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Abstract: The impact of nitrogen fertilization on bean plants (Phaseolus vulgaris L.) and  T. urticae population
dynamics were investigated in the field at Khomein, Markazi Province, Iran, during 2008-2010. In this study, six
bean cultivars (Chiti beans: Khomein and Ks21189, Red beans: Akhtar and Ks31169 and White beans: Pak and
G11867), with five nitrogen levels (0, 11.5, 23, 46 and 69 kg ha  N as Urea 46% N), were evaluated in a factorial1

experiment based on randomized complete blocks design with four replications. Results of analysis of variance
for numbers of adult or immature stages of T. urticae showed that significant variations among nitrogen
treatments and among six bean cultivars, in each year. So, combined analysis showed that significant variations
were observed in year (Y), cultivar (C), nitrogen (N) and interaction between cultivar and nitrogen (C×N). The
results showed that 69 kg ha  N, was the most effective on numbers of adult or immature stages of T. urticae.1

This study indicated that increasing nitrogen level in the range of 0 to 69 kg ha  resulted in enhanced mite1

population on bean leaves in field. 
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INTRODUCTION economically important agricultural and ornamental

Common bean (Phaseolus vulgaris L.) is one of the horticultural crops, ornamentals and weeds. A two
most important crops in terms of both economy and spotted spider mite population can expand rapidly with up
nutrition and widely grown in different regions of in the to 40% per day [6]. The importance of this mite pest is not
world and commercially produced in Markazi, Lorestan, only due to direct damage to plants including defoliation,
Fars and Zanjan provinces of Iran. Based on reports by leaf burning and even in excessive outbreaks plant death
the Iranian Ministry of Agriculture in 2005, overall, this but also indirect damage to plants which decreases in
crop  is  grown  on more than 105000 ha annually in Iran photosynthesis and transpiration [7]. TSSM infests the
[1, 2]. underside of leaves, where profuse webbing may be

Various pests have negative effects on bean present but in severe infestation will occur on both leaf
production in Iran which among them web spinning spider surfaces as well as on the stems and fruits. T. urticae
mites are one of the most important and  destructive feeds on plant juices by using a piercing-sucking process
group of pests to agricultural crops worldwide. Two- and causes leaf yellowing as well as blistering and
spotted spider mite (TSSM), Tetranychus urticae Koch deformation of tissue. Because the chloroplasts in leaves
has been considered as a major pest in many bean- are gradually destroyed as the population of feeding mites
growing areas of Iran [3, 4]. TSSM was first described by increases, photosynthesis declines, stomata close and
Koch in 1836 [5]. T. urticae is an extremely polyphagous transpiration  decreases,  leading to reduced production
pest that has been reported from more than 900 host [7, 8]. Infestations are most serious in hot and dry
species and is described as a serious pest of at least 150 conditions. Because they multiply very fast they are able

plants, including many field and forage crops,
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to destroy plants within a short period of time. The rapid planted on 5 May 2008, 2009 and 2010 at this station. The
developmental rate, short generation time and high net plot size was 15 m  (3×5 m) with 2 m (four rows of bare
reproductive rate of T. urticae allows them to achieve soil) buffer areas between neighboring plots in the same
damaging population levels very quickly when growth block and each of the four blocks was separated by 3 m of
conditions are good, resulting in an equally rapid decline bare soil. Row spacing was 50 cm (six rows in each plot)
of host plant quality. [9-14]. and the bean seeds dipped 5 cm below the soil and seed

Dietary nitrogen and carbohydrates impact survival, spacing was 5 cm (100 seeds on each row). 
growth and reproduction of insects [15, 16]. Plant nitrogen
fertilization has been shown to modify the dietary Residual Soil Nitrogen: Prior to planting, five soil
nitrogen concentration of the plants for insects to affect samples (within 15 cm of top soil) across each
their population growth [17-19]. Numerous investigations experimental plot were analyzed to determine residual total
were made concerning the influence of the macronutrients nitrogen. Residual nitrogen in soil samples was
N, P and K on the dynamics of pests [20]. Fertilization determined as total Kjeldahl nitrogen and the analysis was
levels can also influence insect population dynamics and performed by the Analytical Laboratory of the Department
insect pest management strategies. High levels of of Soil and Water Research of Agriculture and Natural
fertilization may improve the nutritional quality of the Resources Research Center of Markazi Province, Iran,
plants for phytophagous insects [21]. The positive using the standard Kjeldahl procedure with sulfuric acid
influence of the level of fertilization on the performance of and digestion catalyst [30, 31]. 
insect pests is seen as a key factor in the generation of
pest outbreaks [17]. In greenhouse ornamental Nitrogen Treatments: In this study, six bean cultivars
production, fertilization and pesticide application remain with five nitrogen levels were evaluated in a factorial
as vital agronomic practices for producing high quality experiment based on randomized complete blocks design
and aesthetic crops. Chemical fertilizers elevate plant with four replications (30 treatments in 4 replications).
nitrate and amino acid levels [22] but inadvertently Treatments consisted of soil applications of 0, 11.5, 23, 46
increase the nutritional quality and attractiveness of and 69 kg Nha  (as Urea 46% N). The treatments
plants to phytophagous insects [21,23-25]. Higher levels represented sub-optimal, optimal and supra-optimal
of leaf nitrogen may enhance both growth and nitrogen fertility for bean in this field. Soil applications of
reproduction of herbivorous insects [26-28] and reduce nitrogen were performed in two stages. The first stage,
their susceptibility to some insecticides [29]. However, the 50% of each nitrogen concentration applied before
effect of nitrogen fertilization on plants and the related planting and the second stage, 50% applied in V3 stage
population growth of the pests are still poorly (third trifoliate leaf of bean vegetative stages [32]. All
understood. Most studies on the effect of fertilization on experimental plots were irrigated every 3 days after
pest populations have focused on aphids and on TSSM planting and no fertilizers, insecticides, miticides or any
interactions under field conditions have not been fully other chemicals were applied to control the pests during
investigated. The present study was initiated to determine the survey period.
if different levels of nitrogen fertilization to bean plants
grown in field increased two spotted spider mite numbers Two Spotted Spider Mite Population 
and spider web production. For this purpose, mites were Nitrogen Effect: Counting of population dynamics of T.
examined on bean in nutrient solutions with varying urticae were conducted separately for nitrogen treatments
amounts of nitrogen under controlled conditions. on six bean cultivars. Population densities of adult and

MATERIALS AND METHODS monitored on a weekly basis throughout the bean season

Experimental Plots: This study was conducted over 3 Random sampling of various stages of TSSM were
years (2008-2010) at Khomein Bean Research Station, initiated in sampling times and numbers were counted
Markazi Province, Iran (49°, 57´ longitude and 33°, 39´ from bean leaves in the laboratory. In order to random
latitude). This research was studied on six bean sampling, for each row in each plot was selected 2 bean
(Phaseolus vulgaris L.) cultivars including: Chiti beans plants and for each plant selected 3 leaves from upper,
(Khomein and Ks21189), Red beans (Akhtar and Ks31169) middle and lower portion, randomly. Hence, 36 leaves
and White beans (Pak and G11867). Bean cultivars were were collected for each plot.

2

1

immature stages of two spotted spider mite were

(The plant was attacked naturally by TSSM). 
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Numbers of adult and immature stages of two spotted Two Spotted Spider Mite Population 
spider mite on the underside of each leaf were counted
using a stereo-binocular microscope in the laboratory. All
stages of mite, viz. larva, nymph and adult were
considered for counting. Different stages were recorded
separately. For this purpose, the leaf disc was used. Each
leaf disc was 4 cm of bean leaf center that this unit2

separated by plastic padding 2 cm×2 cm. 

Climatic Effect: To effecting of climatic factors on
population density of two spotted spider mite,
temperature, moisture, rainfall and solar radiation data
were obtained from the Khomein Meteorological Station,
2500 m south east of the research fields at Khomein and
were compared with population dynamics of T. urticae on
six bean cultivars.

Statistical Analysis: Data on different stages of two
spotted spider mite and nitrogen effect on TSSM
population on six bean cultivars were analyzed with two-
way randomized complete block general linear models
(GLM) in SAS System Software V6.12 (SAS
Institute,2003). Means comparison was performed with
the Duncan’s multiple range test (P<0.05) in each year.
Also, the combined analysis for means comparison in
three years was used in SAS System. 

RESULTS

Residual Total Nitrogen in Soil: Total soil nitrogen in all
experimental plots, prior to nitrogen treatments, was
consistent with a mean level of nitrogen around 0.04%
(P<0.05). Hence, no significant variations were observed
among soil nitrogen in all experimental plots.

Nitrogen Effect: There was indicated a positive response
between nitrogen treatments and numbers of adult or
immature stages of two spotted spider mite on most
sampling dates, during peak population growth. Analysis
of variance for numbers of adult or immature stages (Table
1) of two spotted spider mite was showed that significant
variations (P< 0.05) were observed both among nitrogen
treatments and among six bean cultivars, in each year
(during 2008- 2010). 

So, combined analysis for three years are shown in
Table 2. These analysis were showed that significant
variations (P< 0.05) were observed in year (Y), cultivar (C),
nitrogen (N) and interaction between cultivar and nitrogen
(C×N), but no significant variations were observed in
other interactions (C×Y, N×Y and C×N×Y). 

The results showed that 69 kg kgNha  (150 kg ha1 1

Urea 46% N) was the most effective on numbers of adult
or immature stages of two spotted spider mite (Fig. 1 in
2008, the results in 2009 and 2010 were similar). This study
indicated that increasing nitrogen level in the range of 0
to 69 kg ha  resulted in enhanced mite population on1

bean leaves in field. 
So, the most numbers of adult or immature stages of

two spotted spider mite were on Red bean Akhtar. Hence,
the Red bean Akhtar had the most susceptible to TSSM
among six bean cultivars. Our findings revealed that
White beans (Pak and G11867) were less suitable
cultivars, suggesting that they are more resistant to the
TSSM than the other cultivars.

On Red bean Akhtar, populations of T. urticae began
to increase in 15 July and decrease after 7 September. At
the highest rate of nitrogen (69 kg ha ), average adult or1

immature numbers were 50% greater on 7 September
compared to the control (0 kg ha ) (Fig. 2). 1

Fig. 1: T. urticae population in various nitrogen levels on six bean cultivars in 2008. 
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Fig. 2: T. urticae population in various nitrogen levels on Red Bean Akhtar in 2008. 

Fig.3:  Population fluctuation of T. urticae on six bean cultivars in 2008.

Climatic Effect: Interaction between T. urticae population Finally results were showed that infestations by
and environmental temperature are given in Fig.3. The TSSM populations are most serious in hot and dry
results of this study were showed that a positive conditions, hence, temperature is an important climatic
response was between environmental temperature and factors on T. urticae populations. The best climatic
numbers of adult or immature stages of two spotted spider temperature for TSSM populations are 25-30°C that mite
mite on sampling dates, during mite population growth. populations can expand rapidly.
Environmental temperature is the most important factor
that effect on population dynamic of two spotted spider DISCUSSION
mite.

TSSM population was appeared on weeds Our studies demonstrated that nitrogen fertilizer
(Convolvulus arvensis L., Althaea officinalis L. and treatments resulted in significantly increased densities of
Malva neglecta Wallr) in 15 April (12°C) and was both adult and immature T. urticae on six bean cultivars
transferred on bean in 12 June (19.5°C). TSSM population in the field (Figs 1 and 2; Tables 1 and 2). This study
was developed and peak population growth was in 24 indicated that increasing nitrogen level in the range of 0
August to 2 September (29-30°C). Mite populations began to 69 kg ha  resulted in enhanced mite population on
to decrease after 7 September to bean harvest. After bean bean leaves in field. These results are consistent with
harvest, mite populations were transferred on weeds and findings of other authors for various mites and insects on
soil. Hence, T. urticae transfer in soil for survive and different hosts treated by nitrogen fertilization
diapause. [18,19,21,34-36].

1



Am-Euras. J. Agric. & Environ. Sci., 11 (4): 568-576, 2011

572

Table 1: Analysis of variance for T. urticae adult and immature stages in various nitrogen levels on six bean cultivars in 2008.

Mean Square
Source of --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variation df 17-Jun 23-Jun 30-Jun 07-Jul 14-Jul 21-Jul 28-Jul 04-Aug 11-Aug 18-Aug 24-Aug 31-Aug 07-Sep 14-Sep

Replication 3 0.001 0.026 0.046 0.042 0.019 0.055 0.154 0.402 0.565 0.143 0.622 0.524 0.521 0.503ns ns ns ns ns * ** ** ** ns ** ** ** **

Cultivar (C) 5 0.035 0.358 1.397 2.297 6.083 10.215 13.843 14.594 18.729 21.707 29.004 36.947 37.823 42.299** ** ** ** ** ** ** ** ** ** ** ** ** **

Nitrogen (N) 4 0.019 0.170 0.710 2.050 3.530 6.260 10.374 13.754 15.242 18.172 22.650 26.970 26.731 30.224* ** ** ** ** ** ** ** ** ** ** ** ** **

C × N 20 0.011 0.087 0.281 0.334 0.367 0.298 0.245 0.354 0.529 1.099 0.0831 0.516 0.373 0.585ns ** ** ** ** ** ** ** ** ns ** ** ** **

Error 87 0.007 0.016 0.262 0.319 0.015 0.020 0.290 0.035 0.039 0.791 0.053 0.105 0.094 0.086
C.V 18.40 12.95 16.21 17.86 12.40 14.27 17.17 18.80 19.99 18.94 12.31 12.24 13.07 12.93

df, degree of freedom; MS, mean of squares; ns, *, **, represent non-significant, significant difference at 5 and 1% level, respectively. 

Table 2: Combined of variance analysis for T. urticae adult and immature stages in various nitrogen levels on six bean cultivars during 2008- 2010.

Mean Square
S o u r c e of --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variation df 17-Jun 23-Jun 30-Jun 07-Jul 14-Jul 21-Jul 28-Jul 04-Aug 11-Aug 18-Aug 24-Aug 31-Aug 07-Sep 14-Sep

Year (Y) 2 0.00 0.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.63 0.31 0.50ns ns ** ** ** ** ** ** ** ** ** ** ** **

Error 9 0.01 0.02 0.04 0.04 0.01 0.05 0.15 0.40 0.56 0.16 0.68 0.53 0.55 0.53
Cultivar (C) 5 0.10 1.07 4.19 6.89 18.25 30.64 41.52 55.78 74.18 127.73 136.90 160.17 174.70 188.77** ** ** ** ** ** ** ** ** ** ** ** ** **

0.10 0.07 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10 C × Yns ns ** ns ns ns ns ns ns ns ns ns ns ns

152.02 141.22 130.51 118.02 80.48 66.72 47.26 31.12 18.78 10.59 6.15 2.13 0.51 0.05 4 Nitrogen (N)** ** ** ** ** ** ** ** ** ** ** ** ** **

0.09 0.07 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8 N × Yns ns ** ns ns ns ns ns ns ns ns ns ns ns

1.73 1.12 1.75 1.76 3.31 1.58 1.06 0.73 0.89 1.10 1.03 0.84 0.26 0.03 20 C × N** ** ** ** ** ** ** ** ** ** ** ** ** **

0.07 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40 C × N×Yns ns ** ns ns ns ns ns ns ns ns ns ns ns

0.08 0.09 0.10 0.05 0.79 0.02 0.03 0.02 0.02 0.01 0.03 0.02 0.01 0.00 261 Error
14.31 14.09 14.85 13.92 17.04 14.48 14.82 14.01 14.71 14.58 17.25 16.95 11.99 18.28 C.V

df, degree of freedom; MS, mean of squares; ns, *, **, represent non-significant, significant difference at 5 and 1% level, respectively. 

Our findings showed that higher numbers of the adult and grown in nitrogen-deficient soil frequently demonstrates
immature two spotted spider mite resulted in significantly more severe spider mites injury than plants in adjacent
increasing spider webs production. The rate of change in plots receiving adequate or excessive nitrogen. Various
abundance of T. urticae was increased with increasing studies using living plants, such as those of Storms [49]
fertilization levels from 0 to 100% of the standard level in with apple and Rodriguez et al., [50] with strawberry,
the bean field studies. A similar relationship between indicated that mite populations respond to higher foliar
TSSM densities on bean and spider webs production was nitrogen, typically by increasing fecundity. In leaf disk
reported by Guldemond et al. [37]. studies, Wermelinger et al., [51] reported a similar

Spider mites were reared individually on leaf discs of response with T. urticae.
apple trees fertilized with three different N levels. The Our results on the beneficial effect of nitrogen on
correlation between sex-ratio and respective leaf N bean mite density agree with results of Cadena and
contents proved significant. In a range of 1.8-3.0 % N, sex- Cothren [52] and Bondada et al. [53]. Many other features
ratio increased from 0.64 to 0.76. A relationship between of a plant’s physiology such as quality and quantity of
increasing fecundity and higher sex-ratio was found. amino acids [54] and carbohydrate amino acid ratio [55]
Mortality was not affected [38]. Nitrogen is frequently are known to be correlated with mite population
considered as a limiting resource for insects [39, 40]. Leaf development. It has been suggested that interactions
nitrogen content is generally accepted as an indicator of among multiple nutrients be considered in efforts to
food quality [41] and as a factor affecting host selection explain variation in herbivore responses to plant nutrients
by phytophagous insects [39,40,42]. Chemical fertilizers [56]. The strong influence of nitrogen treatments on
are able to modify the nutritive value of plants for cotton carbohydrate metabolism is shown by the
phytophagous insects and affect their establishment and significant effect of enhanced foliar photosynthetic rates
population growth [17,18,23,24,43-46]. and stomatal conductance and the altered concentrations

Putnam [47] and van de Vrie et al. [20] reported of glucose, fructose and sucrose in petioles [57]. Immature
association  between  leaf  nitrogen  level and fecundity developmental time of Tetranychus pacificus decreased
or rate of development of European red mite, Panonychus (P<0.05) as leaf nitrogen increased. There was also a
ulmi Koch on peach. Leigh [48] has observed that cotton significant  (P=0.05)  increase  in  adult  fecundity  as   leaf
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nitrogen increased. Neither adult longevity, immature 3. Khanjani, M., 2005. Field Crop Pest (Insects and
survivorship, nor oviposition duration appeared to be Mites) in Iran. Bu-Ali Sina University Press,
influenced by leaf nitrogen content [34]. Hamadan, Iran, pp: 258.

Many studies have demonstrated that the primary 4. Khanjani, M. and K. Haddad Irani-Nejad, 2006.
effect of N on crop production is via the formation of leaf Injurious mites of agricultural crops in Iran. Bu-Ali
area [58,39,60]. Many morphological and biochemical Sina University Press, Hamadan, Iran, pp: 526.
characteristics of plant are expected to alter due to 5. Mondal, M. and N. Ara, 2006. Biology and fecundity
varying N supply [61, 62]. The present results indicated of the two-spotted spider mite Tetranychus urticae
that shoot height and leaf area were significantly Koch (Acari: Tetranychidae) under laboratory
increased by nitrogen nutrition. Results indicated that condition. J. Life Earth Sci., 1(2): 43-47.
applied nitrogen had effect on seed bean yield, although 6. Shih, C.I.T., S.L. Poe and H.L. Cromroy, 1976.
vegetative bean growth was significantly increased. Biology, lifetable and intrinsic rate of increase of
Several factors may be involved. First, applied nitrogen Tetranychus  urticae.   Ann.   Entomol.   Soc.   Am.,
increased numbers of both adult and immature two 69: 362-364.
spotted spider mite (Figs 1 and 2). Large two spotted 7. Brandenburg, R.L. and G.G. Kennedy, 1987.
spider mite populations can ingest sufficient quantities of Ecological and agricultural consideration in the
cell plant sap to cause severe reductions in yield [63-65]. management of two-spotted spider mite
In summary, nitrogen applied on bean had effect on seed (Tetranychus urticae Koch). Agricultural Zoology
bean yield but resulted in increased TSSM numbers and Rev., 2: 185-236.
spider webs production. 8. Martinez-Ferrer, MT., J.A. Jacas, J.L. Piolles-Moles

There were significant (P<0.05) differences in TSSM and S. Aucejo-Romero, 2006. Approaches for
population developmental time in 3 years. These sampling the two spotted spider mite (Acari:
differences may have been caused by the higher Tetranychidae) on clementines in Spain. J. Econ.
temperatures that occurred during that year. This would Entomol., 99: 1490-1499.
support the observations of Mellors and Propts [66] that 9. Wermelinger,  B.,  J.J.  Oertli  and  J.  Baumgärtner,
larger T. urticue populations resulted from 2 to 4°C higher 1991. Environmental factors affecting the life-tables
minimum and maximum temperatures. Our mean daily of Tetranychus urticae (Acari: Tetranychidae) III.
min/max temperatures during 2008 were 14.9/29.5°C, Host-plant nutrition. Experimental & Applied Acarol.,
during 2009, 18.6/ 34.7°C and during 2010, 16.4/ 31.7°C. 12: 259-274.
Results indicated that the highest T. urticue populations 10. Wilson, L.J., 1994. Plant-quality effect on life-history
were between August and September that environmental parameters of the two-spotted spider mite (Acari:
temperature increased. So, the highest T. urticue Tetranychidae)  on  cotton.  J.  Economic  Entomol.,
populations were in 2009 because climatic conditions were 87: 1665-1673.
hot and dry in this year. Leigh [48], suggests that 11. Dicke, M., 2000. Chemical ecology of host-plant
nitrogen-deficient plant growth may result in lower selection by herbivorous arthropods: a multitrophic
humidity and higher temperatures within the plant canopy perspective.   Biochemistry  and  Systematic  Ecol.,
which are more favorable to spider mites. T. urticae may, 28: 601-617.
in particular, be favored by these conditions. In laboratory 12. James, D.G. and T.S. Price, 2002. Fecundity in two-
studies andres [67], found high temperatures more spotted spider mite (Acari: Tetranychidae) is
favorable to this species than to other spider mites. increased by direct and systemic exposure to

REFERENCES 13. Marcic, D., 2003. The effects of clofentezine on life-

1. Statistical Bulletin. 2005. Statistical bulletin of field Tetranychus urticae. Experimental and Applied
crops in Iran. Iranian Ministry of Agriculture. pp: Acarol., 30(4): 249-63.
185. 14. Skorupska, A., 2004. Resistance of apple cultivars to

2. Zhang, Z.Q. and R.J. Jacobson, 2000. Using adult spotted spider mite, Tetranychus urticae Koch
female morphological characters for differentiating (Acarina, Tetranychidae) Part II. Influence of leaf
Tetranychus urticae complex (Acari: Tetranychidae) pubescence of selected apple cultivars on fecundity
from greenhouse tomato crops in UK. Syst. & Appl. of two-spotted spider mite. J. Plant Protection Res.,
Acarol., 5: 69-76. 44(1): 69-74.

imidacloprid. J. Economic Entomol., 95(4): 729-732.

table parameters in two-spotted spider mite



Am-Euras. J. Agric. & Environ. Sci., 11 (4): 568-576, 2011

574

15. White, T.C.R., 1993. The Inadequate Environment: 26. Mattsson, B. and E. Wallen, 2003. Environmental life
Nitrogen and the Abundance of Animals. Springer,
Berlin.

16. Joern, A. and S.T. Behmer, 1997. Importance of
dietary nitrogen and carbohydrates to survival,
growth and reproduction in adults of the
grasshopper Ageneotettix deorum (Orthoptera:
Acrididae). Oecologia., 112: 201-208.

17. Jansson, J. and B. Ekbom, 2002. The effect of
different plant nutrient regimes on the aphid
Macrosiphum euphorbiae growing on petunia.
Entomol. Exp. Appl., 104: 109-116.

18. Jauset, A.M., M.J. Sarasua, J. Avilla and R. Albajes,
1998. The impact of nitrogen fertilization of tomato
on feeding site selection and oviposition by
Trialeurodes vaporariorum. Entomol. Exp. Appl.,
86(2): 175-182. 

19. Godfrey, L.D. and J.F. Leser, 1999. Cotton aphid
management status and needs In: P. Dugger & D.
Richer (eds), Proceedings of Beltwide Cotton
Research Conference. National Cotton Council of
America, Memphis, TN., pp: 37-40.

20. Van den Vrie, M., J.A. McMurtry and C.B. Huffaker,
1972. Ecology of Tetranychid mites and their natural
enemies: A review III. Biology, Ecology and Pest
Status and Host-Plant Relation of Tetranychids.
Hilgardia, 41: 343-432.

21. Bentz, J.A., J. Reeves, P. Barbosa and B. Francis,
1995. Effect of nitrogen fertilizer source and level on
ovipositional choice of poinsettia by Bemisia
argentifolii (Homoptera: Aleyrodidae). J. Economic
Entomol., 88: 1388-1392.

22. Mengel, K. and E.A. Kirkby, 2001. Principles of Plant
Nutrition, 5  Ed. Kluwer Academic Publishers,th

Boston, USA.
23. Van Emden, H.F., 1966. Studies on the relations of

insect and host plant, III. A. comparison of the
reproduction of Brevicoryne brassicae and Myzus
persicae (Hemiptera: Aphididae) on brussels sprout
plants supplied with different rates of nitrogen and
potassium. Entomol. Exp. Appl., 9: 444-460.

24. Minkenberg, O.P.J.M. and M.J.J. Fredrix, 1989.
Preference and performance of an herbivorous fly
Lyriomiza trifolii (Diptera:Agromyzidae) on tomato
plants differing in leaf nitrogen. Ann. Entomol. Soc.
Am., 82: 350-354.

25. Bentz, J.A. and H.G. Larew, 1992. Ovipositional
preference and nymphal performance of
Trialeurodes vaporariorum (Homoptera:
Aleyrodidae) on Dendranthema grandi?ora under
different  fertilizer  regimes.  J.  Economic  Entomol.,
85: 514-517.

cycle assessment (LCA) of organic potatoes. Acta
Horticult., 619: 427-435.

27. Larsson, S., 1989. Stressful times for the plant stress-
insect performance hypothesis. Oikos, 56: 277-283.

28. Waring, G.L. and N.S. Cobb, 1992. The Impact of
Plant Stress on Herbivore Population Dynamics.
Insect-Plant Interactions, Vol. IV. (ed. by EA
Bernays), pp: 167-226.

29. McKenzie, C.L., J.E. Slosser, W.E. Pinchak and B.
Cartwright, 1995. Effects of nitrogen on cotton aphid
susceptibility to different classes of insecticides.
Proceedings of the Beltwide Cotton Conferences,  4-
7  Jan.  1995,  San   Antonio,    TX., pp: 1003-1006.

30. Issac, R.A. and W.C. Johnson, 1976. Determination
of total nitrogen in plant tissue, using a block
digester. J. Association of  Of?cial  Analytical
Chemists, 59: 98-100.

31. Carlson, R.M., 1978. Automated separation and
conductimetric determination of ammonia and
dissolved carbon dioxide. Anal. Chem., 50: 1528-1531.

32. CIAT. 1994. Standard system for the evaluation of
bean germplasm. Centro Internacional de Agricultura
Tropical, CIAT, Cali Colombia. pp: 53.

33. SAS Institute 2003. JMP: a guide to statistical and
data analysis, version 6.12, Carey, NC. 

34. Wilson,    L.J.,   J.M.   Smilanick,   M.P.    Hoffman,
D.L. Flaherty and S.M. Ruiz, 1988. Leaf nitrogen and
position in relation to population parameters of
pacific spider mite, Tetranychus pacificus (Acari:
Tetranychidae) on Grapes. Entomological Society of
America, 17(6): 964-968. 

35. Slosser, J.E., W.E. Pinchak and D.R. Rummel, 1997.
Cotton aphid response to nitrogen fertility in dryland
cotton. In: P. Dugger & D. Richer (eds), Proceedings
of Beltwide Cotton Research Conference. National
Cotton   Council    of   America,    Memphis,     TN,
pp: 1051-1053.

36. Godfrey, L.D., K. Keillor, R.B. Hutmacher and J.
Cisneros, 1999. Interaction of cotton aphid
population dynamics and cotton fertilization regime
in California cotton. In: P. Dugger & D. Richer (eds),
Proceedings of Beltwide Cotton Research
Conference. National Cotton Council of America,
Memphis, TN., pp: 1008-1011.

37. Guldemond, J.A., W.J. Van den Brink and E. Den
Belder, 1998. Methods of assessing population
increase in aphids and the effect of growth stage of
the host plant on population growth rates.
Entomologia Experimentalis et Applicata, 86: 163-173.



Am-Euras. J. Agric. & Environ. Sci., 11 (4): 568-576, 2011

575

38. Wermelinger,  B.  and  V. Delucchi, 1990. Effect of 52. Cadena, J. and J.T. Cothren, 1995. Yield response of
sex-ratio on multiplication of the two spotted spider cotton to nitrogen, irrigation and PGR-IV regimes. In:
mite as affected by leaf nitrogen. Experimental & P. Dugger & D.Richer (eds), Proceedings of Beltwide
Applied Acarol., 9: 11-18. Cotton Research Conference. National Cotton

39. Mattson, W.J., 1993. Nitrogen the driving element: a Council of America, Memphis, TN., pp: 1142-1150.
citation classic commentary on herbivory in relation 53. Bondada, B.R., D.M. Oosterhuis, R.J. Norman and
to plant nitrogen. Agric. Biol. Environ., Sci., 16: 8-17. W.H. Baker, 1996. Canopy photosynthesis, growth,

40. Bernays, E.A., 1992. Insect Plant Interactions. CRC yield and boll 15N accumulation under nitrogen
Press, Boca Raton. pp: 226. stress in cotton. Crop Sci., 36: 127-133.

41. Scriber, J.M. and F. Slansky, 1981. The nutritional 54. Blackmer, J.L. and D.N. Byrne, 1999. Changes in
ecology of immature insects. Annu. Rev. Entomol., amino acids in Cucumis melo in relation to life-
26: 183-211. history traits and ?ight propensity of Bemisia tabaci.

42. McNeill, S. and T.R.E. Southwood, 1978. The role of Entomologia Experimentalis et Applicata, 93: 29-40.
nitrogen in the development of insect-plant 55. Simpson, S.J., J.D. Abisgold and A.E. Douglas, 1995.
relationships. Biochemical Aspects of Plant and Response of the pea aphid (Acrythosiphon pisum) to
Animal Coevolution. (ed. Harborne, J.B.), pp: 77-98. variation in dietary levels of sugar and amino acids:

43. McClure, M.S., 1980. Foliar nitrogen: a basis for host the significance of amino acid quality. Journal of
suitability for elongate hemlock scale, Fiorina Insect Physiol., 41: 71-75.
externa (Homoptera: Diaspididae). Ecol., 61: 72-79. 56. Busch, J.W. and P.L. Phelan, 1999. Mixture models of

44. Prestidge, R.A., 1982. The influence of nitrogenous soybean growth and herbivore performance in
fertilizer on the grassland Auchenorrhyncha response to nitrogen-sulphur-phosphorous nutrient
(Homoptera). J. Appl. Entomol., 19: 735-749. interactions. Ecol. Entomol., 24: 132-145.

45. Dowell, R.V. and B. Steinberg, 1990. Influence of host 57. Bi, J.L., G.R. Ballmer, D.L Hendrix,. T.J. Hennberry
plant characteristics and nitrogen fertilization on and N.C. Toscanol, 2001. Effect of cotton nitrogen
development and survival of immature citrus fertilization on Bemisia argentifolii populations and
blackfly,Aleurocanthus woglumi Ashby honeydew production. Entomologia Experimentalis
(Hom.:Aleyrodidae). J. Appl. Entomol., 109: 113-119. et Applicata, 99: 25-36.

46. Jauset, A.M., M.J. Sarasua, J. Avilla and R. Albajes, 58. Sinclair, T.R. and T. Horie, 1989. Leaf nitrogen,
2000. Effect of nitrogen fertilization level applied to photosynthesis and crop radiation use efficiency: a
tomato  on  the  greenhouse  whitefly.  Crop  Pro., review. Crop Sci., 29: 90-98.
19(4): 255-261. 59. Van Keulen, H., J. Goudriaan and N.G. Seligman,

47. Putnam, W.L., 1964. Fecundity and rate of 1989. Modelling the effects of nitrogen on canopy
development of the European red mite, Panonychus development and crop growth. Plant canopies, their
ulmi (Koch) (Acarina: Tetranychidae), on leaves growth, form and function. (ed. Russell, G., Marshall,
from an abandoned peach orchard. Can. J. Zool., 42: B. and Jarvis, P.G.), pp: 83-104. 
19-23. 60. Belanger, G., F. Gastal and G. Lemaire, 1992. Growth

48. Leigh, T.F., 1963. Considerations of distribution, analysis of a tall fescue sward fertilized with different
abundance and control of acarine pests of cotton. rates of nitrogen. Crop Sci., 32: 1371-1376.
Adv. Acarol., 1: 14-20. 61. Brouquisse, R., C. Masclaux and U. Feller, 2001.

49. Storms, J.J.H., 1969. Observations on the relationship Protein hydrolysis and nitrogen remobilisation in
between mineral nutrition of apple rootstocks in plant life and senescence. Plant Nitrogen. (ed. Lea,
gravel culture and the reproduction of T. urticae. P.J. and Morot Gaudry, J.F.), pp: 275-293.
Entomol. Exp. Appl., 12: 297-311. 62. Lawlor, D.W., G. Lemaire and F. Gastal, 2001.

50. Rodriguez,  J.G.,   C.E.   Chaplin,  L.P.  Stoltz  and Nitrogen, plant growth and crop yield. Plant
A.M. Lasheen, 1970. Studies on resistance of Nitrogen.  (ed.  Lea,  P.J.  and  Morot-Gaudry,  J.F.),
strawberries to mites. I. Effects of plant nitrogen. J. pp: 343-367.
Econ. Entomol., 63: 1855-1858. 63. Gerling, D., U. Motro and R. Horowitz, 1980.

51. Wermelinger, B., J.J. Oertli and V. Delucchi, 1985. Dynamics of Bemisia tabaci (Gennadius)
Effect of host plant nitrogen fertilization on the (Homoptera, Aleyrodidae) attacking cotton in the
biology of the two-spotted spider mite, Tetranychus coastal plain of Israel. Bulletin of Entomological Res.,
urticae. Entomol. Exp. Appl., 38: 23-28. 70: 213-219.



Am-Euras. J. Agric. & Environ. Sci., 11 (4): 568-576, 2011

576

64. Bellows, T.S. and K. Arakawa, 1988. Dynamics of 66. Mellors, W.K. and S.E. Propts, 1983. Effects of
perimaginal populations of Bemisia tabaci fertilizer level, fertility balance and soil moisture on
(Homoptera: Aleyrodidae) and Eretmocerus sp. the interaction of two-spotted spider mites (Acarina:
(Hymenoptera: Aphelinidae) in southern California Tetranychidae) with radish plants. Environ. Entomol.,
cotton. Environmental Entomol., 17: 225-228. 12: 1239-1244.

65. Henneberry,   T.J.,   D.L.   Hendrix,   H.H.   Perkins, 67. Andres, L.A., 1957. An ecological study of three
S.E. Naranjo, H.M. Flint, D. Akay, L.F. Jech and R.A. species of Tetranychus (Acarina: Tetranychidae) and
Burke, 1995. Bemisia argentifolii (Homoptera: their responses to temperature and humidity. Ph.D.
Aleyrodidae) populations and relationships to sticky dissertation, University of California, Berkeley.
cotton and cotton yields. South western
Entomologist, 20: 255-271.


