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The Effect of Soluble Sugars, Total Flavan
and Juglone Concentrations in Walnut Scions
on Graft Survival
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Abstract

We examined the effects of soluble sugar, juglone and total flavan concentration of scionwood on
graft success in walnut (J. regia L)). According to simple regression analysis, graft success was linearly
related to sugar and juglone concentrations, and quadratically related to flavan concentration. In addi-
tion, the best multiple régression model was constructed for graft success according to all possible re-
gression approach. It was found that the best model included linear terms for flavan and sugar, quadratic
term for flavan and the interaction term for flavan x sugar. The r square (R?) for this model was 0.72,
meaning that this model explained 72% of variation in graft success. The residual variation (28%) re-

sulted from other factors.

Introduction

Many researchers involved in walnut
grafting indicate two main causes of low
graft survival percentage. The first is high
phenol content of scionwood (5,6,13), and
the second is juglone in xylem exudates
(1,9,15,16,17). The oxidation of phenols
and juglone during grafting may induce a
necrotic layer at the graft interface. This
layer negatively affects the differentiation
of new vascular tissues at the graft union.
In addition to these two factors, it has been
reported that carbohydrate content of scion

is also an important factor affecting graft
survival of walnut (10,18).

Previous studies related to this subject
were aimed primarily at determination of
individual effects of factors that influence
graft survival. The objective of this study
was to determine individual and cumula-
tive effects of three factors on graft success
of walnut by regression analysis.

Materials and Methods

The experiment was carried out under
uncontrolled field conditions. Whip and
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tongue grafts were made on April 15. Two-
year-old seedlings (J. regia L) were used
as rootstocks. The scions were collected
from twenty different genotypes in
Edremid located in the Lake Van Region of
Turkey. After grafting, cylindrical plastic
pipes were fitted around the graft area and
filled with soil to protect the grafting area
from cold injury and moisture loss (2).

Sixty grafts were made for each geno-
type. The experiment was a completely ran-
domized design with three replicates, each
replicate having 20 grafts. Graft success was
calculated for each replicate as percentage
of 20 grafts, so there were 3 observations per
genotype. Flavan, juglone, and sugar analy-
ses were made on 5 scions for each replicate.
The mean of 5 analyses was used as the
replicate value. Data were analyzed by
ANOVA, and means of genotype were sep-
arated with Duncan’s multiple range test. To
determine relationships between graft suc-
cess and flavan, juglone, and sugar, simple
and multiple regression analyses were
made. In the regression analyses, means val-
ues of genotypes were used. Statistical
analyses were with SAS (12).

To determine flavan concentrations,
phloem tissue of the scion was separated
from xylem using a pin with an arrowhead.
The sample of phloem tissue was extract-
ed with 80% ethanol and 0.3% ascorbic
acid (as an antioxidant) for 72 hours, and
then was dried at 40°C. By calculating 1 ml
ethanol for each 10 mg sample of phloem
tissue, stock solutions were prepared. The
stock solutions were diluted with ethanol
in ratio of 1/50. After adding 1 ml P-
DMACA reagent for each 5 ml of solution,
absorbance values were read at 635 nm
with a spectrophotometer. A standard
curve was constructed using pure catechin.
Total flavan concentration was expressed
as mg catechin equivalent per g phloem
tissue (7, 14).

For juglone analysis, the samples of -

scion bark (2g) were extracted with 50ml
petroleum ether (40-60°C) for 24 hours.
After diluting the solutions with petroleum
ether to ratio of 1/5, absorbance values
were read at 410 nm with a spectropho-
tometer. A standard curve was constructed
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using juglone (Sigma, J-500). Juglone con-
centration was calculated using a standard
curve and expressed mg/g of bark (16).

Soluble sugar concentration was mea-
sured using the anthron method by spec-
trophotometer. A sample of dried bark (1g)
from the scion was extracted with 50 m] of
80% ethanol, shaken for 2 hours and fil-
tered. Then 10 ml of anthron were added
for each 5 ml of solution and kept in boil-
ing water for 15 minutes. After the solution
temperature was decreased to 22-24 °C in
the ice bag, absorbance values were read at
620 nm with a spectrophotometer. A stan-
dard curve was constructed using an-
hidroglucose. Soluble sugar concentration
was calculated using the standard curve
and expressed as percentage of bark dry
weight (4).

Results and Discussion

The percentage of graft success ranged
from 10% to 60% (Table 1). Total flavan
concentration was between 0.4 and 0.9
mg/g. The juglone concentration varied
between 0.3 and 1.1 mg/g. The soluble
sugar concentration was between 12.2%
and 22.4%. The differences among geno-
types were significant (p<0.05) for flavan,
juglone, and soluble sugar concentrations
of scionwood and graft success (Table 1).

The correlation (0.54) between graft
success and soluble sugar was positive and
significant (Table 2). The correlation
(-0.48) between graft success and juglone
was negative and significant (p<0.05). On
the other hand, the correlation between
graft success and total flavan was not sig-
nificant (Table 2).

In the result of simple regression anal-
sis, soluble sugar concentration was posi-
tively and linearly related to graft success
(Figure 1). The determination coefficient
was 0.30, meaning that soluble sugar ex-
plained 30% of variation in graft success.
In previous studies, it has been reported
that high carbohydrate content of scion is
desired for high percentage of graft suc-
cess in walnut (4, 18). Likewise, Rongting
and Pinghai (10,11) reported that carbohy-
drate concentrations of scion influenced
the graft success in walnut.
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The juglone concentration was negative-
ly and linearly related to graft success (Fig-
ure 2). Many researchers suggested that ju-
glone negatively affects graft success of
walnut (9,15,17). In simple regression
analysis, juglone concentration explained
23% of variation in graft success.

The linear relationship between flavan
and graft success was not significant. The
regression analysis confirmed that the re-
sponse of graft success to flavan concen-
tration is quadratic (Figure 3). Determina-
tion coefficient (r square) for this quadratic
model was 0.37. According to this model,
at first while flavan concentration is in-
creasing, graft success is decreasing. How-
ever, above a certain concentration, as fla-
van concentration is increasing, so is graft
success.

It is difficult to explain this kind of rela-
tionship with the findings of this study.
This is probably due to the fact that some
flavan derivatives in total flavan amount
are stimulative while others are as inhibito-
ry. Therefore, more worthwhile results can
be obtained from the examination of the in-
dividual effects of flavan derivatives rather
than total flavan. Karadeniz (5) reported
that while catechin, constituting 50% of
total flavan, had a negative effect on graft
success in walnut, other flavan derivatives
had a positive effect.

All possible regression models for graft
success were produced from linear and
quadratic terms of flavan, juglone and
sugar, and interaction terms of flavan x ju-
glone, flavan x sugar and juglone x sugar.
The best regression model for graft success
was determined. This model included lin-
ear terms for flavan and sugar, the quadrat-
ic term for flavan, and interaction term for
flavan x sugar. For graft success (GS), the
best multiple regression model was:
GS(%)=221-577.9 (flavan mg/g) + 226.2
(flavan mg/g)?- 4.2 (sugar %)+14.4 (flavan
X sugar)

The determination coefficient for the
model was 0.72, meaning this model ex-
plained 72% of variation in graft success.
The remaining variation (28%) could be at-
tributed to other factors affecting graft suc-
cess.
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Table 1. Flavan, juglone, and solu-
ble sugar concentration of the
scionwood and graft success

Genotype  Graft Total Juglone  Soluble
no success flavan (mg/g) su.gar
(%) (mg/g) (%)
1 60 a2 0.4c 0.7 cd 224a
2 20 hi 0.6 be 0.4fg 16.2 cde
3 53 b 0.6 bc 0.6de 19.7abc
4 40 de 0.6 be 0.8 bc 19.2 abcd
5 13 0.6 be 0.8 bc 14.8de
6 15ij 0.7 ab 0.8 bc 15.2 de
7 30 fg 0.6 bc 0.8 bc 17.8 bed
8 33f 0.8 ab 0.6de  16.4 bcde
9 35 ef 0.6 be 0.5 ef 20.6 ab
10 55 ab 0.8 ab 0.7cd 18.2 bed
11 25 gh 0.7 ab 0.8 be 16.0 cde
12 57 ab O4c 03g 15.8 cde-
13 10j 0.8 ab 0.7cd 16.0 cde
14 15 0.7 ab 09b 15.1de
15 22h 0.8 ab 11a 17.0 bed
16 15 0.7 ab 0.8 bc 15.0de
17 40 de 0.8 ab 0.6de 17.1 bed
i8 45 cd 04c 0.6de 122e
19 50 bc 09a 0.4fg 20.0 abc
20 52b 0.6 be 0.7cd 18.0 bed

2Means followed by a letter in common are not significantly dif-
ferent at the 0.05 level by Duncan's multiple range test.

Table 2. Correlation coefficients be-
tween total flavan, juglone, solu-
ble sugar concentration of scions
and graft success.

Graft Total Soluble
flavan Juglone - sugar
Graft
success  --- -0.36 -0.48* 0.54*
Total
flavan -0.36 - 0.24 0.03
Juglone  -0.48* 0.24 -0.16
Soluble
sugar 0.54* 0.03 -0.16

*Significant at ps0.05 (n=20)
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Figure 1. Relationship between sugar con-
centration and graft success.
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centration and graft success.
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Figure 3. Relationship between flavan con-
centration and graft success.
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