ORIGINAL SCIENTIFIC PAPER | 373

Leaf Mineral Composition in Plum
Cultivars (Prunus salicina Lindl. and
Prunus domestica L.) Related to Yield
Levels

Anas HAMDANTI'?

Said BOUDA?

Lahcen HSSAINI!

Abdellatif BOUTAGAYOUT?
Atman ADIBA*

Rachid RAZOUK! ()

Summary

The plum tree is a major crop in Morocco, and one that has developed rapidly and plays a
very important environmental role in the protection, restoration and fixation of soils. It also
plays an economic role, which lies in its fruit, which has a high nutritional value comparable
to that of fruits such as almonds, peaches, apples and others. However, there is no national
study to assess the variability among cultivated plum cultivars to supply descriptors that are
important, especially in the case of the evaluation of plum genotypes. In this study, 27 plum
cultivars grown in the Ain Taoujdate experimental field of Morocco's National Institute for
Agronomic Research were examined to assess the variability among them. Measurements
were made on yield, macronutrient content of leaves: nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca) and magnesium (Mg) and micronutrients: sodium (Na), iron
(Fe), manganese (Mn), zinc (Zn) and copper (Cu). All analyses revealed significant variation
in terms of yield and leaf mineral composition between the cultivars studied. PCA using the
mean of the traits revealed that fruit yield and foliar content of potassium (K), zinc (Zn),
nitrogen (N), iron (Fe), sodium (Na), copper (Cu), magnesium (Mg) and calcium (Ca) had
the greatest impact on the discrimination of cultivars to reveal their variability. Analysis of
the clusters identified three separate groups among the cultivars examined in order to assess
their variability. These findings are of considerable value for the breeding of cultivars for plum
trees based on their agronomic and mineral attributes for cultivation.
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Introduction

In the agricultural sector, the fruit trees constitute an essential
economic engine for farmers by providing a source of foodstuffs,
income and jobs, etc (Milosevic et al., 2020). Among the most
common cultivars used in arboriculture is the plum (Prunus
domestica L. and Prunus salicina Lindl.), which is ranked third
because of its worldwide production of nearly 11 million tons
(Milosevic et al., 2012; Hamdani et al., 2024a). In Morocco, plum
cultivation occupies an area of about 16.198 ha for a production
of about 143.457 tones/year, making it the ninth-largest producer
of plums in the world (Hamdani et al., 2021). Cultivated national
varieties belong to two plum species, the Japanese plum group
(Prunus salicina Lindl.) which includes introduced varieties: Santa
Rosa, Methley, Golden Japan and local clones from seedlings:
Timehdite, Zerhouni, Fassi, Meless and Zouitni, and the group of
domestic plums (Prunus domestica L.): Stanley and Prune d'Ente
(Hamdani et al., 2023). The choice of plum cultivar is considered a
relevant and very important trait in fruit production to determine
fruit quality and productivity as well as its economic interest. The
main processed products of plums are compoOtes, mousses, pulps,
candied fruits, and frozen fruits (Milosevic et al., 2010). Plum
consumption has considerably expanded in the last few years.
This is due to two things: (i) the extension of the crop and (ii)
the expansion of the season thanks to the selection of a variety of
Japanese cultivars. In fact, these cultivars are best suited to many
regions with hot climates for both early and late crops (Okie et
al., 2008).

Plums are used both for fresh and dry consumption. They
represent a major contributor to minerals and vitamins that
constitute a considerable nutritional part in our daily life by
providing our dietary needs (Gregory 1993; Milosevic et al., 2011).
This mineral source is due to macronutrient and micronutrient
including nitrogen (N), potassium (K), phosphorus (P), calcium
(Ca) and iron (Fe) that are essential for increasing the quality and
yield of rosaceous fruit (Bai et al., 2021). Mineral deficiencies
can strongly affect growth, metabolism, plant development,
and eventually affect yield, nutritional value and fruit quality
(Nunes et al., 2022). The fruit has high water quantity with a
share of carbohydrates (glucose, sucrose and fructose), fibre,
pectin, organic acids including tartaric, malic and citric acids as
well as minerals, tannins, and enzymes, etc. (Forni et al., 1992).
The mineral attributes and productivity of plums depend on the
cultivar, the conditions in the environment and crop cultivation-
based techniques, etc. (Nergiz and Yildiz 1997; Usenik et al., 2008).

To the best of our information, no research has yet been
conducted to compare agronomic attributes and leaf mineral
content among plum cultivars under Moroccan climate. The
objective of this research was to assess the variability among
these plum cultivars under the same climatic conditions and the
nutrient uptake and utilization efficiency. In parallel, this research
will determine the interrelation of all the characteristics in a bid
to identify the potentially significant descriptors for the evaluation
of plum genotypes.
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Material and Methods

Plant Material and Experimental Conditions

The zone of study is situated in the National Institute for
Agronomic Research station at Ain Taoujdate, far from Meknes
city by 30 km and situated in the Sais plain at an altitude of about
550m (33°56'E. 5° 13'N. 499 m). Soil in the area under study is clay,
limestone and alluvial sediment (Table 1). Mean temperatures are
as follows: the minimum is in January (2.8 °C) and the maximum
in July (37 °C). Annual precipitation is around 440 mm and the
amount of cold is 540 hours of temperature below 7 °C. The study
was conducted in 2021 using a collection of plum trees made up
of 16 local and 11 foreign cultivar of fourteen years old (Table
2), which were grafted on ‘Myrobolan’ stock and transplanted in
two lines at a distance of 5 x 5 m and with 10 trees in every line.
The collection was irrigated using drip irrigation system from the
end of February corresponding to the flowering stage until the
beginning of October, the ripening stage receiving a total water
volume of about 1800 m®/h, plant trees were fertilized using 150
g N, 90 g P,O, and 180 g K,O per tree. All trees were conducted
under the same geographical conditions and underwent the same
horticultural management practices including pest control, which
was carried out in accordance with local trade practices as well as
weed removal and tree thinning in order to homogenize the size
of the whole collection.

Sampling and Measurements

Young leaf samples were taken 70 days after full flowering.
As advised by Freire and Magnani (2005), the samples of 100
leaves (blade and petiole) were taken in a randomized way for
each cultivar. The leaf samples were then lyophilized in a WPA
Biowave S2100 lyophilizer and then ground, and were used for
the preparation of ethanolic extracts obtained by using 1 g of the
freeze-dried and ground sample with 30 ml of ethanol (80%) and
were processed by maceration and filtration to determine macro
and micronutrient content in different samples (Nunes et al.,
2022). The macronutrient contents of nitrogen (N), phosphorus
(P), potassium (K) were expressed by percentage unit, however
calcium (Ca) and magnesium (Mg) by ppm (parts per million), as
well as for the micronutrients: sodium (Na), iron (Fe), manganese
(Mn), zinc (Zn) and copper (Cu), expressed in (ppm) (Tedesco
1995; CQFS-RS/SC 2016).

At the harvest stage, two yield traits were determined, namely
the fruit counted on each tree and the fruit weight, as measured
by randomly collecting 30 ripe fruits of every tree. The yield
characteristics were then utilized to compute the fruit yield by
multiplying the average fruit weight and fruit count for each tree.

Statistical Analysis

The data were analyzed using SPSS v22 software. A two-
way analysis of variance (ANOVA) test was performed here
to determine the differences among the different samples. The
Student-Newman and Keuls (SNK) test was used to identify
sample averages at P < 0.05. A PCA (Principal Component
Analysis) was applied to identify levels of discrimination between
the various variables. The correlation indices and significance
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Table 1. Physical and chemical soil composition at the experimental site

Soil depth Clay (%) Silt (%) Sand (%) Organic matter (%)  CaCO, (%) PO, (ppm) K,0 (ppm) pH EC (mS cm™)
0-35cm 42.23 114 46.3 4.21 4.1 76.24 423.67 8.30 0.12
35-70 cm 35.7 14.1 429 1.58 3.9 15.09 221.28 7.81 0.07

levels were computed by Pearson Correlation. Finally, the cultivars
were grouped hierarchically using the UPGMA (Unweighted Pair
Group with Arithmetic Mean) approach, on the basis of the most
discriminating variables.

Results and Discussion

Yield and Leaf Macronutrient Content

Table 3 represents the yield results and the leaf micronutrient
content of the different studied cultivars. Cultivar yields ranged
from 5.42 to 59.27 kg tree’!. The highest yield was recorded by the
genotypes ‘Friar’ and TNRA-PR34’ with mean values of 47.62 and
59.27 kg tree’, respectively. The weakest values were registered for
the cultivars ‘Timhdit, INRA-PR38’ and INRA-PR42’ with mean
values of 5.42, 8.95 and 9.18, respectively. These findings agree
closely with several studies of plum trees in the past, including
those by Grzyb et al., (1998), Milosevic et al., (2011) and Hamdani
et al., (2024b) who explain that yield differences between cultivars
can be due to several external and internal factors such as adapting
the cultivar to different climatic and soil factors, cultivation
practices, the ‘Myrobolan’ rootstock and the period of maturity of
the cultivar (early and late cultivars) (Nunes et al., 2009; Singh et
al., 2009; Ionica et al., 2013).

The nitrogen (N) content of leaves showed significant
differences between cultivars. The content varied from 0.77
to 3.29%. The richest content was registered by the genotype
‘Stanley’ and the smallest value by the genotype INRA-PR43’
Our results regarding nitrogen (N) content of leaves are consistent
with the results obtained in seven plum cultivars by Mayer et al.,
(2018), who found the percentage ranging from 2.22 to 2.25% and
Toplu et al., (2009) in an olive collection with values ranging from
1.5 to 2.00%. According to Nava et al., (2010), nitrogen (N) is a
major constituent as it is considered as ubiquitous in secondary
metabolites, amino acids, proteins and chlorophyll, making it an
essential nutrient required by fruit plants for their growth and
vigor This leads to a balance between vegetative and reproductive
parts and consequently to a regular production over the years
(Neilsen et al., 1999).

The phosphorus (P) content of leaves displayed a range of
significant variations from a range of 0.23 to 0.59% depending
on the variety. The highest content was observed by the genotype
‘Angelino’ with an average of 0.59%, while the lowest value was
observed in the cultivars TNRA-PR37’ and ‘INRA-PR39’ with
an average of 0.23%. This phosphorus (P) content is higher than
that found by Mayer et al., (2018), whose phosphorus (P) content
varies from 0.25 to 0.33%. Phosphorus availability is critical as it is
involved in the synthesis of several compounds that are linked to
fruit yield and quality, including soluble solids and fruit flavonoids
(Afroz et al., 2016).

The potassium (K) content of leaves of the cultivars ranged
from 1.02 to 2.52%. The highest content was recorded in
genotypes ‘INRA-PR46, INRA-PR47’ and ‘INRA-PR44’ with
means of 2.48 and 2.52%, respectively, while the lowest content
was recorded in cultivars ‘Black Amber’ and ‘Singlobe’ with
means of 1.02 and 1.33%, respectively. Our results regarding the
potassium (K) content of the leaves are in accord with those found
by Mayer et al., (2018) who mentioned that the percentage of this
element varied from 1.91 to 2.74%. However, Toplu et al., (2009)
revealed low values ranging from 0.72 to 0.10%. Potassium (K)
is an indispensable element as it is implicated in total soluble
sugar synthesis in fruit especially in Rosaceae including apple and
almond (Kumar and Ahmed 2014). This macronutrient has an
important effect on the growth and production of plants, as well
as the quality of fruit, and may help to promote the transfer of
sugars generated by photosynthesis in the leaf to the fruit (Taiz
and Zeiger 2013).

The calcium (Ca) content of leaves demonstrated statistically
significant results across a range of 2.46 to 4.92 ppm depending
on the variety. The greatest increase was observed in the cultivar
‘Angelino’ with an average of 4.92 ppm, whereas the weakest values
were obtained by the cultivars ‘Prune d’Ente, INRA-PR39’ and
‘Stanley’ with averages of 2.46, 2.50 and 2.51 ppm, respectively.
However, Mayer et al, (2018) showed a difference between
cultivars with a lower range of 0.81 to 2.01 ppm. Earlier research
has demonstrated the role of calcium (Ca) in cell wall structure,
as it can affect the integrity of the cell membranes. It also plays a
key part in membrane functioning, signaling in plants and water
balance (Fallahi et al., 2001; Hocking et al., 2016).

Regarding the magnesium (Mg) content of leaves, the
cultivars ranged from 939.25 to 1798.25 ppm. The highest levels
were recorded in the cultivars of INRA-PR41, ‘Singlobe’ and
‘INRA-PR47’ with means of 1541.12, 1781.87 and 1798.25 ppm,
respectively, while the lowest values were recorded in cultivars
‘Prune d’Ente, ‘Fortune’ and INRA-PR34’ with means of 939.25,
978.75 and 981.25 ppm, respectively. Our results are higher than
the magnesium (Mg) quantity found by Mayer et al., (2018) who
found that the percentage of magnesium at the leaf level varied
from 230 to 430 ppm.

There were significant variations in leaf yield and macronutrient
content between cultivars investigated in this study. However,
Couvillon (1982) showed there was no significant variation in
the macronutrient content of the leaves (N, P, K, Ca, and Mg)
in peach, which can be explained by the low soil moisture, the
higher leaf water potential due to the high number of stomata
(Couvillon et al., 1989). Also, nutrient concentrations in leaves
differ according to the sampling period and fertilization practice
(Nava et al., 2010).
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Table 2. Cultivars of local and international plum trees studied in this work

Local cultivars

Species

Foreign cultivars

Species

INRA-PR35

INRA-PR35

INRA-PR37

INRA-PR38

INRA-PR39

INRA-PR40

INRA-PR41

INRA-PR42

INRA-PR43

INRA-PR44

INRA-PR45

INRA-PR46

INRA-PR47

INRA-PR48

INRA-PR49

INRA-PR37

INRA-PR38

INRA-PR39

INRA-PR40

INRA-PR41

INRA-PR42

INRA-PR43

INRA-PR44

INRA-PR45

INRA-PR46

INRA-PR47

INRA-PR48

INRA-PR49

Timhdit

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina Lindl.

Friar
Singlobe
Monglobe
Golden Japan
Santa Rosa
Methley
Fortune
Angelino
Black Amber
Stanley

Prune d’Ente

Prunus salicina Lindl

Prunus salicina LindL

Prunus salicina LindL

Prunus salicina Lindl.

Prunus salicina Lindl.

Prunus salicina LindL

Prunus salicina LindL

Prunus salicina Lindl

Prunus salicina Lindl.

Prunus domestica L.

Prunus domestica L.
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Table 3. Yield and N, P, K, Ca and Mg content of leaves of different plum cultivars
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Local cultivars Yield (kg.tree) %N %P %K Ca (ppm) Mg (ppm)
INRA-PR34 59.27 + 4.5¢ 2.28 £0.12¢% 0.30 +0.02* 1.98 £ 0.005%fh 3.61 +0.02° 981.25 £2°
INRA-PR35 13.82 £ 2.5 2.18 £ 0.26%% 0.35%¢ 2.29 £ 0.04fn 4.29 +£0.31¢ 1037.5 £ 0.25°
INRA-PR37 41.00 £ 3¢ 2.56'" 0.23* 2.18¢fehi 3.53bcde 1055.75 £ 5.25°
INRA-PR38 8.95+2.4° 2.19 £ 0.024% 0.33 £ 0.03%* 2.06 £ 0.08¢fehi 3.97 £ 0.28% 17735+ 3"
INRA-PR39 24.51 +3® 2.12£0.11%% 0.23 +£0.02* 2.10 £ 0.01¢h 2.50 £ 0.66* 1048.12 + 0.12°
INRA-PR40 21.52 £ 8 1.17 £ 0.04%¢ 0.29 + 0.01® 2.15 £ 0.02¢fehi 3.17% 1037.62 + 3.87°
INRA-PR41 30.08 + 3.5 1.35 + 0.05%« 0.48"¢ 1.96 + 0.18dfh 3.38 £0.215 1541.12 + 470.62°
INRA-PR42 9.18 £3* 0.95 + 0.03® 0.36 + 0.01%* 1.90 + 0.02¢f 3.62 + 0.002b 1083.12 + 1.62°
INRA-PR43 26.04 + 3.5% 0.77 £0.11* 0.28* 2.10 £ 0.01¢fh 3.37 £ 0.008 1060.12 + 0.62°
INRA-PR44 10.45 + 1.5 1.67 + 0.56°f 0.48 + 0.02°¢ 2.52 +0.25 2.99 + 0.07° 1006.25 + 0.5°
INRA-PR45 42.38 £ 5.5¢ 1.51 £0.01% 0.37%¢ 2.27 £ 0.01¢h 3.15 £ 0.002% 1037 +0.25°
INRA-PR46 17.41 £ 13.5* 1.33 +0.33%« 0.43 £ 0.05%< 2.48 +0.04" 3.06 £ 0.07% 1019.43 +13.18°
INRA-PR47 17.74 + 1.6% 1.86 £ 0.23%f 0.52 +0.01<¢ 2.48 +0.15" 3.70 + 0.14b<de 1798.25 + 0.75"
INRA-PR48 11.76 + 1.5 1.30 + 0.04% 0.49 £0.01%¢ 243 £0.1480 3.67 £ 0.045 1064.25 + 0.75°
INRA-PR49 34.71 +5.5® 0.96 + 0.01% 0.26 2.30 £ 0.19% 3.57 + 0.02bde 1075.75 £ 0.5°
Stanley 14.00 + 1.5 2.33 £0.03 0.26 +0.02* 2.17 £ 0.02¢fehi 2.51 +0.001* 1015.5 £ 0.5°
Prune d’Ente 16.76 + 1.7¢ 3.29 £ 0.06" 0.42 £ 0.01% 1.75 + 0.07°¢f 2.46 £0.13* 939.25 +£10.5*
Friar 47.62 £ 11.5¢ 2.79 £ 0.007¢" 0.33 + 0.05%¢ 1.40 £ 0.005" 4.05 £ 0.01%% 1054.62 + 1.12°
Fortune 47 £4.3¢ 2.68 £0.07¢" 0.44 + 0.04%¢ 1.89 + 0.04<f 4.01 £ 0.01b¢ 978.75 £ 2.25*
Methley 31+8® 2.64 £0.01% 0.33 £ 0.01%* 1.47 £ 0.26>¢ 2.92 +0.03® 1019 + 1°
Santa Rosa 21.76 £ 5.5% 2.24 £0.21 0.54 £ 0.05 1.70 + 0.01b¢ 4.35 £ 0.005¢ 1036.75 = 0.5°
Angelino 19.24 + 1% 2.60 £ 0.05% 0.59 + 0.03¢ 1.80 + 0.004%< 4.92 +0.03f 1070.87 £ 0.12°
Black Amber 41.47 £4.5¢ 2.54 +0.49% 0.41 + 013 1.02 £ 0.01° 3.20 £ 0.002%< 1085.62 + 1.87°
Golden Japan 40.47 £ 1° 242 £ 0.07¢% 0.54 £ 0.08¢ 1.48 +0.002" 3.83 £ 0.075 1075.62 + 3.1*
Monglobe 13.65 + 0.9 247 £0.16% 0.43 + 0.03%< 1.82 + 0.01°f 3.91 + 0.13bde 1025.75 £ 0.25°
Singlobe 11.76 £ 0.5 2.51 +£0.08%" 0.36 £ 0.01%* 1.33+£0.17° 3.51 £ 0.55% 1781.87 + 4.87°
Timhdit 542 +1.5° 2.69 £ 0.017¢" 0.26 £0.02* 2.14 £ 0.08¢tehi 4.24 +0.24% 1008.25 + 5.5°

Note: Averages marked with a letter are statistically significantly different (P < 0.05), using the SNK test
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Leaf Micronutrient Content

Significant differences in leaf micronutrient content were
observed between the cultivars studied (Table 4). The sodium (Na)
content of cultivar leaves varied from 0.03 to 0.10 ppm. The highest
content was recorded in cultivar TNRA-PR41” with an average of
0.10 ppm, while the lowest value was recorded in cultivar INRA-
PR44’ with an average of 0.03 ppm, which is in agreement with
the leaf sodium (Na) content found in olive by Toplu et al., (2009)

Table 4. Na, Fe, Mn, Zn and Cu content of leaves of different plum cultivars

which varied between 0.03 and 0.04 ppm. The high potassium
concentration might explain the lower sodium (Na) concentration
as the amount of these two elements is often reciprocal and the
difference in their concentration could be related to the genetic
variation of cultivars and soil and geographical conditions (Tahir

et al, 2011).

Local cultivars Na (ppm) Fe (ppm) Zn (ppm) Mn (ppm) Cu (ppm)
INRA-PR34 0.04 = 0.008* 239.87 + 25.37%¢ 8.23 + .68 51.93 + (.31 15.88 £ 0.13*
INRA-PR35 0.05 £+ 0.002* 300 + 17.75% 14.25 + 0.17°fs 52.75 + (.528" 18.32 £ 0.62°
INRA-PR37 0.04* 519.5 + 48.5% 12.6 £ 0.40cdefe 76.9 +2.2" 19.22 £ 0.37¢
INRA-PR38 0.08 +0.003* 173.5 £27.5* 21.65 + 0.05¢ 46.12 + 0.07%f 30.47 +0.32°
INRA-PR39 0.05 £ 0.006* 1002.25 + 0.25 14.05 + 2,120l 37.72 £ 0.17" 18.2 +0.025*
INRA-PR40 0.05 £+ 0.005* 263.37 + 14.62%* 9.28 + 0.56% 45.35 + 1.9% 17.01 £ 0.01*
INRA-PR41 0.10 £0.05* 353.25¢%bcde 8.78 + 1.48cde 59.08 + 2.41% 26.53 £ 7.96
INRA-PR42 0.06 = 0.005* 383.37 £ 13.87°bcdef 11.66 + 1.73¢bcdet 47.67 + 0.95¢fh 15.58 £ 0.01*
INRA-PR43 0.05 = 0.005* 250.62 + 0.12%¢ 18.55 + 0.5¢f" 54.06 + 0.06" 17.02 £ 0.1°
INRA-PR44 0.03 +£0.001* 325 + 16.75% 15.03 + 3.76°f 47.2 £ 0.07<% 17.5+0.2¢
INRA-PR45 0.05+0.001* 344.37 £ 12.12% 9.42 £ (.17 52.93 + (.638" 15.83 £0.33*
INRA-PR46 0.04 £ 0.005* 302.18 +22.81% 16.73 + 1.69%% 48.95 + 1.75¢h 17.40 + 0.09*
INRA-PR47 0.07 £ 0.004* 415 + 65l 14.65 + 5.95¢ 36.15 £ 0.8 57.4 +0.5¢
INRA-PR48 0.05 £+ 0.004* 778.12 + 131.62" 8.01 + 0.36% 40.42 + 0.52° 19.1 +0.05°
INRA-PR49 0.06 +0.001* 457.12 + 28.370dfe 11.08 & 2.91ebcdet 59.65 + 0.72% 27.13 £0.03°
Stanley 0.05 £ 0.002* 467.62 + 15.12< 25.18 £ 0.16" 75.17 £ 0.3" 19.75%

Prune d’Ente 0.04 +0.007* 304.75 £ 51.75% 12.91 + 4710k 26.92 +5.15* 19.71 £ 1.18*
Friar 0.06 £ 0.002* 808.75 + 14.75M 2.55+0.55* 54.37 +0.72' 15.63 £ 0.61°
Fortune 0.06 +0.001* 566.87 + 103.37¢% 5.2 + 0.4 36.65 + 0.65" 18.81 +0.26°
Methley 0.06 = 0.009* 1643.50 + 71* 11.12 + 0.17ebcdel 34.42 +0.67° 17.41 £ 0.23*
Santa Rosa 0.05 £ 0.008* 583 + 11.5% 8.63 + 0.61%< 56.17 £ 0.8 15.38 £ 0.31°
Angelino 0.05+0.001* 625.25 + 52.25¢ 20.48 + 2.03f" 37.07 £ 0.025" 14.93 +0.31*
Black Amber 0.06 = 0.002* 845.62 + 3.87" 6+ 0.5%d 36.83 £ 0.96" 14.55 +0.02*
Golden Japan 0.05 £ 0.003* 767 + 28.5M 7.45 + 1.15% 41.58 + (.73 16.5 +0.22°
Monglobe 0.07 +£0.003* 441.62 £ 18.12bf 4.58 + 0.48% 40.96 + 0.18"¢ 17.56 + 1.56°
Singlobe 0.05+0.003* 883.25 + 96.75" 3.58 £ 1.51%® 40.38 + 1.88" 15.27¢
Timhdit 0.06 +0.001* 215.87 £27.87% 12.48 + 0.43¢0cdele 52.01 + 1.36%" 16.02 +0.2¢

Note: Averages marked with a letter are statistically significantly different (P < 0.05), using the SNK test
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The iron (Fe) content of leaves demonstrated significant
changes over a range of 173.5 to 1643.50 ppm depending on
the variety. The highest content was registered in the ‘Methley’
cultivar with a mean of 1643.50 ppm, while the smallest value was
registered in the cultivar TNRA-PR38’ with an average of 173.5
ppm. Our results regarding leaf iron (Fe) content are compatible
with those found by Mayer et al., (2018) who found that the content
varied from 325 to 752 ppm. Iron (Fe) element is an important
essential nutrient which is a major factor in enhancing the taste
quality of fruit since it is involved in the decrease of total sugar/
total organic acid ratios and an improvement of phenolics and
vitamin C in different Rosaceae species (Alvarez-Fernandez et al.,
2003). It is also implicated in oxygen transportation and protein
and metabolic enzyme integration (catalase) (Nunes et al. 2022).

The zinc (Zn) content of leaves of the cultivars ranged from
2.55 to 25.18 ppm. The highest levels were recorded in cultivars
‘INRA-PR38 and ‘Stanley’ with an average of 21.65 and 25.18
ppm, respectively, while the lowest value was observed in the
‘Friar’ and ‘Singlobe’ cultivars with a mean of 2.55 and 3.58 ppm,
respectively. Our results are higher than those found by Mayer et
al., (2018) whose range of variation in zinc (Zn) content varies
between 5.9 to 15.6 ppm, and lower than those found by Toplu
et al. (2009) who showed that the values varied from 17.1 to 27.1

The manganese (Mn) content of leaves revealed significant
differences with a range of 26.92 to 76.9 ppm by variety. The
highest levels were registered in cultivars ‘Stanley’ and ‘INRA-
PR37’ with averages of 75.17 and 76.9 ppm, respectively, while
the lowest value was recorded in cultivar ‘Prune d’Ente’ with an
overall mean of 26.92 ppm. In the same way Mayer et al., (2018)
discovered a variation from 35.8 to 79.7 ppm in plum leaves. In
general, manganese (Mn) is an important mineral in leaves for
breathing, trapping reactive oxygen species (ROS), pathogen
defense and hormonal signaling, as well as playing an important
role in phoysynthesis (Nunes et al., 2022). In addition, in vitro
studies have demonstrated that manganese (Mn) is an essential
co-factor in the signaling of abscisic acid (ABA) and auxin by
respectively promoting the phosphatases PP2C and IPA and the
conjugated amino acid hydrolases IAA (LeClere et al., 2002).

The copper (Cu) content of cultivar leaves ranged from 15.38
to 30.47 ppm. The highest levels were registered in the cultivars
‘INRA-PR41, INRA-PR49’ and ‘INRA-PR38 with averages of
26.53, 27.13, and 30.47 ppm, respectively, while the weakest
values were reported in the cultivars ‘Santa Rosa, TNRA-PR42),
‘INRA-PR42’ and ‘INRA-PR34’ with means of 15.38, 15.58, 15.63
and 15.88 ppm, respectively. Similarly, Toplu et al., (2009) shows
foliar copper (Cu) content ranging from 11 to 24.3 ppm. However,
Mayer et al., (2018) found a lower content ranging from 2.9 to
11.2 ppm.

Principal Component Analysis

PSA was applied to better reveal the most discriminating traits
among those used in this study, taking into consideration that only
the loading of each variable above 0.5 is significant (Table 5). The
variance of over 58.92% was accounted for by three components.
The first component explains 24.31% of the total variance. It is
correlated in a positive way with potassium (K) content of leaves
(r=0.838), zinc (Zn) content of leaves (r = 0.620) and is negatively

associated with nitrogen (N) content of leaves (r = -0.635) and
iron (Fe) content of leaves (r = -0.702). The second component
represents 21.12% of the total value of inertia and is primarily
correlated positively with sodium (Na) content of leaves (r =
0.741), copper (Cu) content of leaves (r = 0.683) and magnesium
(Mg) content of leaves (r = 0.794). The third component accounts
for 13.48% of the total value of inertia and is positively associated
with calcium (Ca) content of leaves (r = 0.710) and yield (r =
0.724). If we consider only principal component loadings higher
than 0.7, we note that the most discriminating traits according to
PCA for the characterization of plum cultivars were: potassium
(K), iron (Fe), sodium (Na), magnesium (Mg), calcium (Ca)
contents of leaves and yield.

Table 5. Principal component eigenvectors of the PCA analysis using the
mean ratios of the traits studied among the plum cultivars

Composante
1 2 3 4
%N -0.635 0.057 0.067 0.139
%P -0.245 0.504 0.307 -0.642
%K 0.838 -0.137 -0.098 -0.350
Ca (ppm) -0.093 0.368 0.710 -0.156
Na (ppm) 0.172 0.741 0.092 0.382
Fe (ppm) -0.702 0.037 -0.308 0.202
Zn (ppm) 0.620 -0.080 -0.267 -0.120
Mn (ppm) 0.536 -0.427 0.379 0.483
Cu (ppm) 0.488 0.683 -0.162 0.027
Mg (ppm) 0.232 0.794 -0.048 0.313
Yield 0.119 -0.277 0.724 0.132
% of Variance 2431 21.12 13.48 10.26
Cumulative % 24.31 45.43 58.92 69.19

Note: Eigenvectors above 0.5 are indicated in bold

Correlation

Bivariate correlation based on Pearson's coefficient has been
applied to determine the relations among all the traits recorded for
all the plum cultivars. Potential correlations that were significant
at the 0.05 or 0.01 level are summarized in Table 6. The potassium
(K) content of the leaves was correlated in a negative way with
nitrogen (N) and iron (Fe) content of leaves with coefficients of
-0.543 and -0.552, respectively. The results are in agreement with
Rosolem (2005) who explained this correlation by an antagonistic
effect since potassium (K) is considered as a strong conqueror and
plants find it very difficult to absorb other mineral elements in the
presence of potassium (K) and their leaf concentration is said to
be reciprocal (Suzuki et al., 2002).
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Table 6. Correlation coefficient matrix showing the average ratios of the plum cultivar’s traits included in the research

%N %P %K Ca(ppm) Na(ppm) Fe(ppm) Zn(ppm) Mn (ppm) Cu(ppm) Mg (ppm) Yield
%N 1
%P 0.084 1
%K -.543%* -0.119 1
Ca (ppm) 0.134 0.368 -0.106 1
Na (ppm) -0.093 0.124 -0.117 0.282 1
Fe (ppm) 0.329 0.057 -.552%% -0.145 -0.095 1
Zn (ppm) -0.166 -0.142 495** -0.159 -0.011 -0.312 1
Mn (ppm) -0.249 -.443% 0.311 0.011 -0.006 -0.327 0.250 1
Cu (ppm) -0.150 0.162 0.377 0.009 446* -0.179 0.234 -0.079 1
Mg (ppm) -0.070 0.151 -0.031 0.126 .566** -0.050 0.055 -0.103 .652** 1
Yield -0.013 0.054 0.020 0.140 -0.180 -0.168 -0.087 425* -0.083 -0.090 1

Note: ** Significant at P < 0.01 level (two-tailed)
* Significant at P < 0.05 level (two-tailed)

However, potassium (K) content of leaves was positively
correlated with leaf zinc (Zn) content of leaves with a coefficient
of 0.495, also the magnesium (Mg) content of leaves was positively
correlated with leaf copper (Cu) and sodium (Na) content of leaves
with coefficients of 0.652 and 0.566, respectively. The obtained
results showed that the yield of different cultivars was not correlated
with the leaf macro and micronutrient contents. Similarly, Toplu
et al., (2009) found no relationship between mineral elements
and yield. This is because the leaf mineral contents of different
cultivars varied from medium to high, with the total absence of
cultivars showing low mineral efficiency, which makes the macro
and micronutrient as a non-limiting factor for yield. However, Bai
et al., (2021) reported that yield was strongly correlated with leaf
nitrogen (N) and phosphorus (P) contents since the latter was
involved in the synthesis of the organic content in the fruit by
raising the level of anthocyanins and flavonoids, which improved
yield, weight, quality and firmness of the fruit (Afroz et al., 2016).

Cluster

Group analysis was carried out using the UPGMA and the
coefficient of Euclidean distance to identify the similarities and
variability among the cultivars which have been classified into
three major groups (Fig. 1). Group C1 was composed of 21
genotypes, divided into two separate and similar sub-groups (C1-
1 and C1-2). The first subgroup (C1-1) contained 17 genotypes,
characterized by medium yield (5.5 to 47 kg tree'), high
macronutrient content and medium micronutrient content. The
second subgroup (C1-2) included 4 genotypes, namely INRA-
PR38’, INRA-PR47’, INRA-PR41’ and ‘Singlobe, characterized by
an average yield (8 to 30 kg tree’), an average content of macro
and micronutrient except for manganese (Mn), which was high.
The second group (C2) contained a single genotype ‘Methley)
which was characterized by a low yield (31 kg tree?), an average

content of macro and micronutrient except for iron and copper
(Cu), which were high. The third group (C3) contained five
genotypes INRA-PR37, INRA-PR45, INRA-PR34) ‘Santa Rosa,
‘Golden Japan, which were characterized by a high yield (22-59
kg tree), an average content of macro and micronutrient except
for iron and manganese (Mn), which were high. The variability
revealed between the plum cultivars studied can be explained
by differences in adaptability and physiological process involved
within the ex-situ collection under similar soil and climatic
conditions. The final grouping obtained in this study based on
all the traits analyzed is of major significance to the farmer as it
shows the differences and similarities among the cultivars tested
for the market in the dry zone.

H 10 15 20 25
1 N 1

INRA-PR48
Friar
Black Amber
INRA-PR39
INRA-PR49
Stanler
INRA-PR42
Angelino
INRA-PR43
Timhdit
INRA-PR3s
INRA-PR44
INRA-PR46
Pruned’Ente

o

C1-1

C1

CLLTTTTT LTI

Fortune
Monglobe
INRA-PR40
INRA-PR3S
INRA-PR47
INRA-PR41

Singlobe c2

Methley
INRA-PR37
INRA-PR4S
INRA-PR34

C1-2

C3

SantaRosa

Golden Japan ——]

Figure 1. Classification of different plum cultivars on the basis of average val-
ues of traits recorded between cultivar
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Conclusion

The plum cultivars studied showed a great difference in
agronomic traits and in their measured macro and micronutrient
content. This was the first study to compare various plum cultivars
cultivated in Morocco. Using principal component analysis, the
leaf contents of potash, zinc, nitrogen, iron, sodium, copper,
magnesium, calcium and yield were found to be the most
discriminating factors in the classification of the cultivars studied.
Using the UPGMA method, the cultivars have been classified
into three major groups for all measured traits. The selection of
plum cultivars grown in Morocco is very important for scientific
and farming use. As such, the findings revealed from this study
have significant consequences for better managing the plum
collection to ensure the maintenance of longevity, variability and
species diversity and to include it easily in breeding programmes.
Therefore, further analyses should be carried out at the molecular,
physiological and biochemical studies to support the idea of a
shared gene pool.

Acknowledgements

The authors would like to express their gratitude to C. D.
Khalfi, M. Alghoum and E. Bouichou for their assistance in
the field and laboratory work, and M. Lahlou for his assistance
in the management of the Experimental Orchards and the
implementation of treatments.

CRediT Authorship Contribution Statement

Rachid Razouk: Study design. Anas Hamdani, Abdellatif
Boutagayout and Atman Adiba: material preparation, data
collection and analysis. Anas Hamdani: The first draft of the
manuscript. Anas Hamdani, Said Bouda, Atman Adiba, Lahcen
Hssaini and Rachid Razouk: The final version of manuscript and
all authors commented on previous drafts of the manuscript.

Declaration of Competing Interest

The authors disclose that they do not have any known
conflicting business or personal interests that could be perceived
as having influenced the present work.

Funding

This project was funded by the Ministry of Agriculture,
Fisheries, Rural Development, Water and Forests of Morocco
(MCRDV program).

Data Availability

Data sets produced and/or reviewed in this study are made
available by the corresponding author on reasonable demand.

References

Afroz C.A., Shimul M.A. H., Ikrum. M., Siddiky. M.A., Razzaque. M. A.
(2016). Effects of Nitrogen, Phosphorus, Potassium and Sulphur
on Growth, Yield and Nutrient Content of Strawberry (Fragaria
ananassa). ] Environ Sci Nat Resour 9: 99-108. doi: 10.3329/jesnr.
v9i1.30300

Alvarez-Fernandez A., Paniagua P., Abadia J., Abadia. A. (2003). Effects of
Fe Deficiency Chlorosis on Yield and Fruit Quality in Peach (Prunus
persica L. Batsch). ] Agric Food Chem 51: 5738-5744. doi: 10.1021/
jf034402¢

Bai Q,, Shen Y., Huang Y. (2021). Advances in Mineral Nutrition Transport
and Signal Transduction in Rosaceae Fruit Quality and Postharvest
Storage. Front Plant Sci 12: 620018. doi: 10.3389/fpls.2021.620018

Toplu C., Veli U, Ercan Y. (2009). Leaf Mineral Composition of Olive
Varieties and Their Relation to Yield and Adaptation Ability. J. Plant.
Nutr 32 (9): 1560-1573. doi: 10.1080/01904160903094321.

Couvillon G. A. (1982). Leaf Elemental Content Comparisons of Own-
Rooted Peach Cultivars to the Same Cultivars on Several Peach
Seedling Rootstocks. ] Am Soc Hortic Sci 107 (4): 555-558.

Couvillon G. A,, Rieger M., Harrison R., Daniell J., Aparisi J. G. (1989).
Stress-Mediated Responses of Own-Rooted Peach Cultivars. Acta
Hortic 243: 221-230. doi: 10.17660/ActaHortic.1989.243.28

CQFS-RS/SC - Comissdao de Quimica e Fertilidade do Solo (2016). Manual
de calagem e adubagdo para os estados do Rio Grande do Sul e de
Santa Catarina. 11.ed. Santa Maria: SBCS - Nucleo Regional Sul, 376p.

Fallahi E., Colt W. M., Fallahi B. (2001). Optimum Ranges of Leaf Nitrogen
for Yield, Fruit Quality and Photosynthesis in 'BC-2 Fuji' Apple. ] Am
Pomol Soc 55: 68-75.

Forni E., Erba L. M., Maestrelli A., Polesello A. (1992). Sorbitol and
Free Sugar Contents in Plums. Food Chemi 44 (4): 269-275. doi:
10.1016/0308-8146(92)90049-8

Freire C.J. S., Magnani M. (2005). Manual de coleta de amostras de folhas.
para diagnose nutricional. das principais frutiferas cultivadas no RS e
em SC. Pelotas: Embrapa Clima Temperado. 18p. (Documentos. 142).

Gregory J. E (1993). Ascorbic Acid Bioavailability in Foods and
Supplements. Nutrition Review 51: 301-303.

Grzyb Z. S., Sitarek M., Kozinski B. (1998). Effect of Different Rootstocks
on Growth, Yield and Fruit Quality of Four Plum Cultivars
in Central Poland. Acta Hortic 478: 239-242. doi: 10.17660/
ActaHortic.1998.478.37

Hamdani A., Charafi J., Bouda S., Hssaini L., Adiba A., Razouk R. (2021).
Screening for Water Stress Tolerance in Eleven Plum (Prunus salicina
LindL.L.) Cultivars Using Agronomic and Physiological Traits. Sci
Hort 281: 109992. doi: 10.1016/j.scienta.2021.109992

Hamdani A., Bouda S., Houmanat K., Outghouliast H., Razouk R., Adiba
A., Charafi J. (2023). Genetic Diversity Revealed via Molecular
Analysis of Moroccan and Foreign Plum (Prunus domestica; Prunus
salicina) Genotypes from an ex-situ Collection. Vegetos 36 (3): 816-
824. doi: 10.1007/s42535-022-00463-7

Hamdani A., Yaacoubi A. E.,, Bouda S., Erami M., Adiba A., Outghouliast
H., Charafi, J. (2024a). Chilling and Heat Requirement for Dormancy
Breaking and Flowering of the Plum Accessions Belonging to the
Living Collection of Morocco. Theor Appl Climatol 8: 7245-7258. doi:
10.1007/s00704-024-05067-6

Hamdani A., Bouda S., Adiba A., Boutagayout A., Kouighat M., Razouk,
R. (2024b). Linking Carbohydrate and Amino Acid Reserves in Twigs
to Agro-Phenological Responses in Plum Cultivars from Contrasting
Geographic Regions. Vegetos 2024: 1-13. doi: 10.1007/s42535-024-
01009-9

Hocking B., Tyerman S. D., Burton R. A., Gilliham M. (2016). Fruit
Calcium: Transport and Physiology. Front. Plant Sci 29: 569. doi:
10.3389/ fpls.2016.00569.

Ionica M. E., Nour V., Trandafir 1., Cosmulescu S., Botu M. (2013).
Physical and Chemical Properties of Some European Plum Cultivars
(Prunus domestica L.). Notulae Botanicae Horti Agrobotanici. 41(2):
499-503. doi: 10.15835/nbha4129354

acs

Agric. conspec. sci. Vol. 89 (2024) No. 4



Kumar D., Ahmed N. (2014). Response of Nitrogen and Potassium
Fertigation to "Waris" Almond (Prunus dulcis) under Northwestern
Himalayan Region of India. Sci. World ] 2014:141328. doi:
10.1155/2014/141328.

LeClere S., Tellez R., Rampey R. A., Matsuda S. P. T., Bartel B. (2002).
Characterization of a Family of IAA-Amino Acid Conjugate
Hydrolases from Arabidopsis. J. Biol. Chem. 277. 20446-20452. doi:
10.1074/jbc.m11195 5200.

Mahhou A., Raquib A. (2006). Régulation de la production du prunier
japonais Prunus salicina Lindl. L. a 'aide du cyanamide d’hydrogene
“Dormex” dans la région de Rabat au Maroc. INRA Al Awamia 3:
118-135. (in French).

Mayer. N.A., Ueno. B., Nava. G., Neves. TR.D. (2018). Leaf Nutrient
Content on Seven Plum Cultivars with Grafted by Budding or Own-
Rooted Trees. Revista Brasileira de Fruticultura 40 (3). 2018. doi:
10.1590/0100-29452018547

Milosevic T., Milosevic N. (2011). Growth, Fruit Size, Yield Performance
and Micronutrient Status of Plum Trees (Prunus domestica L.). Plant
Soil and Environ 57 (12). 559-564. doi: 10.17221/470/2011-PSE

Milosevic T., Milosevic N., Mladenovic J. (2020). Combining Fruit
Quality and Main Antioxidant Attributes in the Sour Cherry: The
Role of New Clonal Rootstock. Sci Hort 265. 109236. doi: 10.1016/].
scienta.2020.109236

Milosevic T., Milosevic N., Gli$i¢ I. (2012). Vegetative Growth, Fruit
Weight, Yield and Leaf Mineral Content of Plum Grown on Acidic
Soil. J Plant Nutr 35 (5): 770-783. doi: 10.1080/01904167.2012.653079

Milosevic T., Milosevic N., Mratinic E. (2010). Morphogenic Variability
of Some Autochthonous Plum Cultivars in Western Serbia. Braz Arch
Biol Techn 53: 1293-1297. doi: 10.1590/S1516-89132010000600005

Nava G., Dechen A. R., Nachtigall G. R., Katsurayama J. M., Rocco M. A.
(2010). Composi¢ao mineral de folhas em duas épocas de amostragem
e vigor da macieira ‘Fuji’ em resposta a nitrogénio e potassio. Revista
Agropecudria Catarinense. Florianopolis 23 (2): 77-83.

Neilsen G. H., Hogue E. J., Meheriuk, M. (1999). Nitrogen Fertilization
and Orchard-Floor Vegetation Management Affect Growth, Nutrition
and Fruit Quality of Gala Apple. Can J Plant Sci 79 (3): 379-385. doi:
10.4141/P98-091

Nergiz C., Yildiz H. (1997): Research on Chemical Composition of Some
Varieties of European Plums (Prunus domestica) Adapted to the
Aegean District of Turkey. ] Agric Food Chem 45 (8): 2820-2823. doi:
10.1021/jf970032e

382 | Anas HAMDANI, Said BOUDA, Lahcen HSSAINI, Abdellatif BOUTAGAYOUT, Atman ADIBA, Rachid RAZOUK

Nunes C., Rato A., Barros A., Saraiva A., Coimbra M. (2009). Search for
Suitable Maturation Parameters to Define the Harvest Maturity of
Plums (Prunus domestica L.): A Case Study of Candied Plums. Food
Chem 112 (3): 570-574. doi: 10.1016/j.foodchem.2008.06.007

Nunes A. R., Gongalves A. C., Pinto E., Amaro FE, Flores-Félix J. D,
Almeida A., Guedes de Pinho P, Falcio A., Alves G., Silva L. R.
(2022). Mineral Content and Volatile Profiling of Prunus avium L.
(Sweet Cherry) By-Products from Funddo Region (Portugal). Foods
11, 751. doi. 10.3390/ foods11050751

Okie W. R., Hancock J. E (2008). Plums. in Hancock. J.F. (Eds.).
Temperate Fruit Crop Breeding. Springer Science & Business Media
B.V,, Dordrecht. NL, p. 337-358.

Rosolem. C. A. (2005). Interagdo do potassio com outros fons. In: Yamada.
T.; Roberts. T.L. (Eds.). Potassio na agricultura brasileira. Piracicaba
Associagdo Brasileira para Pesquisa da Potassa e do Fosfato: 239-260.

SinghP.S., Singh Z., Swinny E. (2009). Sugars and Organic Acids in Japanese
Plums (Prunus salicina Lindl. Lindell) as Influenced by Maturation,
Harvest Date, Storage Temperature and Period. International ] Food
SciTechnol 44 (10): 1973-1982. doi: 10.1111/j.1365-2621.2009.02015.x

Suzuki A., Basso C. (2002). Fertilidade do Solo e nutri¢do da macieira.
In: EPAGRI. Manual da cultura da macieira. Floriandpolis: Epagri:
341-381.

Tahir M., Farooq A., Tahira I, [jaz A.B., Muhammad A. (2012). Mineral
Composition of Strawberry. Mulberry and Cherry Fruits at Different
Ripening Stages as Analyzed by Inductively Coupled Plasma-
Optical Emission Spectroscopy. J Plant Nutr 35 (1): 111-122. doi:
10.1080/01904167.2012.631671

Taiz. L., Zeiger E. (2013). Fisiologia vegetal. 5. ed. Porto Alegre: Artmed.
954 p.

Tedesco M. J., Gianello C., Bissani C. A., Bohnen S. J., Andlise de S. (1995).
Plantas e outros materiais. 2.ed. Porto Alegre: Universidade Federal
do Rio Grande do Sul. 147p., Boletim Técnico. 5.

Usenik V., Kastelec D., Veberi¢ R., Stampar E (2008). Quality Changes
during Ripening of Plums (Prunus domestica L.). Food Chem 111 (4):
830-836. doi: 10.1016/j.foodchem.2008.04.057

aCs89_37

acs

Agric. conspec. sci. Vol. 89 (2024) No. 4





