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Abstract: Nowadays, some relative warming temperatures related to climate
change may be provided at the grafting time. Therefore, this study was conducted
during two seasons (2018-2019) to study the effect of three callusing method (cal-
lusing room, callusing soil, callusing tunnel) and four grafting date (15 Jan., 1Feb.,
15 Feb., 1 Mar.) for early (Flame seedless), medium (Thompson seedless) and late
(Crimson seedless) grape varieties on grafted grape cuttings as short methods for
transplant production. The results indicated that, the early grapes variety achieved
higher grafting success on 1%t Feb. grafting date as well as the late grape variety
in callusing room and callusing soil methods. Also, Callusing soil achieved grafted
success by 72.9%, 68.55% and 77.94% compared to callusing tunnel 37.3%, 45.9%
and 55% for Flame seedless, Thompson seedless and Crimson seedless, respective-
ly as mean of both seasons. High grafting success resulted from the high content
of indole and sugars, along with low phenol content before callusing stage, as well
as high indole and low sugars of grafts partner after callusing stage. while, higher
phenols was accumulated in rootstock after callusing stage. There is no antagonistic
effect between grafts partners. Callusing soil may be considered as an eco-friendly,
sustainable and cheaper alternative tool for callusing of grafts cuttings.

Index terms: indole, phenol, rootstock, sugar, Vitis vinifera.

Calosidade do solo de mudas de uva
enxertadas como uma caracteristica
positiva para as mudancas climaticas

Resumo: Atualmente, algumas temperaturas relativas de aquecimento relacionadas
as mudancas climaticas, podem ser fornecidas no momento da enxertia. Portanto,
este estudo foi conduzido durante duas temporadas (2018-2019) para estudar o efei-
to de trés métodos de calosidade (sala de calosidade, solo caloso, tunel de calosidade)
e quatro datas de enxertia (15 de janeiro, 12 de fevereiro, 15 de fevereiro e 12 de mar-
¢o .) para castas precoces (sem sementes Flame), médias (sem sementes Thompson)
e tardias (sem sementes Crimson), em estacas de uva enxertadas como métodos cur-
tos para a producao de transplante. Os resultados indicaram que a variedade de uvas
precoces obteve maior sucesso de enxertia na data de enxertia de 12 de fevereiro,
bem como a variedade de uva tardia, em sala de calos e solo com calos. Além disso,
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o solo caloso obteve sucesso de enxertia em 72,9%, 68,55% e 77,94% em comparag¢ao com o
tunel caloso 37,3%, 45,9% e 55% para sem sementes Flame, sem sementes Thompson e sem
sementes Crimson, respectivamente como média de ambas as estacdes. O alto sucesso da en-
xertia resultou do alto teor de indol e de agucares, juntamente com baixo teor de fendis antes
do estagio de calosidade; bem como alto teor de indol e baixo teor de aculcares dos enxertos
parceiros apos o estagio de calosidade; enquanto, maiores fendis foram acumulados no por-
ta-enxerto apds a fase de calosidade. Nao ha efeito antagonico entre parceiros de enxertos. O
solo caloso pode ser considerado uma ferramenta alternativa ecologicamente correta, susten-
tavel e mais barata para calosidade de estacas de enxertos.

Termos de indexagao: indol, fenol, porta-enxerto, agucar, Vitis vinifera.

Introduction

Fruit crops because they grow in a
wide range of climate zones

Grapevine (Vitis vinifera) is one of the most
economically important fruit crops due to
the fact that it grows in a wide range of cli-
matic region, it is consumed either fresh,
juice, compote, wine or raisin production and
is highly nutritional values. In Egypt, grapes
consider the first deciduous fruit in terms of
production (1,586,342 tons) from a harvest-
ed area of 71,889 ha (FAO, 2020). However,
both abiotic and biotic stresses have limited
grape production. Therefore, grafting tech-
nique has provided the selection of resistant
rootstock to drought, salinity and disease
which have great importance in many viticul-
ture countries (REYNOLDS; WARDLE, 2001;
COOKSON, et al., 2014; FAYEK et al., 2022).

Grafting grapes using specific rootstocks has
become a common practice widely spread
throughout the world since the introduc-
tion of Phylloxera in some European coun-
tries in the nineteenth century (WHITING,
2012). Rootstock plays an important role in
improving scion development, fruit quali-
ty and adaptation to different environmen-
tal conditions (ABDEL-MOHSEN; RASHEDY,
2015; ZOMBARDO et al., 2020). In Egyptian
viticulture, Freedom rootstock is one of the
most important grape rootstocks due to its
resistance to nematodes, high nutrition use
efficiency and vigor as well as being highly
compatible with most of the cultivated grape
varieties (ABDEL-MOHSEN and RASHEDY

2015; FAYEK et al., 2016). Also, Flame seed-
less, Thompson seedless and Crimson seed-
less were the most common and exported
grapes, whose bud burst dates are February,
mid-February and March, respectively.
However, graft zone formation is affected by
several factors such as plant genetics, prop-
agation techniques, growth regulators appli-
cation, the scion —rootstock combinations,
pest and disease control (HARTMANN et al.,
2002; YOUQUN, 2011; FAYEK et al., 2016;
FAYEK et al., 2022). Also, environmental con-
ditions during grafting, rootstock activity
and the biochemical and physiological status
of grafted materials affected grafting success
(FAYEK et al., 2016; RASHEDY, 2016).

Callusing date, which depends on the bio-
chemical and physiological status of grafts
partners (rootstock and scion) as well as
the callusing method which controls in the
environment (temperature and humidity)
are the most critical factors in grape graft-
ed cuttings success that needs to both root
formation and grafting union formation at
the same time (RASHEDY, 2016). In addi-
tion, the incubation of grafted partners two
weeks before grafting increased the grafting
success of grape cuttings (RASHEDY, 2016).
Grafting date is one of the factors that
greatly affected the success of grape graft-
ed cuttings, as Singh and Kaur, (2018) indi-
cated that grafting grape cuttings during the
third week of February showed superiority
in the success rate and other parameters of
vegetative growth compared to the grafts



made during early February, August and
September. Also, Abourayya et al., (2019) in-
dicated that Flame cv. grafted onto Freedom
rootstock in mid-February had a significantly
higher success percentage, shoot length and
leaf area than those grafted in mid-January.
Meanwhile, when Abu-Qaoud, (1999) graft-
ed four grape cultivars (Beiruiti, Halawani,
Beituni and Zaini) on four grape rootstocks
(Richter, B41, Rugerri and Paulsen) it was
found that, the grafting method and the sci-
on had no effect on rooting of rootstocks.
Also, the growth of the grafts did not vary by
grafting method or rootstocks.

The Middle East and North Africa are at risk
from the consequences of climate change
due to extreme changes in exposure to the
strongest temperature, the availability of
fresh water and population growth (WAHA
et al., 2017). Climatic change has allowed a
warmer climate at the end of winter, which
may be useful in using alternative cheaper,
sustainable and more safety callusing meth-
ods for callusing rooms, which is the most
costly method. Therefore, this study aimed
to investigate the efficiency of callusing soil
and callusing tunnel as new tools versus
callusing room under climatic change con-
ditions for three grape varieties different in
bud burst date during four grafting dates.

Material and Methods

The experiment was carried out in the nurs-
ery of the Pomology Department, Faculty
of Agriculture, Cairo University, Egypt
(30°01°04” N and 31°12'30” E) during the
seasons of 2018 and 2019. The aim of the
study was to study the effect of three cal-
lusing methods and four grafting dates on
the grafting process of three grape cultivars
(Vitis vinifera) grafted onto Freedom root-
stock (Vitis champinii x 1613C). Permission
was obtained to use the grape variety in this
study which complies with relevant institu-
tional, national and international guidelines
and legislation.

Preparation of the rootstocks and
scion materials:

Three grape cultivars, Flame seedless,
Thompson seedless, and Crimson seed-
less, were used to represent early, middle
and late bud bursts. Freedom was used as a
rootstock for grafting onto it. Every year, the
cuttings of cultivars and Freedom rootstock
were prepared in the beginning of January
and stored in the refrigerator at a tempera-
ture of 5 °C after being wrapped in polyeth-
ylene bags until grafting date (SABIR; SABIR,
2018).

The rootstock cuttings were prepared with a
length of 30-35 cm and a diameter of 1-1.5
cm. As for the cuttings of the grafts, they
were prepared from canes of the same thick-
ness and a length of 50 cm. The cuttings of
rootstock or cultivars were largely homoge-
neous and apparently free of disease and in-
sect infections.

Grafting technique:

The grafting was carried out on four differ-
ent dates, starting on January 15, February
1, February 15, and ending on Marchl. The
grafting process was done by the cleft graft-
ing method and the cuttings of Freedom
rootstock were disbudded just before graft-
ing. Grafting was carried out using scion cut-
tings from a single-bud. The place of graft-
ing was tied with polyethylene and then the
scion and the grafted area were waxed with
paraffin wax. Finally, the grafted bases of the
cuttings (rootstock) were dipped in indole
butyric acid at a concentration of 1000 ppm
(ABDEL-MOHSEN; RASHEDY 2015).

Callusing treatments:

The grafted cuttings of each cultivar were
divided into three groups each one callused
for one month and all grafting partners, box-
es and sawdust were treated with the fun-
gicide Rizolex (Tolclofos-Methyl 500g/kg).
The first group was called a callusing room
which was callused at controlled callus room
at 26+4 °C and 85-90% RH, where the grafts



were placed horizontally in perforated plas-
tic boxes in layers of pre-soaked sawdust lay-
ers and finally was covered with a polyeth-
ylene sheet.

The second group was called a callusing soil
which callused in furrow under the soil sur-
face, with a depth of 30 cm. The base of the
furrow was covered with a perforated poly-
ethylene sheet and the grafts were placed
horizontally between pre-soaked sawdust
layers under the greenhouse finally it cov-
ered with a polyethylene sheet.

The third group was called a callusing tunnel
which directly grafts were planted vertically
in prepared polyethylene bags under a tight-
ly knit plastic tunnel under the Saran shade
house, as will be described in planting condi-
tions. Temperature and humidity in the cal-
lusing soil and callusing tunnel were record-
ed twice a week.

One month later (after finishing the callus-
ing stage) the grafts were transplanted in the
Saran shade house in black 5 liters polyeth-
ylene bags, packed with a cultivation medi-
um consisting of silt: sand: compost in pro-
portions of 1:1:1 v/v, under polyethylene
tunnels (height and width of 70 cm * 70 cm)
as described by Hussain et al. (2020), and
Rashedy et al. (2021). All grafts after finish-
ing the callusing stage were maintained un-
der the polyethylene tunnel (callusing tun-
nel) for one month to complete callus forma-
tion and acclimation.

Measurements:
Biochemical analysis

A sample (0.5 g FW) was taken from the cut-
tings of the scion cultivars and the Freedom
rootstock to estimate the cuttings chemical
content of total sugars, total phenols and
total indoles before each grafting date and
again one month later after finishing of the
callusing stage, as follows:

Total sugars (mg g* FW)

The phenol-sulfuric acid method was used to
determine total soluble sugars as mg glucose

per g fresh weight (DUBOIS et al., 1956). Bud
samples were extracted in 10 mL of ethanol
(70 %). One mL of the previous extract was
mixed with 1 mL of phenol (5%) and then
4mL of concentrated sulfuric acid, followed
by carefully shaking the tube. After stopping
the reaction and cooling the mixture (1hr)
total sugars were measured at 490 nm using
a spectrophotometer.

Total phenols (mg g1 FW)

The Folin Ciocalteu method was used to de-
termine total phenol content (SHARMA et
al., 2019) which was expressed as mg gal-
lic acid per g of fresh weight. Bud samples
were extracted by 20 mL methanol (80%).
Then 1 ml of the previous extract was mixed
with 1 mL of Folin reagent in the test tube,
then 5 mL of Na,CO, (20%) was added and
finally the volume was adjusted to 10 mL
using distilled water. After the tube was
shaken well, the mixture was kept for one
hour in the dark, and then the total phe-
nols content were measured at 765 nm by a
spectrophotometer.

Total indoles (mg g FW)

Total indole content was expressed as mg
IAA per g of fresh weight was determined
according to LARSEN et al. (1962). Bud sam-
ples were extracted in the dark with 20 mL
(80%) methanol. Then 4 mL of P-dimethyl
amino benzaldehyde (1 g of P-dimethyl ami-
no benzaldehyde dissolved in 100 of etha-
nol (95%) and hydrochloric acid at ratio 1:1)
was mixed with 1 mL of the previous extract.
After the tube was shaken well, the mixture
was kept for 90 min at 30°C. Total indole was
finally measured by a spectrophotometer at
530 nm.

Morphological parameters

After 30 days of the callusing stage, the fol-
lowing parameters were recorded:

The callus degree in the grafting zone was
assessed based on visible observations: 4 =
76-100% callus, 3 = 51- 75% callus, 2 = 26-
50 callus, 1 = 1-25% callus and 0 = no callus



(KOSE; GULERYUZ, 2006; PAUNOVIC et al.,
2011). The grafts callusing% was calculated
from the following equation (total number of
callused grafted at grafting zone / total num-
ber of grafts) *100) according to Rashedy,
(2016). The grafted rooted percent was calcu-
lated from the number of rooted grafts (root-
stock) divided by the total number of grafts
(KAMILOGLU; TANGOLAR 1997). Root rate
or degree at the base of rooted grafts was
assessed based on visible observations: 4 =
grafts rooted from 4 sides, 3 = grafts rooted
from 3 sides, 2 = grafts rooted from 2 sides, 1
= grafts rooted from 1 side and 0 = grafts root-
less (CELIK, 2000). Also, bud burst percent
was recorded after finishing the callus stage
from the number of bud burst scions divided
by the total number of grafts.

Also, after four months from each grafting
date the following parameters were record-
ed: The grafting success percentage was cal-
culated from the following equation (total
number of successful grafts/total number of
total grafts) x 100). Plant length of the scion
(cm) as well as shoot and root fresh weight
(g) were recorded.

Experimental design and statistical
analysis

The Completely Randomized Block Design
was arranged for this experiment. The ex-

periment included three callusing methods
and four grafting dates as 12 treatments for
each cultivar. Each treatment consisted of
three replicates with 15 grafted cuttings for
each one. Data from the analytical deter-
minations were subjected to the analysis of
variance by the two-way ANOVA test. The
least significant difference test was used to
analyze the differences between the treat-
ments at the significance level of p < 0.05
(SNEDECOR; COCHRAN 1989). The statis-
tical analysis was carried out by MSTAT-C
software (FREED et al., 1990). The provid-
ed data as means * standard error for inde-
pendent replicates (n = 3).

Results

Meteorological data of callusing
methods at different grafting date

The relative humidity during February was
relatively higher than March. For planting
conditions or callusing tunnel treatments
Figure 1 (A, B), maximum temperature un-
der tunnels during January and February is
lower than the other months. The maximum
and minimum humidity during May are low-
er than the maximum humidity in the other
months. Also, under callusing soil ( Figure 1 C,
D), the maximum and minimum temperature
during January and February are greater than
in March.
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Figure 1. Maximum and minimum temperature and relative humidity in callusing tunnel or planting
conditions (A, B) and in callusing soil (C, D) during two season (2018 and 2019).



Generally, the variation in temperature un-
der callusing soil is lower than under callus-
ing tunnel. Also, early and late grafting dates
under both callusing soil and callusing tunnel
were subjected to low and high tempera-
ture, respectively.

Total endogenous sugars, phenol and
indole at different grafting date

The results indicated that, generally there is
no significant difference between cultivars in

total sugars content and total indoles content
(Table 1). Also, the grafting date on 1° Feb.
recorded the highest significant total sugars
content and total indole content while, 15t
Jan. grafting date recorded the lowest sugars
content and total indole content. The high-
est sugars content and total indole content
were recorded in Freedom rootstock, and
Thompson seedless cultivars on 1t Mar. and
15t Feb. grafting date, respectively.

Table 1. Endogenous total sugars, total phenol content and total indole content of three grape culti-

vars and freedom rootstocks at grafting date

Grafting dates
Grape materials
15 Jan. 1 Feb. 15 Feb. 1 Mar. Mean
Freedom 11,9421 2781 £1577 267643167  28.37+ 13.53% 23.724
Flame 16.83+1.45¢  26.3240.66%c  30.84551®  26.17+1.09% 25.044
T°:;: ;;%;"5 Thompson 20.60+1.71%¢ 353344250 2469 +4.0670  32.84+0.82% 28.364
Crimson 21.13+163%¢ 2314452570 20.395.39%¢  21.99+1.330 21.664
Mean 17.62 28.154 25,67 27.34
Freedom 414+066=  4.33£0.17®  3.39+0.06°¢ 2.63+0.629 3,62t
Flame 343+0.039  4.37+041° 4.43+0.142 3.89+0.18%¢ 403~
cz"’]ﬁ'n':?%’;%i) Thompson 39840087 28240468  259+0229 361036 3058
Crimson 348+057%9  31520.04%  32320.11%  3.06 +0.17¢9 3.238
Mean 3.76 3.6748 3.4148 3.308
Freedom 0.106£0.003  0.115:0.000°  0.115+0.008°  0.134+0.001% 0.117A
_ Flame 0.110£0.001¢  0.182+0.005%  0.127+0.001%  0.12620.002% 0.1364
T°t(f"1 é"g_?)'es Thompson  0.113:0.001  0.255:0.004  0.127+0.003%  0.1100.087¢ 0.151
Crimson 0.118¢£0.000  0.126£0.053  0.211+0.001®>  0.114+0.003° 0.1424
Mean 0.1118 0.169% 0.14508 0.1218

The means in the same parameter followed by different letters were significantly different according to Snedecor and

Cochran, [26] (p < 0.05).

While Crimson seedless recorded high sugars
content on 15 Jan. and 1%t Mar. grafting date
and total indole content on 15 Feb. grafting
date. Moreover, higher total sugars and total
phenols were recorded in Flame seedless on
15% Feb. and 1% Feb. grafting date, respec-
tively. Flame seedless recorded the highest
phenols content while Crimson seedless and
Thompson seedless recorded the lowest val-
ues at the same dates. Also, 15% Jan. grafting
date recorded the highest significant total
phenols content compared to 15t Mar. grafting
date. The highest total phenol for Freedom,
Flame, Thomson and Crimson were recorded

on 1st Feb., on 1st 1%t Feb. 1&15%" Feb., 15t
Jan. and 15" Jan., respectively.

Effect of grafting date and callusing
method on some grape grafts
Freedom rootstock

The results indicated that, generally under
the callusing room conditions, the Freedom
rootstock had higher significant content of
sugars, phenols and indoles compared to
callusing soil. Also, grafting date on 15% Feb.
recorded higher significant sugars, phenols
and indoles content compared to 15% Jan.
and 1%t Mar. grafting dates (Table 2).



Table 2. Effect of grafting date and callusing method on total endogenous sugars, phenol and indole

after callusing stage of Freedom rootstock.

Grafting date
Callusing method
15 Jan. 1 Feb. 15 Feb.. 1 Mar. Mean
Callusing room  13.27+0.37¢ 18.59+1.21¢ 18.09+1.05¢ 22.34+1.092 18.08*
Total sugars Callusing soil 12.40+0.97f 15.60+0.84¢% 14.56+0.27¢ 21.7240.752 16.078
(mg g7) Callusing tunnel  17.30+0.84< 19.20+1.04%° 18.06+0.78 21.1941.13%® 18.944
Mean 14.32° 17.798 16.908 21.75*
Callusingroom  4.197+0.105¢"  9.513+0.2712 5.630+£0.189¢  5.263+0.419+ 6.151A
Total phenols Callusing soil ~ 4.007+0.097¢"  4.433+0.207¢ 5.893+0.328¢ 4.483+0.096° 4.7048
(mg g7) Callusing tunnel  4.257+0.187¢  4.710+0.275%  7.097+0.461° 3.543+0.279 49028
Mean 41538 6.218* 6.2064 44298
Callusing room  0.1223+£0.003¢  0.1367+0.003°  0.1413+0.006®  0.1287+0.002¢ 0.1324
Total indoles Callusing soil ~ 0.1197£0.001"  0.1267+0.002¢  0.1347+0.002°  0.1177+0.002 0.1247¢8
(mg g7) Callusing tunnel  0.1197+0.001"  0.1243£0.002"  0.1250+0.001¢"  0.1187+0.002" 0.1219¢
Mean 0.1205P 0.12928 0.13364 0.1217°¢

The means in the same parameter followed by different letters were significantly different according to Snedecor and
Cochran, [26] (p < 0.05).

Flame seedless grafts

The results indicated that, after the callusing
stage the higher sugars content recorded in
Flame grafts with the callusing tunnel meth-
od with high significant value compared to
the other two callusing methods (Table 3).
Also, the grafting date on 1t Mar. recorded
the highest significant sugars value com-
pared to the other grafting dates, while the
lowest sugars value was recorded on 15t

Jan. grafting date. Generally, the highest
phenols content recorded by callusing room
and at 1 Mar. grafting date while the low-
est values recorded by callusing tunnel and
on 15" Jan. grafting date. Furthermore, the
highest indole content was observed by cal-
lusing room method and on 1%t Feb. grafting
date, while the lowest values were record-
ed by the callusing soil method and grafting
date on 1%t Mar.

Table 3. Effect of grafting date and callusing method on total endogenous sugars, phenol and indole
after callusing stage of Flame seedless grafts cuttings.

Grafting date
Callusing methods
15 Jan. 1 Feb. 15 Feb.. 1 Mar. Mean
Callusing room  13.36+0.699 15.55+0.351 22.18+0.65° 24.35+0.69° 18.868
Totalsugars  Callusing soil ~ 14.15£0.815  20.50+0.66° 19.08+0.53¢ 25.22+0.71¢ 19.748
(mg g7) Callusing tunnel ~ 18.55+0.82 24.73+0.13¢ 29.87+0.540 34.12+0.56° 26.82*
Mean 15.35P 20.26¢ 23.718 27.90
Callusingroom  3560+0.69¢  4.887+0.35 4 833+0.65° 5.713+0.69 4748
Total phenols ~ Callusing soil  3.303+0.81¢ 31874066  4.250+0.53  5.710+0.71 4.1138
(mg g7) Callusing tunnel ~ 3.143+0.82¢  3.583+0.54«  3.733+0.56«  3.893+0.13% 3.588¢
Mean 3.336 ¢ 3.8868 42728 5.106 A
Callusing room  0.1467+0.003¢  0.1657+0.0012  0.1327+0.003'  0.1263+0.001" 0.14284
Totalindole  Callusing soil ~ 0.1480£0.002c  0.1507+£0.002>  0.1240£0.002'  0.1223+0.001' 0.13638
(mg g7) Callusing tunnel  0.1423+0.004c  0.1457+0.003¢  0.1283+0.002¢  0.1197+0.001 | 0.1340¢
Mean 0.14578 0.1540% 0.1283¢ 0.1228P

The means in the same parameter followed by different letters were significantly different according to Snedecor and
Cochran, [26] (p < 0.05).



The effect of the callusing methods and significant of rooted grafts, root rate, callus
grafting date on the root rate, the callus de- degree, grafts callusing% and bud burst% as
gree, grafts callusing % and grafts rooting% well as callusing soil on 1t Feb. grafting date
and bud burst% of Flame seedless/Freedom while, callusing tunnel especially at the early
grafts were presented in Figure 2. One month grafting date recorded the lowest significant
after grafting, the callusing room on 1t and values of grafts rooting%, root rate, callus
15t Feb. grafting dates recorded the highest degree, and grafts callusing%.
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Figure 2. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (callusing
tunnel, callusing room, callusing soil) on rootstock rooting% (A, B), root rate (C, D), callus degree (E,
F), grafts callusing% (G, H), bud burst (I, J) of grafted cuttings Flame seedless grafted onto Freedom
rootstock after finishing callusing stage during two seasons (2018-2019). Data are mean # standard
error (n=3). letters represent significant differences between treatments at p< 0.05 level according
to the LSD test.



Generally, the early or late grafting date was
accompanied by lower rooting of grafts%,
root rate, callus degree and grafts callus-
ing % (callus%) especially with the callusing
tunnel or the soil callusing treatments.

The data cleared that, one month after
planting grafted cuttings, callusing soil
treatments recorded the highest bud burst
% in both seasons at 1%t Feb. grafting date
followed by callusing tunnel at 15t Feb and
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1%t Feb. grafting dates. On the other hand,
the callusing soil at 15™ Jan and callusing
tunnel at 15t Mar. recorded the lowest sig-
nificant bud burst%.

The effect of the methods and grafting date
on the grafting success%, plant length, shoot
fresh weight and root fresh weight of grafts
cuttings (Flame seedless/Freedom) were
presented in Figure 3.
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Figure 3. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (Callusing
tunnel, callusing room, callusing soil) on grafting success% (A, B), plant length (C, D), shoot fresh
weight (E, F), root fresh weight (G, H) of grafted cuttings Flame seedless grafted onto Freedom
rootstock four month after grafting (2018-2019). Data are mean * standard error (n=3). letters rep-
resent significant differences between treatments at p< 0.05 level according to the LSD test.



The data cleared that, one month after
planting grafted cuttings, the callusing soil
treatments recorded the highest bud burst
% in both seasons on 1%t Feb. grafting date
followed by callusing tunnel on 15 Feb and
15t Feb. grafting dates. Also, callusing room
recorded the highest significant grafting suc-
cess% at the early three grafting date fol-
lowed by callusing soil on 1%t Feb. grafting
date and callusing soil at 1t Mar. grafting
date.

Concerning plant length and shoot weight,
the results showed that, callusing on 1t Feb.
either with callusing room or callusing soil
recorded the highest plant length and shoot
weight in both seasons. On the other hand,
the callusing soil on 15" Jan and callusing
tunnel on 1t Mar. grafting dates recorded
the lowest significant bud burst%. Also, cal-
lusing tunnel treatment and a late grafting
date on 15t Mar significantly decreased graft-
ing success%, plant length and shoot weight.

Thompson seedless grafts

The results indicated that, after the stage,
higher significant values of total sugars con-
tent were recorded in Thompson seedless
grafts with the callusing tunnel method with
high significant value compared to the oth-
er two callusing methods (Table 4). Also, 1
Mar. grafting date recorded the highest sig-
nificant sugars value compared to the other
grafting dates, while the lowest sugars was
recorded on 15% Jan. and 1t Feb. grafting
dates.

Moreover, the highest phenols content re-
corded in callusing room, callusing soil and
on 1%t Mar. grafting date, while the lowest
values were recorded by callusing tunnel
and at 15% Feb. grafting date. Furthermore,
the highest indole content was observed
by callusing room method and on 15% Feb.
grafting date, while the lowest values re-
corded by callusing tunnel method and 1
Mar. grafting date.

Table 4. Effect of grafting date and callusing method on total endogenous sugars, phenol and indole
after callusing stage of Thompson seedless grafts cuttings.

Grafting date
Callusing method
15 Jan. 1 Feb. 15 Feb.. 1 Mar. Mean
Callusingroom  12.30+0.101"  16.34+0.723¢  11.22+0.652"  20.440.482¢ 15.078
Totalsugars  Callusingsoil  1354=05%%  147430.418%  1149:07709  23.60+0.865° 15.848
(MIg’)  cCallusing tunnel 1643+ 0.622°  20.29+0.785¢  29.1140.803°  34.43%0.672: 25.07~
Mean 14.09° 17.128 17.278 26.16%
Callusingroom  3.183:0.098%%  3.907+0.149c  2.677+0.241¢  5.12040.562° 3.722¢
Total phenols  Callusing soil  3.280:0207%  2.867+0.287%  1960£0.191¢  7.12720.495° 3.808*
(MIG")  Callusing tunnel 2.730+0.025%  1.69+0.10639  2.650+0.274ef  3.547+0.180¢ 2.6555
Mean 3.0648 2.8228 2429 5.264»
Callusing room  0.1213+0.001¢  0.1260+0.003° 0.1450+ 0.004=  0.1207+ 0.003¢ 0.1283
Totalindoles  Callusing soil ~ 0.1173£0.001"  0.1233+0.003¢ 0.1343+0.004> 01133+ 0.003¢ 0.12218
(MIg”)  Callusing tunnel 0.1027+0.003"  0.1130+0.002°  0.1243+ 0.000%  0.1177+ 0.003" 0.1144¢
Mean 0.1138¢ 0.1208° 0.1345 0.1172¢

The means in the same parameter followed by different letters were significantly different according to Snedecor and
Cochran, [26] (p < 0.05).

The effect of the callusing methods and burst% of the Thompson seedless/freedom

grafting date on root rate, callus degree,
grafts callusing %, Grafts rooting% and bud

grafts were presented in Figure 4. The results
revealed that, both the callusing room and



callusing soil on 1%t Feb. recorded the highest significant grafts rooting%, callus degree and
grafts rooting%, root rate, callus degree and grafts callusing%. Also, the callusing tunnel
grafts callusing%. treatments especially at early grafting date
On the contrary, callusing tunnel treatments recorded the lowest root rate. Generally, 15
besides late grafting date with the different Feb. grafting date recorded the highest bud
callusing methods were recorded the lowest burst % in all the callusing methods.
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Figure 4. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (Callusing
tunnel, callusing room, callusing soil) on grafts rooting% (A, B), root rate (C, D), callus degree (E, F),
grafts callusing% (G, H), bud burst (I, J) of grafted cuttings Thompson seedless grafted onto Freedom
rootstock after finishing callusing stage during two seasons (2018-2019). Data are mean * standard
error (n=3). letters represent significant differences between treatments at p< 0.05 level according
to the LSD test.



The effect of callusing methods and graft-
ing date on bud burst%, grafting success%,
plant length, root weight and shoot weight
of grafts cuttings (Thompson seedless/
Freedom) were presented in Figure 5.

The results indicated that, callusing room at
early three grafting dates followed by soil
callusing on 1% Feb. grafting date recorded
the highest significant grafting success%,
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plant length, root weight and shoot weight.
Meanwhile, the early grafting date (15 Jan.)
as well as late grafting (1 Mar.) recorded the
lowest bud burst %. In all callusing methods,
the early grafting time recorded the lowest
bud burst % and grafting success%. While,
the late grafting date significantly decreased
bud burst %, grafting success%, plant length
and shoot length.
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Figure 5. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (Callusing
tunnel, Callusing room, Callusing soil) on grafting success% (A, B), plant length (C, D), shoot fresh
weight% (E, F) and root fresh weight (G, H) of grafted cuttings Thompson seedless grafted onto
Freedom rootstock four month after grafting (2018-2019). Data are mean * standard error (n=3).
letters represent significant differences between treatments at p< 0.05 level according to the LSD

test.



Crimson seedless grafts

The results indicated that, after the callusing
stage, higher significant values of total sugar
content were recorded in Crimson seedless
grafts with the callusing tunnel method with
high significant value compared to the other
two callusing methods (Table 5).

Also, 1t Mar. grafting date recorded the
highest significant sugars value compared
to the other grafting dates. while the lowest
sugars content was recorded on 15 Jan. and

15t Feb. grafting dates. Moreover, total phe-
nols content was not affected by callusing
methods, while, the callusing soil and 1 Mar.
grafting date recorded the highest significant
values compared to the other grafting dates.
The lowest phenols content was recorded on
15t Feb. grafting date.

Furthermore, the highest indole content was
observed by the callusing room method and
on 15% Feb. grafting date, while the lowest
values recorded by the callusing tunnel and
15t Jan. grafting date.

Table 5. Effect of grafting date and callusing method on total endogenous sugars, phenol and indole
after callusing stage of Crimson seedless grafts cuttings.

Grafting date
Callusing methods
15 Jan. 1 Feb. 15 Feb.. 1 Mar. Mean
Callusingroom  11.81£0.91c  1430+054'  1550£0.77°  23.39+ 0.37¢ 16.258
Totalsugars  Callisingsoil  1171£0470 163420847  1538£032%  19.49% 065" 15.488
(Mgg")  cCallusingtunnel  21.63£0.89°  28.39£0.70°  16.63+073 3152+ 0.432 24 54»
Mean 15,05¢ 19.418 15.83¢ 24.71A
Callusingroom  3.180+0.12%' 3,000+ 0.11% 2133+ 043¢  4.673+ 0472 3.2694
Total phenols  Callusing soil ~ 3470+050% 2667009  2383+0067  4.550+0.16% 3.2674
(mg g*) Callusing tunnel  3.797+0.35%¢ 3157+ 0.11% 218740179  4.050+ 0.21e 3,207
Mean 3.4828 2.971¢ 2.2340 44240
Callusingroom  0.1243£0.002¢ 01247+ 0.002%¢ 0.1353£0.0042  0.1223+ 0.003¢ 0.12684
Totalindole  Callusingsoil ~ 0.0986+0.006" 0.1330£0.003  0.1330£0.003°  0.11674 0.001" 0.1213¢
(mg g7) Callusing tunnel 0.1123+0.0015  0.1263+0.003°  0.1313£0.001>  0.1213% 0.002 0.12308
Mean 0.1117° 0.12808 0.13324 0.120°

The means in the same parameter followed by different letters were significantly different accord-

ing to Snedecor and Cochran, [26] (p < 0.05).

The effect of the callusing methods and graft-
ing date on root rate, callus degree, grafts
callusing % and grafts rooting% of Crimson/
Freedom grafts were presented in Figure 6.

The results indicated that, the callusing room
at the early three grafting dates and callusing
soil for 1t Feb grafting date significantly in-
creased rooting of grafts cuttings, root rate,
callus degree, bud burst% and grafts callus-
ing% in both seasons.

While the callusing tunnel especially at the
two early grafting date gave the lowest root-

ing of grafts cuttings, root rate and grafts cal-
lusing%. Also, at early (15Jan.) and late graft-
ing dates (1Mar.) significantly decreased cal-
lus degree and grafts callusing %. While, the
callusing tunnel treatments specially at early
and late grafting time recorded the lowest
significant bud burst %.

The effect of the callusing methods and
grafting date on bud burst%, grafting suc-
cess%, plant length, root weight and shoot
weight of grafts cuttings of Thompson seed-
less grafted onto Freedom rootstock were
presented in Figure 7.



It can be observed that, grafting date on 1t ments especially at the early and late graft-
Feb. and 15" Feb. with both room and soil jng time recorded the lowest significant bud
callusing methods significantly increased
grafting success%. Moreover, grafting date
on 1%t Feb with any callusing methods sig-
nificantly increased plant length and shoot lusing methods recorded the lowest plant

weight. While, the callusing tunnel treat- length and shoot weight.

burst %, grafting success%.In addition to the
late grafting date (1Mar.) with different cal-
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Figure 6. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (Callusing
tunnel, callusing room, callusing soil) on grafts rooting% (A, B), root rate (C, D), callus degree (E, F),
grafts callusing% (G, H), bud burst (I, J) of grafted cuttings Crimson seedless grafted onto Freedom
rootstock after finishing callusing stage during two seasons (2018-2019). Data are mean + standard
error (n=3). letters represent significant differences between treatments at p< 0.05 level according
to the LSD test.
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Figure 7. Effect of grafting date (15 Jan., 1 Feb., 15 Feb., 1 Mar.) and callusing methods (Callusing
room, Callusing room, Callusing soil) on grafting success% (A, B), plant length(C, D), shoot fresh weight
(E, F), root fresh weight (G, H) of grafted cuttings Crimson seedless grafted onto Freedom rootstock
four months after grafting during two seasons (2018-2019). Data are mean * standard error (n=3).
letters represent significant differences between treatments at p< 0.05 level according to the LSD test.

Discussion

From the previous results it can be noticed
that, the callusing tunnel technique as new
callusing tools or planting grafted cutting di-
rectly under a polyethylene tunnel recorded
the lowest grafting success%. The highest
grafting success% recorded by the callusing
tunnel (41.39% &33.26%) for Flame seedless
on 15% Feb. grafting date, (47.01% &44.92%)
for Thompson seedless on 1t Feb. grafting
date and (57.39%& 52.62%) for Crimson

seedless on 15" Feb. grafting date, respec-
tively. Also, the callusing tunnel was more
affected by the variation in temperature be-
tween the two seasons since flame seedless
recorded 41.39% and 33.26% in the first and
second season, respectively. These results
may be due to that callusing tunnel condi-
tions provide a huge range of variation in
temperature and humidity especially at early
and late grafting dates compared to the oth-
er callusing methods.



On the other hand, the callusing room

methods recorded the highest grafting
success% by 86.56%&86.55%, 88.455
&84.80%, 82.13%&82.69% for Flame

seedless grafted on 15% Jan., 1%t Feb. and
15t Feb. grafting dates, 80.43%&82.65%,
74.38%&78.08% for Thompson seedless
grafted on 15% Jan. & 15t Feb. grafting dates
and 89.05%&87.36%, 86.08%&86.34% for
Crimson seedless grafted at 1%t Feb. and 15
Feb. grafting dates. Callusing room which
controlled in temperature and humidity
also provide a narrow range of grafting suc-
cess% between seasons.

For callusing soil as a new strategy takes
place between callusing tunnel and callus-
ing room treatment. It recorded the high-
est grafting success% by 74.55%&71.26%,
71.04%&66.06% and 80.35%&75.53% for
Flame seedless, Thompson seedless and
Crimson seedless, respectively on 15t Feb. in
both seasons. Callusing soil provides more
constant and lower variation in humidity and
temperature (Figure 2) which supported it
to become more suitable and sufficient than
callusing tunnel methods.

The effectiveness of the callusing methods
comes from maintaining optimum humidity
and temperature during callusing period es-
pecially at suitable grafting time. While soil
callusing show a promising effects during 1%
Feb. followed by 15% Feb. due to warm tem-
perature provided from the incubation under
the soil. By contrast callusing tunnel didn’t
provide a suitable temperature and humidi-
ty during callusing period but it achieved the
best results during 15t Feb.

Grafting date the most influential in grafting
success% which did not related to cultivar
bud burst. Since, Flame seedless the most
earlier cultivars achieve the highest grafting
success% at early grafting dates (1 Feb.) as
well as both Thompson seedless the medi-
um cultivar in bud burst and Crimson seed-
less the late cultivar.

The superiority of callusing soil than callusing
tunnel comes from callusing soil being more
protected from weather variation therefor it
preserve more temperature, humidity and
low water loss of grafts partners (Figure 2).
Furthermore, in all callusing methods the
late grafting date on 15t Mar. recorded the
lowest grafts callusing, callus degree and
grafting success% due to high temperature
in both callusing soil and callusing tunnel as
well as lower endogenous total indole and
total sugars content in all grafting partners
before callusing (Table 1) beside higher phe-
nols content in freedom rootstock before
(Table 2) and after callusing stage (Table 3)
which may be inhibited the activity of graft-
ing partners in formation grafting union.
Moreover, after callusing period all grafting
partners (different Scions and rootstock) on
15 Jan. contain lower endogenous indoles
(Table 2, 3, 4, 5).

In Egypt, Abourayya, (2019) found that,
Flame seedless grafted onto Freedom root-
stock on mid-February gave the highest
shoot length. Also, grafting on mid-February
was better than in mid-January. for Freedom,
Salt creek and Harmony rootstocks. In India,
Somkuwar et al.,, (2009) tested 8 differ-
ent grafting dates from July till the mid of
October every two weeks intervals in Tas-A-
Ganesh grafted onto Dog Ridge rootstock.
They found that, grafting onl5 September
and 15 August grow faster than grafting on
1 July. Also, the thickest shoot was found
with grafting at the end of July and mid-Au-
gust with no significant differences for shoot
length. Also, in India, Singh and Kaur, (2018),
found that, grafts of Flame Seedless grafted
on Dog Ridge rootstock during third week of
February gave the highest grafting success%
compared to the other grafting dates (early
February, August, September).

Higher grafting success% might be due to
active growing meristematic stage exhibit-
ed by both the scion and rootstock, which
supports the callus formation and grafting



success (STINO et al.,, 2011). Therefore,
early grafting success recorded early graft-
ing zone formation, early root formation
and early plant growth subsequently high-
er shoot weight and plant length. Planting
date was followed grafting date by one
month. Under low temperature during cal-
lusing or planting the rate of growth and
callus formation was decreased. While, in
late grafting and planting date extremely
high temperature may be increase water
loss from recently uncompleted vascular
connections in the grafted cuttings, as a re-
sult, the temperature and humidity during
February are more suitable. Meanwhile,
the warmer temperature during April and
May faced hot temperature during callus-
ing or acclimation. Scion moisture pos-
itively associated with callus formation
subsequently grafting success (RONGTING;
PINGHAI 1993).

The effects of endogenous growth substanc-
es before grafting indicated that, 15™ Jan.
grafting date (Table 1) recorded the lower
total sugars, total indoles and higher total
phenols content which decreased grafting
success% in all studied cultivars except for
Flame seedless. While 1 Feb. grafting date
recorded high total total indoles in all stud-
ied cultivars (Table 1). These results were
in line with Phillips et al., (2015) who found
that, at the time of grafting total sugars in
scion-wood were accompanied by grafting
success%. However, total carbohydrates in
February at the time of scion-wood did not
correlate to grafting success%. Also, Regina,
(2002), reported that, stored carbohydrates
in the cuttings was transferred to root for-
mation then shoot formation. Moreover,
graft union formation and root formation
were affected by stored carbohydrates and
water content in the grafts partner (VRSIC
et al., 2015) Furthermore, upright position
for grafts cuttings recorded higher grafting
success% associated with a depletion of sug-
ars compared to the upright down position

(RASHEDY, 2016). By contrast, after the cal-
lusing stage, decreasing total soluble sug-
ars were recorded in Flame seedless on 15"
Jan. and 1 Feb. grafting date which record-
ed highest callus degree and grafting suc-
cess% (Table 3). Similar results were found
in Thompson seedless on 15" Feb. grafting
date (Table 4) and Crimson seedless at 1
Feb. (Table 5) refer to that successful grafts
cuttings during callusing period (1month)
consumed total sugars as energy for callus-
ing formation in grafting zone as well as root
formation. By contrast, higher total sugars
content were observed in Crimson (Table 5),
Freedom rootstock (Table 2), Flame seedless
(Table 3), Thompson (Table 4) on 1t Mar.
grafting date which accompanied with low-
er grafts callusing, callus degree and grafting
success% due to no demand for depletion it
in callus or root formation.

Increasing of the grafts callusing% and graft-
ing success% were coincided with decreas-
ing total phenols in all scions and rootstock
before the grafting (Table 1) as well as in
Flame Seedless (Table 3), Thompson seed-
less (Table 4) and Crimson seedless (Table
5) after the callusing stage. These results
were in agreement with Fayek et al., (2016)
who reported that, phenolic compounds are
biochemical markers for incompatibility in
grapevines (FAYEK et al.,, 2016). Since, the
high concentrations of phenolic compounds
were obtained in less compatible graft com-
binations (ERREA et al., 2001; MNGOMBA
et al., 2008; GAINZA et al., 2015). In plum
higher incompatible degrees were coincided
with high phenolic compounds (RODRIGUES
et al.,, 2001). Many phenolic compounds
such as, caffeic acid, gallic acid, sinapic acid,
ferulic acid, epicatechin and catechin may
be suitable as graft incompatibility markers
for vitis vinifera (CANAS et al., 2015). Also,
Assunco et al., (2016) found high content of
gallic acid was exhibited in less compatibility
grape grafted combinations (Syrah383/S04
and Syrah383/110R). Moreover, Phenol can



disrupt cell functions and inhibit callus for-
mation in grapevines (STINO et al., 2011).

On the contrary, high phenols content was
observed in Freedom rootstock after the cal-
lusing stage. Although, some phenolic com-
pounds such as m-diphenols and monophe-
nols inhibited root formation while couma-
rins, p-diphenols, o-diphenols, and polyphe-
nols stimulate root formation (BANDURSKI
et al., 1995; TROBEC et al., 2005; DENAXA et
al., 2021). Also, Bastos et al., (2006) stated
that phenolic compounds related positively
with some enzymes stimulate biosynthesis
of indole-3-acetic acid (IAA). In olive cut-
tings, Martins et al., (2022), detected accu-
mulation of phenolic compounds at the bas-
es of the cuttings which may be related with
root formation. More recently higher accu-
mulation of phenolic compounds were cor-
related with the lowest grafting success in
olive plants (RASHEDY; HAMED, 2023). The
role of phenolic compounds may be result-
ing from protecting auxin from decarboxyl-
ation and oxidation (WILSON; VAN STADEN
1995; TROBEC et al., 2005; OSTERC et al.
2007), improving auxin transport (OSTERC et
al., 2007) and conjugating with auxin to form
a more active rooting compound (HAISSIG et
al., 1974).

Grafting success% was accompanied by
higher total indoles after and before the
callusing stage in all grafts partner which
may be endogenous supporter for callusing
and root formation during callusing stage.
Generally during January total sugars and in-
doles as growth stimulator substances were
at low level as well as total indoles at the
late grafting date (1Mar.). The lowest sugars
content on 15% Jan. grafting date come from
that the carbohydrates in form of starch and
no available at late time of grafting. While
for Mar. grafting date lower sugars may be
due to low grafts activity from long storage
period (Table 1). Callus formation was pos-
itively correlated with sugar and IAA at the
graft union (ZHOU et al., 2020). These results

were in harmony with Vrsic et al., (2015),
as they mentioned that, carbohydrates, low
amount of phenols as well as high indoles
amount are required for successful callus
formation and grafting success. Also, graft-
ing success was positively coincided with
low phenols content and the high total in-
dols content. Therefore, water soaking of
scion and rootstock significantly decreased
total phenols and increased total indols
which improved grafting success (FAYEK et
al., 2022). Furthermore, increasing auxins
levels at grafting union stimulated cell divi-
sion and vascular differentiation (YIN et al.,
2012). By contrast, increasing some phenols
compounds such as catechins and proan-
thocyanidins led to a poor callus formation
due to reduce cell division and differenti-
ation (MNG’OMBA et al., 2008; GAINZA et
al., 2015). This is the first report on the use
of soil callusing strategy as environmentally
friendly, sustainable, and cheaper alterna-
tive tools to the use of grafted cuttings.

The results confirmed that, there is no an-
tagonistic effect between root formation of
grafted cuttings and grafting zone formation.
Since the higher bud burst, callus formation
after callusing stage was accompanied by
higher grafts rooting% which led to high-
er grafting success%. The activity of grafting
bud and rootstock together stimulate grafting
zone formation. Also, rootstock total indoles
stimulate root formation. These results were
in line with (RASHEDY, 2016) as he proved
that, upright position of grafted grape cut-
tings during callusing gave the highest graft-
ing success% compared to upside down po-
sition which decrease root growth and bud
burst of the grafted cuttings. Moreover, the
roots of grafts cuttings may be acts as cyto-
kines source, which necessary for calluses in-
duction (NOGUEIRA 2007).

Conclusion

Grafting date on 1t Feb. recorded the high-
est grafting success for both grape cultivars



under both callusing room and callusing
soil methods, as well as callusing tunnel for
Thompson seedless and Crimson seedless.
Also, high grafting success% was accompa-
nied by high total sugars, total indole and
low total phenols before the callusing stage
as well as high indoles beside low total sug-

lusing tunnel 37.3%, 45.9, 55% for Flame
seedless, Thompson seedless and Crimson
seedless, respectively as mean of both sea-
sons. This is the first report in using callus-
ing soil as an eco-friendly, sustainable and
cheaper alternative tool for callusing of
grafts cuttings.

ars and total phenols after callusing stage.
Regarding to the new alternatives callusing
tools, callusing soil achieved grafted suc-
cess% by 72.9%, 68.55%, 77.94% while cal-
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