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Effects of chlorine deficiency in the field on leaf gas
exchanges in the PB121 coconut hybrid
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Abstract - A study of leaf gas exchanges during the dry and rainy seasons confirmed the importance of the chloride ion
in coconut. In the dry season, compared to a control, chloride deficiency led to lower stomatal conductance, hence a
reduction in leaf gas exchanges. This resulted in less intense net photosynthesis and transpiration, which accounted for
the poorer drought tolerance of chloride-deficient palms. During the dry season, even if not very intense, non-deficient
palms maintained and even increased their stomatal conductance. This enabled them to increase leaf transpiration, hence
responding to the increase in evaporative demand and maintaining a high level of net assimilation. Conversely, deficient
palms reduced their stomatal conductance, leading to a drop in transpiration and net photosynthesis. Observations during the rainy season failed to reveal any effect of chloride deficiency on intrinsic photosynthesis. The chloride ion therefore seems to act primarily during the dry season, and in stomatal regulation. (&copy; Inra/Elsevier, Paris.)
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Résumé - Effets d’une

carence en chlorure au champ sur les échanges gazeux foliaires du cocotier hybride PB121.
Une étude des échanges gazeux foliaires en saison sèche et en saison humide, a confirmé l’importance du rôle de l’ion
chlorure chez le cocotier. En saison sèche, par rapport à un témoin, la carence en chlorure entraîne des conductances stomatiques plus faibles qui conduisent à la diminution des échanges gazeux. Il en résulte une photosynthèse et une transpiration moins intenses, expliquant la moins bonne tolérance à la sécheresse du cocotier carencé. En saison sèche, même
peu intense, un cocotier non carencé, maintient et même augmente sa conductance. Ceci permet d’accroître sa transpiration, de répondre à l’augmentation de la demande évaporative et de maintenir une photosynthèse élevée. Au contraire,
les plants carencés diminuent leur conductance, provoquant une baisse de transpiration et photosynthèse. Des observations en saison des pluies n’ont pas mis en évidence un effet d’une carence en chlorure sur la photosynthèse intrinsèque
du cocotier. L’ion chlorure semble intervenir essentiellement en saison sèche, et sur la régulation stomatique.

(&copy; Inra/Elsevier, Paris.)
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1. INTRODUCTION

The first work describing the major role of chloride in oil palm and coconut (Cocos nucifera L.)
mineral nutrition dates back to 1971 [17, 18]. Since
then, numerous articles have confirmed this positive
effect on growth [11, 12, 16, 23], on yields [14, 15],
on drought tolerance [3, 5, 19], and on resistance to
certain diseases [20].
Chloride was seen to play certain physiological
roles in coconut. For instance, it was shown that the
- ion is of major importance in the mechanisms
Cl
governing stomatal opening and closure [6]. As a
result, it is also important for stomatal regulation,
particularly during the dry season [8]. Moreover, its
high concentration in coconut leaf tissues means
that it acts as an osmoticum in maintaining tissue
turgor during drought [7]. Furthermore, a certain
number of studies on plants other than palms
demonstrated the important role of chloride in photosynthesis [4] and particularly in photosystem II

[9, 13].
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problem of magnesium nutrition on the
plantation,
comparison of these treatments was supposed to highlight the effect of chloride on foliar gas
exchanges, and to emphasise its greater effect than potasAs there

was no

the

sium.
The observations were made over a dry season
(September 1995) and a rainy season (February 1996),
on the useful palms (= normal palms not in border rows)
in each plot. Measurements were taken on the central
part of ranks 9-12 leaves and each side of the first third
of the leaflets. ADC infra-red gas analysers were used to
study leaf gas exchanges: an LCA2 during the dry season
and an LCA4 during the rainy season. To prevent overheating of the leaf tissues inserted into the chamber, only
half the area was covered by the observed leaflet (i.e. 5.8
) and the gas flow into the chamber was 450 mL
2
cm

.
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The aim of this work

was to confirm the imporby detecting the effects of a
chloride deficiency on coconut leaf gas exchanges
in the field. We particularly studied its effect on net
photosynthesis so as to determine whether the deficiency acted solely via stomatal regulation or was

tance of Cl
- in coconut

also involved in the intimate mechanisms of
coconut

characteristics are very low on this plantation [1], and we
assumed that soil heterogeneity between the different
plots could be neglected. The treatments were:

photosynthesis.
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2. MATERIALS AND METHODS

3. RESULTS AND DISCUSSIONS
The

study was carried out in fertiliser trial GB CC 08
Gunung Batin plantation in South Lampung

at the MAC

(south Sumatra), Indonesia. The trial, set up in December
1989, is a 3 factorial trial subdivided into two, with one
replicate, studying three levels of K, Mg and Cl nutrition
(0, 1 and 2) on two coconut hybrids: PB 121 and PB 111
[3]. The magnesium is applied as dolomite, potassium as

potassium sulphate and chlorine as sodium chloride.
As it was not possible during our missions to study all
54 elementary plots, we selected four plots planted with
PB 121, according to the applied treatments and as close
as possible to one another (figure 1). Variations in soil

The results of the latest analysis (carried out in
May 1995) for the chosen plots are given in table I,
which shows that N, P, K, Ca, Mg, Na and S nutrition is good on the coconut palms in the four plots.
The leaf contents for leaf 4 are thus not limiting,
according to the results obtained previously under
the same conditions. It is therefore reasonable to
assume that the only factor that can differentiate
between the plots is leaf chloride content: for
instance, there are two plots with good chloride

nutrition
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sodium contents in both cases. This can be attributed to the fact that chloride is

applied

as

sodium

chloride. However, these high sodium contents are
not toxic for the palms, and have not yet had any
effect on yields.

These

analyses

were

performed at the

end of the

season, but as Coomans [10] demonstrated
that the variation coefficient of leaf Cl contents
according to rainfall is 10 %, we can assume that a
Cl-deficient coconut in May 1995 is still deficient
during the drought season (September 1995). Even
if there are some variations, the nutrient contents
given in table I are also valid for the drought period. This assumption is also supported by the fact
that the drought period in 1995 was of a low intensity, with no water deficit for palms (table II).

rainy

3.1. Stomatal conductance
the dry season

during

The various values obtained for the four treatments are shown in tables III and IV. Irrespective of
the treatment, it is worth noting that the recorded
stomatal conductance values were relatively low -1
- and that they
generally below 10 mm s
decreased significantly as the day wore on. In fact,
the mean stomatal conductance values for treatments 1
Cg
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2
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ly significant.

These observations confirmed results obtained
which showed that during the dry season, coconut stomata close during the day [7].

previously,

A comparison of treatments Cl
2and Cl
0 (table
IV) reveals that irrespective of when the measure-

taken, the mean stomatal conductance of
Cl
deficient palms was significantly lower than
that of non-deficient palms. Moreover, during the
day, the reduction in values was more obvious in the
case of Cl
-deficient palms. In fact, conductance
fell from 7.7 to 5.7 mm s
-1 and from 6.3 to 3.7 mm
ment was

These results therefore confirm the importance of
the role of the Cl
- ion in stomatal regulation mechanisms during the dry season. When water supply
conditions become difficult, a chloride deficiency
results in lesser stomatal opening right from the
morning, and in more intense stomatal closure in
the course of the day.

3.2. Net assimilation

during the dry season

The net assimilation values recorded at the same
time as the conductance values are shown in tables
V and VI. It is clear (table V) that the means per
treatment do not exceed 12.5 &mu;mol CO
-1
s
,
2
which is lower than the usual value of around 16
-2s
-1for this variety [21]. This is due
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to the fact that the measurements were made during
the dry season. However, it is clear that in the morn-
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ly significant and increased in the afternoon owing
to the reduction in net photosynthesis of the Cl
-2
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stable
remained
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whereas
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throughout the day in the control palms (table VI).
deficiency in
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statistically significant fall

In the dry season, a chloride
coconut thus leads to less intense

the

morning,

and to

a

during the day. These effects can be explained by
the previous observations of stomatal conductance.
In fact, compared to control palms, the conductance
values for Cl
-deficient palms were lower in the
morning, and fell more markedly during the day, as
a result of stomatal closure leading to a reduction in
gas exchanges.
The falls in net photosynthesis observed on Cl
deficient coconut palms in the event of drought can
thus be attributed to the reduction in stomatal conductance. However, the possibility of a depressive
effect on the photosynthesis mechanisms proper
cannot be ruled out. It is in fact possible that the two
effects (direct on photosynthesis and indirect via
stomatal regulation) may be combined.

3.3. Observations

during the rainy season

saturation by radiation was
for
each
treatment
plotted
(figure 2). This figure
shows that the experimental points were closely
grouped, and that their distribution was apparently
identical for all four treatments. The saturation
-2,
-1 and was
s
plateau was around 13.5 &mu;mol CO
2m
reached for radiations of over 1 000 &mu;mol m
-2 s
-1.
the
water
conditions
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Although
supply
good, it
is important to note that maximum net assimilation
did not reach the values recorded for identical planting material in the Ivory Coast, viz. around 16 &mu;mol
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tion point,&epsiv; is a coefficient.
where A
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The values for the different factors and their confidence intervals are shown in table VII. The four
adjustments were very similar, and the statistical
analysis led us to conclude that the curves were

identical. Irrespective of whether there was a chloride deficiency, the curve for net photosynthesis saturation by radiation was identical for coconut.
The mean values for net assimilation, stomatal
conductance and transpiration measured during the
rainy season with saturating radiation (PAR > 1 000
-2 )
-1 are given in table VIII. Any signifis
&mu;mol m
cant difference among the four treatments was
detected.

Under non-limiting water supply conditions,
chloride deficiency does not therefore seem to have

depressive effect on the intimate mechanisms of
coconut photosynthesis. The depressive effect on
assimilation only seems to occur during the dry season, and probably results from reduced stomatal
a

conductance.

1995 (dry season). Table IX gives the
mean values for net assimilation, stomatal conductance and transpiration for each treatment. The
results obtained depending on the chloride nutrition
are shown in table X.

September

regards stomatal conductance, it was seen
(tables IX and X) that the values measured on deficient coconut palms in the dry season were lower
than those recorded in the rainy season. This may
account for the significant difference between the
net photosynthesis values. In fact, compared to the
rainy season, net photosynthesis was 26 and 22 %
lower in the dry season for the coconut palms in
plots 8 and 11, respectively. However, for non-deficient palms, the conductance values recorded in
September were higher than those in February, and
As

3.4. Comparison between
and rainy seasons

dry

To prevent any stomatal limitation due to
increase in water vapour deficit during the day, the
data used for this comparison were those measured
with saturating radiation in February 1996 (rainy
season), and those recorded in the morning in

combined with greater transpiration and with
small drop in net assimilation (-6 and -11 % for
plots 1
Cg
K
M
l treatments, respecCg
0
K
M
2
l and 2
This
last
tively).
phenomenon is surprising, and we
do not yet know the reason behind it.
were

a

In chloride-deficient palms, leaf gas exchanges
decreased during the dry season compared to the
rainy season, leading to a drop in conductance and
in net assimilation. Under the same conditions, the

control

palms

succeeded in

maintaining

normal

conductance, and even in increasing it to satisfy the
higher evaporative demand, hence keeping a high
level of net assimilation. A Cl
- deficiency thus had
an adverse effect on the carbohydrate nutrition of
coconut

palms during the dry

Chloride deficiency in coconut therefore only
to have an effect in the dry season, even if it
is not very intense, and results in decreased leaf gas
exchanges by acting on stomatal regulation.
seems

Lastly, this work confirmed that for coconut,
sodium chloride is a good alternative to potassium
chloride for correcting chlorine deficiencies [2, 14].
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