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ABSTRACT

Some biochemical chan; es (amino acids , phenol content and pH value} were determined in leaves of six vegetable
plant species (cantaloupe, cucumber, zucchini, eggplant, tomato and sweet pepper) infested with Bemisia tabaci
{Gennadius) in greenhouse. It can be concluded that the highest values of amino acids content were in the cantaloupe and
eggplant, but the lowest were in zucchini and sweet pepper. Amino acids content of all infested plants was less than that of
non infested plants during all seasons. The infestation led 1o significant incrcase in phenol content of all infested plants.
Regard to the pH value, the lower plant leaves recorded the highest followed by middle and upper leaves. The infestation
of B. tabact led to decrease the pH value in all vegetable leaves except for cucumber.
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INTRODUCTION

Whitefly Bemisia tabact {Gennadius) is
considered as an agricultural pest that spread
rapidly, where it infests vegetables, fiuit,
omamental plants and weeds (Morales and Cermeli,
2001). Tt can be found in greenhouses and open
fields where their numbers have increased,
especiaily after the expansion of agricultural in
greenhouses (Shaheen ef af., 2005 and Chu et al.,
2007). The whitefly in all stages (the immature and
adult), can cause a direct damage to the plants by
sucking the plant sap, which contains carbohydrate,
amino acids, phencls and many other important
nutrients, and this leads to reduce plants vitality,
reduction in productivity and deformation of the
leaves, fruit and flowers ( Byre & Bellows, 1991;
Lin er af., 1999 and Saleh & AL-Shareef, 2005). It
also damages the plant indirectly by secreting the
honeydew (Byme er al., 2003), which is covered
with sooty muld fungi, and subsequently interfere
with the process of photosynthesis and respiration,
which in turn inhibits the plant growth or produces
fruit unsuitable for feeding (Buntin e al., 1993 and
Bi et al, 2001), and beside that whitefly can
transmit viral diseases (Moralrs & Jones, 2004).

There are several chemical changes occur in the
leaves of plants as a result of infestation with B.
tabaci, some are changing in the content of amino
acids, phenols, pH value and some mineral elements
(Leite et af., 2004). Hong & Rumei (1993) proved
that the secreted honmeydew of B. rghaci and
T. vaporariorum contains many mineral elements,
carbohydrates and almost 18 kinds of amino acids.
Laurentin et af. (2003} found that the highest
population density of the whitefiy occurred on the

leaves of sesame plants with pH 5.7 - 5.99. Fancelli
et al. (2005) noted that pH value plays an important
role tor B. tabaci ‘s preference when laying eggs on
the plant.

The current study aims to measure the chemical
changes {content of amino acids and phenols, the
value of pH) in the leaves of six plants (cantaloupe,
cucumber, zucchini, eggplant, tomato and sweet
pepper) infested with B. tabaci during four seasons
compared with the non infested plant leaves under
greenhouse conditions

MATERIAL AND METHODS

1. Greenhouse plantation:

This study was conducted at the Agricultural
Research Station in Huda Al Sham, located 120 km
north east of Jeddah. Two greenhouses were used (
size 24 x 10 m%), and each has been divided in to
three sections using a cloth barriers (which helps the
ventilation and preventing the whitefly from passing
through it). In the first greenhouse three plant {ypes
of family Cucurbitaceae which were cantaloupe
(Cucumis melo L.) , cucumber (Cucumis sativus 1..),
and zucchini (Cucurbita pepo L.) were planted. In
the other greenhouse, plants of family Solanaceae
which were eggplant (Solanum melongena L.),
tomato (Lycopersicum esculentum Mill) and sweet
pepper (Capsicum annum L) were planted. In each
greenhouse, crops were planted inl2 longitudinal
lines, each 3 lines presented a replicate on an area of
8 x 10 m” (four replicates for each plant type).

2. Estimation of chemical changes in plant
leaves:

We carried out each experiment on four random

teaves which taken from each of non-infested and
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infested piants by B. fabaci after about six weeks of
transplanting. The experiment were repeated over
four seasons.

2-1. Estimation of total amino acids:

Extracting the plants and estimating amino
acids were done according to the method of
Chapman and Pratt (1961) using a spectral
absorption apparatus (spectrophotometer) at a
wavelength 570 nm.

2-2. Estimation of phenol;

It was done according to Wieslaw Olesz ef al.
(1988). The phenol content in the plant extract was
estimated by using a spectrophotemeter.

3. Estimation of pH value:

Plants were divided into three sections (top,
middle and low). Four samples were collected from
each of the three sections of the six plant types (
non-infested and infested by 8. rabaci) according to
Berlinger et al. (1938). The plant extract was
prepared according to Chapman and Pratt (1961),
PH value in the extract was measured by using a pH
meter, and it was repeated in the different
agricultural seasons.

4, Statistical analysis:

The data were subjected to statistical analysis
according to Watson & Croft (1993).

RESULTS AND DISCUSSION

1. Amino acids:

The results of statistical analysis showed that
there were a highly significante differences in the
mean content of amino acids resulted from B. fabaci
infestation and the different types of piants, as well
as the different agricultural seasons.

Table (1) shows that the content of amino acids
in non-infested plants were significantly more than
in the infested plants by B. tabaci, and they were in
descending order starting with non-infested plants in
winter (0.955) and autumn (0.940) which were not
differ significantly from each other, but significantly
more than the non-infested plants in spring (0.902)
and summer (0.902), which in turn did not differ
from infested plants in winter (0.872). The least
significant values were of the infested plants in each
of spring (0.781), summer {(0.781) and autumn
(0.751) and they did not differ significantly from
each other.

Table (1) also demonstrates the comparison
between the non infested and infested plants in all
seasons. The highest mean content of amino acids
were in cantaloupe (0.911) followed by eggplant
{0.879), tomato (0.876) and cucumber (0.852}, but
eggplant did not differ significantly from
cantaloupe. While amino acids in zucchini (0.806)
and sweet pepper (0.839) did not differ significantly
from cucumber.

The reduction of amino acids in the infested
plants is as a result of direct sucking of the plant sap

2

by B. rabaci. Many scientists pointed out to the
direct damage of B. rabaci because that reduces the

" content of nutrients causing early kill to the leaves

tissue. Pollard (1955) recorded symptoms of the
occurrence of whitefly B. tabaci on cotton leaves as
chlorotic spots resulted from the larvae's saliva that
feed on the sap and thus remove the starch,
chlorophyll and the essential plant nufrition, as a
result the leaves fall and consequently stop the
growth rate of plant. This also has been confirmed
by Byrne and Miller (1990) where they proved that
the amount of amino acids is consumed with plant
sap and had been discovered in the honeydew
produced by B. rabaci, and they were the same
amino acid of the plant sap, but the amount in the
plant sap was greater than in the honeydew, the
researchers also confirmed that this amino acids
resulted from the absorption of sap and not from
protein breakdown or nitrogen fixation in the
honeydew. This indicates that the rest of the amino
acids that did not exist in the honeydew were used
in some components of the body of the insect like
energy and protein synthesis. Abdel-Baky et al
(2005) reported that these amino acids are necessary
for insect growth and laying eggs. Medina-Ortega &
Canas (2007) clarified that the content of amino
acids in poinsettia plant was used to determine the
behavior and activity of the whitefly, and therefore
reducing the content of amino acids in the
agricultural fertilizer reduces the number of whitefly
B. tabaci and thus can be used as a safe methed to
reduce B. tabaci and consequently reduce the use of
pesticides,

Also, Table (1) shows that the content of amino
acids in each of non-infested and infested plant
types varied in different agricultural seasons. Many
scientists emphasized the occurrence of these amino
acids in the plant sap. (Mittler, 1957; Miles et al.,
1982 and Weibull & Melin, 1990) also the number
and content of amino acids vary from one plant to
another (Weibull et o/, 1986 and Winter ef al.,
1992).

2- Phenol:

The statistical analysis indicated that there was
a highly significant differences in the mean
percentage of phenol due to the infestation by
B. tabaci, different types of plants and agricultural
seasons.

Table (2) shows that significant increase in
phenol percentage appeared as a result of the
presence of B. tabaci on the six types of plants
{cantaloupe, cucumber, zucchini, eggplant, tomato
and sweet pepper) in the four seasons (autumn,
winter, spring and summer). In summer and spring
seasons, the mean percentage of phenols in the
infested plants (5.708 and 5.663) did not differ
significantly, but they were significantly more than
the infested plants during the winter season (5.519),
which significantly more than the infested plants in
autumn (4.999), on the other hand the mean
percentage of phenol from the leaves of non-
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infested plants in summer (4.523) was significantly
more than in the leaves of pon-infested plants m
spring (4.332) and winter (4.295) did not differ
significantly from each other but significantly more
than non-infested plants in avtumn season (3.985).
Also the table clarifies that for all non-infested and
infested plants during all seasons, the sweet pepper
was the most significant in the mean percentage of
phenols (6.705), but e¢ggplant (4.135) and
cantaloupe (3.448) were the least significantly.

It could be conclouded that the infestation by B.
tabaci increases the mean percentage of phenol in
plant leaves during all seasons, and this indicates
that this is a defensive method in plants against this
insect. Hartley and Keene (1984) proved that many
plants cell walls contain different compounds,
inciuding the phenols. Also both Feeny (1968) and
Chan & Waiss (1978) emphasized that tannin
compounds increase in the plants as a method to
resistance against arthropods.

Table 1: Mean content of total amine acids in non infested and infested plant leaves with B. fabaci in all

seasons.
Type vf plant
Seasons  Infestaion — Mean
Cantaloupe Cucumber Zucchini Eggplant  tomato Sweet pepper
Non infested  1.111 Aa 0.909 BCe 0.728 Cd 0.963 Abc  1.047 Aab 0.884 Ac 0.940 A
Autume Infested 0.702 Eb 0,739 Deb 0.710 Cb 0.844 Ca 0.646 Db 0.862 Aa 0.751C
! Non infested 0508 CDed  1.090 Aa 0.863ABd 1.056Aab  0.985 ABbc 0.827 ABd 0955 A
Winter Infested 0.851 Dbe .829 CDhe 0.845 ABbc 0923 BCab 0968 ABa 0.8}7 ABe 0828
. Non infested 0,936 CDa 0.938 Ba 0.905 Aab  0.82 3BCh 0,909 BCab 0.877 Aab 09028
Spring Infested 0.734 Eb 1814 CDab 0.851 ABa  0.594 Dc 0.864 Ca 0.830 Abab 0.781C
Non infested 1,065 ABa 0818CDed 0778BCd 0992 ABab 0902 Bbc 0.857 ABcd 0502 B
Summer Infested 0.979 BCa 0.660 Ed 0.768 BCc 0.839BCh 0684Dd 0.756 Bed 0.781 B
Mean 0911a 0.852 be 0.806.(:1 0.879 ab 0876 b 03839¢cd

Different letters mean that there are significant differences between the mean values

Capita! letters are present in the vertical comparison
Small letters are present in the horizontal comparison

Table 2: Mean percentages of phenol in non infested and infesied plant leaves with B.fabaci in all

seasons.
Type of plant
Sessons Infestation Mean
cantaloupe Cucumber zucehini Eggplant Tomato Sweet pepper

Autumn Non infested  2.625 Ge 3.690 Eb 5.143 DEa 4133EDb 2.885 Fc 5.435Da 3985F
Infested 3.060Df  4.595Bd 7.173 Aa 5.068 Be 3.588De  6.510Bb 4999 C
. Mon infested  3.948Cd  2.860 Fe 4.953 DEb 3.898 D¢ 4.135Ce 5975Ca 42095E
Winter Infested 4940 Ad  3985De 5955Ch 4915Cd 5435Bc 7.883 Aa 55198
) Non infested  3385Dd  4.440Be 5.0680 DE b 2.025Fe 5.128 Bb 5933 Ca 4332E
spring Infested 4.205Bd 5.590 Ac 6.613 Bb 2735 Ee 6893 Ab  7.945 Aa 5663 A
Non infested  2.525 Ee 4133Cd 4675 Ec 4610 CEed 5220Bb 59715Ca 4523D
Summet Infested 2900 Ed 5.435 Ac 5430D¢ 5.700 Ac 6.798 Ab 7983 Aa 5708 A

Mean 3448 f 4.341d 5628 b 4135 ¢ 5010¢ 6.705a 4.878

Different letters mean that there arc significant differences between the mean values

Capital letters are present in the vertical comparison
Small fetters are present in ehe horizontat comparison
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Sheta (1991) proved that the phenols in infested
potato tubers were significantly greater than non-
infested plants. Also Abdel-Monier et af. (2005)
explained that the fourth node of rose stem was
lightly infested by B. tabaci, because of the phenol
release which reduces the abundance of whitefly.
The increasing of phenol release increases the
special ability of plant vegetables to resist
infestation by B. tabaci. The concentration of total
phenol varies from one plant to another, leading to
differentiate sensitivity against insect infestation.
The increase rate of phenol was great in plants that
were lightly infested than in the moderate and
severely infested plant in which the concentration of
phenol was low, thus phenof reduces the presence of
the insect.

3- pH value:

pH value plays an important role in the leaves of
plants, and its value differs accordingly to the
different types of plants during different seasons of
the year. The present study showed that pH value
has an imporiant role in the whitefly B. fabaci
preference to plant leaf for feeding and laying eggs

The statistical analysis showed that there were
significant differences in the mean pH value due to
the difference of the plant types, leaf's location in
the same plant, as well as the seasonal differences
among which the study was conducted.

Table (3) shows that pH value in the bottom
leaves of the plant in summer season (7.090) and
spring (7.029) did not differ significantly, but
significantly more than the bottom leaves in winter
(6.971) and autumn (6.989), which did not differ
significantly from each other and from spring, but
they were significantly more than the middle leaves
in summer (6.721), which in turn was significantly
more than the middle leaves in winter (6.598) and
autumn (6.598) and in turn, they were significantly
more than the middle leaves in spring (6.440). This
value was significantly more than the top leaves in
summer (6.315), winter {6.333) and antumn {6.306),
which they did not differ significantly from each
other, but significantly more than the top leaves in
spring (5.856).

When comparing the mean pH values in the
different tested plants during all seasons, it was
found that, cucumber (7.024) was significantly more
than cantaloupe (6.916), which in turn was
significantly mere than zucchini (6.585), and the
latter was significantly more than tomato (6.410),
that in turn was significantly more than each of
eggplant (6.343) and sweet pepper (6.339). The
latter did not differ from other in the mean pH
value. This means that the pH value varied
according to the tested plant types.

Table 3: Mean of PH values ir three different locations of plant leaves in all seasons.

Type of plant
Seasons Locations sweet Mean
cantaloupe cueumber Zucchini Eggplant Tomato pepper
Top 6.175 Eb 7.225 BCa 6.375 GHb 6.200 Eb 6200 EFGb 5713 Ec 6.306F
g Middie 6.763 Cb 7.325 Ba 6463 EFGe¢  6.400Cc 6400 Dec 6,175 Dd 6.598 D
3 Bottom 7.588 Aa 7.263 BCh 6.825 BCed 6.638 Bd 6.638 BCd 6.981 Be 69808
Top 7.025Ba 7.088Ca 6,263 Hb 6.125 DEb 6.125FGb 5373 b¢ 6333 F
g Middie 7.050 Bb 7.350Ba 6.500 DEFGe  6257CDd 6275EFd  6.138 Id 6598 D
®  Botom  7575Aa 7225BCb  6725BCe  6700Be  6700BCc  6900BCc 6971 B
Top 5.838 Fbe 5.525Fd 6.063 la 6.025 Eab 6.025 GHab 5663 Led 5856 G
g’ Middle 6.413 Dhe 6.638 Cab 6413 FGHbe 6,200 CDEc 6.200 EFGe 6,775 Ca 6440 E
% Bottom 6.900 BCh 7.063 Cb 6.638CDEc 7.088 Ab 7.088 Ab 7.400 Aa 7.029 AB
Top 6.888 BCa 6.763 Db 6. 700 BCDb  6.025Ec 5.888Hc 5.575Ed 6315F
E Middie 7.189 Bab 7.250 BCa 6.913 Bb 6.100 DEd 6563CDe 6313 Dd 6721C
gﬁ Buttom 7.588 Aa 7575 Aa 7.150 Ab 6.338Cd 6.825 Be 7063Bb 7090 A
Mean 6916 b 7024 a 6585 ¢ 6343 ¢ 6410 d 6339e 6.600

Different letters mean that there are significant differences between the mean values

Capital letters are present in the vertical comparison
Small letters are present in the horizontal comparison
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Table (4) shows that as for all noninfested and
infested plants, the mean pH value was significantly
higher in the bottom leaves (7.020), followed by
middle (6.586) and then the top {6.202). The results
from this table also proved tbat for each plant
separately, there was significant progression in the
mean pH values starts with the bottom leaves,
followed by the middle and then the top n each of
the non-infested and infested plants with the
exception of the infested eggplant, where both the
middle (6.031) and top leaves (6.019) did not differ
significantly from each other, but less significantly
than the bottom (6.463). As well as, in the infested
cucumber plant where middle {7.338) and bottom
(7.369) leaves do not differ from each other, but
significantly more than the top leaves (6.738). That
means the botiom leaves always contain the plant
sap and pH value that are appropriate for B. tabaci,
which help in the growth of immature stages (eggs
and larvae), also the lower leaves contain the
favorable pH value for B. rabaci.

pH value is one of the most fundamental
components of the plant sap, its importance had
been identified in plant life for a long time (Fife &
Frampton, 1936 and Delrot, 1987). Husain et al.

{1936) confirmed that B. tabaci always choose the
young leaves to lay their eggs, depending on the pH
difference in the young leaves which is higher than
the fully grown leaves, and this considered one of
the key factors to explain the whitefly abundance on
the young leaves rather than fully grown leaves. The
results of this study showed that pH value varies
according to the different types of plants. Fancelli
et al. (2005) corroborated with these results where
they proved that pH value plays an important role in
the process of laying eggs of B. rabaci on eight
different varicties of tomatoes.

Results from the current study also show that
the favorable pH value in the plant sap that B. tabaci
feeds on, ranged between 6.150 to 7.638. These
resulis correspond with the results of Berlinger
(1983) where he proved that the favorable pH value
for B. tabaci in plant sap ranged between 6 - 7.25.

llyas er al. (1991) reported that there is a
positive correlation between pH and population
density of B. tabaci. On the other hand Laurentin et
al. {2003} proved the opposite of these results where
they stated that the highest population density of B.
tabaci on the sesame leaves was at pH 5.99 - 5,

Table 4: Mean of PH values in three different locations of non infested and infested plant leaves with

B. tabaci.
Locations
Type of plant Infestation Mean
Top Middle Bottom

Non infested 6.563 Be 7.044 Bb 7.638 Aa 7.0B1A
Cantaloupe

Infested 6.400 Cc 6.663 CDb 7.188Ca 6.750B

Non infested 6.563 Be 6,944 Bb 7.194 Ca 69008
Cucumber

Infested 6.738 Ab 7338 Aa 7.369 Ba 7.148 A

. Nen infested 6456 BCe 6731 Ch 6.969 Da 67198

Zucchini

Infested 6,244 D¢ 6413 Eb 6.700 Ea 645210

Non infested 6.169 DEc 6.456 Eb 6.919 Da 6.515CD
Epg plant

infested 6.019 EFb 6.031 Fb 6463 Fa 6171 E

Nen infested 6.150 DEFc 6.569 DEDb 7.063 Ca 6594 C
Toemato

Infested 5.969 Fe 6.150 Fb 6.563 EFa 7.227 E

Non infesied 5.663 Go 6.575 DED 7.150 Ca 6463 D
Sweet pepper

Infested 5.500 He 6.125 Fb 7.022Ca 6216 E
Mean 6202 ¢ 6.586 b 7.020 a 6.600

Different letters mean that there are significant differences between the mean values

Capital letters are present in the vertical comparison
Small letters are present in the horizontal comparison
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