table (3). LD50 of 

camphor ethanol and hexane extract 

were 0.920 and 1.260 mg/kg b. wt., 

respectively, and the LD50 for ethanolic 

green algae extract was 5.14 mg/kg b. 

w. Laboratory trials and serial doses of 

each tested extract were done to 

determine LD50 values, which showed a 

repellent effect on the house sparrow, P. 

domesticus niloticus.  Camphor and 

Ulva extract the bird exposed to a dose 

0.5% of its weight, then individually 

caged, then provided with water and 

food, and observed for 6 hrs. to observe 

the sign of toxicity and 24 hrs. for 

mortality.  

3. Phytochemical screening for 

camphor plant and algal extracts: 

By testing the four camphor 

plants and green algae extracts, their 

phytochemical constituents were 

determined. The following constituents 

are present in Table (4) sterol and 

triterpene, phenolic glycosides, tannins, 

anthraquinone glycoside, saponin, 

flavonoid, cardic glycosides, alkaloid, 
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and carbohydrates and glycosides in the 

extracts.  

Data indicated that the 

following groups were detected in 

camphor, Sterol, and triterpenes, 

phenolic, anthraquinone, saponin 

flavonoid, alkaloid carbohydrates, and 

glycosides in high amounts in the 

ethanolic and hexanoic extract. While 

phenolic glycoside, cardic glycoside, 

and saponin are traces, and it is free of 

tannins, glycoside, and flavonoids. On 

the other hand, Ulva lactuca extract has 

sterol and triterpene, phenolic 

glycosides, carbohydrates, and 

glycosides. It is free of anthraquinone 

glycosides, saponin cardic glycosides, 

and alkaloids. This was pronounced 

with both camphor leaves and green 

algae, as well as both solvents used 

(Hexane and ethanol) for extraction. 

These data indicate that sterol and 

triterpenes, anthraquinone, flavonoids, 

alkaloids, and carbohydrate and 

glycoside may be responsible for 

bioactivity on the studied bird’s 

avicides. Numerous bioactive 

compounds were found in various 

extracts that were examined in this 

study. Based on these findings, 

variations in the toxicity and repellency 

of green algae and camphor plant 

extracts may result in different types 

and amounts of bioactive compounds in 

these extracts, which is consistent with 

Khidr (2001), Hadear (2019), Abo-

Hashem (2013), and Karuppannan et al. 

(2022). 
Table (4):  Phytochemical screening (Qualitive analyses) for camphor and green algae extracts. 

Phytochemical parameter Extract with hexane  Extract with ethanol 

Camphor L  Ulva extract 

with hexane  

Camphor L 

 

Ulva extract 

with ethanol  

Sterol and triterpene +++ ++ +++ + 

Phenolic glycosides ± + ± + 

Tannins ++ + ++ - 

Anthraquinone glycoside +++ - ++ + 

Saponin ± - +++ + 

Flavonoid ± + ± + 

Cardic glycosides ± - ± + 

Alkaloid +++ - +++ ++ 

Carbohydrates and 

glycosides  

+  ++  + ++ 

References 

Abo-Hashem, A.A.M. 

(2013(: Rodenticidal effect of 

Argel (Gomphocarpus sinaicus 

Boiss) leaves on the Norway rat 

(Albino), Rattus norvegicus, 

Berkenhout under laboratory 

conditions. Journal of Applied 

Sciences Research, 9(3): 1690-

1695. 

Balbaa, S. I. (1981): Medicinal plant 

Constituents. Manual Book.  

Baljet, H, (1918): Glycosides with 

digitalis effects. A new identity 

reaction. Pharmaceutisch 

weekblad. 1918;55: 457–463. 

Clause, E. P. (1961): Pharmacognosty. 

5th Ed., PP. 29 and 157. Henry 

Kyimpton, London. 

El-Danasory, M. A. M. and 

Abouamer, W.L. (2012): 

Agric. Zoology and 

Nematology Dept. Fac. Agric. 

Al- Azhar Univ. Plant 

Protection Dept. Fac. Agric. Al-

Azhar Univ. Food Preference 

and food consumption of house 

sparrow passer domesticus 

niloticus Nicoll and Bonhote 

under laboratory condition, 

(3)(11): 1137 - 1144, 2012.   

El-Deeb, H.I.H. (1990): Effect of 

certain compounds as bird 

Egypt. J. Plant Prot. Res. Inst. (2024), 7 (3):362-370                   

       



369 
 

repellent to protect field crops 

under different conditions. 

Zagazig J. Agric. Res., 17 (5B): 

1701-1707. 

El-Deeb, H.I.H. (1991): Bird damage 

to some ripening field crops, 

under different conditions in 

Egypt. Zagazig. J. A Agric., 

Res., 18 (3): 835 -481. 

Engeman, R.M.; Otis, D.L.; 

Bromaghin, J.F. and 

Dusenberry, W.E. (1989): On 

the use of the R50 in Vert. Pest 

Cont. and Manag. Materials. 

American Society for Testing 

and Materials. Philadelphia, 

6:13-18. 

Freedman, B.; Nowak, J. and 

Kwolek, W. F. (1979): A 

bioassay for plant derived pest 

control agent using the 

European com borer. J. Econ. 

Entomal., 72(4): 545- 554. Doi: 

10.1093/jee/72.4.541. 

Gabr, W.M. (2005): Testing the 

repellent effect of some 

pesticides against house 

sparrow for protecting field 

crops. Egypt. J. Agric. Res., 83 

(3): 1179-1189. DOI: 

10.21608/ejar.2005.247557 

Hadear, H.A. (2019): Ulva lactuca as 

a cheap and safe biopesticide in 

fields and its chemical 

composition (in vitro), Egyptian 

Journal of Aquatic Biology & 

Fisheries, 23(5): 415 – 428.  

Karawya, M. S. and Abd El-Wahab, 

S.M. (1975): Practical applied 

pharmacognosy notes for 

Fourth Year Pharmacy 

Students, Cairo Univ., p. 103. 

Karuppannan, S.; Balasubramani, 

G.; Archana, L.; Viji, M. and 

Maruthupandian, A. (2022): 

Bioactive compounds of marine 

red algae Portieria hornemannii 

and its bio control effects 

against Culex quinquefasciatus 

dengue vectors. Journal of 

Pharmaceutical Negative 

Results, 13, Special Issue 1. 

DOI:10.47750/pnr.2022.13. 

s01.137 

Khidr, F. K.   (2001): Comparative 

studies on avicides of certain 

birds. Ph.D. Thesis, Fac. Sci., 

Zagazig. University.           

Khidr, F. K.   (2006): Effectiveness of 

certain compounds as bird 

repellents against some birds J. 

Agric. Sci. Mansoura Un.,31(2): 

1023-1031. 

Khidr, F. K. and Abo-Hashem, 

A.A.M. (2019): Repellent 

effect of V. P. SCUD chemical 

compound on wild birds 

attacking wheat and broad bean 

under field conditions. Egypt J. 

of Appl. Sci., 34 (9): 20-29. 

DOI: 

10.21608/ejas.2019.105579 

Koehler, A. E., Johnson, R. J., 

Burnside, O. C, and Lowry, S. 

R. (1987): Evaluation of 

repellent seed treatments and 

effects on early com 

performance. Vertebrate Pest 

Control and Management 

Materials: 5th Volume, ASTM 

STP 974, S. A. Shumake and R. 

W. Bullard, Eds., American 

Society for Testing and 

Materials, Philadelphia, pp. 39-

51. 

Mason, J.R.; Avery, L. and Ots, D. l. 

(1989): Standard protocol for 

evaluation of repellent 

effectiveness with birds. Bird 

Section Res.No.20B, Denever 

Wild. Res., pp.1-20. 

Michalak, I. and Chojnacka, 

K. (2014): Algal extracts: 

Technology and 

advances. Engineering in Life 

Sciences, 14(6): 581-

591. https://doi.org/10.1002/els

c.201400139 

Muhamad, S. H. A.; On, S.; Sanusi, 

S. N. A.; Hashim, A. A.  and 

  Adawy et al., 2024   



370 
 

Addinna, Z. (2019): 

Antioxidant activity of 

Camphor leaves extract based 

on variation solvent. J. Phys.: 

Conf. Ser., 1349, 012102. DOI 

10.1088/1742-

6596/1349/1/012102 

Omar, M.M.  (2019): Studies on some 

harmful and beneficial bird 

species in newly reclaimed 

areas in Suhag Governorate. Al-

Azhar Journal of Agricultural 

Research, 44(2); 187-193. 

Rachana, S. and Mukesh, K. (2020): 

Study on ecology of house 

sparrow, Passer domesticus 

The Journal of American 

Science, pp.107-110. 
Doi:10.7537/marsjas180422.02

. 

Ramalingam, S. ; Philip, X. C. and 

Suriyakumari, K.V.P. (2021): 

Phytochemical Constituents of 

leaves of Moringa oleifera 

Grow in Cuddalore District, 

Tamil Nadu, India. SBV Journal 

of Basic Clinical and Applied 

Health Science, 3(4):164-167.  

DOI: 10.5005/jp-journals-

10082-02270    
Roger, W. B. (1985): Isolation and 

characterization of natural 

products that attract or repel 

wild vertebrates. 

Semiochemistry, Flowers and 

Pheromones by Walter Gruyter 

and Co., Berling, New 

York, printed in Germany. 

https://doi.org/10.1515/978311

0885040-006 

Romo, J. (1966): Isolation and 

identification of sterols and 

triterpenes. Trahedron, 22(14): 

1723-1728. 

Russell, J.M.; Michael, A.A. and 

Clark, L. (1989): Anthranilate 

repellency to starling. Chemical 

correlates and sensory 

perception. J. Wildl. Managm., 

53(1):55-64. 

DOI:10.2307/3801306 

Schafer, E.W. and Brunton, R.B. 

(1971):  Chemicals as bird 

repellents; two promising 

agents. J. Wildi. Manage., 

35:569-572. 
https://doi.org/10.2307/379971

7 

Shefte, N; Burggeres, R.L. and 

Schafer, E.W. Jr. (1982): 

Repellency and toxicity of three 

bird control chemicals to four 

species of African grain eating 

birds. J. Wild. Manage., 46:453-

457. DOI:10.2307/3808656 

Starr, R.I.; Besser, J.F. and Brunton, 

R.B. (1964): A laboratory 

method for evaluating chemical 

as bird repellent. J. Agr. Food. 

Chem.,12:243-344. 
https://doi.org/10.1021/jf60134

a011 

Thompson, W.R. and Weil, C. S. 

(1952): On the construction of 

tables for moving average. 

Interpolation. Biometrits, 8:51. 

DOI:10.2307/3001525 

Velavan, S. (2015): Phytochemical 

Techniques - A Review World 

Journal of Science and 

Research, 1(2): 80-91.  

Venkataraman, K. (1962):  Methods for 

determining the structures of 

flavonoid compounds, p. 70–

106. In T. A. 

Geissman [ed.], The chemistry 

of flavonoid compounds. 

Macmillan, New York. 

Wall, M. E.; Khider, M. M.; Kemson, 

C. F.; Eddy, G. R.; Williams, 

J. J. and Gentry, H. S.  (1964): 

Organic constituents of higher 

plants. J. Pharm. Sci., 48: 1-5. 

Weil, C.S. (1952): Tables for 

convenient calculation of 

effective doses (LD50 or ED50) 

and instruction in their use. 

Biometrics, 8:249-263. 

 

Egypt. J. Plant Prot. Res. Inst. (2024), 7 (3):362-370                   

       

https://www.researchgate.net/scientific-contributions/Ramalingam-Sudha-2190140007?_sg%5B0%5D=QptVVBhv7rXLiLnrW6Ft0Uer1S1QL0ztmGBQ9_8c2SwSKfqvn9ul9s00TGSS0HUOJUP71lM.8nrnZueA6K7p1LB4cTwfgaJGwTFWvJcXL7OTUqFBqHTQ86v9Gs8rXkPs7rR29jJjVt55HaIzh2dXxLx-xz_hPg&_sg%5B1%5D=UR3-CvccMq58EZbVUtqBZep7LGItmngjEW8a32WHeyQYEuQO00Of7TBBfy2gekJJlJi7820.uB0zqkmjUfZ1-8ZewdMcPERUoQ82NExFstzjzJ4iD_bkldCRNByn_kx1y8X_m8nqpTYzmqsKVW1CLZmqbNxeUw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Xavier-Chandra-Philip-2190160654?_sg%5B0%5D=QptVVBhv7rXLiLnrW6Ft0Uer1S1QL0ztmGBQ9_8c2SwSKfqvn9ul9s00TGSS0HUOJUP71lM.8nrnZueA6K7p1LB4cTwfgaJGwTFWvJcXL7OTUqFBqHTQ86v9Gs8rXkPs7rR29jJjVt55HaIzh2dXxLx-xz_hPg&_sg%5B1%5D=UR3-CvccMq58EZbVUtqBZep7LGItmngjEW8a32WHeyQYEuQO00Of7TBBfy2gekJJlJi7820.uB0zqkmjUfZ1-8ZewdMcPERUoQ82NExFstzjzJ4iD_bkldCRNByn_kx1y8X_m8nqpTYzmqsKVW1CLZmqbNxeUw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/KVP-Suriyakumari-2190153572?_sg%5B0%5D=QptVVBhv7rXLiLnrW6Ft0Uer1S1QL0ztmGBQ9_8c2SwSKfqvn9ul9s00TGSS0HUOJUP71lM.8nrnZueA6K7p1LB4cTwfgaJGwTFWvJcXL7OTUqFBqHTQ86v9Gs8rXkPs7rR29jJjVt55HaIzh2dXxLx-xz_hPg&_sg%5B1%5D=UR3-CvccMq58EZbVUtqBZep7LGItmngjEW8a32WHeyQYEuQO00Of7TBBfy2gekJJlJi7820.uB0zqkmjUfZ1-8ZewdMcPERUoQ82NExFstzjzJ4iD_bkldCRNByn_kx1y8X_m8nqpTYzmqsKVW1CLZmqbNxeUw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/KVP-Suriyakumari-2190153572?_sg%5B0%5D=QptVVBhv7rXLiLnrW6Ft0Uer1S1QL0ztmGBQ9_8c2SwSKfqvn9ul9s00TGSS0HUOJUP71lM.8nrnZueA6K7p1LB4cTwfgaJGwTFWvJcXL7OTUqFBqHTQ86v9Gs8rXkPs7rR29jJjVt55HaIzh2dXxLx-xz_hPg&_sg%5B1%5D=UR3-CvccMq58EZbVUtqBZep7LGItmngjEW8a32WHeyQYEuQO00Of7TBBfy2gekJJlJi7820.uB0zqkmjUfZ1-8ZewdMcPERUoQ82NExFstzjzJ4iD_bkldCRNByn_kx1y8X_m8nqpTYzmqsKVW1CLZmqbNxeUw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.5005/jp-journals-10082-02270
http://dx.doi.org/10.5005/jp-journals-10082-02270

