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ABSTRACT

The seasonal changes of carbohydrate content were monitored in the leaves of ‘Okitsu’, ‘Clausellina’, and ‘Silverhill’
satsuma cultivars budded on the sour orange (Citrus aurantium L. var. Yerli), Carrizo and Troyer citranges (Poncirus
trifoliata Raf. x Citrus sinensis Osb. var. Troyer and Carrizo) during the 2010 and 2011 seasons. The seasonal changing
trends of leaf soluble sugar contents of 3 satsuma cultivars budded on different rootstocks were similar. The sucrose was
the most abundant soluble sugar. Carbohydrate contents had a maximum level at dormant period, and remained at low
level during summer. In this period, the sharp decrease in leaf total carbohydrate concentration of ‘Okitsu’, ‘Clausellina’
and ‘Silverhill’ occurred in April with a rate of 27.9%, 22.6% and 21.0%, respectively. Accumulation of carbohydrate
in leaves generally started after mid summer and continued until the end of year. The rootstocks were found to be not
significant for total soluble sugar, starch and total carbohydrate concentration in most of the months. The cultivars had
a significant effect on carbohydrate fractions of leaves compared to rootstocks. The scion-rootstock combination was
significant on total carbohydrate concentration of leaves in all months investigated.
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OZET

2010 ve 2011 yillarinda ‘Okitsu’, ‘Clausellina’ ve ‘Silverhill’ satsuma g¢esitlerinin yapraklarindaki karbonhidrat
iceriklerinin mevsimsel degisimi iizerine Troyer ve Carrizo sitranjlart (Poncirus trifoliata Raf. x Citrus sinensis Osb.
var. Troyer ve Carrizo) ile Yerli turung (Citrus aurantium L. var. “common”) anacinin etkisi ortaya konmustur. Farkli
anaclar iizerine asili 3 satsuma cesidinin karbonhidrat igeriklerinin mevsimsel degisimi birbirlerine benzer olmustur.
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Sakaroz yapraklarda en baskin indirgen seker olarak belirlenmistir. Yapraklarin karbonhidrat igerikleri dinlenme
doneminde maksimum seviyelerde iken, Yaz periyodunda diisiik seviyelerde yer almistir. ‘Okitsu’, ‘Clausellina’ ve
“Silverhill” gesitlerinde yapraklarmn toplam karbonhidrat igerikleri nisan ayinda gesitlere gére sirastyla % 27.9, % 22.6
ve % 21.0 oranlarinda keskin bir azalma gostermistir. Yapraklarda karbonhidrat birikimi genellikle yaz ortasindan sonra
baslamis ve bu durum yilsonuna kadar devam etmistir. Anaglar arasinda toplam seker, nisasta ve toplam karbonhidrat
icerigindeki farkliliklar ¢ogu aylarda istatistiksel olarak dnemsiz bulunmustur. Yapraklardaki karbonhidrat fraksiyonlari
iizerine gesitlerin etkisi anaglardan daha ¢nemli olmustur. Ornekleme yapilan tiim aylarda yapraklardaki toplam
karbonhidrat igerigi lizerine anag-kalem kombinasyonunun etkisi 6nemli bulunmustur.

Anahtar Kelimeler: Satsuma; Cesit; Anag; Karbonhidratlar; Yaprak dokusu

1. Introduction

Rootstocks have had a substantial role in the
development of the citrus industry in the world.
Rootstock utilization is necessary for solving both
limiting and restricting factors of citrus production
(soil, climate, disease, and pests, etc.) and meeting
producers and consumers demands such as
productivity, earliness, shorter juvenility, fruit
quality (Davies & Albrigo 1998). The researchers
have demonstrated that citrus rootstocks have
differently influenced the growth and development,
including yield, fruit quality, and tolerance to stress
caused by biotic and abiotic factors of budded
cultivars in relation to ecological conditions (Stenzel
et al 2003; Filho et al 2007).

In deciduous trees, the root system is the major
storage organ for carbohydrates. In evergreen
citrus, the root system may be the major storage
organ for carbohydrates, but high concentrations
of carbohydrates can also be found in the leaves
(Goldschmidt 1999). The crop load inversely effects
the accumulation of reserves and under heavy crop
load causing depletion of it may cause to tree
collapse and the triggering of an alternate bearing
habit (Monerri et al 2011). There are correlations
between accumulation of carbohydrates and flower
formation in some experiments, but carbohydrate
levels are not the sole factor regulating citrus
flowering (Garcia-Luis & Guardiola 2000).
Although the evidence is still mostly indirect, it
may be concluded that the level of carbohydrates
is often a major factor limiting fruit set (Monerri
et al 2011). The decrease in carbohydrate levels
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during the flowering and fruit set period, which is
accelerated by heavy flowering, shows that reserve
carbohydrates are indeed utilized to sustain the early
stages of reproductive development. The energy
demand during the flowering and fruit set period
may be more than the supply of carbohydrates from
current photosynthesis and tree reserves. This occurs
especially in abundant flowering and heavy initial
fruit set. The costs of reproduction require the use of
stored reserves in addition to current photosynthate
(Goldschmidt 1999).

High levels of starch stored during the fall and
carbohydrate status of trees are indicative of their
vitality and photosynthetic capacity. It was reported
that changes in such patterns could reflect variations
in physiological performance and could be useful
in understanding the physiology of trees affected
by environmental stress (Wong et al 2003). It is
important to know carbohydrate reserve status for
experiments involving manipulation of the carbon
balance of fruit trees (McQueen et al 2004). Annual
patterns of carbohydrate storage and mobilization
vary among species and genotypes based on
growing conditions, growth characteristics, crop
load and other factor (Spann et al 2008).

Sour orange (Citrus aurantium L. var. Yerli) has
been widely used for citrus production in Turkey. On
the other hand, Carrizo and Troyer citranges [ Citrus
sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.]
are currently the most important citrus rootstocks
all over the world, mainly due to their tolerance to
tristeza virus (Forner-Giner et al 2003). The effect
of these three rootstocks on seasonal carbohydrate
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variability in citrus species is not yet completely
clarified. This study was conducted to determine
the role of cultivar, rootstock and cultivar-rootstock
interaction on seasonal carbohydrate changes in leaf
tissues in Eastern Mediterranean Region of Turkey.

2. Material and Methods

The experiment was conducted at the experimental
farm of Mustafa Kemal University in Dortyol,
Hatay, Turkey (36° 09" E, 36° 51' N; 9 m above
the sea level) in the 2010 and 2011 growing
seasons. ‘Okitsu’, ‘Clausellina’, and ‘Silverhill’
satsuma cultivars were budded on the sour orange
(So), Carrizo (Cc) and Troyer (Tc) citranges. The
experimental orchard was established with one year
old budded young trees in five replicates with 7x7 m
plots in November 1998 and February 1999.

On a monthly basis leaf samples were collected
from the fruitless shoots of each mandarin cultivar
trees on each rootstock during the entire year. Leaves
were sampled from the summer flush of the previous
year, which were about 5-6 months old at January
(form January to June), and from the spring flush
of the current season, which were about 3-4 months
old at July (from July to December). Sampled leaves
were decontaminated by washing with a detergent
solution, tap water and rinsed with distilled water.
Then, samples were dried to a constant mass at 65-
70 °C and homogenized by particle size reduction to
<0.5 mm, then stored at 4 °C until extraction.

The soluble carbohydrates (fructose, glucose,
and sucrose) were analyzed by high-performance
liquid chromatography (HPLC) similar to the
procedures of Kafkas et al (2007). The sugars
were detected using a refractive index detector
and quantified by the external standard method.
Total sugar and starch contents were determined
using the anthrone method with spectrophotometric
assay, according to the procedure described by
Kaplankiran (1984). Concentrations of total sugar
and starch were summed to give an estimate of
total non-structural carbohydrate. All carbohydrate
results were expressed as glucose equivalents
according to dry mass basis (%).

The carbohydrate data collected in 2010 and
2011 from the leaves of three mandarin cultivars
budded on different rootstocks and were subjected
to the analysis of variance using GLM procedure of
SAS software (SAS Institute Inc., North Carolina,
USA). Mean separations were carried out by a
Tukey test and assessed at the 5% significance level.

3. Results and Discussion

The results showed that the seasonal changing
trends of leaf soluble sugar contents of 3 satsuma
cultivars budded on different rootstocks were similar
(Figure 1, 2, 3). The sucrose was the predominant
soluble sugar in different satsuma cultivars. The
sucrose concentrations decreased steadily from
maximum concentrations (January) until June
for ‘Clausellina’, and until July for ‘Okitsu’ and
‘Silverhill’. In this period, the sharp decrease in leaf
sucrose concentrations of ‘Okitsu’, ‘Clausellina’
and ‘Silverhill” happened after flowering in
April (39.6%, 39.8% and 43.1%, respectively).
Accumulation of sucrose in leaves generally started
after mid summer and continued until the end of
year. During the whole year, the mean leaf sucrose
concentrations changed in ‘Okitsu’ between 1.74%
(Cc) and 1.85% (Tc), in ‘Clausellina’ between 1.78%
(Tc) and 2.00% (So), and in ‘Silverhill’ between
1.94% (So) and 2.13% (Cc). Seasonal pattern of
fructose and glucose concentrations were almost
similar for all mandarin cultivars. Considering all
rootstocks, in dormant period maximum fructose
and glucose levels approximated 1.49% and 1.69%
in ‘Okitsu’, 1.49% and 1.70% in ‘Clausellina’,
and 1.98% and 1.97% in ‘Silverhill’, respectively.
Also, the minimum concentrations were 0.23%
for fructose and 0.09% for glucose in ‘Okitsu’,
and were similar with 0.31% for both fructose and
glucose in ‘Clausellina’ and ‘Silverhill’, during
July and August. Throughout the entire season, the
mean contents of fructose and glucose in leaves
were the highest level with 0.81% (Cc) and 0.69%
(Cc and So) in ‘Okitsu’, 0.86% and 0.80% (So) in
‘Clausellina’ and 0.86% (Tc) and 0.88% (Tc and So)
in ‘Silverhill’.
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Figure 1- Seasonal variation in soluble sugar content in leaves of ‘Okitsu’ cultivar budded on different

rootstocks

Sekil 1- Farkli anaglar iizerine asili ‘Okitsu’ ¢esidinin yapraklarindaki ¢oziinebilir seker iceriklerinin aylik

degisimi

In this study, the level of sucrose in the leaf
tissues of all satsuma cultivars budded on different
rootstocks was higher than those of fructose and
glucose throughout the entire year. It is well known
that sucrose is the major translocated sugar in the
most of plants. During the active growing period
(from June to August), the photosynthate produced
by leaves is not stored but is mobilized and
transported as sucrose to various sinks for growth
and metabolism (Quick & Neuhaus 1997).

The total soluble sugar content was high level
at dormant period, and remained low level during
summer. The sharp decrease in total soluble sugar
concentration of leaves occurred in April and
May. The cultivars had a significant effect on total
soluble sugar concentration of leaves compared to
rootstocks. The rootstocks were found to be not
significant for total soluble sugar concentration

in most of the months. The cultivar x rootstock
interactions was significant on leaf total soluble
sugar content within year, but August (Table 1).

In general, the starch level was lower than total
soluble sugar level in leaves. The highest leaf starch
contents were observed in winter (5.51%) with the
lowest values obtained in late summer (2.00%) and
early autumn (1.98%). The effect of cultivars on
leaf starch content was higher than those of both
rootstocks and scion-rootstock relation. There was
no consistent significant difference in starch content
of leaves among rootstocks, except for November
(Table 2).

Total carbohydrate concentration of leaves
showed a decrease from dormant period to mid or
late summer, and then accumulation started until
the end of year. In fruit development, a sharp fall in
total carbohydrate concentration occurred in April
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Figure 2- Seasonal variation in soluble sugar content in leaves of ‘Clausellina’ cultivar budded on different
rootstocks
Sekil 2- Farkli anaglar iizerine asili ‘Clausellina’ ¢esidinin yapraklarindaki ¢oziinebilir seker iceriklerinin aylik
degisimi
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Figure 3- Seasonal variation in soluble sugar content in leaves of ‘Silverhill’ cultivar budded on different
rootstocks
Sekil 3- Farkli anaglar iizerine asili “Silverhill’ ¢esidinin yapraklarindaki ¢oziinebilir seker igeriklerinin aylik
degisimi
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Table 1- The effect of cultivar, rootstock and scion-rootstock combination on total soluble sugar content of
leaves in different cultivars (%)

Cizelge 1- Farkli gesitlerin yapraklarindaki toplam seker icerigi iizerine ¢esit, anag ve ¢esit-anag kombinasyonunun
etkisi (%)

Months
Source i 2 3 7 5 6 7 3 9 J0 11 2 Mean
Cultivars
Okitsu 8.10 724 603 481 310 276 224 282 376 438 695 177 5.00
Clausellina 8.60 777 684 574 455 372 307 288 400 422 6.19 7.63 5.43
Silverhill 8.48 810 734 621 541 425 320 279 368 447 590 7.85 5.64
HSD (5%) ns 052 0.89 055 041 036 0.53 ns ns ns 0.65 ns -
Rootstocks
Carrizo citr. 8.86 783 7.10 547 423 357 306 251 391 473 621 7.89 5.45
Troyer citr. 8.02 745 701 590 457 347 259 311 382 380 6.17 744 5.28
Sour orange 8.31 783 610 539 425 369 287 287 371 455 6.65 791 5.34
HSD (5%) 0.67 ns 0.87 ns ns ns ns 0.43 ns 0.77 ns ns -
Scion-rootstock combination
Okitsu
Carrizo cit. 8.68 751 595 436 306 286 241 233 362 375 692 752 491
Troyer citr. 8.16 7.10 682 507 3.1 263 216 335 330 413 6.86 7.60 5.02
Sour orang. 7.47 7.13 531 500 3.12 278 217 278 437 526 7.06 8.18 5.05
Clausellina
Carrizo cit. 9.26 785 7.06 597 417 372 377 252 396 498 6.59 8.58 5.70
Troyer citr. 7.68 7.14 676 597 498 359 261 3.13 436 3.56 575 6.35 5.16
Sour orang. 8.87 833 671 528 450 384 284 298 369 411 624 796 5.44
Silverhill
Carrizo cit. 8.64 813 830 609 546 411 299 268 415 545 512 7.56 5.72
Troyer citr. 8.21 8.12 745 667 563 418 300 285 382 370 592 839 5.66
Sour orang. 8.60 805 627 589 513 446 360 284 306 427 6.66 7.59 5.53
HSD (5%) 1.23 1.01 134 1.04 0.83 091 0091 ns 0.82 1.12 1.09 0.84 -

ns, non-significant

Table 2- The effect of cultivar, rootstock and scion-rootstock combination on starch content of leaves in
different cultivars (%)

Cizelge 2- Farkl ¢esitlerin yapraklarindaki nisasta icerigi lizerine ¢esit, anag ve ¢esit-anag¢ kombinasyonunun
etkisi (%)

Months

Source i 2 3 7 5 6 7 3 9 J0 11 2 Mean
Cultivars
Okitsu 4.46 513 502 315 218 213 206 176 191 247 3.07 4.60 3.16
Clausellina 4.55 542 580 404 288 232 241 201 190 254 382 502 3.56
Silverhill 4.73 539 571 410 329 291 262 224 214 267 372 5.00 3.71
HSD (5%) ns ns 0.53 0.50 047 0.63 040 042 ns ns 0.46 ns -
Rootstocks
Carrizo citr. 4.76 545 532 380 265 246 228 199 191 254 384 503 3.50
Troyer citr. 442 507 561 369 286 250 236 192 202 250 327 4.67 341
Sour orange 4.57 542 560 380 284 239 245 209 200 263 349 493 3.52
HSD (5%) ns ns ns ns ns ns ns ns ns ns 0.54 ns -
Scion-rootstock combination
Okitsu
Carrizo cit. 4.61 5.19 472 312 202 203 178 175 1.68 232 328 4380 3.11
Troyer citr. 4.46 478 528 296 196 240 212 156 195 252 3.00 422 3.10
Sour orang. 431 541 505 335 254 195 229 197 209 256 295 479 3.27
Clausellina
Carrizo cit. 4.88 540 552 377 284 256 250 1.87 2.08 2.64 4.08 5.12 3.60
Troyer citr. 4.17 528 558 395 317 216 215 211 204 243 336 481 343
Sour orang. 4.62 559 630 440 264 225 260 205 157 254 402 512 3.64
Silverhill
Carrizo cit. 4.80 575 571 450 3.09 281 256 236 198 2.65 418 5.15 3.80
Troyer citr. 4.62 5.14 598 415 344 294 281 210 2.08 256 346 498 3.69
Sour orang. 4.77 528 544 364 334 297 247 225 234 280 352 4.86 3.64
HSD (5%) ns ns 1.14 1.02 1.09 ns 0.92 ns ns ns 0.83 ns -

ns, non-significant
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and May with 27.9-33.8% for ‘Okitsu’, 22.6-24.0%
for ‘Clausellina’ and, 21.0-15.6% for ‘Silverhill’.
The amounts of total carbohydrate reduced in 25.4-
25.8%, 24.1-22.5% and 21.5-22.9% rates for Cc, Tc
and So, respectively, in April and May as compared
to the previous month. The effect of cultivars on
total carbohydrate concentration in leaves was
almost similar with rootstocks. Rootstocks had no
significant effect on leaf total carbohydrate content,
but January, August, October and November. The
scion-rootstock combination was significant in total
carbohydrate concentration of leaves in investigated
all months (Table 3).

The reported seasonal patterns of carbohydrate
in citrus trees (Goldschmidt 1999; Monerri et al
2011) were similar to those seen in satsuma trees
grown in Eastern Mediterranean conditions. In
this study, the carbohydrate content of the leaves
in investigated all satsuma cultivars budded on
different rootstocks continuously decreased from
January to mid or late-summer, then gradually
began to rise during autumn and winter. The
carbohydrate concentration of leaves returned
to similar levels over winter. The concentration
of carbohydrate in leaves declined sharply in
April and May. This may suggest that these

Table 3- The effect of cultivar, rootstock and scion-rootstock combination on total carbohydrate content of

leaves in different cultivars (%)

Cizelge 3- Farkl cesitlerin yapraklarindaki toplam karbonhidrat icerigi iizerine ¢esit, anag¢ ve ¢esit-anag

kombinasyonunun etkisi (%)

Months

Source I > 3 4 5 6 7 8 9 10 11 12 Mem
Cultivars
Okitsu 12.57 1237 11.04 796 527 488 431 458 567 6.85 10.02 1237 8.16
Clausellina 13.16 13.20 12.64 9.78 743 6.04 549 488 590 6.75 10.01 12.65 8.99
Silverhill 13.22 13.49 13.05 1031 870 7.16 581 503 581 7.14 962 1284 9.35
HSD (5%) ns 0.67 1.07 0.69 0.62 0.57 0.57 ns ns ns ns ns -
Rootstocks
Carrizo citr. 13.62 13.28 1242 927 6.88 6.03 534 450 582 726 10.05 1291 8.95
Troyer citr. 1244 12.52 12.63 9.59 743 597 495 503 585 630 945 12.11 8.69
Sour orange 12.88 13.26 11.70 9.19 7.09 6.08 532 496 571 7.18 10.14 12.84 8.86
HSD (5%) 0.80 ns ns ns ns ns ns 044 ns 084 058 ns -
Scion-rootstock combination
Okitsu
Carrizo cit.  13.29 12.70 10.66 7.48 5.08 4.89 4.19 4.08 529 6.08 10.19 12.32 8.02
Troyer citr. ~ 12.62 11.88 12.10 8.04 5.08 5.03 428 491 525 6.65 986 11.81 8.13
Sour orang. 11.78 12.53 10.36 8.35 5.66 4.73 446 475 646 7.81 10.01 1298 832
Clausellina
Carrizocit.  14.13 13.26 12.57 9.74 7.01 6.28 627 439 6.04 7.62 10.66 13.71 9.31
Troyer citr. ~ 11.85 12.42 12.34 992 8.15 575 476 523 640 599 9.10 11.16 8.59
Sour orang. 13.49 1391 13.01 9.68 7.14 6.09 544 503 527 6.65 1025 13.08 9.09
Silverhill
Carrizo cit.  13.44 13.88 14.01 10.59 8.55 6.92 555 504 6.14 810 930 1271 9.52
Troyer citr.  12.84 13.27 13.43 10.82 9.07 7.12 581 495 589 626 938 1336 9.35
Sour orang. 13.37 13.32 11.72 9.53 847 743 6.07 509 540 7.07 10.17 1245 9.18
HSD (5%) 1.11 1.08 157 137 1.17 146 086 081 1.16 1.12 093 1.05 -

ns, non-significant
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carbohydrates were transported from the leaves to
support active growth such as bud break, primary
root growth, shoot expansion, leaf emergence and
enlargement, flowering, and fruit and seed set
(Goodman et al 1990). Carbohydrates mobilized
during the spring flush of growth. The seasonal
carbohydrate profile of the leaves of satsuma
cultivars showed seasonal patterns that closely
relate to seasonal changes in phenological and
physiological activities.

Under Eastern Mediterranean conditions, in
citrus bud break occurred at early spring as from
the second half of March and then vegetative
development such as shoot expansion, young leaf
and root growth began. Citrus flowering happened
primarily during the spring following the inductive
winter season. In citrus, anthesis occurred as
from mid April after the flower bud induction and
differentiation of floral organs processes, which
begins at the first stages of bud swelling and
sprouting. Thus, carbohydrate reserves are used
primarily for vegetative growth. Spann et al (2008)
reported that the extent to which reserves are used to
support vegetative versus reproductive growth early
in the season depends on their temporal relationship
with growth. Nzima et al (1997) showed that
developing fruits serve as competitive sinks for
available metabolites. During the period of fruit
abscission (May and June), in which competition
for carbohydrates is considered to be a limiting
factor for fruit retention, fruit nutrition is supported
by current photosynthesis and stored reserves
(Goldschmidt 1999).

In other reports it has been noticed that
different rootstocks affect citrus tree physiology
especially net photosynthetic rates (Gonzalez-Mas
et al 2009; Sheng et al 2009). However, there is
not sufficient study about the effect of rootstocks
on accumulation of carbohydrate changes in citrus
plant tissues. In this study, there was no consistent
significant difference in starch content of leaves
among rootstocks, except for November, and the
rootstocks were found to be not significant for
total soluble sugar and carbohydrate concentration
in most of the months. It has been reported that

the soluble sugar, starch and total carbohydrate
content of ‘Washington Navel’ leaves (Yildirim
2003) and ‘Navelina’ roots (Lliso et al 2004) was
affected by the rootstocks, but that the effect of
rootstocks on soluble sugar and starch content
of ‘Marsh Seedless’ leaves (Acikalin et al 2009)
was not found in most of the samples time. The
scion-rootstock combination had a higher effect
on carbohydrate content of leaves in investigated
all months, except for starch, than those of both
cultivar and rootstock. This finding is supported
that rootstock and scion have affected each other
in terms of activities for physiological events.
Likewise, the effect of rootstocks on tree canopy
volume changed according to cultivars in this
study (not show data). For example, So rootstock
in ‘Okitsu’, Tc rootstock in ‘Clausellina’, and
both So and Tc rootstocks in ‘Silverhill” obtained
lower canopy volume than those of used in study
other rootstocks. However, the mean carbohydrate
concentration of leaves in ‘Okitsu’ budded on So
rootstock, which is low yield and short shoot, was
higher than those of Cc and Tc rootstocks. Also,
in June and July carbohydrate loss of leaves in
‘Clausellina’ budded on Tc rootstock, which is high
fruit set after June drop, was higher than those on
Cc and So rootstocks as compared to the previous
month. But, the differences in carbohydrate content
of leaves in ‘Silverhill’ among rootstocks were not
related to crop load.

4. Conclusions

This investigation indicated that there was
carbohydrate loss largely in the vegetative and
generative development phases in satsuma cultivars
budded on different rootstocks. The carbohydrate
production and accumulation in satsuma trees
should be increased at the previous year for
using next spring. The rootstock used should be
considered at fertilization program because of the
citrus rootstocks have different abilities to utilize
plant nutrient elements. In addition, satsuma trees
should not have problems of nutrients especially in
the first months of the growth.
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