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Effects of Double Girdling Applications on Fruit Yield, Pomological
Characteristicsand L eaf Carbohydrates of Some Lemon Cultivars
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In present study, the effects of double girdling on fruit yield, pomo-
logical characteristicsand carbohydrate content of leavesin ‘ Interdonato,
Kibrisand M. Mehmet’ lemon cultivars wereinvestigated. It wasfound
that the double girdling applications provided 2 times more fruit yield
than their controls without disturbing the fruit quality. No significant
effect wasfound on reducing sugar, sucrose, total sugar and starch contents
of leaves of girdling in the lemon cultivars except for some periods. It
was found that while high level of total carbohydrates in January was
not enough on its own to get high yield, double girdling application
had a positive effect on the yield by rising the level of total carbohy-
drates especially in Jduly.
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INTRODUCTION

Girdling consists of removal of aring of bark from thetrunk or scaffold branches.
Girdling has been shown to cause accumulation of carbohydrates and particularly
starch in tree organs above the girdle™™. It is known that effects of girdling applica-
tion time and form on citrus tree performance are different. At the full-bloom or at
the end of blossoming, girdling improves fruit set and yield***. Also, the girdling
applications 1-2 years prior to removal trees can carry out to provide high yield on
the trunk in half close and high density planted trees orchard. Autumn girdling
enhances differentiation into flower buds'®®. Summer girdling increases fruit
size"8212 |t is also reported that girdling effects the fruit quality and ripening
datel'4'8'l7'18’25_30.

Thedoublegirdling form have higher healing percentage of girdling than single
one. In a previous study, it was found that the single girdling limited vegetative
growth significantly which resulted with in high yield in same year, but decreased
the yield in the following year in clementine mandarin. Whereas double girdling
increased the fruit yield during 3 years because of the faster healing on double
girdled trees. The healing percentage of girdling was 85-100 % in double girdled
trees and 70-90 % in single ones in January®.
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Synthesis, conversion each other and using of reducing sugar, total sugar, sucrose
and starch are different at the vegetative growth, anthesis and dormancy periods of
trees. The fruit load, vegetative growing rate, age of trees and climatic factors affect
also these carbohydrates®®*. Girdling also alters the source-sink relationship of
carbohydrates>83",

In this study, the effects of double girdled treatments on the trunk conducted at
the end of blossoming on fruit yield, fruit characteristicsand carbohydratesin leaves
of 'Interdonato, Kibris and Molla Mehmet' lemon cultivars were investigated.

EXPERIMENTAL

All the trees included in this study were 9 years old Interdonato, Kibris and
Molla Mehmet lemon (Citrus limon (L.) Burm.) cultivars which were grafted on
sour orange (Citrus aurantium L.) stock. The girdles were carried out with the
U-shaped girdling knife. The girdles of double girdling were taken at 15 cm below
the scaffold branches junction level and 5 cm above it with about 5 mm width
around the bark of the trunk.

The experiment was set up according to randomized plot design with 6 replications
and carried out in three successive years. The characters that were investigated are
as below:

Fruit yield and fruit characteristics: Fruit yield (kg/tree), cumulative yield
(kgltree), fruit weight (g), fruit length (mm), fruit width (mm), rind thickness (mm),
the number of seeds, fruit juice (%), total soluble solid content (TTS), % of titratable
acidity (TA) and TTS/TA.

Carbohydrates analyses: Carbohydrates analyses were carried out on leaves
collected in early July of the first year and the second year, late January of the
second year and the third year.

Anthron method for total sugar and starch analyses and dinitrophenol method
for reducing sugar analyses were used®.

Statistical analyses were done according to randomized plots design with 6
replications.

RESULTSAND DISCUSSION

Effectsof the applicationson theamount of fruit yields: Thegirdling at the
end of blossoming is known to result in higher yields"®#%1%%_ However, the fruit
yield values obtained by girdling in this study were very high in 2 successive years.

The effects of applications on fruit yield were given in Table-1. It can be seen
from the table that increasing of thefruit yield at al of the cultivars was considered
specially in the first year. The differences between trees with double girdling and
control trees in terms of fruit yield were statistically important in al cultivars.
Girdling applications increased the yield per tree about 2 or 3 times more than
control.
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TABLE-1
EFFECTSON FRUIT YIELD OF DOUBLE GIRDLING APPLICATIONS AT LEMON
CULTIVARSIN THE FIRST YEAR AND THE SECOND YEAR

- Yidd (kg/tree) Yield (kg/tree) Cumulative yield

Applications Thefirst year The second year (kg/tree)y
Interd-C 20.06 & 1940 a 39.46a
Interd-DG 39.20b 37.40b 76.60b
Significance levelY * *x *x
LSD 11.23 11.00 15.26
Kibris-C 66.86 a 69.83a 136.69 a
KibrisDG 166.64 b 102.46 b 269.10b
Significance level *x *x *x
LSD 57.36 29.35 40.98
M.Meh-C 49.75a 101.80 15155a
M.Meh-DG 159.71b 100.20 25991 b
Significance level *x NS. *
LSD 35.01 - 31.04

%Values within the columns followed by unlike letters are significantly different by LSD test.
Y:significance level: * Significant difference at 0.05, ** Significant difference at 0.01.
NS.: Not significant. C: Control; DG: Double girdling.

Similar resultswere also obtained in the second year. Double girdling applications
on Interdonato and Kibris cultivars doubled the yield in a comparison to control
trees. On the other hand, girdled Molla Mehmet trees provided 3 times more fruit
yield inthefirst year, control trees also gave the similar amount of fruit yield in the
second year.

The applications of double girdling were compared with their controlsin terms
of cumulative yield. It was found that the girdling applications had nearly 2 times
more cumulative yield than the controlsin all of cultivars. Interd-C and Interd-DG,
Kibris-C and Kibris-DG, M.Mehmet-C and M.Mehmet-DG had 30.46 kg and 76.60 kg,
136.69 kg and 269.10 kg, 151.55 kg and 256.91 kg cumulative yields respectively
(Table-1).

Effects of the applications on pomological characteristics. As presented in
Table-2, inthefirst year, no statistically important differences were found for pomo-
logical characteristicsexcept fruit weight, fruit length, no. of seedsand total soluble
solid contents in Interdonato cultivar and fruit weight in Kibris cultivar. Fruits of
greater weight were provided at the trees with double girdling applications in
Interdonato and Kibris cultivars. Similar result was obtained for fruit length in
Interdonato cultivar. The trees having double girdling applications had longer fruit.
On the other hand, double girdling application provided |ess no. of seedsthan control
in Interdonato cultivar. Fruits with higher juice content were obtained at the trees
girdled (Table-2). Similarly, the differences between girdling and control applications
interms of only juice percentage at Interdonato and Kibris cultivars were statistically
important in the second year (Table-3). The Interdonato trees with girdling caused
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TABLE-2
EFFECTS ON POMOLOGICAL CHARACTERISTICS OF DOUBLE GIRDLING
APPLICATION AT LEMON CULTIVARSIN THE FIRST YEAR

Fruit Fruit Fruit Rind

Applications weight  wicth length thick. S J(‘%e TA (%) I;))S TSSTA
(9 (mm) (mm) (mm)

imedC 15024 591 888a 363 1261b 3665 619 803b 130

Inted-DG ~ 1682b 631 936b 369 872a 3578 610 7.60a 124

sLY * NS * NS * NS NS ** NS

LSD 14,68 042 - 330 - . 037 -

Kibris-C 11956a 585 742 427 1409 2929 741 877 118
KibrissDG 140350 610 771 420 1368 3112 753 869 115
S.L. * NS. NS. NS. NS. NS. NS. NS. NS.
LSD 16.55 - - - - - - - -

M.Meh-C 1057 554 657 515 1572 2983 746 810 109
M.Meh-DG 1024 54 658 504 1747 2735 788 810 103
S.L NS. NS. NS. NS. NS. NS. NS. NS. NS.

%Values within the columns followed by unlike letters are significantly different by LSD test.

Y:S.L.(Significance level): * Significant difference at 0.05, ** Significant difference at 0.01.
NS.: Not significant.

TABLE-3
EFFECTS ON POMOLOGICAL CHARACTERISTICS OF DOUBLE GIRDLING
APPLICATIONS AT LEMON CULTIVARSIN THE SECOND YEAR

Fruit Fruit Fruit Rind

Applications weight  wicth length thick. oo X TA(gg) (> TSSTA
s (%) (%) ratio
(9 (mm) (mm) (mm)
Interd-C 1611 607 816 347 1399 37.784 651 756 117
IntedDG 1730 621 846 351 1006 3253b 673 756 112
SLY NS NS NS NS NS * NS NS NS
LSD - - ) - . A - - -
Kibris-C 162 635 816 470 738 3133a 718 748 109
KibisDG 1594 625 805 516 853 3644b 676 780 116
SL. NS. NS NS NS NS * NS NS NS
LSD - - ) - . 479 - - -

M.Meh-C 1202 58 745 472 876 2830 707 770 109

M.Meh-DG 1204 59 738 541 1136 2582 746 796 107

S.L. NS. NS. NS. NS. NS. NS. NS. NS. NS.
%Vaues within the columns followed by unlike letters are significantly different by LSD test.
Y:S.L.(Significance level): *Significant difference at 0.05, NS.: Not significant.

to lower juice percentage (32.53 %) than their control trees (37.78 %), whereas
girdled Kibris trees (36.44 %) produced the higher percentage of fruit juice than
the control trees (31.33 %). However, the differences between double girdling and
control in terms of other external fruit quality were not significant except juicein
the second year. Also, many researchers stated that the girdling affected some fruit
characteristics such as fruit weight, no of seed, TTS, TTS/'TA and fruit juice®®*%,
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Effects of the applications on the levels of carbohydrates in plant leaves:
Total sugar, reducing sugar, sucrose, starch and total carbohydrates in leaves are
shown in Table-4. No statistical differences were found for total sugar, reducing
sugar and sucrose at all of cultivarsin early July of thefirst year and late January of
the second year. However, it was found that differences between double girdling
applicationsand their controlsintermsof starch and total carbohydrateswere statis-
tically important only in early July of thefirst year. Double girdling applicationsin
Interdonato, Kibris and M.Mehmet cultivars had higher starch levels (10.61, 8.42
and 7.57 %) than their controls (7.41, 5.24 and 5.25 %). Similarly, double girdling
applications in these cultivars provided higher total carbohydrates (15.58, 13.96
and 13.48 %, respectively) than their controls (12.18, 10.14 and 11.00 %).

TABLE-4
EFFECTS ON CARBOHY DRATES OF DOUBLE GIRDLING APPLICATIONS AT
LEMON CULTIVARSIN EARLY JULY OF THE FIRST YEAR AND LATE
JANUARY OF THE SECOND YEAR (%)

Reducing Totd
sugar Sucrose Starch carbohydrates

Juy  Jan. ddy Jan. Jduy Jan. Juy Jan. Juy Jan.

Yearl Year2 Yearl Year2 Yearl Year2 Year 1l Year2 Year 1 Year2
Interd-C 477 794 341 179 129 584 741a* 317 1218a 1110
Interd-DG 497 875 352 152 138 6.87 1061b 258 1558bh 10.32
SL.Y NS. NS. NS. NS. NS NS * NS. * NS.
LSD - - - 2.49 - 2.09 -
Kibris-C 530 915 300 162 219 753 b524a 399 1014a 1315
KibrisDG 554 907 314 206 228 684 842b 338 1396b 1245
SL. NS. NS. NS. NS. NS NS * NS. * NS.
LSD - - - - - 270 - 1.90 -
M.Meh-C 575 962 28 261 275 673 525a 101 11.00a 1062
M.Meh-DG 591 922 304 217 273 697 757b 156 1348p 10.38
SL. NS. NS. NS. NS. NS NS * NS. * NS.
LSD - - - - - - 212 - 1.46 -
%Vaues within the columns followed by unlike letters are significantly different by LSD test.
Y:S.L.(Significance level): *Significant difference a 0.05, **Significant difference at 0.01,
NS.: Not significant. C: Control; DG: Double girdling.

Total sugar
Applications

On the other hand, the differences between double girdling and control in
respect of total sugar and reducing sugar in Interdonato and M. Mehmet cultivars
in early July of the second year were statistically important (Table-5). Interdonato
trees which were treated with girdling gave higher total sugar (5.80 %) and reducing
sugar (1.33 %) than control trees with no applications (5.20 and 0.96 %, respec-
tively), whereas trees of M. Mehmet with double girdling application had lower
total sugar (3.57 %) and reducing sugar (0.29 %) than their controls (4.59 and 0.48 %,
respectively).
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TABLE-5
EFFECTS ON CARBOHY DRATES OF DOUBLE GIRDLING APPLICATIONS AT
LEMON CULTIVARSIN EARLY JULY OF THE SECOND YEAR AND LATE
JANUARY OF THE THIRD YEAR (%)

Reducin Totd
sugar ° Sucrose Starch carbohydrates
Juy  Jan.  ddy Jan. Jly Jan. Jly Jan. Juy Jan.
Year2 Year3 Year2 Year 3 Year 2 Year 3 Year 2 Year 3 Year2 Year 3
Interd-C 520a* 463 09%a 2% 403 161 676 553 119 10.16
Interd-DG  580b 518 133b 303 425 205 676 6.06 1256 11.23
SL.Y > NS. * NS. NS NS NS NS NS NS
LSD 0.44 - 0.30 - - - - - - -
Kibris-C 384 472 028 260 337 207 58 507 965 979
KibrisDG 400 576 042 303 341 259 722 544 1121 1120
SL. NS. NS. NS NS NS NS NS NS NS NS
M.Meh-C  459b 7.07 048b 411 390 281 680 4.80a 1140 11.88a
M.Meh-DG 357a 634 029a 362 335 259 691 882b 1048 15.17b
S.L. * NS. * NS. NS NS NS > NS. *
LSD 0.91 - 0.17 - - - - 3.27 - 2.66
%Vaues within the columns followed by unlike letters are significantly different by LSD test.
V:S.L.(sgnificance level):*Significant difference a 0.05, **Significant difference a 0.01,
N.S.: Not significant, C: Control; DG: Double girdling.

Total sugar
Applications

In the late January of the third year, the differences between double girdling

and control intermsof starch and total carbohydrateswerefound statistically important
only in M. Mehmet cultivar (Table-5). Double girdling application provided higher
starch (8.82 %) and total carbohydrates (15.17 %) than their controls (4.80 and
11.88 %, respectively).
Generally, lower total sugar and higher starch in early July were detected. On the
contrary, in late January, total sugar in leaveswas higher, whereas starch level were
lower. Similarly, Some researchers stated that total sugar levelsin leaves of lemon
and navel orange was maximum in winter monthsand minimum in summer months,
whereas starch content was opposite*. The similar results were obtained for Kaula
and Nagpuri mandarins and Clementine mandarin by different researchers™,
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