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Abstract

The diagnosis of boron deficiency in coconut palms has been hampered by lack of information
about its distribution in the plant. Two experiments were conducted, one in a greenhouse to in-
duce boron deficiency in dwarf green coconut palms, and other in the field, in which the plants re-
ceived doses of boric acid, B(OH)s. The objective was to verify symptoms of boron deficiency and
boron content variation in canopy, leaves and folioles (or leaflets). Boron deficient plants led
leaves and folioles to become deformed. The deficient and sufficient contents of boron varied sig-
nificantly in the canopy, but did not vary in leaves. The boron content increased significantly from
bottom to the apex of the folioles in both treatments. To survey the level of boron in the coconut
palm, the ideal is, using samples taken from the youngest leaf, to calculate the relation between
the boron content in the apex of the foliole and the content in the center or in the folioles bottom,
with minimum values 2.2 or 2.7, respectively.
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1. Introduction

In the last years, some progress was achieved in understanding boron’s (B) dynamics in soil and plants, but
questions remain about its behavior in soils, its role in plant metabolism and, mainly, about the content in leaves
which are indicators of deficiency.

In fruit trees boron deficiency mischaracterizes the fruit at the chemical, nutritional and morphological levels,
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hampering the fruit commercialization [1] [2]. There are several cultivated species with B deficiency, which, in
turn, often occurs in sandy soil due to lixiviation. However, coconut palm grown in sandy soil with 710 g-kg* of
sand and 31 g-kg ! of organic matter in the layer of 0 - 0.4 m, plants absorbed B, with no evidence of lixiviation
after supplying the soil with 60 g of boric acid per plant [3].

In many parts of the world there are reports of boron deficiency in palms [4] [7]. The diagnosis of boron defi-
ciency in coconut palms (Cocos nucifera L.) has been hampered by lack of information about the distribution of
B on the plant leaves.

Symptoms of B deficiency are associated with two important roles of boron in plant physiology: its participa-
tion in the growth of the cell wall and the plasma membrane [8]; and due to its limited mobility, or immobility,
in many cultivated species [9]. In the coconut palms, B deficiency decreases the photosynthetic capacity, since it
reduces the electron transportation of photosystem Il (-12.5%), photosynthesis (35.7%), sweating (—32.2%) and
stomatal conductance (—45.6%) [10]. Symptoms of B deficiency become visible as soon as the leaf emerges,
which occurs two or more months after the occurrence of the deficiency. The coconut palm grows one leaf per
month [11] and a transitory boron deficiency can affect leaf development just days before its full growth [7].

[12] found in the indicator leaf (leaf 9 or 14, listed from the youngest to oldest leaf), levels above the critical
level, 8 mg-kg * [13], and the plants presented symptoms of B deficiency. Symptoms of boron deficiency in co-
conut always appear on young leaves [7]-[12] and, in this case, the analysis of the leaf tissue of more developed
leaves cannot be a good indicator of the current status of B in the plant.

In these plants boron deficiency can be intensified over time, presenting as initial symptoms leaf area reduc-
tion, followed by, days or months later, an increase in leaf senescence, and ultimately, necrosis of the apical
meristem. Boron deficiency can also be chronic, affecting many leaves throughout the development. Symptoms
can be confounded with attack of plagues and diseases [14], deficiency of zinc, copper, and manganese, toxicity
caused by herbicides and others [6]-[15].

Boron deficiency also compromises the coconut palm’s radicular system, decreasing the percentage of fine
roots, increasing the percentage of thick roots, causing over sprouting, necrosis, darkening and thickening of
roots [8]. With the compromising of the radicular system, the plant can possibly present secondary deficiencies,
and be more susceptive to hydric deficit, blight and diseases.

Few academic studies describe the distribution of B in the leaves of coconut palm. In plants not fertilized with
B, the tendency is to have similar contents in young and in old leaves; in those fertilized, however, the content of
B increases, but it does not follow a consistent pattern of distribution between young and old leaves [3]-[16].
The correction of the deficiency in coconut palms is possible after application of B [12]. Doses of 30 g and 60 g
of boric acid per plant, applied without dilution at the plant’s axilla or in the soil, respectively, adequately nour-
ish the plant and do not cause toxicity [3].

Thus, the objectives of this study were to: 1) induce B deficiency in green dwarf coconut palms, and verify
the symptoms; 2) describe the distribution of B in leaves of plants with induced B deficiency; 3) describe the
distribution of B in parts of the foliole of coconut palms grown under field conditions, fertilized and non-ferti-
lized with B; and 4) obtain a criterion for the identification of B deficiency.

2. Material and Methods
2.1. Induction of B Deficiency

Two treatments were used in an experiment conducted in a greenhouse with six replications in a completely
randomized design. The treatments consisted in providing a sufficient solution of B, +B, and a B deficient solu-
tion, —B (starting from 60 days after planting). The site, the acquisition of the seedlings, the management of the
treatments, the irrigation, and the experimental conditions are described in [3]-[10].

2.2. The Presentation of the Symptoms

The presentation and evolution of the symptoms in the coconut palms in the greenhouse were visually monitored.
For each symptom that emerged, affected folioles of the plants —B, as well as the corresponding folioles of the
plants +B (positioned in the same region and leaf) were used as samples to determine the contents of B. The
symptoms of deficiency were photographed, as well as the aspect of the corresponding organs in the plants with
sufficient B (+B). At the end of the experiment, the leaves were removed from the plants, and as the palm heart
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was exposed the existing leaf primordia were photographed. The leaf primordia were sectioned in apex, center,
and base. The symptoms of B deficiency were described by associating them with the foliar boron contents
found when each symptom manifested.

2.3. Distribution of B in Plants Induced and Non-Induced to B Deficiency

The nutritional status of the plants (data not presented) was monitored during the experiment in a greenhouse
(cited above), and also in the field experiment described below (Sampling 4). The samplings intended for the
description of B distribution were conducted when the plants were deemed to be in the most advanced stage of B
deficiency.

Sampling 1: On April 16, 2007, 406 days after the imposition of boron deficiency, six folioles were collected
—three from each side of the central region of each leaf—in order to evaluate the effect of boron deficiency on
the mineral composition of the different leaves of the plant (leaf 1 being the youngest).

Sampling 2: On May 10, 2007, 430 days after the imposition of boron deficiency, six folioles were collected
from each region—three on each side of the leaf—in order to evaluate the effect of boron deficiency on the mi-
neral composition of the apical, central, and basal region of leaf number four. In the apical region, the collection
was performed below the fifth pair of initial folioles; in the central region, at the leaf center, and in the basal re-
gion, above the third pair of folioles nearer to the stipe. The central 10 cm of the folioles were analyzed.

Sampling 3: On May 29, 2007, 444 days after the imposition of boron deficiency, the central folioles of leaf
number four were collected (equivalent to leaf number three of the previous collections cited above), and ten fo-
lioles were removed—five on each side of the leaf—in order to evaluate the effect of boron deficiency on the
mineral composition of the folioles. These leaflets were divided into seven parts, with apex of 14 cm, and the
remainder of the folioles was divided into six parts of the same size. The regions were numbered from 1 to 7, the
apical being 1, and, the basal, 7. The contents found in the apical part (1) were divided by those found in region
2 (1/2), and so on until reaching the base (1/7), establishing relations.

Sampling 4: To investigate the distribution of B in the seven parts of the foliole under field conditions, plants
grown in Campos dos Goytacazes—RJ, Brazil, were sampled on June 18, 2007 in an experiment with a ran-
domized block design, with four treatments, four replications, and two plants per replication. In these plants, the
folioles were sectioned in seven positions, resulting in a 4 x 7 factorial arrangement. These plants were initially
fertilized with boric acid at dosages of 0, 5, 10, and 15 g-plant *, applied to the soil every 4 months, with the first
application in February 2003, when the plants were 8 months old. Depending on the development of the coconut
palm, starting from May 2005 the doses of boric acid were adjusted to 0, 15, 30, and 45 g of B(OH) plant *, and
the interval of application altered to six months. The last application of boron occurred on April 4, 2007, 76 days
before the sampling. Ten folioles were sampled from the center of leaf number 9 (youngest leaf = 1, and so on),
five folioles from each side of the leaf. In all the samplings (greenhouse and field), the dry mass of the folioles
or of their parts was quantified (data not presented). Between 2003 and 2007, foliar samplings were conducted
periodically (data not presented). The soil in the area is Quartzarenicneosoil [17]; the chemical analysis is pre-
sented in Table 1.

2.4. Tissue Conditioning and B Quantification

The folioles and the leaf primordia were placed in Kraft paper bags. In the laboratory, the folioles were cleaned
with cotton wool previously soaked in deionized water, and, subsequently, the midribs were removed. All the
material was placed in a forced air circulation chamber at 75°C for 48 hours. After the drying, the material was
ground in a Wiley mill with a 30-mesh sieve. The material was packed in hermetically sealed tubes. The content
of B was determined after submitting 250 mg of plant tissue to dry ashing at 550°C; nitric acid was added to the
ashes at the ratio of 1/60. For the dosage of boron, the method of Azomethine-H was used [17] [18].

2.5. Data Evaluation

Since all plants induced to B deficiency developed symptoms, while the same did not occur to the plants with
sufficient B, we chose to describe these symptoms. To make a contrast, some pictures of plants with sufficient B
were presented. For evaluation of the foliar content, analysis of variance was used, and, when necessary, the test
of means. The standard error of the mean was used to represent data homogeneity. The significance levels were
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Table 1. Chemical composition of the soil of the experimental area. Campos dos Goytacazes, Rio de Janeiro, Brazil, 2003.

Depth pH E® C Al (H+ Al) Ca Mg Na K P B Cu Fe Mn  Zn
m mS/cm gkg? mmol.-kg™ mg-kg™*

0-0.2 6.05 244 20.4 0.5 124.6 548 120 91 135 88 045 15 112 272 1.7

02-04 6.09 219 18.7 0.5 121.8 321 71 29 104 200 035 09 148 225 038

represented by “ for P < 0.05 and ~ for P < 0.01, ™ for P < 0.001, and ns (not significant) for P > 0.05. The data
were analyzed in a factorial scheme, which depended on the number of sampled leaves (9 or 12), or the number
of sampling positions on the leaf (3), or the number of sections on the foliole (7).

3. Results
3.1. Description of Symptoms of B Deficiency

112 days after the induction of B deficiency in the experiment in a greenhouse, some of the folioles of young
leaves presented translucent or white spots on the achlorophylled tissue; the epidermis was intact (also observed
in a 40x magnifying glass). At the time, B concentration in the folioles of leaf number one (1) of the plants with
sufficient B was 13.7 + 1.8 mg-kg ™", and in the treatment of —B, 8.7 + 1.2 mg-kg*. Due to similar contents be-
tween the treatments, the concentration of B was increased in the complete solution from 25 to 50 pmol-L™*. On
day 142 after the induction of the deficiency, this symptom intensified on the young leaves of the —B plants,
evolving to white stripes parallel to the midrib (Figure 1(A)). With the development of the leaf, some affected
areas parched forming cracks at the injury site (Figure 1(B)).

The emergence of young leaves, approximately 170 days after the induction, led the deficient plants (—B) to
present corrugations on the dorsal region of the leaf blade with a shape similar to the spots and achlorophylled
stripes (Figure 1(C) and Figure 1(D)). On +B plants, the leaf blade was perfect, with no atypical symptom. The
+B plants had boron contents of 27.0 + 15.1 mg'kg * (leaf 1), and in the plants subjected to treatment —B the
contents were 7.2 + 1.4 mgkg .

The symptoms of B deficiency always appeared on young leaves. At day 306 after the induction, a cracking
similar to a “saw tooth” occurred on the folioles of the leaf base. At this stage, the B contents on the +B plants
were 21.1 + 7.4 mg-kg *, and on the boron deficient plants (—B) they were 7.4 + 0.77 mg-kg * (leaf 3). At day
335 after induction, the folioles had yellowish regions. No descriptions for similar symptoms were found in the
literature concerning the cultivation of coconut palm.

In April 2007, 390 days after the induction of B deficiency, the —B plants showed atrophy of the growth point.
The youngest leaf had the upper folioles open and exposed, while those from the base were hidden in the center
of the canopy (Figure 1(E) and Figure 1(F)). At this stage, the content of B found in B deficient plants was 6.9
mgkg ™ + 2.9 mg-kg ! (leaf 4). Plants with sufficient B (+B) grew new and well-developed leaves (Figure 1(G));
B content was 34.5 mgkg * + 18.3 mg'kg ™" (leaf 4). The B deficient plants were smaller, 1.61 m + 0.67 m,
compared with normal plants, 2.62 m + 0.55 m (measured from the base of the root collar to the apex of the
highest leaf).

On June 14, 2007, 473 days after induction, it was found that the new leaves had deformations and the foli-
oles had necrotic tips; fusion and malformation occurred to the folioles of the base of the young leaves, the mid-
rib followed the shape of the folioles (Figures 1(H)-(J)). The younger leaves of the plants —B presented short
folioles, had brownish spots along the rachis; on the folioles, in regions without stains, the tissue was slightly
yellowish (Figure 1(K)). The base of the root collar was deformed; the surface had necrotic depressions whose
colors varied from brownish to black (Figure 1(L) and Figure 1(M)).

The B content in the leaf primordia of the deficient plants (—B) ranged from 9.0 mgkg * to 11.5 mg-kg ™,
while in the treatment +B the content ranged from 17.2 mg-kg * to 22.9 mg'kg ™ (Table 2). In the treatment —B,
the palm heart presented transversal cracking (Figure 1(N)). The basal region of the palm heart was ne-
crosed-necrosis was located in the outer region and inside the rachis (Figure 1(O)). In the deficient plants (—B),
the palm heart had few, deformed and large leaf primordia, in comparison with those found in the normal plants
(+B). In the highest stage of deficiency, the contents of B on the apex, center, and base of the palm heart were,
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Figure 1. Symptoms of B deficiency in green dwarf coconut palm: (A) Stripes; (B) Exsiccation and tissue rupture; (C) (D)
Folioles with necrosis and corrugation; (E) Deficient plant; (F) Growth point; (G) Youngest +B leaf; (H) Youngest —B leaf;
(1) —B leaf detail; (J) Folioles deformations; (K) —B leaf primordia; (L) (M) Lesion on root collar; (N) (O) Cracks and exter-
nal and internal necrosis in the palm heart of the —B plants.

respectively, 67%, 60%, and 39% of the content of B found in the same regions in the normal plants (+B)
(Table 2).

3.2. Description of B Distribution

3.2.1. Description of Distribution of B in Central Folioles of Different Plants

Boron deficiency reduced the content of this micronutrient in all the coconut palm leaves (P < 0.001), reaching
minimum values of 5.0 mg-kg " on leaf 1 and 5.1 mg-kg * on leaf 2 (Figure 2). In the same leaves of the plants
treated with B, the contents were 20.9 mg-kg * and 26.7 mg-kg ™, respectively.

In the deficient plants (—B), the contents increased from the youngest to the oldest leaf (P < 0.001). The oldest
leaves, 10, 11, and 12, grew approximately at the time of omission of boron from the nutrient solution. The con-
tent of B in the leaves from six to nine varied from 8.9 mgkg * to 10.0 mg-kg™* (Figure 2), contents above the
critical level of 8 mg-kg* [13]. In the plants +B, the contents of B increased from leaf 1 to 4, and decreased
from 4 to 10, in which they had a new increase (P < 0.001) (Figure 2).

3.2.2. Description of B Distribution in the Apical, Central, and Basal Regions of Leaf 4

As expected, the content of B was lower in the plants with deficiency of B (P < 0.001) when compared with the
plants of the treatment +B (Table 3). The B content of the apical, central and basal of deficient plants was
30.5%, 52.7% and 25.0% of B concentration in the respective regions of normal plants (B+). In treatment plants
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Figure 2. Contents of B in the dry matter of the central folioles of different
leaves of green dwarf coconut palm. Plants with sufficient B (+B) and defi-
ciency of B (=B). Leaf 1 is the youngest leaf totally expanded; leaf 2 is the
next older one, etc. Vertical lines indicate mean standard error. ns, ", ™", and
" indicate not significant, P < 0.05, P < 0.01, P < 0.001, respectively, by F
test and Tukey’s test. Campos dos Goytacazes, Rio de Janeiro, Brazil, 2007.

Table 2. Mean content of B (mg-kg™) in three regions of the palm heart of green dwarf coconut palms submitted to treat-
ments with sufficient (+B) and deficient B (—B). Campos dos Goytacazes, Rio de Janeiro, Brazil, 2007.

Treatment Apex Center Base
+B 17.2+4.7 19.8+5.3 229+15
-B 115+19 11.9+£5.0 9.0+20

Table 3. Contents of B in dry matter of folioles of apical, central, and basal regions of leaf 4 according to treatments with
sufficient (+B) and deficient B (—=B). Campos dos Goytacazes, Rio de Janeiro, Brazil, 2007.

Region of leaf

Treatment Apical Central Basal
+B 25.9Aa 14.6Ab 27.6Aa
-B 7.9Ba 7.7Ba 6.9Ba

+B: B sufficient, —B: B deficient. The apical region is the tip of the leaf; the central is on the center, and the basal is the nearest to root colar.
Means followed by the same capital letter in the column and a lowercase letter in the line do not differ statistically from each other, by F test at
5% probability.

+B, B concentration was lower in the leaflets of the basal region of the leaf (P < 0.001); in contrast, B deficient
plants showed statistically equal levels in all sampled regions (Table 3), but these data were obtained under
conditions of greenhouse (Table 3).

3.2.3. Description of B Distribution along the Foliole
In the greenhouse, the content of boron in the apical region (1) of the foliole of plants with sufficient B (+B) was
of 293.5 mg-kg *, decreasing to 23.9 mgkg * in the region just below the apical region (2), with a slight de-
crease starting from that region, reaching the minimum value of 8.4 mg-kg " at the base of the foliole (7) (P <
0.001) (Figure 3). In the folioles of the —B plants, the content of boron on the apex of the foliole was of 11.2
mg-kg*, gradually decreasing towards the base, with a content of 4.1 mgkg * (P < 0.001) (Figure 3). Thus,
even in case of boron deficiency, the content of B tends to be higher at the apex of the folioles.

The content of B was 26 times lower in the apex (1) of the folioles of plants with deficiency of boron (—B),
when compared with the B content of the apex of the folioles of the plants with sufficient B (+B) (P < 0.001).
These relations decrease as they are measured from the apex to the base, reaching the minimum of two at the
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11.2+35 2935+83.3
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Figure 3. Contents of B (mg-kg™) in the seven regions of the central folioles of leaf 4 of green dwarf coconut palms accord-
ing to the treatments with sufficient B (+B) and deficient B (—B). Data obtained in greenhouse. Campos dos Goytacazes, Rio
de Janeiro, Brazil, 2007.

base of the foliole (Figure 3).

In the folioles sampled from plants cultivated in the field and submitted to doses of boron, the content of B
decreased from the apex (1) to the base (7) of the folioles independently of the dosage of B used (P < 0.001)
(Table 4). By comparing the data obtained in field conditions with the data obtained in greenhouse, we observed
that the content of B at the apex of folioles, in all doses of B, was lower than the content of B found at the apex
of the leaflets of treatment +B (plants cultivated in greenhouse) (Figure 3 and Table 4). The plants that did not
receive B by fertilization (dosage 0) had content of B of 23.7 mg-kg  at the apex of the folioles, decreasing in
the subsequent regions (P < 0.001), with a minimum content of 8.7 mg-kg " at the base of the leaflet (Table 4).
In this case, the response to boron fertilization is higher in the apical region of the foliole. The regions below the
apical region have lower levels of B, and thus, underestimation of content of B may occur, even in plants fertil-
ized with B.

The relations among the contents of B obtained in the apical region and the regions located below this region
in deficient plants (—B) (cultivated in greenhouse) varied from 1.9 to 2.7, and at the dosage of 0 (zero) of B in
the field experiment they varied from 1.9 to 2.8 (Table 5). In the folioles of the plants with sufficient B (+B) the
proportions were high, 12.3 (1/2) to 34.9 (1/7); however, these same proportions when measured for the folioles
sampled in the field experiment, for the dosages of 15, 30, and 45 g of B(OH); plant * were, approximately, two
times or more of the proportions found among regions in the treatments of —B (greenhouse experiment), and at a
dosage of 0 (zero) of B(OH); plant™* (field experiment) (Table 5). The proportions presented among the differ-
ent regions of the folioles of the deficient plants (—B) and at the dosage of 0 of B(OH); plant *of the field ex-
periment (Table 5) may be used to assist the diagnosis of B deficiency in coconut palms.

4. Discussion
4.1. Symptoms of B Deficiency

The symptoms of boron deficiency in coconut tree in an early stage resembled the symptoms described to sor-
ghum (Sorghum bicolor L. Moench), maize (Zea mays L.), peach palm (Bactris gasipaes Kunth) and “acai” (Eu-
terpe oleracea Mart.). In sorghum [19] and maize [20], in new leaves occur elongated and transparent strips that
later turn white and dry and because of the worsening of the deficiency, the growing point necrotizes and dies.

In the peach palm leaf blade of young leaves of boron deficient plants had become wavy [21] [22]. Also in
peach palm [23] observed failures in the limbo of the new leaves of boron deficient plants. Boron deficiency in
“acai”, manifested by small white streaks on young leaves, and, with the intensification of the deficiency, those
risks become greater; deficient plants were smaller than the full treatment [24].
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Table 4. Contents of B, mg-kg 2, in the seven regions of the central folioles of leaf 9 of green dwarf coconut palms according
to different doses of boric acid (g-plant™®). The sections were 1: apex, 2, 3, 4, 5, 6 regions between the apex and base of the
foliole, 7: base.

g B(OH); plant™

Region 0 15 30 45
1 23.7" 68.5" 73.6™ 90.2"
2 12.8 21.77 25.7" 28.0"
3 11.5ns 16.9” 19.8” 20.8"
4 10.8 ns 1417 1757 18.6™
5 9.8 ns 12.6 ns 15.1 ns 15.8 ns
6 9.2ns 11.3ns 12.6 ns 13 ns
7 8.6 ns 9.6 ns 10.3 ns 11.3ns

ns,”, ™, and ™ represent not significant or significance at P < 0.05, P < 0.01, P < 0.001, respectively, for each region of the foliole. Data obtained in
field conditions. Campos dos Goytacazes, Rio de Janeiro, Brazil, 2007.

Table 5. Relations obtained from the apical region (region 1) and other regions of the foliole (regions 2, 3, 4, 5, 6, and 7) of
the plants induced to B deficiency (—B) and plants with sufficient B (+B) in greenhouse and the same ratios among these re-
gions of green dwarf coconut palms fertilized with doses of boric acid in field conditions. Campos dos Goytacazes, Rio de
Janeiro, Brazil, 2007.

-B +B 0 15 30 45

Ratio Greenhouse g B(OH); plant™ in field
1/2" 19 12.3 19 3.2 2.9 3.2
1/3 2.0 17.7 2.1 4.0 3.7 4.3
1/4 2.2 215 2.2 4.8 4.2 4.8
1/5 2.3 27.3 24 5.4 4.9 5.7
1/6 25 31.2 2.6 6.1 5.8 6.9
17 2.7 349 2.8 7.1 7.2 8.0

“1/2: ratio between the content of B on the apex (1) and the region just below (2), and so on until 1/7, calculated by the division of the content of B of
the apex and the base of the foliole (7).

The formation of translucent white or coconut lines was observed in field situations by [25]. One difficulty is
the observation that these symptoms appear in young leaves, which makes diagnosis difficult in adult coconut.
In field situations, possibly these tissues are affected by pests and diseases, dissimulating the symptom.

The boron content found in plants —B treatment was maximum 9.95 mg-kg *, while the complete treatment
was a minimum of 11.9 mg-kg*. The data show that the range between deficiency and the appropriate level is
small and can be easily corrected by applying supplemental boron. The correction of the deficiency may be car-
ried out through the application of boron in the axilla of the plant [12]. Application of 60 g of boric acid plant in
the soil or in the axilla 30 g did not lead to toxicity, increased the boron content in the leaves of the coconut
palm [3].

4.2. B Distribution

4.2.1. Distribution of B in Central Folioles of Different Plants
The content of B in the leaves from six to nine varied from 8.9 to 10.0 mg-kg *, contents above the critical level
of 8 mg-kg™* [13], however, these leaves presented visible symptoms of boron deficiency. In this case, it is pos-
sible to infer that the critical level of this micronutrient must be higher than 10 mg-kg .

The boron content was higher in old leaves both the deficient plants as well as non-deficient. The mobility of

()
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B in the phloem depends on the presence of polyols [9] [26]. In case of limited mobility, B would tend to accu-
mulate in older organs, as presented here, since for +B plants there was continuous availability of nutrients. The
highest content of B in the old leaves of the plants grown under deficiency (—B) also suggests that B is not
promptly translocated in the phloem of coconut palms. However, the data presented in this article are not suffi-
cient to infer about the mobility of B in coconut palms, since the young leaves of the deficient plants (—B) had B
on its tissue, albeit at low levels (Figure 2).

In B deficient plants, this nutrient is predominantly found in the cell wall, forming complexes with pectic
substances [27] [28]. The plants with deficiency of boron (—-B) began to present the symptoms of deficiency
three months after the omission of B from the nutrient solution. However, the evolution of the symptoms of de-
ficiency was critical after approximately 13 months of the omission of B, which suggests that part of the non-
complexed boron and even the complexed with pectin may have been translocated in the plant [29]. These au-
thors demonstrated that the B bound to the cell wall of sunflowers is not completely immovable, for approxi-
mately 28% of the B initially present in the cell wall was exchanged or released after three hours of omission of
B from the nutrient solution, the rest remained adhered.

4.2.2. B Distribution in the Apical, Central, and Basal Regions of Leaf 4

Regarding coconut palms, [30] did not find differences between the contents of B for these regions, apical, cen-
tral, and basal regions; however, for Paurotis palm the author found lower content in the central region of the
leaf. Working with coconut palm trees under field conditions and investigating the influence of the position of
the leaflets in the leaf nutrient contents [5], did not find differences between the levels of B obtained in the leaf-
lets of the apical, central and basal leaf 14. In field conditions, the constant airflow helps to drop the temperature
around the leaves. On the other hand, in the greenhouse, the temperature was much higher. During the experi-
ment, the average maximum temperature was always above 30°C (data not shown).

4.2.3. B Distribution along the Foliole

The boron content was higher in the apex of the leaflet, independent treatment, indicating that boron deficient
plants shows higher levels of boron as it approaches the apex of the leaflet, since, in field conditions the boron
content followed the same distribution. [16] also found higher levels of boron at the apex of folioles of coconut
palms and Paurotis palm. The African oil palm also has higher content of B at the apex of folioles [31]. A more
intense transpiration in these plants occurs, possibly, at the apex of the folioles, since the movement of B inside
plants is, often, related to the transpiration stream, which would lead to greater accumulation of boron in organs
or in part of them, of increased transpiration.

In conclusion, the visual symptoms of boron deficiency in coconut palms after the omission of boron from the
solution take time to emerge (approximately 3 months) and occur on young leaves. Early detection is difficult,
especially in young and mature plants due to size, and leaf sampling is necessary. The deficiency leads to de-
formation on leaves, folioles, palm heart, and roots, which present content levels with a small margin between
sufficiency and deficiency of B. With the data presented here, it is proposed that, for diagnosis of B deficiency,
the youngest leaf of the plant should be sampled [16] [32], since it represents the latest development, regardless
of the presence of the symptoms of B deficiency, with the collection of the apex and the center (or base) of the
foliole, thus obtaining the relation between the contents at these two positions. Considering the results of this
work, and also based on [16], the collection of folioles from the leaf regions (apical, central, and basal) does not
interfere on the results.

5. Conclusions

1) The symptoms of boron deficiency in coconut palms are: folioles with spots varying from white to translu-
cent; tissue necrosis in the region of the spots; corrugation with a shape similar to the white spots and lines;
young leaves are hidden among others already grown; absence of spear; necrosis on the apex of the folioles,
corrugation on blade and midrib. Palm heart acquires brownish stains, with necrosis on both sides of each rachis.

2) After the analysis of B, it is necessary to relate the content of B of the apex of the foliole and the content of
the center or the base. If the relation obtained is close to the one presented in this work, 2.2 or 2.7, respectively
(Table 5), the possibility of response to the application of B is high, even if the plant is not presenting visual
symptoms of B deficiency.
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