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ABSTRACT

The effects of organic, synthetic and biofertilizers on abundance of B. tabaci
and predatory insects on potato plants were evaluated during 2003 and 2004. The
application of either organic or synthetic fertilizers were found to increase pest
populations on potato. However, there were lower populations of whitefly with the
biofertilizer treatment. While, predator populations were larger on potato plants with
high whitefly populations in the synthetic fertilizer than in the organic fertilizers treated
plots. On the other hand, biofertilizer application reduced whitefly population and in
the same time gave the highest tuber yield. Obtained data suggested that the use of
biofertilizer may be recommended as a substitute for chemical fertilization to reduce
whitefly infestation and increase potato yield and quality.

INTRODUCTION

The cotton whitefly Bemisia tabaci (Gennadius) has an extremely
wide host range. It attacks more than 500 species of plants (Perring, 1995).
Large populations of this insect can ingest sufficient quantities of plant
phloem sap to cause yield reductions (Gerling et al., 1980; Bellows &
Arakawa, 1988 and Henneberry et al., 1995). In addition, whitefly has an
indirect damage by the vectoring of plant viruses (Cohen et al., 1988).

Fertilizers are a major input for increased agricultural productivity.
The form of these inputs can influence pest populations in various ways in
agroecosystems, depending on the kind of fertilizer used, the crop grown and
the insect species present. For instance, alfalfa grown under high soil fertility
(phosphorus and potassium) regimes was more favorable to the alfalfa weevil
Hypera postica (Gyllenhal) and weevil populations increased up to 34%,
whereas potato leafhopper Empoasca fabae (Harris) populations became
43% greater on alfalfa stands under low soil fertilizer regimes (Shaw et al
.,1986). Fertilizers affected aphids only minimally on cabbages (Kalule and
Wright, 2002); they did not affect densities of Russian wheat aphid Diuraphis
noxia (Mordvilko) on wheat (Archer et al., 1995), nor did they affect fecundity,
longevity and survivorship of melon aphid Aphis gossypii Glover on
chrysanthemum (Bethke et al.,, 1998). Damage levels caused by thrips,
leafminers, flea beetles, and other insects on tomato plants did not change
(Letourneau et al., 1996); fruit infestation by Heliothis armigera (Hubner)
decreased with fertilizer application to tomatoes (Kasyap and Batra, 1987).

Blua and Toscano (1994) indicated that on higher nitrogen-treated
plants, early-instar nymphs of whiteflies initiated production of honeydew
earlier than those on plants treated with medium or low nitrogen. There is
some evidence that synthetic fertilizers reduce plant resistance to insect
pests (Herms., 2002), tend to enhance insect pest populations and can
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increase the need for insecticide applications (Edwards and Stinner, 1990).
For instance, synthetic nitrogen fertilization increased aphid infestations on
winter wheat (Hasken and Poehling, 1995). Similarly, numbers of Aphis fabae
(Scopoli) increased in faba beans when urea was employed (Patriquin et al.,
1988 and Patriquin et al., 1995). It has been reported that the survival of the
Colorado potato beetle Leptinotarsa decemlineata (Say) up to adult
emergence was enhanced with increasing amounts of NPK (Barbour et al.,
1991). Conversely, there are reports in the literature demonstrating that field
applications of a range of types of organic matter and traditional thermophilic
composts suppress attacks by insect pests (Culliney and Pimentel, 1986;
Eigenbrode and Pimentel, 1988 and Rao., 2002), organic fertilizers
suppressed corn insect pests such as aphids (Morales et al., 2001) and the
European corn borer (Phelan et al., 1995), and shoot and fruit borer infesting
brinjal (Sudhakar et al., 1998).

The present study aimed to assess the effects of organic, synthetic
and biofertilizers on B. tabaci populations on potato plants. The influence of
kind of fertilization on potatoes yield was also investigated.

MATERIALS AND METHODS

Experimental plots

The field experiments were carried out during 2003 and 2004 potato
seasons at the Agricultural Research and Experimentation Center
(vegetables farm) of Fac. Agric; Moshtohor, Benha Univ. The experiment
was a randomized block design with 12 plots involving three fertilizer
treatments and an untreated control, each replicated three times. Certified
potato tubers Solanum tuberosum L. (cv. Diamant) were obtained from the
general authority for producers and Exporters of Horticultural Crops, Cario,
Egypt. Cultivation process was performed on February 20" by sowing tuber
pieces in ridges 5m long and 70 cm apart. Other field practices for potato
growing were followed according to the recommendations of the Ministry of
Agriculture.

Fertilizer inputs

There were three different fertilizer treatments plus an untreated
control as following:

(iBiofertilizer: Azotobacter chroococcum UF5 and Azospirillum
lipoferum Mn3 strains were provided by the unit of Biofertilization, Fac. of
Agric., Ain Shams Univ., Cairo, Egypt. Pieces of potato tubers were washed
with water and air dried, thereafter they were soaked in cell suspension of a
mixture (1:1) from A. chroococcum and A. lipoferum (1ml contains about

8x10" viable cells) for 30 minutes.

(ii)Organic fertilizer: biogas manure was added to the soil before
sowing at a rate of 6 ton (90kg N) / fed.

(iii)Synthetic (chemical) fertilizer: chemical phosphorus fertilizer at a
rate of 31kg P205 in form of calcium superphosphate (15.5% P205) was
applied during preparation of the soil for all treatments. Nitrogen and

5642



J. Agric. Sci. Mansoura Univ., 32 (7), July, 2007

potassium fertilizers were added at rates of 90 kg N/fed. and 96 kg K20 /fed.
in forms of ammonium sulphate (20.5% N) and potassium sulphate (48%
K20) in three equal doses at 15, 30 and 60 days after emergence.

(iv) An untreated control which received no fertilizer input.
No insecticide or fungicide treatments were applied.

Whitefly numbers

Monitoring of whitefly population started three weeks after planting.
Weekly samples of 30 leaves each were chosen, at random, of each
replicate. Whitefly adults were counted carefully, early in the morning. The
collected samples were transported to the laboratory in paper bags. Whitefly
immature stages were counted under a binocular stereomicroscope.
Sampling was continued for 12 successive weeks. At the same time, the
common predatory species found associated with whitefly were also
determined.

At the end of the season, the yield was weighed and the average
weight of tubers from every treatment was recorded, the obtained weight was
recalculated to represent that / feddan.

RESULTS

The averages of B. tabaci counts under the different fertilizer
treatments in potato plants in the two successive seasons of 2003 and 2004
were as follows:

2003 season,

As shown in table 1, the highest increase in population of B. tabaci
adults was found on leaves of plants treated with synthetic fertilizer (157.3
adults/30 leaves), followed by organic fertilizer (129.3). While the lowest
adults' population was found in control (79.9), followed by biofertilizer (94.5).
Largest nymphal counts in synthetic fertilizer treatment (58.3), followed by
organic fertilizer (53.7 adults), while the lowest nymphal population was found
in control (28.4 nymphs /30 leaves), followed by biofertilizer (44.3).
Concerning B. tabaci pupae, the highest population was detected in synthetic
fertilizer (41.1), followed by organic fertilizer (33.1 nymphs). The lowest
population of pupae was associated with control (19.8), followed by
biofertilizer (26.8). The highest population of B. tabaci eggs was recorded in
synthetic fertilizer treatment (261.7 eggs), followed by organic fertilizer
(219.4). While the lowest eggs' population was found in control (146.7),
followed by biofertilizer (154.5 eggs/30 leaves).
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Fig. (1) Mean numbers of B. tabaci adults in different kind of fertilizers
in experimental potato plots in 2003.

2004 season,

Estimations of adult counts in 2004 season (table, 2) indicated that
the highest population was detected on potato plants that received synthetic
fertilizer (180.1 adults/30 leaves), followed by organic fertilizer (158), while
the lowest adults' population was found in control (106.6), followed by
biofertilizer (138.1 adults). Higher population of B. tabaci nymphs was in
organic fertilizer treatment (85), followed by synthetic fertilizer (84.9),
meanwhile the lowest seasonal mean count of nymphs was recorded in
control (60.2 nymphs /30 leaves), followed by biofertilizer (69.9). In case of
pupae, the highest number occurred in organic fertilizer treatment (59.6),
followed by synthetic fertilizer (56.6), while the lowest pupal population was
found in control (39.2), followed by biofertilizer (49.9 pupae/30 leaves). Egg
counts in 2004 season indicated largest counts in synthetic fertilizer (170.7
eggs), followed by organic fertilizer (157.1). While the lowest eggs population
was found in control (111.8), followed by biofertilizer (142.9 eggs/30 leaves).
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Fig. (2) Mean numbers of B. tabaci adults in different kinds of fertilizers
in experimental potato plots in 2004.
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Effect of different fertilizer treatments on numbers of the common
predatory insect species on potato plants:

Four predatory insect species were the most common on potato
plants during both experimental seasons. Those included a neuropteran
Chrysoperla carnea (eggs, larvae and adults); two coleopterous, Coccinella
undecimpunctata (eggs, larvae and adults) and Paederus alfierii (adults) and
a dipteran Syrphus corollae (adults and larvae). As shown in table (3), C.
carnea recorded the highest total number with all treatments followed by C.
undecimpunctata. In 2003 season, the highest total number of all predatory
species was recorded in treatment by synthetic fertilizer followed by
biofertilizer, control and organic fertilizer (112, 100, 98 and 77, respectively).
2004 season showed the same order of effect of different fertilizers on
abundance of predaceous insect species (159, 140, 108 and 101 individuals,
respectively).

Table (3) : Total counts of predatory species associated with B. tabaci
infesting potato plants treated with different fertilizers
during 2003 and 2004 seasons.

total number of each predatory species
Treatments C. C. Syrphus P. total
carnea [undecimpunctata alfierii | no.
2003
Biofertilizer 85 7 4 4 100
synthetic fertilizer 92 18 1 1 112
organic fertilizer 62 10 5 0 77
Control 81 12 4 1 98
2004
Biofertilizer 113 16 6 5 140
synthetic fertilizer 132 22 3 2 159
organic fertilizer 76 15 8 2 101
Control 88 13 6 1 108

Effect of different fertilizers on the potato yield

At the end of the two successive seasons 2003 and 2004, potato
tuber yield was weighed/treatment. The weight of yield was recalculated to be
represented as ton/fed. Also, the average number of tubers/kg. was recorded
from different treatments. As shown in table 4, organic fertilizer treatment
resulted the highest tuber yield/fed. in 2003 season, followed by biofertilizer,
synthetic fertilizer and control ( 10.50, 10.0, 8.90 and 5.80 ton/fed.,
respectively). While in 2004 biofertilizer gave the highest tuber yield (12
ton/feddan), followed by synthetic fertilizer, organic fertilizer and control
(11.20, 9.10 and 6.20 ton/fed., respectively). On the other hand, the highest
tuber number/kg. in 2003 was in control treatment followed by synthetic
fertilizer, organic fertilizer and biofertilizer (12.66, 10.60, 8.66 and 8.42
tubers/kg., respectively).2004 season showed the same order in numbers of
tubers from different treatment/kg.(12.63, 10.33, 8.60 and 8.33 tuber/kg.,
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respectively). The decrease of tubers' number/kg is a desirable character for

consumers.
Table (4) Effect of different fertilizers on the potato yield and tubers
number/kg.
tubers yield ton/fed tubers number/kg
Treatments/seasons 2003 2004 2003 2004
biofertilizer 10.0c 12.0ab 8.42d 8.33d
synthetic fertilizer 8.90d 11.20b 10.60c 10.33c
organic fertilizer 10.50c 9.10c 8.66d 8.60d
control 5.80f 6.20e 12.66a 12.63a

Means followed by the same letter within each column are not significantly different at 5%
level.

DISCUSSION

Synthetic and organic nutrient inputs to the potato plants increased
whitefly populations relatively consistently compared with biofertilizer which
resulted also the highest tubers' yield. It is hypothesized that increases in
nitrogen levels in plants can enhance populations of invertebrate herbivores
living on them (White 1984; Patriquin et al.,, 1995). Such increases in
populations of insect pests on their host-plants in response to higher nitrogen
levels can result from various mechanisms, depending on the insect species
and host plant. For instance, some changes in nitrogen content in Poinsettias
grown with ammonium nitrate stimulated the fecundity of the whitefly Bemisia
tabaci and attracted more individuals to oviposit on them (Bentz et al., 1995 ).
Nitrogen fertilization may decrease plant resistance to insect pests by
improving the nutritional quality of host plants and reducing the secondary
metabolite concentrations (Herms 2002). It was reported that nitrogen
applications increased the rate of population growth of green peach aphid on
potatoes and that the growth was positively correlated with the concentrations
of free amino acids in leaves (Jansson and Smilowitz, 1986). High levels of
nitrogen reduced glycoalkaloid synthesis, which has an inhibitory effect on
insect pests of potatoes (Fragoyiannis et al., 2001). Some reports have
indicated that smaller pest populations occur on plants that receive organic
fertilizers, and that such plants can resist pest attacks better than those
receive synthetic fertilizers (Culliney and Pimentel, 1986; Eigenbrode and
Pimentel, 1988). It has been postulated that lower solubility and slower
release of nutrients from organic fertilizers could be a reason for smaller pest
populations on plants under organic management (Patriquin et al., 1995).
Edwards and Stinner (1990), in their review, indicated that organic fertilizers
could contribute to decreased pest attacks by increasing pest and predator
species diversity and enhancing the activity of pest microbial antagonists.
Coccinellids have been reported to be more numerous on corn treated with
organic than with synthetic fertilizer (Morales et al., 2001). A comparison of
pest incidence in organic and conventional chemical fertilizer-treated farms
demonstrated that oviposition levels of Ostrinia nubilalis (H'ubner) were
significantly higher on corn (Zea mays L.) grown in conventional soil than in
organic fertilizer-treated soils. This difference was attributed to biologically
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buffering characteristics of organically managed soil, because ovipositional
preference of the European corn borer was not correlated with plant biomass
(Phelan et al., 1995). Similarly, densities of herbivorous insects were found to
be lower on collards treated with sewage sludge and manure than with
synthetic fertilizers or no fertilizers, although the growth of plants treated with
manure and sludge was better than of those treated with synthetic fertilizers
or none (Culliney and Pimentel, 1986). However, it seems that both synthetic
and organic fertilizer inputs were able to increase whitefly populations, while
the biofertilizer application reduced whitefly population and in the same time
gave the highest tuber yield.

On the basis of the present results, the use of biofertilizer may be
recommended as a substitute for chemical fertilization to reduce whitefly
infestation and increase potato yield and quality.
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Table (1): Mean numbers of Bemisia tabaci adults and immatures (eggs, nymph and pupae) /30 potato leaves of
plants received different fertilizer treatments in 2003.

Sampling Biofertilizer Organic fertilizer Synthetic Control
date fertilizer

Ad. Ny. | Pup. | Egg | Ad. Ny. | Pup. | Egg | Ad. Ny. | Pup. | Egg | Ad. Ny. | Pup. | Egg
14/3/03 21.3 | 586 | 9.6 | 432 | 21.7 | 86.3 | 182 | 51.2 | 323 [116.2| 246 | 584 | 64 16 11.2 | 18.3
21/3 46.2 28 38.8 | 96.6 | 66.3 | 118.6| 6.6 | 1154 | 68.6 | 113.3| 29.2 | 103.2 | 36.8 56 3.2 | 85.6
28/3 58.6 | 23.3 | 26.2 | 128.3|119.3| 25.2 | 62.3 | 173.6 | 207.6| 48.6 | 51.3 | 1486 | 57.6 | 124 | 12.8 | 1164
4/4 67.2 | 16.6 | 23.3 | 137.2| 916 | 124 31 |152.3|213.2| 246 | 61.2 |196.2| 66 16.3 | 214 | 1344
11/4 201.6 | 22.2 | 244 | 296.3|183.2| 23.6 | 59.2 |311.4|204.2| 18.2 | 52.3 | 382.3| 68.8 | 134 | 15.6 | 185.3
18/4 77.7 1 924 | 476 |165.6| 81.3 | 89.6 | 78.3 |166.2 | 1276 | 784 | 89.2 | 291.4| 21.3 | 45.6 | 63.2 | 113.6
25/4 134.2 1 113.3| 38.2 | 242.4|279.6| 97.2 | 28.3 | 381.3|188.6| 89.3 | 36.6 | 364.6 | 162.3 | 434 | 22.3 | 215.3
2/5 146.6 | 47.3 | 21.2 | 218.2|186.6 | 58.4 | 17.3 | 363.6 | 281.4| 40.6 | 29.3 | 412.6 |178.4| 26.6 | 13.6 | 282.6
9/5 756 | 234 | 143 | 1334|1513 | 22.6 | 9.6 |286.2|147.2| 334 | 236 [321.4| 833 | 154 | 11.2 |176.2
16/5 93.6 | 31.2 | 22.4 |156.2 | 122.3| 30.6 | 21.2 |215.4|128.2| 423 | 27.2 |281.2| 776 | 243 | 18.2 | 1814
23/5 118.4| 35.6 | 27.2 | 123.6 |136.6 | 41.2 | 34.3 | 234.6|155.3| 514 | 32.3 | 306.6 | 112.3| 38.2 | 23.4 | 138.6
30/5 93.3 | 39.2 | 28.6 |112.6|111.3| 38.2 | 30.3 | 181.3|133.6| 43.6 | 36.2 | 2744| 88.2 | 326 | 214 | 1124
total 1134.3| 531.1 | 321.8 [1853.6{1551.1| 643.9 | 396.6 |2632.5/1887.8| 699.9 | 493 |3140.9| 959 | 340.2 | 237.5|1760.1
mean 945 | 443 | 26.8 | 154.5|129.3| 53.7 | 33.1 | 219.4|157.3| 583 | 41.1 | 261.7| 79.9 | 284 | 19.8 | 146.7
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Table (2): Mean numbers of Bemisia tabaci adults and the different stages (eggs, nymph and pupae) on potato
leaves from different fertilizers treatments (2004 season).

Sampling Biofertilizer Organic Synthetic Control
date fertilizer fertilizer
Ad. Ny. | Pup | Egg | Ad. Ny. | Pup. | Egg | Ad. Ny. | Pup. | Egg | Ad. Ny. | Pup. | Egg

16/3/04 313 | 16.2 | 283 | 224 | 194 | 183 | 312 | 143 | 276 | 232 | 284 | 332 | 219 | 106 | 16.4 | 18.6
23/3 382 | 258 | 31.2 | 413 | 33.2 | 29.6 | 27.3 | 476 | 29.3 | 38.6 | 30.2 | 69.6 36 12.8 | 18.8 | 29.4
30/3 63.8 | 324 | 254 | 83.6 | 584 | 468 | 32.6 | 71.3 | 724 | 52.3 | 41.3 | 1144 | 56.2 | 23.8 | 20.3 | 64.2
6/4 92.3 | 54.2 | 39.3 | 118.9|118.6| 55.6 | 48.3 |133.2|133.2| 55.3 | 53.2 | 1284 | 87.8 | 36.4 | 23.4 | 79.3
13/4 1334 | 61.3 | 41.2 | 142.6|187.8| 62.3 | 53.2 | 164.6 | 251.8 | 65.2 | 624 | 136 |121.3| 51.6 | 28.6 | 1174
20/4 167.3| 79.8 | 53.6 | 169.4|221.2| 81.2 | 72.8 | 188.6 | 268.4| 83.4 | 61.6 | 203.6 | 136.2 | 62.3 | 41.3 | 138.6
27/4 216.8|102.4 | 69.2 | 191.3]|263.2 | 116.6 | 83.6 | 211.3 | 255.2|104.3| 67.3 [ 262.2|167.4| 72.3 | 48.4 | 144.6
4/5 237.4|115.8 | 63.4 | 184.3|286.4|178.8| 61.3 | 171.2 | 315.2|145.6 | 72.6 | 211.3|148.2| 96.9 | 57.3 | 1314
11/5 206.2 | 1134 | 73.8 | 172.2|223.6 | 150.6 | 118.6 | 209.8 | 211.3 | 153.2 | 82.2 | 182.5|130.3 | 111.2 | 65.2 | 153.4
18/5 155.8| 72.4 | 59.3 | 163.3|148.2|107.3| 71.8 |177.4|183.4| 96.4 | 64.6 | 203.2 | 107.4 | 88.3 | 58.9 | 151.6
25/5 146.3 1004 | 61.4 | 211.6|161.6| 93.6 | 66.2 | 233.6 | 198.3 | 106.6 | 62.3 | 278.3 | 123.9| 93.2 | 484 | 1674
1/6 168.4 | 64.2 | 52.3 | 213.4|173.8| 78.8 | 47.8 | 261.8 |215.6 | 94.3 | 53.4 | 225.6 |142.3 | 63.4 | 43.6 | 163.8
total 1657.2| 838.3 | 598.4 |[1714.3|1895.4|1019.5| 714.7 |1884.7|2161.7|1018.4| 679.5 |2048.3|1278.9| 722.8 | 470.6 |1341.1
mean 138.1| 69.9 | 49.9 | 142.9| 158 85 59.6 | 157.1|180.1| 849 | 56.6 | 170.7 | 106.6 | 60.2 | 39.2 | 111.8
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