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Abstract
The state of Guerrero in Mexico is the main coconut copra producer with
84,881 hectares and employing more than one million wages annually. However, the production is facing very important and continuous losses due to
aging of palms and a lack of technological options to enhance productivity.
Farmer’s soils are linked to important problems of low fertility; and the studies to understand the relationship between soil nutrients supply and coconut
nutrition are practically unknown. Considering the importance of an optimum nutritional balance for high sustainable productivity of coconut and the
Organic Matter (OM) being the main source of Nitrogen (N), as the most
important essential nutrient, it was fundamental to quantify both OM and N
soil (0 - 30 and 30 - 60 cm deep) as related to the nutritional status of the crop
in fifteen plantations from Costa Chica and Costa Grande regions. Critical
levels of OM (%), inorganic N as NO3− (ppm) and Total N (%) in leaves,
suggested by the literature, were considered as reference values. Soil properties were considerably heterogeneous among localities. Total average of soil
OM (%), and N- NO3− in both Costa Chica and Costa Grande were quite low
at both depths. The total average of OM in Costa Chica was almost the same
at both depths with 1.37% and 1.33% respectively and as for Costa Grande the
total average of OM varied from 1.29 to 0.71, all below the reference Medium
Value of 1.6% to 3.5%. The same deficiencies trend was shown by the foliar N
contents (%) where N fluctuated from 1.18% to 1.77%, in Costa Chica and
0.94% to 1.72% in Costa Grande. The best correlation model to better explain

Aug. 27, 2021

1

Open Access Library Journal

J. H. Ramírez-Silva et al.

the relationship between soil attributes and Foliar N was found when the soil
N-NO3, at 30 - 60 cm deep, was compared to the Foliar N in Costa Chica.
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1. Introduction
The coconut palm (Cocos nucifera L.) is cultivated in 93 countries [1] and
grown widely in Asia and the Pacific region [2]. In Mexico, its cultivation started
more than a century ago, but it was not until the 1940’s when it began to be
commercialized [3]. For several years, copra production was fundamental for the
economic development of both Mexican Gulf and the Pacific coastal areas [4].
The interest in coconut was related to various government policies and the reduction in world supply.
The cultivation of coconut (Cocos nucifera L.) in Mexico comprises 190,000
hectares distributed in 13 states. The production of copra is the main product,
mainly concentrated in the states of Guerrero, Colima and Tabasco. One million
tons of coconut can yield around 166,000 t of copra and 100,000 t of oil mostly
dedicated to the soap industry [5].
It has been reported that the state of Guerrero has 84,881 hectares of coconut
plantations [6] [7] and it is being considered as the main copra producer at national level, employing more than one million wages annually and the production is mainly (80%) oriented to copra to satisfy national factories.
However, and in spite of the increasing interest in coconut products and
by-products, at international level, there are statistics that assume that Guerrero
is facing a constant surface reduction to just 44,387 existing hectares according
to specific surveys made to the coconut producers [8]; and that plantations are
losing their potential due to aging (more than 60 years) and lack of technological
options able to rescue the natural potential of soils.
In addition, farmer’s lands have important problems of soil fertility; and the
relationship between soil fertility and coconut nutrition is practically unknown.
The few available information is most referred to tall varieties from other countries [9].
Soil and plant analysis are basic tools to evaluate the nutrient status of soils
and its relationship with plant nutrition since it has been proved that plant nutrient deficiencies can reduce the number of female flowers per spathe and fruits,
causing the “abortion of immature fruits” [10] [11].
Nitrogen is the first required essential nutrient for young coconut palms folDOI: 10.4236/oalib.1107727
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lowed by phosphorus (P) and potassium (K). Supplementation with N is the
most required by the coconut tree [12]. According to Sobral (1998) [13] the lack
of N causes a yellowing of older leaves and there is a reduction in the number of
female flowers. On the other hand, the nutritional balance is essential to have a
high sustainable productivity [14].
This work was conducted to evaluate the status of both Organic Matter and
Nitrogen (N-NO3) in soils of different coconut farms of Guerrero Mexico, and
their relationship with the levels of Nitrogen in the palms.

2. Materials and Methods
The study was carried out in the dry season of 2019 in the state of Guerrero,
Mexico located between 16˚42'45" to 17˚05'51" North Latitude and from
99˚13'08" to 100˚28'58" West Longitude. The soils are classified as Regosols according to the World Reference Base for Soil Resources (WRBSR) with a texture
classified as Sandy Loam, Silty Loam and Clay Loam. In Table 1, the main soil
properties of the studied area are being shown [15].
Fifteen coconut plantations were selected scattered in both Costa Chica and
Costa Grande regions with a warm sub-humid climate Awo [16] and an average
annual rainfall of 1200 mm. In Table 2 and Table 3 the distribution of farms, for
each region, are being shown as well as their Geographical position, coconut
ecotypes and number of soil and foliar samples that were taken.
Table 1. Soil properties of the studied area in Guerrero, Mexico.
Region

Costa Chica

Costa Grande

Depth
(cm)

Bulk density
(g/cm3)

pH (1:1)

Electrical
Conductivity
(mS/cm)

Cation Exchange
Capacity
(meq/100g)

0 - 30

1.00 - 1.23

5.5 - 6.2

0.14 - 0.69

13 - 23

30 - 60

1.15 - 1.27

5.7 - 6.9

0.16 - 1.78

13 - 19

0 - 30

1.18 - 1.36

5.4 - 7.1

0.18 - 1.70

8 - 21

30 - 60

1.00 - 1.36

5.7 - 7.4

0.22 - 1.09

4 - 21

Table 2. Geographical position, coconut ecotypes and number of samples from selected farms in different municipalities of Costa
Chica Guerrero, Mexico.
Geographical Position/Coconut Ecotype/Samples
Municipality

Number of individual Number of composite
soil samples
foliar samples

Localities

North Latitude

West Longitude

Ecotype

Copala

Copala-1

16.62374

99.02175

Hybrid

8

2

Copala

Copala-2

16.59862

99.00607

Pacific Tall

8

2

San Marcos

Altos de Ventura

16.71272

99.21680

Green Dwarf

10

2

16.63959

99.21392

Pacific Tall

4

1

Florencio Villarreal San José de las Flores
Marquelia

Marquelia-1

16.58835

98.81512

Pacific Tall

4

1

Marquelia

Marquelia-2

16.54293

98.76108

Pacific Tall

2

1
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Table 3. Geographical position, coconut ecotypes and number of samples from selected farms in different municipalities of Costa
Grande Guerrero, Mexico.
Geographical position/Coconut Ecotype/Samples
Municipality

Number of individual Number of composite
soil samples
foliar samples

Localities

Latitude North

Longitude West

Ecotype

Tecpan de Galeana

Aguas Blancas

17.18375

100.61782

Green Dwarf

10

3

Tecpan de Galeana

Tenexpa

17.18235

100.67571

Green Dwarf

4

1

Tecpan de Galeana San Luís-San Pedro

17.24121

100.87041

Pacific Tall

10

2

Tecpan de Galeana

Rodesia

17.19916

100.71172

Pacific Tall

2

1

Benito Juárez

Las Tunas

17.096790

100.48046

Green Dwarf

18

3

Atoyac de Álvarez

Alcholoa

17.13704

100.38474

Pacific Tall

10

2

Atoyac de Álvarez

Cacalutla

17.09784

100.37756

Pacific Tall

4

2

Atoyac de Álvarez

El Huicon

17.11313

100.29875

Pacific Tall

4

1

Coyuca de Benítez

Coyuca

16.99871

100.08382

Pacific Tall

2

1

2.1. Soil Sampling
For those farms with five hectares or more, individual soil samples per hectare
were taken whilst for those ones with less than five hectares three subsamples
per hectare were mixed in order to get a composite sample. Samples were taken
at one-meter distance from coconut trunk at both 0 - 30 cm and 30-cm depth
per boring. The number of samples depended on the surface (hectares) of each
farm. The general criterion was to have one sample per about one hectare in
homogeneous surfaces to be sent to the laboratory.
For instance, when the area to be sampled was 10 hectares, such as Las Tunas
in Costa Grande, 9 borings were made considering both depths per boring. A
total of 18 samples were taken ensuring to obtain enough samples for good
chemical interpretation. For those farms with just 1 hectare, 3 subsamples were
mixed to form a single composite sample. It is suggested that 7 to 20 subsamples
per each 5 to 10 hectares are appropriate in homogeneous surfaces [17] like
those ones of this study.

2.2. Foliar Sampling
Foliar samplings were made from full competition palms considering the leaf
number 9 as suggested by Sobral (1998) [13]. One composite foliar sample per
each 2 - 3 hectares was taken. In the case of 1 hectare farms, just one composite
sample was considered. All composite samples were formed by mixing three
subsamples, and each subsample was made of 15 pieces of coconut leaflets of 20
cm long taken from three palm trees (5 leaflets per tree).
The 20 cm pieces of leaflets were cut from the middle third of leaves number
9; and at the same time the leaflets were taken from the middle third of the entire long leaflet.
DOI: 10.4236/oalib.1107727
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2.3. Soil and Foliar Analysis
The soil samples were chemically analyzed for Nitrogen (N) as Nitrate (N-NO3);
this being the most readily form used by higher plants and by consequence it is
the available N form that usually accumulates in agricultural lands [18].
Brucina was the method of soil analysis used for N-NO3 determination which
is based on the reaction of ions nitrate present in a sample with sulfate of brucine in the presence of sulfuric acid, forming a yellow complex measurable at a
length wavelength of 410 nm in an ultraviolet visible spectrophotometer. The
measure of color intensity is proportional to the concentration of nitrate ion
present [19].
On the other hand, the Kjeldall method [20] was used to determine Total Nitrogen (TN) in leaves consisting of the sum of organic nitrogen in its various
forms (proteins and nucleic acids in various states of degradation, urea, amines,
etc.) and the ammonium ion NH +4 , present in the sample. The quantified TN
was compared to the reference values reported by different authors for coconut.

2.4. Reference Soil Values for OM and Inorganic N
For proper evaluation, critical levels of OM, in percentage (%) and inorganic assimilable N such as N-NO3 in parts per million (ppm), suggested by the
SEMARNAT (2002) [20] were considered as a reference for the discussion (Table
4).
All samples with contents below the Medium Rate were graded as Deficient
and those ones with higher values than the Medium Rate were considered to
have sufficient amounts of soil OM and N-NO3.

2.5. Reference Foliar Values of N in Leaf N˚ 9 for Different Coconut
Types
In the case of foliar analysis, the critical levels for different leaves numbers (including leaf N˚ 9) do not show big differences. The critical levels used as reference values were those ones reported in percentage (%) by the literature [21]
[22] [23] as it is shown in Table 5. The main advantage of this method is to be
able to know directly how sufficient or deficient is the plant nutrient just for
comparing it with the reference value (critical level).
Table 4. Reference levels of organic matter (OM) and inorganic nitrogen suggested by the
SEMARNAT (2002) [20].
Soil-test rating

DOI: 10.4236/oalib.1107727

Soil Attributes
OM (%)

N-NO 3 (ppm)

Very Low

<0.5

0 - 10

Low

0.6 - 1.5

10 - 20

Medium

1.6 - 3.5

20 - 40

High

3.6 - 6.0

40 - 60

Very High

>6.0

>60
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Table 5. Reference levels of total N (%) in different coconut ecotypes.
Leaf N˚ 9

Coconut type

Total N (%)

Reference

Tall

2.2

Magat (1991) [21]

Hybrid

2.2

Magat (1991) [21]

Green Dwarf

1.8 - 2.0

Sobral and Santos (1987) [22] Benassi et al. (2013) [23]

2.6. Statistical Analysis
All parameters were submitted to a statistical analysis considering the Coefficient of Variation (CV) and the Coefficient of Correlation (r) and Determination
(R2).
The CV was considered as the standard deviation (Sd) of a sample expressed
as a percentage of the arithmetic mean [24]. The largest dispersion will correspond to the value of the largest CV. The higher the CV value the greater the heterogeneity of the variable; and the lower the CV the greater the homogeneity.
Normally, in agricultural field trials, CV’s are considered low when they are less
than 10%; medium from 10% to 20%, high from 20% to 30% and very high
above 30% [25].
CV’s lower than or equal to 30% indicate that the data set is “Homogeneous”
and when exceeding 30%, the data set is considered “Heterogeneous”. Muñoz et

al. (2006) [26] have reported CV values of 20% to 40% as Medium and less than
10% as Low variability.
The r measured the linear dependence between two quantitative random dependent (y) and independent (x) variables. It was considered as an index to
measure the degree of relationship between: OM vs. N-NO3, OM vs. Foliar N
and N-NO3 vs. Foliar N in the two regions and soil depths studied. The expression y = function (f) of (x) was considered as linear depending on the distribution trend of points in the graphs.
The R2 quantified the proportion (%) of the total values of the dependent-y
variable which can be explained by changes of the independent-x values. It can
range between 0 and 1 (0% - 100%). An R2 closer to 1 (100%) can better explain
the model meaning a strong linkage between variables.

3. Results and Discussion
3.1. Organic Matter and N-NO3 in Soils of Costa Chica
Regarding OM (%) in Costa Chica, it is observed (Table 6) that the total average,
of all six soils, are quite low at both depths (0 - 30 and 30 - 60 cm). The total average of OM is almost the same at both depths with 1.37% and 1.33% respectively and no one reached the reference Medium Rate Value of 1.6% to 3.5%.
However, considering specific sites at 0 - 30 cm, Altos de Ventura, San José de la
Flores and Marquelia-1 had Medium content of OM whilst Copala-1, Copala-2
and Marquelia-2 had the lowest values.
DOI: 10.4236/oalib.1107727
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Table 6. OM (%) and N-NO3 (ppm) content at 0 - 30 and 30 - 60 cm in different coconut
farms from Costa Chica Guerrero, Mexico.
0 - 30 cm

Localities

30 - 60 cm

OM

N-NO 3

OM

N-NO 3

Copala (1)

1.07 (L)

3.8 (VL)

0.57 (L)

4.0 (VL)

Copala (2)

1.22 (L)

4.0 (VL)

1.74 (M)

5.4 (VL)

Altos de Ventura

2.05 (M)

6.08 (VL)

0.76 (L)

3.8 (VL)

San José de las Flores

2,14 (M)

5.6 (VL)

0.94 (L)

5.2 (VL)

Marquelia (1)

1.77 (M)

12.8 (L)

1.27 (L)

4.0 (VL)

Marquelia (2)

0.74 (L)

0.8 (VL)

1.94 (M)

6.4(VL)

AVERAGE

1.37 (L)

5.51 (VL)

1.33 (L)

4.81 (VL)

SD

0.67

3.67

0.64

0.94

CV (%)

48.93

66.59

48.48

19.52

R

0.61

0.80

R

0.38

0.65

2

Going deeper to 30 - 60 cm, the amount of OM graded Low in four of the six
soils: Copala-1, Altos de Ventura, San José de las Flores, Marquelia-1 and exceptionally the soils of Copala-2 and Marquelia-2 showed Medium values. The OM
content in the 30 - 60 cm subsoil was expected to be lower than that of the 0 - 30
cm topsoil in all sites; however, the exception was Copala-2 where the OM content was higher in the subsoil with 1.74% and 1.22% in the topsoil; the same
trend was found in Marquelia-2 where the OM contents were drastically different with 0.74% and 1.94% for topsoil and subsoil respectively. This unusual
trend may be related to past floods caused by tropical storms, affecting the region, and buried the original OM of the topsoil. This fact was reported by Ramirez Silva et al. (2018) [27] when studying chemical soil changes in the same regions of Guerrero, Mexico.
In the case of N as NO3, the total average of the six soils were 5.81 and 4.81
ppm at 0 - 30 and 30 - 60 cm respectively, graded as Very Low. Being specific,
except for Marquelia-1, all sites graded Very Low for N. The minimum value
was for Copala-1 with 3.8 ppm and the maximum was for Marquelia-1 with 12.8
ppm at 0 - 30 cm whilst at 30 - 60 cm the lowest value was for Altos de Ventura
with 3.8 ppm and the highest one was for Marquelia-2 with 6.4 ppm.
In some specific cases, Nitric nitrogen (N-NO3) increased with the soil depth
and can be explained by a leaching process, from surface soils to the subsoils,
which constantly occurs in sandy soils [28].
In regard to the CV’s, as an index of heterogeneity among sites, it was found
(Table 4) high variability, for all soil attributes, with CV values of 48.93% and
66.59% for OM and N-NO3 respectively at 0 - 30 cm; and 48.48% for OM and
19.52% for N-NO3 at 30 - 60 cm.
The foregoing is very important in order to maintain the soil quality if when
DOI: 10.4236/oalib.1107727
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considering a sustainable agriculture [29]. In the case of the coconut farms of
Guerrero, Mexico, the high CV’s founded suggest that any technological innovation, mainly in the use of fertilizers, should be different among sites.
On the other hand, there was found, at 0 - 30 cm deep, a positive Medium
Correlation index (r) of 0.61 between soil OM vs. N-NO3 and an important high
correlation of 0.80 between soil OM vs. N-NO3 at 30 - 60 cm. However, the Determination Index (R2) suggests that changes in the amount of N-NO3, in the
soil, depend 38% on changes in the soil OM on the surface and 65% in the subsoil as it is shown in Figure 1 and Figure 2.

3.2. OM and N in Soils of Costa Grande
As it is shown in Table 7, the total average of OM, in the sites of Costa Grande,
showed to be in the low range with 1.29% and 0.71% for both depths 0 - 30 and
30 - 60 cm respectively. However, specifically Tenexpa (1.61), Las Tunas (2.74)
and El Huicon (1.65) graded as Medium content of OM at 0 - 30 cm depth
representing one third of the total samples. However, at 30 - 60 cm the amount
14
12
N-NO3 (ppm)

10

y = 4.3528x - 1.0086
R² = 0.3809

8
6
4
2
0
0

0.5

1

OM (%)

1.5

2

2.5

Figure 1. Correlation between organic matter and N-NO3 at 0 - 30 cm deep in soils of
Costa Chica Guerrero, Mexico.
8

N-NO3 (ppm)

6

4

y = 1.525x + 2.963
R² = 0.652
2

0
0

0.5

1

1.5

2

2.5

OM (%)

Figure 2. Correlation between organic matter and N-NO3 at 30 - 60 cm deep in soils of
Costa Chica Guerrero, Mexico.
DOI: 10.4236/oalib.1107727
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Table 7. OM (%) and N-NO3 (ppm) content at 0 - 30 and 30 - 60 cm deep in different
coconut farms from Costa Grande Guerrero, Mexico.
0 - 30 cm

Localities

30 - 60 cm

OM

N-NO 3

OM

N-NO 3

Aguas Blancas

0.73 (L)

17.44 (L)

0,22 (VL)

10.88 (L)

Tenexpa

1.61 (M)

9.20 (VL)

1.04 (L)

5.20 (VL)

San Luís-San Pedro

1.09 (L)

9.76 (VL)

0.28 (L)

5.92 (VL)

Rodesia

1.54 (L)

9.60 (VL)

0.80 (L)

4.00 (VL)

Las Tunas

2.74 (M)

29.64 (M)

1.49 (L)

19.73 (L)

Alcholoa

0.79 (L)

12.96 (L)

0.29 (VL)

13.28 (L)

Cacalutla

0.48 (L)

8.00 (VL)

0.27 (VL)

3.20 (VL)

El Huicon

1.65 (M)

6.40 (VL)

0.87 (L)

4.40 (VL)

Coyuca

1.01 (L)

7.36 (VL)

0.60 (L)

3.36 (VL)

Media

1.29

12.26

0.71

7.77

Ds

0.64

6.90

0.44

5.37

CV (%)

49.81

56.28

62.71

69.01

r

0.58

0.35

R2

0.34

0.12

of OM ranged from Low: Tenexpa (1.04), San Luís-San Pedro (0.28), Rodesia
(0.80), Las Tunas (1.49), El Huicón (0.87), Coyuca (0.60) to very low: Aguas
Blancas (0.22), Alcholoa (0.29) and Cacalutla (0.27).
In Costa Grande all sites showed lower amounts of OM in the subsoil (30 - 60
cm deep) than those found in the topsoil (0 - 30 cm deep). The outstanding OM
behavior was in Las Tunas due to the highest amount of OM found as compared
to the other sites with 2.74% and 1.49% of OM at both depths (0 - 30 and 30 - 60
cm) respectively.
Studies by Sales Davila 2006 [30], on Peruvian soils, have shown higher
amount of OM in the topsoil (0 - 20 cm) than in the subsoil (20 - 40 cm). However, it was remarkable to find that the OM in some subsoils (20 - 40 cm) were
higher than 2%. This is relevant when dealing with Carbon (C) sequestration in
deep horizons [31].
In the case of N-NO3 (ppm), six out of nine sites of Costa Grande, at 0 - 30
cm, were graded as Very Low: Tenexpa (9.20), San Luís-San Pedro (9.76), Rodesia (9.60), Cacalutla (8.0), El Huicon (6.40), Coyuca (7.36). Aguas Blancas and
Alcholoa showed a Low N-NO3 content with 17.44 and 12.96 ppm whilst Las
Tunas showed to be, as in the case of OM, the highest amount of N with 29.64
ppm although it is still in the low grade range.
In the subsoil, at 30 - 60 cm, six out of nine sampled localities graded Very
Low: Tenexpa (5.2), San Luís-San Pedro (5.92), Rhodesia (4.00), Cacalutla (3.20),
El Huicon (4.40), Coyuca (3.36) whilst Aguas Blancas, Las Tunas and Alcholoa
DOI: 10.4236/oalib.1107727
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graded Low with 18.88, 19.73 and 13.28 ppm respectively.
The results found in this work agree with Malhotra et al. (2017) [32] who
mentioned that in India: the sandy soils contain very low amount of soil nitro-

gen and leaching loss of nitrate is very high in sandy soil followed by sandy loam
and red soils.
The CV (Table 7), indicates very high heterogeneity among sites regardless of
the measured parameter. The CV’s ranged from 49.81% for OM in the 0 - 30 cm
topsoil to 69.01% for N in the 30 - 60 cm subsoil. The Correlation Index was
found to be Medium (r = 0.58) and Low (r = 0.35) when comparing the soil OM
with the N-NO3 at 0 - 30 and 30 - 60 cm respectively. The determination coefficient (R2) were of 0.34 and 0.12 at both depths; so the N-NO3 content can only
be explained just in a 34% (Figure 3) and 12% by changes in the OM.

3.3. Total N in Leaf Number 9 of Coconut in Costa Chica and Costa
Grande
In Figure 4 and Figure 5 are being shown the Total N contents (%) in leaf
number 9 from six coconut farms of Costa Chica and Costa Grande. According
to the critical levels (1.8% - 2.2%), already mentioned, all sampled coconut palms
35
30

y = 6.296x + 4.118
R² = 0.345

N-NO3 (ppm)

25
20
15
10
5
0
0

0.5

1

1.5
OM (%)

2

2.5

3

N (%)

Figure 3. Correlation between organic matter and N-NO3 at 0 - 30 cm in Costa Grande
Guerrero Mexico.
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

1.77
1.18

1.18

Copala-1

Copala-2

1.30

1.31

1.26

Altos de San José de Marquelia-1 Marquelia-2
Ventura
las Flores
Localities

Figure 4. Foliar nitrogen content (%) of coconut palms from Costa Chica Guerrero,
Mexico with a CV of 15.5%.
DOI: 10.4236/oalib.1107727
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2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

1.72

1.52

1.49

1.16

1.53

1.44
1.03

0.94

0.93

Localities

Figure 5. Foliar nitrogen content (%) of coconut palms from Costa Grande Guerrero,
Mexico with a CV of 21.2%.

presented N deficiencies; the same deficiency trend was found in the case of the
soil OM and N-NO3 already discussed.
The foliar N levels, in Costa Chica, ranged from 1.18% to 1.77%; Copala-1 and
Copala-2 showing the lowest values while Marquelia-2 the highest one. It seems
that there is not a good correlation between foliar N and the soil attributes like
the OM and N-NO3 since there is a trend in Marquelia-2 to have the lower OM
content than Copala1-2 but it has the highest foliar N level.
In Costa Grande, the Total N in leaf number 9 ranged from 0.93 in Coyuca to
1.72% in Tenexpa. Las Tunas is a remarkable site for showing the highest
amount of soil OM and N-NO3; however, it did not show the highest Total N
content in leaves. So, as expected the Coefficient of Determination (R2) were
very low as shown in Table 7.
Leaf analysis is useful in order to measure the nutritional status of the palms.
However, the nutrient supply needs to be adjusted depending on different factors such as: the required nutrient level of a particular coconut material, the climate, soil properties, and crop management conditions; so a wide regional fertilizer recommendation is invalid. The critical N limits reported by the IRHO for
the West African Tall palms, when sampling the 14th leaf, ranged from 1.8 to 2.0
per cent [33].
Related to the foregoing, Fairhurst (2003) and Fairhurst et al. (2003) [34] [35]
have suggested that the optimum nutrient requirement for individual nutrients
can vary over a considerable range, depending upon factors such as the age of
the palms, soil moisture regime, ratio to other nutrient concentrations, type of
planting material etc. Hence the optimum leaf nutrient concentration must be
determined for each agro-ecological environment, taking local soil and climate
conditions into considerations.
By the way, the critical limits of leaf N for the coastal sandy soil of the Indian
state of Odisha were calculated as to be in the range of 1.52% to 1.54% [36]
whilst Sobral and Santos (1987) [22] reported N deficiencies below 1.8% in the
states of Bahia and Ceará (Brazil) due to soil organic matter depletion.
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The nutrients in the soil do not always guarantee a good supply to the plants.
This depends on different factors such as the physical characteristics of the soil,
the extension of the root system and the water potential of the root hairs [37].
Information on soil and plant analysis can be a complement when intending to
formulate fertilizer recommendations.
Correlation between Soil Properties and Nutritional Status of Coconut
In Table 8 is being shown the grade of relationship between the soil attributes
(MO and N-NO3) and the foliar N content in coconut palms as reflected by the
Correlation Index (r) and the Determination Coefficient (R2).
Five out of eight (62%) calculated r’s, showed a Medium correlation between
soil attributes and N content in leaves of coconut. The only best soil attribute
matching better with the foliar N was the soil N-NO3 with an r of 0.70 (High)
and an R2 of 0.50 in Costa Chica at 30 - 60 cm deep (Figure 6). The distribution
trend of points suggests that the correlation between variables can be expressed
in a linear way.
Table 8. Grade of relationship between independent (x) and dependent (y) variables as
related to their corresponding coefficients of correlation (r) and determination (R2) in
soils of Costa Chica and Costa Grande (0 - 30 and 30 - 60 cm deep).
Depth
(cm)

Region

0 - 30

Independent
variable (x)

Dependent
variable (y)

r

R2

OM

Foliar N

−0.43 (M)

0.19

N-NO3

Foliar N

−0.47 (M)

0.22

OM

Foliar N

0.58 (M)

0.33

Costa Chica
30 - 60
0 - 30

N-NO3

Foliar N

0.71 (H)

0.50

OM

Foliar N

0.64 (M)

0.41

N-NO3

Foliar N

0.068 (L)

0.004

OM

Foliar N

0.57 (M)

0.33

N-NO3

Foliar N

0.003 (L)

0.00

Costa Grande
30 - 60

FOLIAR NITROGEN (%)

2

y = 0.151x + 0.606
R² = 0.502
1.5

1
5
N-NO3 (ppm)

3

7

Figure 6. Correlation between N-NO3 (30 - 60 cm) and foliar nitrogen in Costa Chica
Guerrero, Mexico.
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The lowest correlations were found in Costa Grande with the N-NO3 vs. Foliar
N at both depths. The OM was consistent with a Medium r in all regions and
depths. And in some specific cases there were found negative correlations as in
the case of OM and N-NO3 in Costa Chica at both depths. The higher the soil
attributes the lower the foliar N. This contradictory finding was already specified
by Reichardt and Timm (2004) [36].

4. Conclusions
The total average of soil OM (%), and N-NO3 in both Costa Chica and Costa
Grande regions were quite low at both depths of 0 - 30 and 30 - 60 cm. In Costa
Chica the total average of OM ranged from 1.37% to 1.33% whilst in Costa
Grande ranged from 1.29% to 0.71%; no one reaching the reference Medium
Rate Value of 1.6% to 3.5%.
The N-NO3 in Costa Chica ranged from 3.8 to 12.8 ppm on the surface and
from 3.8 to 6.4 ppm in the subsoil whilst in Costa Grande N-NO3 fluctuated
from 6.40 to 29.64 ppm on the surface and from 3.2 to 19.73 ppm in the subsoil.
Except for Las Tunas, all localities showed to be below the critical level of 20
ppm of N-NO3. The same trend was shown with the foliar N contents (%) which
ranged from 1.18% to 1.77% in Costa Chica and 0.94% to 1.72% in Costa Grande
(reference values from 1.8% to 2.0%).
The statistical analysis of the soil attributes showed a great heterogeneity
among localities, and the only High Correlation (r = 0.80) and Determination
(R2 = 0.65) Coefficients were found in Costa Chica between OM and N-NO3 at
30 - 60 cm deep.
On the other hand, the best correlation model to better explain the relationship between soil attributes and Foliar N was found when the soil N-NO3, at 30 60 cm deep, was compared with the Foliar N in Costa Chica. For further specific
fertilizer recommendations, it is very important to do deeper studies in all different agro-ecological environments.
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