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Senescence of Date Palm Leaf and Copper Salts
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Abstract. The changes in chlorophyll (chl) content of detached segments from four cultivars of date palm
{Phoenix dactylifera 1..) incubated in the dark for four days were investigated as affected by mono and
divalent ions. Copper (Cu**) and Zinc (Zn**) salts (acetate, chloride, nitrate and sulphate) as well as
KCl were used in three concentrations (10-6, 10-4, and 10-2 M). This study reveals that there is a specific
ion effect on the retardation of Chl b senescence and enhance diminution of Chi «. The most effective ion
in this system was Cu*+, where at 102 M it enhances the degradation of Chl @ and increases the relative
amount of Chl b in all cultivars. Chl content in the four cultivars was also found to be different. It seems
that Cu** interacts with the protective mechanism of Chl a and causes the shift metabolism resulting in
an increase of Chl b content relative to the control level.

Introduction

The changes in pigment content during leaf development is a resuit of the balance
between biosynthesis and degradation of these pigments [1, pp. 691-696]. On the
other hand, the loss or deceleration of chlorophyll pigments at the end of develop-
ment (chlorosis) is commonly observed symptoms that result from different environ-
mental conditions such as etiolation, iron deficiency and heavy metal toxicity. For
example, when green seedlings or detached leaves are placed into darkness, an
enzymatic activity that destroys magnesium porphyrins increases in parallel with
chlorophyll destruction [2, pp. 115-123]. As for heavy metal toxicity, plants differ in
their tolerance. Depending on the concentrations of heavy metals (104 M Zn**) in
the root media of different ecotypes of Agrostis tenuis, susceptible plants lost 50% of
their chlorophyll content while tolerant ecotypes were unaffected. Likewise, when
leaf segments of these plants were floated on solutions containing zinc or copper ions
in the dark for four days, there was a greater loss of chlorophyll content in leaf seg-
ments of susceptible ecotypes but not in those of tolerant ones [3, pp. 231-259].
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~ Furthermore, few other reports indicate that lower concentrations of some
heavy metals retarded the destruction of chlorophyll. Higher concentrations of these
ions enhanced the chlorophyll destruction [4].

It has been observed that some cultivars of date palm trees (Phoenix dactylifera
L.) growing together at certain locations in central Saudi Arabia show earlier yellow-
ing of older leaves than other trees at the same location. It is, therefore, of interest
to test the effect of some heavy metals that are considered as micronutrients to higher
plants on the degradation of chlorophyll in detached leaflets of some date palm cul-
tivars.

Materials and Methods

Segments (1 cm) of date palm leaflets were washed thoroughly with distilled
water several times to remove dust. The leaves were chosen to be of the same age as
much as possible. These segments were then blotted, weighed and put in test tubes
containing the treatment solutions. These solutions consisted of different concentra-
tions (0,10 104, or 10-2 M) of Zn** or Cu*+ salts. The salts were acetate, chloride,
nitrate and sulphate. Leaflets were taken from cultivars (one tree each) growing on
the same location in the Riyadh area. The cultivars were Barhi, Sekkeri and Osaila
female trees while the fourth was a male grown from Barhi seed, which will be desig-
nated as Barhi male. All the trees were about 8 years old, of the same vigour and
without any obvious disease. Potassium chloride was used to check the specific ion
effects. The segments were left in the dark (23°C) for four days then transferred to
N,N- dimethylformamide for one day and their chiorophyll content determined
spectrophotometrically using a Pye Unicam SP7-500 UV-Visible spectrophotometer
according to the method of Moran and Porath [5]. All data are the mean * SD of four
replicates or as % of distilled water as control.

Results

Chlorophyll (Chl) content of the four cultivars of date palm is shown in Table 1
for zero time and then control (100% ) when the segments of leaflets were incubated
in distilld water for four days in darkness at 23°C. As calculated, female Barhi con-
tained about 26% more Chl b than the male. Reduction in Chl content after four days
in the dark was 28,33,21 and 60% of the control for female Barhi, male Barhi, Sek-
keri and Osaila cultivars, respectively. In male Barhi and Osaila the reduction in Chl
a was greater than that of Chl b by about 12%.

The effect of incubating leaflet segments in different concentrations of four cop-
per salts on the degradation of Chl a in female Barhi cultivar is illustrated in Fig. 1A.
It is clear that there were slight changes of Chl a content over the control when both
10-% and 10~* M copper salts (acetate, chloride, nitrate and sulphate) were used. A
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Table 1. Chiorophyll content (mg/g Fresh wt.} of the four cultivars at zero time after 4 days in distilled

water incubated in the dark
Cultivar chla chib Total
Zero H,O Zero H,O Zero H,0
Barhi § 1.39+0.16 0.94+0.05 (0.93£0.08 0.63x0.01 2.22140.15 1.58+0.10
Barhi o 1.34%0.09 0.81+0.05 0.68+0.04 0.49+0.01 1.97+0.12 1.31+£0.05
Sekkeri 1.35+0.12 1.0720.06 (G.83x0.06 0.641+0.05 2.200.15 1.73+0.10
Osaila 1.49+0.22 0.54+0.03 0.79£0.08 0.38+£0.10 2.29£0.32 0.91+0.04

significant decrease of Chl 2 occurred at the high concentration (10-2 M) of all salts
used. Similar indications of the same treatments on Chl @ of male Barhi could be per-
ceived from Fig. 2A. As for Chl b, low contentration (106 M) of these salts had little
effect on either male or female Barhi but, as the concentrations increased, the rela-
tive Chl b content increased (Fig. 1B and Fig. 2B). Interestingly, copper nitrate or
sulphate at 102 M showed a remarkable percentage increase of Chl b (almost double
the value of control) in male Barhi (Fig. 2B) compared to the female.

Chlorophyil a content of Sekkeri cultivar was affected similarly to that of Barhi
(Fig. 3A). The relative chlorophyll b content of Sekkeri increased proportionally to
the concentration of copper salts (Fig. 3B). The higher concentration (10-2) of almost
all salts resulted in almost double the relative content of Chl b. However, the salts
showed somewhat different effects where chloride caused the lowest value (192%)
while nitrate caused the highest value (226%) of all salts in this cultivar.

Figure 4A shows the effect of copper salts on the Chl a content of the cultivar
Osaila. A slight increase (more than 35% of the control when sulphate was used) is
noticed at low concentrations of copper but at 10~2 M, copper caused a decrease
similar to that in other cultivars. Chlorophyll b content of this cultivar was not
changed at 10~% M of all salts but at 10~4 M a slight increase (up to 20% in the case
of nitrate) was observed. At the higher concentration (10~2 M) a significant percen-
tage increase of Chl b content (double the amount of the control when sulphate was
used} is clear (Fig. 4B).

When similar salts of zinc were checked in three cultivars (female and male
Barhi and Sekkeri) Chl 2 and b of both male and female Barhi decreased orincreased
slightly, depending on the salt, as shown in Table 2. The Table contains also the
values of Chl ¢ and b content of Sekkeri cultivar as affected by zinc salts treatment.
Both Chi a4 and b cither did not change or increased slightly (not more than 21%
when 1072 M zinc acetate was used).
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Table 2. Chlorophyll content (as % of control) of the three cultivars as affected by three concentrations of
zinc salt after 4 days of incubation in the dark

Treatment Conc. Cultivar
m
Barhi ¢ Barhi CZ Sekkeri
chla chib chla chlb chla chib
Zinc acetate 10¢ 941401 9603 100+11 95+10 105205 114+04
10 93+05 95+01 91+17 B7=x16 10104 10608
1072 96+05 98+06 103108 RRA LY 1707 121£06
Zinc chloride 10-6 81109 87x03 93109 16129 11602 118+06
104 R7+07 92+12 100+ 06 97£06 113x06 118+06
102 95+03 10006 108112 97+12 113%11 11809
Zinc nitrate 106 93+10 9606 07+11 97+10 100+08 101+07
104 84403 8803 9516 25+04 116+02 118+01
1072 91+07 95+ 104 +06 110+33 113+06 118£06
Zincsulphate 106 89+03 92403 97£10 12+16 100402 10702
10~ 91+10 93+05 103+10 10609 10006 10605
102 91x03 96+01 10704 112+18 100+08 114+06

Table 3 shows the chlorophyll content of two cultivars (female Barhi and Sek-
keri) as affected by three concentrations of potassium chloride. Comparing these
values with that of the control {Table 1), no distinct differences between them were
found. One exception is that 10~* and 1072 M of KCl caused a slight increase in Chl
b content of Sekkeri cultivar in the range of 10%.

Table 3. Chilorophyll content (mg/g Fresh wt.) of the two cultivars as affected by three concentrations of
potassium chloride after incubation for 4 days in the dark

Cultivar Conc. chla chlb Total
m
Barhi Q 106 0.90+0.04 0.63+0.02 1.52+().06
10+ 0.92+0.05 0.61+0.02 1.53+£0.07
102 0.90+0.01 0.60+0.01 1.50+0.01
Sckkeri 104 1.01+0.04 0.64+0.03 1.62+0.08
10+ 1.10+0.13 0.70£0.06 1.79+0.19

102 1.06+0.17 0.72+0.04 1.86+0.15
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Discussion

Cultivar differences between date palm trees in chlorophyll content have been
reported [6, pp. 591-605]. It was concluded that cultivars originating from the same
region were similar in chlorophyll content. El-Hassan et al. [7] found significant dif-
ference between four cultivars growing in the Al-Hassa region. The results of the
present study indicate that there are differences between cultivars in their
chlorophyll content (Table 1). Further differences exist between male and female,
where 20% increase in Ch b in female Barhi over that in the male is noticed.
Although Sekkeri and Osaila cultivars were originally from one region (Al-Qassim),
they are different in their chlorophyll content. This could be due to their growing reg-
ion (Riyadh). Other cultivar differences of date palm could be perceived by the
quantity of chlorophyll lost during incubation in the dark for four days. The data
show that the diminution of chlorophyll content from leaflet segments of the four cul-
tivars is not equal (Table 1). Tt is in the the order of 50, 33, 38 and 21% for Osaila,
male Barhi, female Barhi and Sekkeri, respectively.

When excised segments of the leaflet of date palm were left in the dark for four
days in solutions containing 10-2 M copper salt, there was a noticeable relative
decrease in Chl @ with a noticeable relative increase in Chl . This phenomenon of
decrease and increase in chlorophyll content; however, has been reported in other
plants subjected to heavy metals [4;8;9]. Wang and Waygood [9], studying the effect
of benzimidazole and nickel on detached leaves of Khapli wheat, suggested that both
benzimidazole and nickel protect the chlorophyll from destruction. Agarwala and
Kumar [8] suggested that the loss of chlorophyll could be a result of the depression
of cytochrome oxidase that might regulate chlorophyll synthesis. However, another
suggestion is that the decrease in Chl a is due to an enzyme that destroys Mg pro-
toporphyrin, a glycoprotein with an apparent molecular weight of 49 Kd [2]. The
author’s argument was that this enzyme is synthesized when green leaves of barley
were placed in the dark which coincides with the chlorophyll decrease.

From this study, it may be noticed that there was no distinct effect of the anions
whether acetate, chloride, nitrate or sulphate. Another point is that Zn** jons do
not show a significant effect on Chl a. All this would suggest a specific ion effect of
copper on the changes in the chlorophyll content. This is further borne out by the
data (Table 3) of the effect of KCI where no significant change in chlorophyll content
was noticed in this system. However, the results of Zn*+* treatment could be mislead-
ing if the conclusion of Rosko and Rachlin [10] holds in this system. They found that
Zn** caused a downward shift in the absorption spectra in the blue region with
maximum absorption at 340 nm for Chl a of Chlorella vulgaris. Further investigation
of this point is under study.
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