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SUMMARY

In Mexico there are more than 201 400 ha grown
with different mango (Mangifera indica L.) cultivars.
This may cause variations in mineral requirement,
fruit mineral concentrations and nutrient removal.
The objective of this research was to make a survey
of mineral concentration in fruit tissues and calculate
nutrient removal by fruit tissues during harvest of
the most important mango cultivars (Ataulfo, Kent
and Tommy Atkins) from several production regions
(Campeche, Chiapas, Oaxaca, Nayarit, and Sinaloa) of
Mexico. Fruit at physiological maturity were harvested
from commercial mango orchards and concentration of
nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), sulfur (S), iron (Fe), copper
(Cu), manganese (Mn), zinc (Zn) and boron (B) was
determined for skin, mesocarp, endocarp, and seed
tissues. Each tissue was cut into thin slices and they
were dehydrated in a forced air oven at 70 °C, after
that, were pulverized and they were analyzed: nitrogen
by semi-microKjeldahl digestion, phosphorus with
the ascorbic acid method and the other nutrients with
atomic absorption. The removal of nutrients was
calculated considering the weight of the fruit and
the content of nutrients in each tissue. Significant
differences in the concentration of N, K, Mg, and Zn
were found among cultivars and tissues. Concentration
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of P, S, Cu, and Mn in the skin, Ca, Cu, and Mn in the
mesocarp, Ca, S, Mn, and B in endocarp, and S, Fe, and
Mn in the seed were not affected by mango cultivar.
Production region affected concentration of minerals
in ‘Ataulfo’ fruit more than in ‘Tommy Atkins’ and
‘Kent’. Nutrient removal by mango fruit tissues was
little affected in cvs. Ataulfo, Tommy Atkins and Kent.
The regions with the greatest nutrient removal were
Oaxaca, Campeche and Sinaloa for ‘Ataulfo’, ‘Tommy
Atkins’ and ‘Kent’, respectively.

Index words: endocarp, mesocarp, nutrient
concentration, seed, skin.
RESUMEN

En México hay mas de 201 400 ha plantadas con
diferentes cultivares de mango (Mangifera indica L.).
Los requerimientos nutrimentales, la concentracion de
nutrientes en el fruto y la remocion de nutrimentos por
la cosecha puede ser diferente para cada cultivar. El
objetivo de esta investigacion fue realizar un estudio de
la concentracion de nutrimentos en los tejidos del fruto
y calcular la remocién de nutrimentos por la cosecha,
para los cultivares de mango mas importantes (Ataulfo,
Kent y Tommy Atkins), en diferentes regiones de
produccion (Campeche, Chiapas, Oaxaca, Nayarit, y
Sinaloa) de México. Se cosecharon frutos en madurez
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fisiologica de huertos comerciales y se determind la
concentracion de nitrogeno (N), fosforo (P), potasio
(K), calcio (Ca), magnesio (Mg), azufre (S), hierro (Fe),
cobre (Cu), manganeso (Mn), zinc (Zn) y boro (B) en la
piel, mesocarpio, endocarpio y semilla. Cada tejido se
cortd en rebanadas delgadas que fueron deshidratadas
en un horno con aire forzado a 70 °C, posteriormente se
pulverizaron y se analiz6 nitroégeno mediante digestion
semi-microKjeldahl, fosforo con el método del acido
ascorbico y los demas nutrimentos por absorcion
atobmica. La remocion de nutrimentos se calculod
considerando el peso de los frutos y el contenido de
nutrimentos en cada tejido. Se encontraron diferencias
significativas en la concentracion de N, K, Mg y Zn
entre cultivares y tejidos. Las concentraciones de P, S,
Cu y Mn en la piel, Ca, Cu y Mn en el mesocarpio,
Ca, S, Mn y B en el endocarpio, y S, Fe y Mn en la
semilla no fueron afectadas por el cultivar. La region
productora afectd la concentracion de nutrimentos en
el fruto de ‘Ataulfo’ mas que en ‘Tommy Atkins’ y
‘Kent’. La remocién de nutrimentos por los tejidos del
fruto fue poco afectada en los cvs. Ataulfo, Tommy
Atkins y Kent. Las regiones con mayor remocion de
nutrimentos fueron Oaxaca, Campeche y Sinaloa para
‘Ataulfo’, ‘Tommy Atkins’ y ‘Kent’, respectivamente.

Palabras clave: endocarpio, mesocarpio,
concentracion de nutrimentos, semilla, piel.

INTRODUCTION

In Mexico, mango is grown either under irrigation
(84 207 ha) or rainfed (117 256 ha) conditions. The
most important cultivars are: ‘Ataulfo’ (62 136 ha),
‘Manila’ (33 573 ha), ‘Tommy Atkins’ (24 907 ha),
‘Haden’ (23 356 ha), ‘Kent’ (23 994 ha), and ‘Keitt’
(10 411 ha) (SIAP, 2017). For each of these cultivars,
the production area under rainfed condition is 38%,
17%, 10%, 4%, 9%, and 9%, respectively.

Besides irrigation management, mango orchards
in Mexico are established in a range of soil types. In
the Pacific mango producing region, Vertisol, Litosol,
Cambisol, Luvisol, and Regosol soils predominate,
while in the Yucatan peninsula, Rendzina and
Solonchak soils are typical soils (IUSS, 2007).

Leaf mineral concentrations are affected by several
factors. In Nayarit, Mexico, the evolution of foliar
macro and micronutrients varied among Ataulfo, Kent
and Tommy Atkins cultivars, and it was influenced by

leaf age, vegetative flush, and tree phenology (Castro-
Lopez et al., 2012). In an organic mango orchard in
Veracruz, Mexico, leaf nutrient concentrations were
also affected by cultivar and tree phenology. Before
flowering, N concentration was higher in ‘Tommy
Atkins’, Ca in ‘Ataulfo’ and Zn, Fe, and Mn in ‘Manila
Cotaxtla 2’; and previous to harvest, ‘Tommy Atkins’
had greater concentrations of K and Zn, ‘Ataulfo’ in
Ca, Mg and Cu, and ‘Manila Cotaxtla 2° showed higher
concentration of N (Peralta-Antonio ef al., 2015).

Nutrient concentrations in mango fruit have been
addressed in other studies. In mango ‘Bocado’ from
three locations of the Cojedes State in Venezuela,
different concentrations in the mesocarp were reported
for K (20.2, 23.9 and 20 g 100 g'), Ca (0.93, 1.05 and
1.17 g 100 g") and Zn (0.05, 0.20 and 0.28 mg 100 g)
(Milagros-Garrido et al., 2013). In Veracruz, México,
the ‘Manila’ mango grown on a Vertisol soil showed
differences for nutrient concentrations among fruit
tissues. The highest concentration of Mg, Fe and Mn
was in the skin, K in the mesocarp, Ca in the endocarp,
and N, P, Cu and Zn in the seed (Guzman-Estrada
etal., 1997).

Mango harvest implies the removal of nutrients
from the soil. If these nutrients are not returned to the
soil, fertility and productivity of the orchard gradually
diminish. For efficient management of mango nutrition,
it is important to know the amount of minerals removed
from the soil by fruit harvest.

In Mexico, there are few studies on nutrient
removal by mango harvest. In Apatzingan, Michoacan,
the following amounts of nutrients were removed
from the soil by fruit of ‘Haden’ and ‘Tommy Atkins’,
respectively: N (1.03 and 1.11 kg t'), P (0.22 and
0.24 kg t'), K (2.14 and 1.88 kg t'), Ca (0.31 and
0.21 kg t"), Mg (0.14 and 0.15 kg t'), S (0.33 and
0.28 kg t'),Fe (3.8 and 3.5gt"), Cu(l.1 and 1.0 g t'),
Mn (4.8and3.2gt"),Zn(2.8and2.0gt"'),and B (1.5and
1.6 g t') (Mellado-Vazquez et al., 2012). In Cotaxtla,
Veracruz, ‘Manila’ mango fruit harvest removed from
the soil the following amounts of nutrients: N 1.2 kg t!,
P02kgt!, K2.0kgt! Ca0.2kgt!, Mg 0.2 kg t!,
FeS54gth, Culdgt, Mn04gt',and Zn 2.1 gt'
(Guzman-Estrada et al., 1997). Similar amounts of N,
P, K, Ca, Mg, and S were removed by cv. Zihuaman
in China (Xiuchong et al., 2001), Kensington Pride’
in Australia (Huett and Dirou, 2000), and ‘Tommy
Atkins’ and ‘Keitt” in Costa Rica (Fallas et al., 2010).
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Given the economic importance of mango in
Mexico, it is necessary to fertilize efficiently to
maximize profits and produce high quality fruit for
the export market. The objective of this research was
to survey mineral concentration in fruit tissues and
calculate nutrient removal by fruit harvest of the most
important mango cultivars from several production
regions of Mexico.

MATERIALS AND METHODS

Orchard characteristics. In 2008, 15 to 20-year
old healthy trees from commercial orchards of four
mango cultivars were selected. Cultivars and locations
included ‘Ataulfo’ in the states of Chiapas, Nayarit,
and Oaxaca; ‘Kent’ in the states of Nayarit and Sinaloa;
and ‘Tommy Atkins’ in Nayarit and Campeche. In
Nayarit, three orchards per cultivar were used, and
in the remaining states, two orchards per cultivar. In
each orchard, three bearing trees at least 150 kg of fruit
were randomly selected. The cultivar, location, type of
climate (Garcia-Amaro, 1988), water management and

Table 1. Characteristics of mango orchards.

soil type (INEGI, 2004; IUSS, 2007) for each of the 17
mango orchards are listed on Table 1.

Fertilization management. Orchard 1 (‘Ataulfo’ in
Oaxaca): Each tree received 6 kg of 17-17-17 [nitrogen
(N), phosphorus (P,0,), potassium (K,0)], 2 kg urea
(46% N) and three foliar sprays of 4% potassium nitrate
(KNO,); Orchard 2 (‘Ataulfo’ in Chiapas): 1.5 kg of
17-17-17 per tree; Orchard 3 (‘Ataulfo’ in Chiapas):
1.5 kg of 17-17-17 per tree; Orchard 4 (‘Ataulfo’ in
Oaxaca): 8 kg of 17-17-17 per tree and two foliar
sprays of 3% KNO,; Orchard 5 (‘Ataulfo’ in Nayarit):
trees were not fertilized; Orchard 6 (‘Ataulfo’ in
Nayarit): trees were not fertilized; Orchard 7 (‘Ataulfo’
in Nayarit): 0.9 kg 17-17-17 per tree; Orchard 8 (‘Kent’
in Sinaloa): trees received (kg tree!) 2.8 ammonium
nitrate, 0.15 triple superphosphate, 0.36 potassium
sulphate and 0.23 magnesium sulphate; Orchard 9
(‘Kent’ in Nayarit): trees were not fertilized; Orchard
10 (‘Kent’ in Nayarit): 0.9 kg 17-17-17 per tree;
Orchard 12 (‘Kent’ in Sinaloa), Orchard 14 (‘Kent’ in
Nayarit), Orchard 13 (‘Tommy Atkins’ in Campeche),
Orchard 14 (‘Tommy Atkins’ in Campeche), and

Cultivar Climate' l\r/[e(:glislglerf Soil type State/Municipality ;I:inzfé;?ﬁlslfau Irrigations® e\g;tlfi:::d
mm m? ha'!
Ataulfo Subw Irr Eutric Cambisol Oaxaca/Tututepec 1392 June-Oct. 17 772
Ataulfo Subw Irr-1 Eutric Cambisol Chiapas/Tapachula 2037 May-Oct. 37 5661
Ataulfo Subw Irr-2 Haplic Phaeozem Chiapas/Huehuetan 2037 May- Oct. 9 2830
Ataulfo Subw Irr-1 Eutric Regosol Oaxaca/Tututepec 1392 June-Oct. 17 772
Ataulfo Subw Rf Eutric Cambisol Nayarit/Acaponeta 1350 June-Sept. - -
Ataulfo Subw Rf Eutric Fluvisol Nayarit/Santiago 1350 June- Sept. - -
Ataulfo Subw Rf Cromic Luvisol Nayarit/Tepic 1350 June- Sept. - -
Kent Subw Irr-3 Luvic Phacozem Sinaloa/Rosario 853 July-Sept. 40 450
Kent Subw Rf Humic Acrisol Nayarit/San Blas 1350 June- Oct. - -
Kent Subw Rf Eutric Cambisol Nayarit/Acaponeta 1350 June-Sept. - -
Kent Subw Rf Luvic Phacozem Sinaloa/Rosario 853 July-Sept. - -
Kent Subw Rf Eutric Cambisol Nayarit/Acaponeta 1350 June-Sept. - -
T. Atkins Subw Irr-1 Hortic Solonchak Campeche/Campeche 1100 June- Oct. 24 2603
T. Atkins Subw Irr-1 Hortic Solonchak Campeche/Campeche 1100 June- Oct. 24 2603
T. Atkins Subw Rf Humic Acrisol Nayarit/San Blas 1350 June- Oct. - -
T. Atkins Subw Rf Eutric Cambisol Nayarit/Acaponeta 1350 June-Sept. - -
T. Atkins Subw Rf Eutric Cambisol Nayarit/Compostela 1548 June-Oct. - -

 Subw (subhumid warm); Sw (semiarid warm). ¥ Irr (irrigated); Rf (rainfed); Irr-1 = minisprinkler; Irr-2 = furrow; Irr-3 = drip. ¥ From flowering to harvest.
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Orchard 15 (‘Tommy Atkins’ in Nayarit) were not
fertilized; Orchard 16 (‘Tommy Atkins’ in Nayarit):
0.9 kg 17-17-17 per tree; Orchard 17 (‘Tommy Atkins’
in Nayarit): trees were not fertilized.

Fruit harvesting and processing. In 2009 and 2010,
four fruit at physiological maturity were picked from
each of the three experimental trees on each orchard.
Sampling dates were: Chiapas and Oaxaca, April 2010;
Campeche, May 2009; Nayarit, Jun 2009, and Sinaloa,
July-August 2009. Harvest criterion was based on fruit
size, shape, and color of fruit skin, cavity formation
at the pedicel base, and visible lenticel size (Sergent,
1999). At harvest, fresh fruit weight was recorded and
fruit washed with tap water and double rinsed with
distilled water. Each fruit was separated into skin,
mesocarp, endocarp, and seed, and their fresh weight
recorded. Tissues were cut in thin slices and dried in
a forced air oven (Lab line 34887 Thomas Scientific,
Madison, WI, USA) at 70 °C, until constant weight.
Samples were then ground in a Wiley mill (3383-L10,
Thomas Scientific, Swedesboro, NJ, USA) with a
40 mesh.

Mineral analysis. A composite sample of skin,
mesocarp, endocarp or seed tissues was made from
each of the four fruit collected per tree. Three replicate
samples per tissue (from four fruit per tree) per orchard
were analyzed. Total N was determined by semi-
microKjeldahl digestion, modified to include nitrates
(NO,) (Bremner, 1965). P, Ca, Mg, S, Fe, Cu, Mn,
and Zn were extracted by wet digestion with a mixture
of HNO, and HCIO, (Jones and Case, 1990), and K
was extracted in water (AOAC, 1990). Except for P,
minerals were determined by atomic absorption, using
an ICE 3000 spectrometer (Thermo Scientific, Madison,
Wisconsin, USA) (AOAC, 1990). P was quantified
by ascorbic acid method, and B was determined by
calcination, using the spectrophotometric method of
Azometin-H (Enriquez-Reyes, 1989) using a Genesis
20 spectrophotometer (Thermo Scientific, Madison,
WI, USA).

Nutrient removal. Nutrient removal per ton of fresh
fruit was calculated by the formula, exemplified for
nitrogen (N): , where NC = concentration of N in
skin, DW = skin dry weight, NC = concentration of
N in mesocarp, DW = mesocarp dry weight, NC =
concentration of N in endocarp, DW,_ = endocarp dry
weight, NC = concentration of N in seed, DW = seed
dry weight, F= number of fruit in one ton (obtained
from the quotient 1000 kg divided by the fresh weight

of the whole fruit; Mellado-Vazquez et al., 2012). The
removal of macro- and micronutrients was expressed
in kgxt"' and gxt'of fresh fruit, respectively.
Statistical analysis. A completely randomized design
was used with three replications (trees) per orchard;
each replication consisted of four fruit per tree. Analysis
of variance were conducted using the GLM procedure
(SAS for Windows V9). Mean separation was
performed with the Waller-Duncan’s test (P < 0.05).

RESULTS AND DISCUSSION
Mineral Concentration

Differences among tissues of mango cultivars.
Overall, tissue nutrient concentration was higher
in tissues of ‘Ataulfo’ and ‘Tommy Atkins’ than
in ‘Kent’. Mango cultivars showed significant
differences in mineral concentration on almost all
fruit tissues (Table 2). N, K, Mg and Zn showed
significant concentration differences in at least three
of the tissues studied. The concentration of P, Ca and
B was significantly different in at least two tissues and
the concentration of S and Mn showed no significant
differences among the tissues studied.

Differences between orchards of different
production regions. For ‘Ataulfo’ the Oaxaca region
seemed to be the most fertile one and skin, mesocarp
and seed exhibited higher nutrient concentration in this
region than in others (Table 3), this could be due to
the Oaxaca orchards received more fertilizer than the
ones in Chiapas or Nayarit. It is noteworthy that the
concentration of Mn and Zn was significantly higher
in fruit tissues from trees grown in Nayarit, whereas
mesocarp tissue from trees in the Nayarit region
showed significantly lower concentrations of K, Ca,
Mg, S and Cu.

For ‘Tommy Atkins’, production regions had a
significant effect on the nutrient concentration on
fruit tissues. Overall, higher nutrient concentrations
were found in fruit tissues from Campeche than from
Nayarit (Table 4). However, this behavior is not related
to the fertilization, since the orchards of Campeche
were not fertilized, but can be related to irrigation and
in situ fertility. Soil moisture is important for adequate
mineral movement in the soil and uptake by roots. A
study with ‘Dashehari’ mango showed more mineral
availability at 45% soil moisture but almost nil at 30%
(Bhriguvanshi et al., 2014).
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Tissue Cultivar N P K Ca Mg S
---------------------- gl00g! - - - - - - e e e e e
Skin Ataulfo 0.5 af 0.08 a I.la 03Db 0.15a 0.09 a
Kent 04Db 0.05b 0.7b 03Db 0.07b 0.07 a
T. Atkins 0.5a 0.06 ab 0.7b 0.4a 0.08b 0.08 a
Pr>F 0.000 0.052 0.001 0.001 0.001 0.54
Mesocarp Ataulfo 0.5a 0.10 a 1.0a 0.1 ab 0.06 a 0.09 a
Kent 04Db 0.04b 0.5b 0.05 b 0.03b 0.06 a
T. Atkins 04b 0.10 ab 1.0a 0.1a 0.03b 0.09 a
Pr>F 0.001 0.034 0.000 0.063 0.001 0.108
Endocarp Ataulfo 0.3b 0.04 b 0.3b 0.1a 0.08 a 0.09
Kent 03D 0.03b 03Db 0.la 0.05b 0.06
T. Atkins 04a 0.07 a 0.6 a 0.1a 0.05b 0.09
Pr>F 0.018 0.002 <0.0001 0.253 0.001 0.517
Seed Ataulfo 0.9 ab 0.15¢ 0.90 ab 0.16 a 0.15a 0.08 a
Kent 09a 0.20b 0.80b 0.10b 0.14a 0.08 a
T. Atkins 0.8b 024 a 1.04a 0.10b 0.11b 0.11a
Pr>F 0.016 <0.0001 0.005 <0.0001 0.001 0.994
Tissue Cultivar Fe Cu Mn Zn B
----------------- mgkg! - - - - - - - - oo oo
Skin Ataulfo 922a 4.7a 47.1a 8.0a 143 ¢
Kent 27.0a 6.1a 41.0a 5.0b 23.0b
T. Atkins 253a 50a 46.7 a 8.1la 269a
Pr>F 0.06 0.492 0.893 <0.0001 <0.0001
Mesocarp Ataulfo 26.0 a 50a 124 a 83a 10.3b
Kent 1540 5.0a 150a 4.0b 17.0a
T. Atkins 23.2 ab 50a 182 a 7.02a 163 a
Pr>F 0.044 0.792 0.282 0.001 0.016
Endocarp Ataulfo 4129 a 56a 21.2a 16.0 a 14.1a
Kent 24.0b 4.0b 21.0a 7.0b 142a
T. Atkins 27.5b 54b 22.0a 10.3b 16.0 a
Pr>F 0.027 0.098 0.871 0.06 0.3
Seed Ataulfo 2093 a 82b 273 a 102 b 18.4 ab
Kent 24.3 12.0a 150a 152a 22.1a
T. Atkins 25.1a 132a 20.0a 154a 16.4 ab
Pr>F 0.152 <0.0001 0.129 0.000 0.379

T Means with different letter in the same column within each tissue are statistically different (Waller-Duncan’s test, P < 0.05).
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Table 3. Concentration of minerals in ‘Ataulfo’ mango fruit tissues from three production regions of Mexico.

Tissue Cultivar N P K Ca Mg S
---------------------- gl00g! - - - - - - e e e e
Skin Chiapas 0.5 a' 0.07 a 145a 02a 0.20 a 0.12b
Nayarit 05a 0.06 a 0.64b 0.2a 0.08b 0.03 ¢
Oaxaca 05a 0.10a 1.37a 03a 0.19a 0.15a
Pr>F 0.64 0.076 <0.0001 0.42 <0.0001 <0.0001
Mesocarp Chiapas 0.61 a 0.06 ab 1.36a 0.08 a 0.07 a 0.11b
Nayarit 045b 0.05b 0.74 ¢ 0.04 b 0.03b 0.06 ¢
Oaxaca 0.56 ab 0.08 a 1.12b 0.09 a 0.07 a 0.14a
Pr>F 0.042 0.026 0.000 <0.0001 <0.0001 <0.0001
Endocarp Chiapas 0.06 ¢ 0.02b 0.15¢ 0.1a 0.05b 0.11b
Nayarit 049 a 0.06 a 0.37b 0.1a 0.09 a 0.02¢
Oaxaca 0.60 b 0.04 a 045a 0.1a 0.08 a 0.15a
Pr>F <0.0001 0.005 <0.0001 0.1 0.001 <0.0001
Seed Chiapas 0.8b 0.10c 09b 0.15 ab 0.17a 0.11b
Nayarit 0.8b 0.15b 08¢ 0.14b 0.12b 0.02¢
Oaxaca 1.0a 0.18a 1.0a 0.19a 0.14 ab 0.15a
Pr>F 0.001 0.001 0.001 0.044 0.017 <0.0001
Tissue Cultivar Fe Cu Mn Zn B
------------------ mgkg! - - - - - - - - oo
Skin Chiapas 13.0b 59a 20.0b 73a 153a
Nayarit 22.0b 3.7b 86.2 a 7.6a 153a
Oaxaca 276.9 a 53 ab 15.7b 89a 11.7a
Pr>F <0.0001 0.04 0.003 0.22 0.109
Mesocarp Chiapas 36.0a 72a 9.9 ab 11.6a 620
Nayarit 202b 30c¢ 202 a 55b 152a
Oaxaca 23.8b 5.1b 3.1b 9.0 ab 690
Pr>F 0.013 0.002 0.02 0.006 <0.0001
Endocarp Chiapas 2220 29b 1040 55b 3.8b
Nayarit 19.2b 4.6b 33.6a 25.7a 25.7a
Oaxaca 1394.1 a 9.7a 13.2b 11.2 ab 6.6b
Pr>F <0.0001 0.001 0.016 0.021 <0.0001
Seed Chiapas 3410 80D 157b 10.6 a 1293 b
Nayarit 14.0b 6.8b 45.0a 9.00 a 26.23 a
Oaxaca 6774 a 105a 12.1b 11.7a 12.26 b
Pr>F 0.018 0.013 0.014 0.109 0.002

T Means with different letter in the same column within each tissue are statistically different (Waller-Duncan’s test, P < 0.05).
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Table 4. Concentration of minerals in ‘Tommy Atkins’ mango fruit tissues from two production regions of Mexico.

Tissue Cultivar N P K Ca Mg S
---------------------- gl00g! - - - - - - - e e e e e - -
Skin Campeche 0.5 a' 0.09 a 1.0a 04a 0.1a 0.15a
Nayarit 04b 0.04b 05b 03b 0.1a 0.03b
Pr>F 0.027 0.002 0.000 0.031 0.112 <0.0001
Mesocarp Campeche 04a 0.1a 13a 0.13a 0.04 a 0.15a
Nayarit 0.4a 0.04b 0.6b 0.05b 0.03 a 0.05b
Pr>F 0.099 0.000 <0.0001 <0.0001 0.163 <0.0001
Endocarp Campeche 0.53a 0.10 1.0a 0.23 0.05 0.15a
Nayarit 0.37b 0.10 0.4b 0.17 0.07 0.02b
Pr>F 0.009 0.28 0.000 0.279 0.07 <0.0001
Seed Campeche 0.7b 02a 15a 0.14a 0.09 a 0.16 a
Nayarit 0.8a 02a 1.0b 0.06 b 0.11a 0.04b
Pr>F 0.013 0.491 <0.0001 0.004 0.073 <0.0001
Tissue Cultivar Fe Cu Mn Zn B
————————————————— mgkg! - - - - - - - - e e
Skin Campeche 339a 58a 229 a 11.1a 224 a
Nayarit 19.6 b 440 62.6a 6.0b 29.7 a
Pr>F 0.000 0.045 0.061 <0.0001 0.098
Mesocarp Campeche 354a 57a 19.5a Il.1a 8.0b
Nayarit 1500 50b 19.6 a 43b 219a
Pr>F 0.002 0.089 0.995 <0.0001 0.002
Endocarp Campeche 53.0a 6.40 22.00 12.4 25.0a
Nayarit 11.0b 5.00 25.80 9.00 14.0b
Pr>F <0.0001 0.104 0.655 0.136 <0.0001
Seed Campeche 50.1a 13.1a 24.0a 18.1a 17.7a
Nayarit 12.0b 132a 17.0a 12.5b 18.8 a
Pr>F <0.0001 0.911 0.100 0.002 0.731

¥ Means with different letter in the same column within each tissue are statistically different (Waller-Duncan’s test, P < 0.05).

In ‘Kent’, fruit from Sinaloa had significantly higher
concentrations of P, Mg and S in the skin, S in the
mesocarp, P, Mg, S, Fe, Cu and Mn in the endocarp,
and S in the seed than from Nayarit. ‘Kent’ fruit from
Nayarit had greater concentrations of Mn in the skin
and P, Mg, Cu, and Mn in the endocarp, as compared
to fruit from the Sinaloa region (Table 5). The greatest
concentration of nutrients in the fruit tissues of Sinaloa
can be attributed to the fact that one of the orchards

(Orchard 8; as described in the fertilization management
section)) received greater fertilization than that applied
to the orchard 10 of Nayarit, in addition to the fact that
the Sinaloa orchard 8 had irrigation.

Overall, mineral concentration in fruit tissues were
affected by production region and mango cultivar.
Mineral concentrations in fruit tissues of ‘Ataulfo’ and
‘Tommy Atkins’ were more affected by production
region than in ‘Kent’. Similar results were found for
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‘Tommy Atkins’ in Venezuela, where fruit from this
cultivar had higher concentrations of N, P, and Mg than
‘Haden’ and ‘Kent’ (Laborem-Escalona et al., 1979).
In this study, the concentration of N, P, K, Ca and Mg
in the mesocarp and seed of ‘Ataulfo’ were similar to
that reported for ‘Manila’ mango in Veracruz, Mexico
(Guzman-Estrada et al., 1997) and ‘Sensation’ in
Nelspruit, South Africa (Stassen et al., 2000).

In other fruit trees, such as avocado, the effect
of climate on fruit mineral composition has been

reported. In Michoacan, ‘Hass’ avocado fruit in a
subhumid semi-warm climate presented the highest
P, Fe and B contents in the skin, Fe and Cu in the
testa and B in the seed; while in the humid semi-
warm climate the highest concentrations of Ca in skin
and K and Zn in testa were present. However, in the
subhumid temperate climate there were the highest
concentrations of N and Mn in skin, N, K and Ca in
mesocarp and Mg, S and Mn in the testa (Salazar-
Garcia et al., 2011).

Table 5. Concentration of minerals in ‘Kent’ mango fruit tissues from two production regions of Mexico.

Tissue Cultivar N P K Ca Mg S
---------------------- glo0g! - - - - - - - e e e e
Skin Nayarit 0.3af 0.03b 0.6a 02a 0.02b 0.03b
Sinaloa 04a 0.07 a 0.7 a 0.2a 0.14a 0.12a
Pr>F 0.394 0.002 0.219 0.415 <0.0001 <0.0001
Mesocarp Nayarit 03a 0.03a 05a 0.05a 0.03a 0.04b
Sinaloa 04a 0.05a 0.5a 0.06 a 0.04 a 0.09 a
Pr>F 0.224 0.073 0.637 0.201 0.194 0.014
Endocarp Nayarit 03a 0.03a 03a 0.2a 0.06 a 0.02b
Sinaloa 02a 0.02b 02a 0.1a 0.03b 0.12a
Pr>F 0.36 0.02 0.46 0.06 0.003 <0.0001
Seed Nayarit 09a 0.1a 0.7a 0.09 a 0.12a 0.06 b
Sinaloa 09a 02a 0.8a 0.08 a 0.15a 0.13a
Pr>F 0.074 0.253 0.236 0.813 0.112 0.000
Tissue Cultivar Fe Cu Mn Zn B
————————————————— mgkg! - - - - - - - - oo
Skin Nayarit 18.1a 79 a 57.7 a 4.6a 243 a
Sinaloa 399a 32a 1470 52a 20.0 a
Pr>F 0.083 0.115 0.018 0.329 0.187
Mesocarp Nayarit 144 a 49a 185a 34a 18.6a
Sinaloa 169 a 46a 8.6a 45a 13.5a
Pr>F 0.677 0.578 0.146 0.137 0.134
Endocarp Nayarit 10.2b 42a 30.8a 87a 149 a
Sinaloa 442 a 32b 54b 44a 13.1a
Pr>F 0.001 0.002 0.042 0.285 0.382
Seed Nayarit 18.4a 132a 193 a 147 a 24.6a
Sinaloa 329a 99a 7.7 a 159a 182 a
Pr>F 0.056 0.138 0.054 0.625 0.165

T Means with different letter in the same column within each tissue are statistically different (Waller-Duncan’s test, P < 0.05).
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In general, ‘Ataulfo’ fruit from the Chiapas and
Oaxaca regions had greater concentration of minerals
elements, than fruit from Nayarit. This could be the
result of fertilization practices, as in Chiapas and
Oaxaca the orchards were fertilized, while in Nayarit,
where around 60% of mango growers fertilize their
orchards (Pérez-Barraza et al., 2007), only one of the
three orchards received fertilization. The differences
in the removal of K, Ca, Mg and S, accentuate the
need to have a specific nutrition management program
for each orchard. Another factor to consider is that in
Nayarit, the water available for the trees come from
the rainfall. Considering that the rainy season goes
from the beginning of June to the middle of October,
this may have been insufficient for the assimilation of
soil nutrients during the dry season, since the lower
availability of moisture in the rainfed orchards could
have limited this process (Hu and Schmidhalter,
2005). Other factors that could influence are the
environmental conditions that affect root growth,
such as soil compaction, water scarcity, insufficient
soil aeration, extreme soil temperatures, as well
as shortage or excess nutrients in the soil (Kafkafi,
2008).

‘Tommy Atkins’ orchards from Campeche received
irrigation and fertilization. This may explain a higher
mineral concentration in their fruit as compared to
fruit from Nayarit. Soil moisture is important for
adequate mineral movement in the soil and uptake by
roots. A study with ‘Dashehari’ mango showed more
mineral availability at 45% soil moisture but almost
nil at 30% (Bhriguvanshi et al., 2014).

‘Kent’ fruit tissues showed some differences in
mineral concentrations. Soil fertility and fertilizer
applied (magnesium sulphate) in the orchard 8 of
Sinaloa could explain the high concentration of Mg in
skin, and endocarp tissues.

Nutrient Removal

‘Ataulfo’. Total nutrient removal in ‘Ataulfo’ was
significantly affected by the production region. Fruit
from Oaxaca removed more P, Ca, S and Fe and Cu
than from other regions. In Chiapas and Oaxaca, fruit
removed more K and Mg.

‘Tommy Atkins’. Total removal of P, K, Ca, and S
was greater at Campeche than at Nayarit. In the case
of B, fruit from Nayarit had more than twice the
amount removed by fruit from Campeche.

‘Kent’. Producing region had a significant effect on
total removal of P, Mg, and S (Table 6) with more
nutrient removal by fruit occurring in Sinaloa than in
Nayarit.

In the present research, total removal of nutrients
by fruit did not vary significantly among cultivars
(Table 6). Exceptions were K, Mg and B. As for K
and Mg they were removed in higher amounts in
‘Ataulfo’ than in ‘Kent” and ‘Tommy Atkins; in the
case of B, it was removed in greater quantities by the
fruit of ‘Kent’, compared to ‘Ataulfo’ and ‘Tommy
Atkins’ fruit.

Different production regions of the same mango
cultivar had a significant effect on nutrient removal
by fruit harvest. ‘Ataulfo’ removed significantly more
P, Ca, S, and Fe in Oaxaca than in Chiapas or Nayarit.
In Campeche, the fruit of ‘Tommy Atkins’ removed
more P, K, Ca and S than the fruit of Nayarit, while in
Sinaloa the fruit of ‘Kent’ removed more P, Mg and S
than those of Nayarit. This could have been the result
of more fertilization provided in the region. Despite
these differences, the greatest removal of K, N, Fe,
Mn and B was common to the three cultivars, so it
is considered essential to include their application in
the fertilization plan of each orchard as well as their
monitoring by plant tissue analysis.

The findings found in this study have implications
for the nutritional management of the mango cultivars
studied. Some nutrients can be supplied considering
only the cultivar; however, for others the production
region should be considered. It should be noted
that the amount of nutrients removed described in
Table 6 is the minimum amount to be restored for
each ton of fresh fruit harvested. As for fertilization
recommendations other factors should be considered,
such as frequency and amount of pruned wood
(Cruz-Barroén et al., 2014), leaf and soil analysis, the
nutrient requirement of the tree for a given production
target, tree phenology, and the efficiency and method
of applying fertilizers and/or manures, among other
factors (Salazar-Garcia et al., 2014).
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Table 6. Total fruit nutrient removal by different mango cultivars from some production regions of Mexico.

Cultivar Region N P K Ca Mg S
______________________ kgt'l_______________________
Ataulfo Chiapas 1.0 a 0.11b 2.1a 0.2b 02a 02b
Nayarit 1.0a 0.12b 130 0.1c 0.1b 0.1c
Oaxaca 12a 0.19a 22a 03a 02a 03a
Pr>F 0.366 0.021 0.005 0.002 <0.0001 <0.0001
Tommy Atkins ~ Campeche 0.78 a 0.16 a 19a 03a 0.08 a 0.25a
Nayarit 09a 0.12b 1.2b 02b 0.09 a 0.08b
Pr>F 0.446 0.001 0.001 0.031 0.408 <0.0001
Kent Nayarit 0.8a 0.11b 12a 02a 0.08 b 0.09b
Sinaloa 1.0a 0.17a 13a 0.4a 0.15a 023a
Pr>F 0.272 0.003 0.427 0.089 0.001 <0.0001
Cultivar Region Fe Cu Mn Zn B
___________________ g t'] . e e e e e e e e e e e = e = -
Ataulfo Chiapas 490 1.1 ab 23D 1.7a 1.6b
Nayarit 410 0.6b 69a 1.5a 32a
Oaxaca 55.1a 12a 1.5b 19a 1.7b
Pr>F 0.001 0.027 0.007 0.361 <0.0001
Tommy Atkins ~ Campeche 63a 10a 33a 19a 20b
Nayarit 6.0a 12a S5.6a 15a 43a
Pr>F 0.944 0.331 0.311 0.428 0.003
Kent Nayarit 54a 12a 58a 13a 42a
Sinaloa 79 a l.la 19a 15a 32a
Pr>F 0.497 0.334 0.09 0.688 0.135

¥ Means with different letter in the same column within each cultivar are statistically different (Waller-Duncan’s test, P < 0.05).

CONCLUSIONS

A survey of the fruit nutrient elements status of
commercially important mango cultivars grown in
several production regions of Mexico was made.
Differences in the concentration of N, K, Mg, and Zn
were found among cultivars and tissues. Concentration
of P, S, Cu, and Mn in the skin, Ca, Cu, and Mn in the
mesocarp, Ca, S, Mn, and B in endocarp, and S, Fe, and
Mn in the seed were not affected by mango cultivar.
Production region affected concentration of minerals
in ‘Ataulfo’ fruit more than in ‘Tommy Atkins’ and
‘Kent’. Nutrient removal by mango fruit tissues was
little affected in cvs. Ataulfo, Tommy Atkins and
Kent. The regions with the greatest nutrient removal

were Oaxaca, Campeche and Sinaloa for ‘Ataulfo’,
‘Tommy Atkins’ and ‘Kent’, respectively. This
study provides baseline concentration in fruit tissues
and nutrient removal values which can be used by
growers, researchers, extension personnel, and mango
consultants to implement best management practices
for mango fertilization.
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