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Abstract

Pérez-Romero L.F,, Daza A., Herencia J.F., Arroyo ET. (2017): Carbohydrate and nitrogen reserves in two cultivars of
Japanese plum grown under organic and conventional management. Hort. Sci. (Prague), 44: 163-170.

Nitrogen and carbohydrate (soluble sugars and starch) reserves were analysed in twig samples of ‘Red Beaut’ and
‘Showtime’ Japanese plum (Prunus salicina Lindl.) cultivars cultivated in two similar experimental orchards under
organic and conventional management. ‘Red Beaut’ is a vigorous cultivar while ‘Showtime’ is a middle to low vigorous
cultivar. Both cultivars exhibited delayed flowering and premature defoliation under organic management. In general,
there were no differences in the concentration of reserves between the two types of management for either of the two
plum cultivars, and, likewise, no differences were observed between cultivars, regardless of their vigor. Additionally,
reserves were also analysed in plantlets of ‘Mariana 2624’ rootstock (Prunus cerasifera Ehrh x Prunus munsoniana W.
Wight & Hedrick) grown in a growth chamber that simulated conditions of spring and autumn periods and subjected
to organic or mineral fertilisation. Plants subjected to organic fertilisation were smaller and defoliated earlier, but the

sizes of carbohydrate and nitrogen reserves were similar to that of plants grown with mineral fertilisation.
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According to different authors, there are between
19 and 40 different species of plums (BLAZEK 2007;
REHDER 1940); however, only two of these species
are agronomically important: the European plum
(Prunus domestica L.) and the Japanese plum (Pru-
nus salicina Lindl). Plums are an important source
of fibre and antioxidants (STACEWICZ-SAPUNT-
ZAKIS et al. 2001; KiM et al. 2003). Moreover, or-
ganic plums have been described to harbour higher
anthocyanin and polyphenol concentrations and
greater antioxidant capacities (CUEVAS et al. 2015).
Reserves in deciduous fruit trees consist mainly
of carbohydrates, and to a lesser extent, nitrogen
(TRomp 1983). Carbohydrate reserves are com-
prised mainly of starch and soluble sugars, while

nitrogen reserves consist of proteins and amino
acids (TrTus, KANG 1982; OLIVEIRA, PRIESTLEY
1988; CHENG et al. 2004). Reserves are described
to play an important role in budbreak, floral de-
velopment and shoot growth (TiTus, KaNGg 1982;
OLIVEIRA, PRIESTLY 1988; LOESCHER et al. 1990;
CHENG, FucHIGAMI 2002). Carbohydrate reserves
are stored in different tissues in plants such as the
leaves, shoots, roots, seeds and fruits (PALLARDI
2008), reaching max. levels at the end of the veg-
etative cycle when leaves fall and dormancy occurs;
carbohydrate reserves decrease after budbreak and
the initiation of vegetative growth (TrRomp 1983;
LoOESCHER et al. 1990). The concentration of car-
bohydrate reserves is higher in roots than in other
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tissues (LOESCHER et al. 1990); however, the total
amount of reserves is higher in canopy than in roots
due to the higher dry weight of this portion of the
plant (PALLARDI 2008). The highest concentrations
of nitrogen reserves are stored in the roots (Tag-
LIAVINI et al. 1999; PoLicARPO et al. 2002). Tree
reserves may be affected by multiple factors, such
as temperature (RAESE et al. 1978; ICHIKI, YAMA-
YA 1982), water stress (BRADFORD, Hsiao 1982),
an excess of nitrogen fertilisers (CHoI et al. 2012),
fruit load (RyuGgo, DAvis 1959; ROPER et al. 1988),
accumulated cold hours (GONZALEZ-ROSSIA et al.
2008) and pruning (CHESNEY, VASQUEZ 2007). It
has also been observed that premature defoliation
can decrease reserve stores (OLIVEIRA, PRIEST-
LEY 1988). In previous work with different Japa-
nese plum cultivars, it was found that in organic
farming results in significant premature defoliation
(GARCiA-GALAVIS et al. 2009). Moreover, it has
also been observed that trees grown under organic
management exhibit reduced vigour, somewhat
delayed flowering and lower fruit production than
trees grown in conventional agriculture (ARROYO
et al. 2013). The goal of this study was to analyse
whether plum trees reserves are affected by the
type of management, i.e., conventional or organic,
which employs different fertilization and causes
premature defoliation, and to identify whether
there is a correlation between tree vigour and car-
bohydrate and nitrogen reserves.

MATERIAL AND METHODS

Description of experimental plots and plant
material. This study was carried out from 2011
to 2014 in two similar orchards, one conventional
and one organic, planted in 2005 as one-year-old
bare roots, grafted onto ‘Mariana GF 8-1" (Prunus
cerasifera x Prunus munsoniana) on the experi-
mental farm of the IFAPA Las Torres (SW Spain)
(37°30'48'N; 5°57'46'W). The two orchards were
separated by a distance of 200 m to avoid inter-
ference between pest and disease treatments. The
chemical treatments and types of fertilisers used in
both orchards were as described previously (GAR-
cia-GaLAvis et al. 2009). Both plots received fur-
row irrigation along two rows in parallel to the line
of trees with the same volumes (350,000 1/ha) and
frequencies. Irrigation was applied between six and
nine times in the period from May to September
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depending on weather conditions. For both types
of management, weed control was carried out us-
ing the reduced tillage method. Inter-row tree weed
control was performed by using a tractor-mounted
disc harrow. Control inside the tree rows was car-
ried out in the organic orchard using a brushcutter
and in the conventional orchard by the application
of post-emergence herbicides. The plant material
used in this work was two early season cultivars of
Japanese plum, one of them, ‘Showtime, with weak
vigour and upright structure and the other, ‘Red
Beaut, which is highly vigorous and has an open
structure. Trial design consisted of a randomised
block with three replicates, with six trees per rep-
licate and a total of 18 trees per management type
and cultivar.

Tree vigour and phenological studies. The
vigour of the trees was evaluated in November ev-
ery year at the end of the growing season, by cal-
culating the trunk cross-sectional area (TCSA)
20 cm above the graft (LAYNE 1994; LEPsIS, BLAN-
KE 2006). The beginning of flowering, full flower-
ing and end of flowering were registered accord-
ing to the BBCH scale (MEIER et al. 1994). Leaf fall
was recorded weekly from October 1 until the end
of December. Defoliation was evaluated using a
0-5 scale, where 0 is 0% leaf fall; 1, 20% leaf fall; 2,
40% leaf fall; 3, 60% leaf fall; 4, 80% leaf fall; and 5,
total defoliation.

Sampling and analysis of plant reserves.
Sampling was performed at two different time
points of the crop cycle, dormancy: January 2012
(319 days after full bloom (DAFB)), November
2012 (240 DAFB), December 2013 (269 DAFB),
and vegetative growth: May 2012 (58 DAFB), May
2013 (78 DAFB) and May 2014 (82 DAFB). For
each analysis, 20 one- to two-year-old twigs with
thicknesses of between 4 and 5 mm were random-
ly taken from each of the six trees of each repli-
cate in both types of management. Wood samples
were dried in a laboratory oven for 48 h at 65°C
and subsequently cut into small pieces and ground
in a Thomas Model 4 Wiley® Mill (Thomas Sci-
entific, USA). Dry matter samples weighed about
60 grams. The carbohydrates analysed were soluble
sugars and starch. The nitrogen fractions analysed
were proteinaceous nitrogen, ammonium nitro-
gen and nitrate nitrogen. Soluble sugars were de-
termined using dinitrosalicylic acid reagent as de-
scribed by MILLER (1959). Starch was determined
using the method for soluble sugar, including a
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previous step for acid digestion to hydrolyse starch.
Units of carbohydrates are given in mg/g. Protein-
aceous nitrogen was determined using the Kjeldahl
method as described by HEssE (1971); ammonium
nitrogen was determined as described by BREMNER
(1965) and nitrate nitrogen was analysed using the
same method (BREMNER 1965), including the fol-
lowing modifications: Devarda alloy (50% copper,
45% aluminium and 5% Zinc) was used instead of
MgO. Results are given as micrograms per gram
and as the sum of the three fractions expressed as
percentages.

Trial in growth chamber under controlled con-
ditions. The trial was carried out in 2013 using 68
plantlets of ‘Mariana 2624’ rootstock with heights
of between 6 and 8 cm. Thirty-four plantlets were
placed in a plastic cell sheet filled with a 50:50 mix
of perlite plus vermiculite, and were irrigated with
Hoagland nutrient solution (TA1z, ZEIGER 1998) in
order to simulate conditions of conventional fertili-
sation in the field; the remaining 34 plantlets were
placed in a plastic cell sheet filled with a 50:50 mix
of peat and coconut fibre and were irrigated with
distilled water in order to simulate the conditions
of organic fertilization. Plastic cell sheets were put
in a MLR-351H Sanyo Versatile Environmental
Test Chamber (Sanyo Electric Co., Ltd., Japan) for
154 days. Initially, spring weather conditions were
simulated: 96 days with 12 h light at 26°C and 12 h
dark at 20°C, followed by a simulated transition to
autumn and finally autumn conditions, which were
14 days with 8 h light at 22°C and 16 h dark at 14°C,
followed by 44 days with 7 h light at 15°C and 17 h
dark at 6°C, followed by 39 days with 6 h light at
15°C and 18 h dark at 5°C. At the end of the experi-
ment, the grade of defoliation was determined and
plantlets were removed from containers; the length
and width of the trunk was measured and the entire
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plants, including roots, were dried and ground for
the analysis of reserves.

Statistical analysis. Data were analysed using
Statistix software (version 9.0; NH Analytical Soft-
ware, USA). Single analysis of variance (ANOVA)
was used to analyse the different fractions of re-
serves. The Least Significant Different Test (p < 0.05)
was used to discriminate among the mean values.
Correlations were determined using Pearson’s coef-
ficients.

RESULTS

Vigour, flowering and defoliation
in plum cultivars

Data on tree trunk cross-sectional areas (TCSA)
and defoliation grade at the end of October for the
two cultivars under the two types of management
from 2011 to 2014 are detailed in Table 1, and flow-
ering is detailed in Table 2. TCSA was significantly
higher for ‘Red Beaut’ in the conventional orchard
compared with the organically managed orchard;
these values were also higher for ‘Showtime’ but the
differences were only significant in 2012. As expect-
ed, according to the TCSA values, ‘Red Beaut’ was
the most vigorous under both types of management.
Conventional management resulted in plants that
reached the beginning of flowering, full flowering
and end of flowering significantly earlier during the
four-year follow-up period, i.e., one and four, zero
and six and zero and nine days earlier, respectively,
in the two cultivars. On the other hand, defoliation
was on average premature in the two cultivars when
managed organically in all four years. There were
also differences in the number of days that the trees
in conventional management needed to reach com-

Table 1. Trunk cross-sectional areas (TCSA) and defoliation grades in two cultivars of Japanese plum grown under

organic (O) and conventional (C) management from 2011 to 2014

TCSA (cm?) Grade of defoliation in late October

Year ‘Red Beaut’ ‘Showtime’ ‘Red Beaut’ ‘Showtime’
0 C 0 C 0 C o) C
2011 293.61° 330.19* 181.442 235.38% 4.33° 3.17° 4,93 3.83°
2012 301.16" 363.55° 201.81° 239.40° 2.16° 2.11° 2.00? 1.61°
2013 343.56" 396.79° 230.24° 287.542 3.78° 1.39° 4.34° 1.26"
2014 375.26" 441.10 234.70° 321.62° 4.60° 2.33° 5.00% 2.83°

for each parameter, year and cultivar, different letters in row indicate differences between the two types of management

(p < 0.05)
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Table 2. Beginning (B), full (F) and end (E) of flowering (day of year) of two cultivars of Japanese plum grown under

organic (O) and conventional (C) management and the differences in the number of days that the trees under con-

ventional management needed to reach complete defoliation compared with the trees under organic management in

the period 2011-2014

‘Red Beaut’ ‘Showtime’ ‘Red Beaut”  ‘Showtime’
Year (@) C (@) C
B F E B F E B F E B v E difference in the No.
of days

2011 46 56 74 45 56 74 61 70 87 60 67 85 14 18
2012 62 67 83 60 67 81 70 74 90 69 74 89 14 19
2013 59 65 76 55 63 76 68 72 100 65 69 91 28 35
2014 51 63 80 50 57 79 66 69 96 63 67 91 27 29

plete defoliation compared with the trees in organic
management. For ‘Red Beaut’ the smallest difference
was 14 days for the years 2011 and 2012 and the larg-
est difference was 28 days for the year 2013, while for
‘Showtime’ the smallest difference was 18 days for
the year 2011 and the largest difference was 35 days
for the year 2013 (Table 2).

Reserves in twigs of adult plum trees

Starch. Overall starch concentrations in the
twigs of the two cultivars were similar under the
two types of management; however, some signifi-
cant differences were observed, such as higher con-
centrations under conventional management for
‘Red Beaut’ in November 2012 and December 2013,
and for ‘Showtime’ in December 2013 (Table 3). An
increase in the starch concentration was observed

from 2012 to 2014, under the two types of manage-
ment and for the two cultivars.

Soluble sugars. Soluble sugar concentrations in
twigs were similar for both treatments at almost
all sampling times, although some significant dif-
ferences were observed: in May 2013, a higher
concentration in ‘Showtime’ under conventional
management, and in December 2013 a statistically
significant higher concentration in ‘Red Beaut’ un-
der the conventional management (Table 3).

Nitrogen. In general, the concentration of nitro-
gen was similar between the two types of manage-
ment; in fact, the average values were practically
identical between the two types of management for
the two cultivars (Table 4). However, some small
but significant differences were observed; in May
2013, ‘Red Beaut’ exhibited a higher concentra-
tion under organic management and in May 2014
‘Showtime” showed a higher concentration under

Table 3. Starch (mg/g) and soluble sugars (mg/g) in the twigs of two Japanese plum cultivars grown under organic (O)

and conventional (C) management

Starch Soluble sugars
Date ‘Red Beaut’ ‘Showtime’ ‘Red Beaut’ ‘Showtime’
(@) C (@) C (@) C (@] C

2012 January 16.717 12.98% 15.88? 11.98° 9.89% 6.23% 7.36% 7.63?
2012 May 11.22° 12.06% 13.62° 11.50° 3.75% 2.442 2.05% 2.99?
2012 November 12.91b 18.86% 18.08* 13.69* 8.33% 7.59% 8.217 7.31%
2013 May 19.96* 20.65% 20.50% 21.06% 8.46% 9.09* 8.63b 9.60*
2013 December 27.72b 33.18* 32.92b 35.26% 10.29° 10.68* 10.99* 11.87*
2014 May 28.39% 29.77% 29.99% 29.79% 11.64% 11.53% 10.47° 11.28*
Average 19.48° 21.25% 21.83? 20.55% 8.73% 7.93b 7.95% 8.45%

for each parameter, year and cultivar, different letters in row indicate differences between the two types of management

(p <0.05)
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Table 4. Nitrogen (%) in the twigs of two Japanese plum
cultivars grown under organic (O) and conventional (C)

management

‘Red Beaut’ ‘Showtime’
Date

(@] C O C
2012 January 2.80% 2.78% 3.03% 3.03%
2012 May 2.12° 1.98% 2.39° 2.19°
2012 November 3.39° 3.69° 3.52° 3.597
2013 May 3.14*  2.70° 3.03° 2.79%
2013 December 3.12¢ 3.11° 3.02¢ 3.00?
2014 May 3.04% 3172 3.18° 2.98"
Average 2.94% 2.91* 3.03% 2.93%

for each cultivar, different letters in row indicate differences
between the two types of management (p < 0.05)

organic management. The concentrations were
similar for the two cultivars. In general, nitrogen
content was higher in dormancy for the two first
years but not in 2013. Nitrogen concentration ex-
hibited a positive correlation with soluble sugars
(r = 0.79) but not with starch (» = -0.16).
Defoliation grade, size and reserves in plant-
lets of ‘Mariana 2624’ grown in controlled
conditions. Data on defoliation, size (length and
width), and reserves for plantlets of ‘Mariana 2624’
receiving the two types of fertilisation are detailed
in Table 5. Defoliation was more intense in organi-
cally fertilised plantlets versus those receiving con-
ventional treatment. Size was significantly higher
for plantlets in the conventionally treated plantlets
compared to those receiving organic fertiliser. Al-
though starch concentrations were slightly higher
in response to organic fertilisation, and soluble sug-
ar concentrations were slightly higher in response
to the mineral fertiliser treatment, no significant
differences were observed. Nitrogen concentra-
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tions were similar in response to the two different
types of fertilisation.

DISCUSSION

TCSA data from the two cultivars showed that
trees under organic management had less vigour
than those under conventional management. Also,
as expected, the greater vigour of ‘Red Beaut’ com-
pared to ‘Showtime’ was confirmed. On the other
hand, both cultivars showed delayed flowering un-
der; although the differences were not very large,
blooming was always delayed under organic man-
agement during the period 2007-2014. Twelve oth-
er Japanese plum cultivars studied in this period of
time showed the same trend (ARROYO et al. 2013).
Under organic management, premature defoliation
was observed in both cultivars. These results are in
line with what was observed in previous crop years
for these cultivars as well as for additional Japanese
plum cultivars (ARrROYO et al. 2013). These differ-
ences in time of defoliation are important, since the
average number of days between the beginning and
the end of defoliation for both managements and
cultivars in the period studied was 65.25 days. The
differences observed for tree vigour, time of defo-
liation and blooming could potentially be due to
the more pronounced weed problem in the organic
plot, which decreases the irrigation dose. This phe-
nomenon has previously been described in organic
farming by other authors (BoND, GRUNDY 1998).
However, weeds were not a problem in the organic
plots in this study. In fact, weed control was similar
under both managements. Additionally, the irriga-
tion dose was higher than necessary, since it was
administered by furrow irrigation in the period of
maximum need. We hypothesised that premature
defoliation under organic management may de-
crease tree reserves. In previous studies, a correla-

Table 5. Grade of defoliation at the end of the cycle, plant size, starch, soluble sugars and nitrogen in plantlets of

‘Mariana 2624’ after growth under controlled conditions with organic (O) and mineral (M) fertilization. Samples for

the analysis of reserves consisted of material from the whole plant (roots + canopy)

Plant size Reserves
Type Defoliation - -
of fertilization (0a5) length width starch s. sugars nitrogen
(cm) (mm) (mg/g) (mg/g) (%)
o) 4.62° 15.68° 2.92° 30.88° 10.50° 3.06°
M 3.56P 21.08* 3.492 28.86% 11.392 3.032

for each parameter, different letters in column indicate differences between the two types of fertilization (p < 0.05)
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tion between defoliation and a decrease in reserves
has been described (HUDGEONS et al. 2007; ALVES
et al. 2008). Nevertheless, we found no such cor-
relation since similar levels of carbohydrates and
nitrogen reserves were found under both types of
management, including for the cultivar ‘Showtime,
which exhibited markedly earlier defoliation under
organic management due to its increased suscep-
tibility to rust, a fungal disease not well controlled
under organic management (GARCIA-GALAVIS et
al. 2009). We also hypothesised that differences in
fertilisation between the two types of management,
which influences the vigour and size of the trees,
may affect reserve concentrations. However, no dif-
ferences in the levels of reserves between the two
cultivars, regardless of the type of management or
the vigour of the cultivar, were found. Nevertheless,
some indirect data suggest that differences in vig-
our are not strictly correlated with the concentra-
tions of reserves in the trees, as also indicated by the
results of this work. For example, GAUDILLERE et
al. (1992) found no differences in carbohydrate re-
serves in different prune cultivars that were grafted
onto different rootstocks resulting in differing lev-
els of vigour. In a similar study with prunes, Mo-
ING et al. (1994) studied carbohydrate and nitrogen
reserves in trees under two different pruning and
training systems that result in different levels of vig-
our, and observed no differences in the concentra-
tions of reserves. Fruit trees store reserves in roots,
the trunk and secondary branches (TRomP 1983).
In our study, we only analysed reserves in a part of
the canopy (twigs of one- to two-year-old trees),
so potential differences in the reserve concentra-
tions of the trunk and main roots cannot be ruled
out. We also performed some analyses of reserves
in thin roots were in November 2012 and found
no differences between the two types of manage-
ment (data not shown). Moreover, although reserve
concentrations were similar under the two types of
management, the total amount of reserves under
conventional management would be expected to
be higher since these trees were taller than those
under organic management (ARROYO et al. 2013).
To our knowledge, there are no previous studies
analysing reserve levels in adult fruit trees grown
under organic versus conventional managements.
Many of the studies carried out to study reserves
in trees have been carried out with young seedlings
(Br et al. 2004; CHENG et al. 2004). Our trial with
the plantlets of ‘Marianna 2624’ was carried out as
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an attempt to simulate to some extent growth un-
der organic versus conventional management, and
to enable analysis of the reserve concentrations in
whole plants. The results have shown that plantlets
grown with organic fertilisation were smaller and
defoliated earlier after autumn growth conditions
were established, but no differences in carbohydrate
and nitrogen reserves were observed between the
two types of fertilization. However, based on our re-
sults we believe that it would be premature to con-
clude that the type of management (i.e., organic or
conventional) does not affect the concentrations of
reserves in the plant, and we suggest that in future
studies levels of reserves should be determined in
different parts of the tree, including in higher trunk
biomass, main branches and thicker roots. Moreo-
ver, the study of reserves in trees is a complex issue
due to the fluctuations observed throughout the an-
nual cycle (YAMASHITA 1986; KELLER, LOESCHER
1989), in addition to differences in carbohydrate
and nitrogen concentrations in the different tissues
of the tree (HILLCOTTINGHAM, LLOYDJONES 1975;
LoEscHER et al. 1990). Another aspect that increas-
es the difficulty of the study of carbohydrate and
nitrogen reserves is the relationship between these
two fractions, since some authors have reported a
negative correlation between the content of nitro-
gen and carbohydrates (CHENG, FucHIGAMI 2002).
Our results showed a positive correlation between
nitrogen and total soluble sugars and no correlation
between nitrogen and starch. Overall, we found
lower total soluble sugar levels than those described
in other studies with apples and plums (Sivaci
2006; GONZALEZ-ROsSIA et al. 2008), but similar
values to those described for pistachios (NziMA et
al. 1997). In contrast, nitrogen levels were higher
than those reported previously. Finally, our starch
concentration data were similar to those described
in some of the relevant works cited here.
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