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Persian walnut (Juglans regia L.), one of the oldest 
cultivated edible nut species originating from Cen-
tral Asia, is widely cultivated in  the temperate re-
gions of the world including Eastern Asia, Northern 
Africa, USA and Western South America (Bernard 
et  al. 2018). According to  the FAO (2021), China 
is the largest producer of walnut in the world. As one 
of the most important national strategic tree species, 
walnut is widely planted in the rural areas of China 
and playing an increasingly significant role in adjust-
ing the structure of agricultural planting, increasing 

farmers’ income, guaranteeing national grain and oil 
security and ecological security, and earning foreign 
exchange from export. However, walnut industry 
in China has entered a bottleneck period mainly due 
to  the large plantation in  shallow hilly and moun-
tainous areas with poor soil, long-term use of seed-
ling-plants or traditional rootstocks that  resulted 
in low yield and poor quality (Liu et al. 2020). There-
fore, selection of suitable walnut rootstock and mul-
tiplication of  commercial variety engrafted seed-
lings with high quality are the critical step in walnut 
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pal component analysis (PCA), hierarchical cluster 
analysis (HCA) and subordinate function analysis 
(SFA) in  screening engrafted seedlings for  their 
quality; and (3) to identify the potential rootstock 
species suitable for  extensive use in  Shandong 
Province, China.

MATERIAL AND METHODS

Plant material and experimental site. Two-year 
plants of  Juglans  regia L. cv. ‘Xiangling’ grafted 
onto five rootstock species including Juglans  re-
gia L. cv. ‘Jizhaomian’ Juglans regia L. cv. ‘Xiangling’, 
Juglans  regia L.  cv. ‘Lvxiang’, Juglans mandshurica 
Maxim. and Juglans hopeiensis Hu. were studied on 
their morphological and physiological character-
istics. Seeds of the rootstocks were collected from 
plants growing in their native regions in China (Ta-
ble 1). The study was conducted at the experimental 
nursery of  Shandong Academy of  Forestry, Jinan, 
Shandong Province, China (36°40'N,117°00'E). 
The  climate  is sub-humid  warm temperate  conti-
nental  monsoon  climate. Mean annual precipita-
tion and mean annual temperature are 697  mm 
and 14.1  °C, respectively. The  soil in  the nursery 
is cinnamon soil (pH  =  7.81), the  contents of  al-
kali-hydrolyzable nitrogen, available phosphorus, 
available potassium, and organic matter in the soil 
are 50.29  mg/kg, 27.38  mg/kg, 56.17  mg/kg, and 
10.55 g/kg, respectively.

Pre-germination, sowing, and seedling man-
agement of  the five rootstock species followed 
the  methods of  Liu et  al. (2020). In  March of  the 
following year, seedlings of the five rootstock spe-
cies with uniform growth were selected to  graft 
the  scions of  ‘Xiangling’ walnut variety using bud 
grafting method.

Growth. Before the  leaves fall in October, the fi-
nal plant height (PH) and basal diameter (BD) were 
recorded from five repeating groups (ten seedlings 
for each repeat group) of ‘Xiangling’ grafted on each 
rootstock species. PH was  measured with a tape-
line (accuracy – 0.1  cm) from the  base to  the ter-
minal bud of the main stem; BD was measured with 
a digital micrometer (accuracy – 0.001  mm) at  the 
base of  the main stem. Then, seedlings with differ-
ent rootstock species were harvested and divided 
into leaf, stem and root portions. Total leaf area 
(TLA) was measured with an area meter (AM-100, 
Analytical Development Company, Hertsfordshire, 

industry, which are the  primary premise for  high 
survival rate of  planting, well vegetative growth 
performance, early fruiting, high yielding and qual-
ity, and ultimately high economic benefit (Gauthier, 
Jacobs 2011; Albacete et al. 2015; Rasool et al. 2020; 
Sharma et al. 2020; Vahdati et al. 2021).

Grafting is a widely used effective way to  realize 
variety cultivation and vegetative propagation in ag-
riculture, horticulture and silviculture (Schwarz 
et  al.  2010; Baron et  al. 2019; Rasool et  al. 2020). 
Rootstock has  an important effect on the  scion 
vegetative growth by  influencing the  absorption/
synthesis and transportation of  water, nutrients 
and hormones (Nawaz et  al. 2016; Warschefsky 
et al. 2016; Gaion, Carvalho 2017; Rasool et al. 2020; 
Thapa et al. 2021; Vahdati et al. 2021; Mostakhdemi 
et al. 2022). In addition, rootstocks with high stress 
tolerance are widely used to  improve resistance 
of the engrafted plants to biotic and abiotic stresses, 
that was mainly attribute to the well-developed root 
system, the  enhanced availability of  water and nu-
trients, the production of phytohormones, the acti-
vated antioxidative defense system, and the up-regu-
lated expression of genes related to stress tolerance 
(Schwarz et al. 2010; Gaion, Carvalho 2017; Kumar 
et al. 2017; Rouphael et al. 2018; Gaut et al. 2019; 
Vahdati et al. 2021; Sadeghi-Majd et al. 2022).

Generally, plant height, basal diameter, dry bio-
mass, leaf photosynthetic  capacity and chlorophyll 
fluorescence characteristics are always been used 
as  important index to  evaluate the  quality of  wal-
nut seedlings or engrafted seedlings (Liu et al. 2020; 
Shabbir et al. 2021; Arab et al. 2022). In our pervious 
study, we have comprehensively evaluated the seed-
lings’ quality of  six walnut rootstock species origi-
nated in China, during which we comparative ana-
lyzed the  seed germination and the morphological 
and physiological performance of the seedlings (Liu 
et  al.  2020). Although it provided a significant ba-
sis for the selection of rootstocks, researches about 
the  effects of  the selected potential rootstocks on 
growth, fruiting, fruit quality, and stress tolerance 
of the engrafted trees are urgently needed.

In the  present study, we comparative analyzed 
the morphological and physiological performance 
of  Juglans  regia L.  cv. ‘Xiangling’ walnut grafted 
onto five rootstock species originated from China. 
The  main objectives of  this investigation were (1) 
to  describe the  variability in  morphological and 
physiological levels among ‘Xiangling’ with differ-
ent rootstock species; (2) to test the utility of princi-
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UK). After that, the three portions were oven-dried 
at 60 °C to a constant weight and the dry biomass 
of each portion were measured, total dry biomass 
(TDB) was  defined as  the sum of  the three parts. 
The root/shoot ratio (RSR) was calculated as root 
dry biomass divided by  aboveground (leaf and 
stem) biomass.

Leaf chlorophyll index (SPAD) and gas  ex-
change. SPAD was determined using a chlorophyll 
meter (SPAD-520Plus, Konica Minolta, Tokyo, 
Japan) on the  light-directed leaves. On a sunny 
morning (9.00  a.m. to  11.00  a.m.), gas  exchange 
parameters, including net photosynthetic rate (Pn), 
transpiration rate (Tr), stomatal conductance (gs) 
and intercellular carbon dioxide concentration(Ci), 
were measured on the  light-directed leaflets 
in  the middle of  the fully expanded compound 
leaves using a portable photosynthesis system (LI-
COR 6400XT, LI-COR Inc., Lincoln, NE, USA). 
The  light intensity, ambient water vapor pressure, 
leaf temperature, and CO2 concentration were set 
at 1 500 µmol/m/s PPFD (as provided by a blue-red 
diode Q-Beam light source), 1.30 kPa, 26.00 °C, and 
400 µmol/m/s, respectively.

Chlorophyll fluorescence. The chlorophyll fluo-
rescence parameters of newly expanded leaves were 
determined using a pulse modulated fluorometer 
(FMS-2, Hansatech, UK) on a sunny day (09.00 a.m. 
to 11.00 a.m.). After the leaves were adapted to dark-
ness for 30 minutes, the minimum fluorescence (F0) 
and maximum chlorophyll fluorescence yield (Fm

) 
were measured and the  maximum photochemi-
cal efficiency of  PSII [Fv/Fm  =  (Fm  -  F0)/Fm] were 

then calculated. Afterwards, the steady state fluo-
rescence yield (Fs'), maximum fluorescence (F'm), 
and minimum fluorescence (F'0) were measured on 
the same leaves in the light-adapted state. The ef-
fective PSII quantum yield (ΦPSII) = (Fm' - Fs')/Fs' 
and photochemical quenching (qP) were calculated 
as and qP = (Fm'-Fs')/(Fm' - F0') , respectively.

Statistical analyses. The experiments were per-
formed through a completely randomized design. 
All the  measurements were conducted in  quintu-
plicate. Data were presented as means of five rep-
licates ± standard deviation (SD). Data processing 
and statistical analysis were carried out using Mi-
crosoft Excel 2013 and SPSS-20.0 for  Windows 
statistical software package (Standard released 
version 20.0 for Windows; SPSS Inc., Chicago, IL, 
USA). Analyses of  one-way variance (ANOVA) 
were performed to evaluate the effects of rootstock 
species on the studied variables. Tukey’s HSD (hon-
estly significant difference) post hoc test (P ≤ 0.05) 
was  performed to  test the  existence of  statistical 
differences for  the same parameter among seed-
lings with different rootstock species. PCA, HCA, 
and SFA were performed to comprehensively eval-
uate the  seedling growth performance of  ‘Xian-
gling’ with different rootstock species.

The subordinate function value (S) for  each in-
dex of  ‘Xiangling’ engrafted with different root-
stocks was  calculated using the  following equa-
tion: S(Xi)  =  (Xi  –  Ximin)/(Ximax  –  Ximin)  (i  =  1, 2, 
3, …, n), where S  (Xi) is the  subordinate function 
value of  the ith trait of  the grafted seedlings on 
each rootstock, Ximin and Ximax are the  minimum 

Rootstock Abbreviation Description

Juglans regia L. 
cv. ‘Jizhaomian’ JRJ

It is a unique wild walnut resource in China and often been used as rootstock due to its 
high resistance to drought, cold and disease. It belongs to sect. Dioscaryon and was widely 

planted in the south mountain regions in Jinan City, Shandong province, China.

Juglans regia L. 
cv. ‘Xiangling’ JRX

It is an early-fruiting walnut variety bred by Shandong Institute of Pomology in 1980s. 
It belongs to sect. Dioscaryon. It was widely planted in Northern China and Northwest 

China and always been used as self-rooted rootstock in China.

Juglans regia L. 
cv. ‘Lvxiang’ JRL It is an early-bearing fresh-edible walnut variety bred by Shandong Academy of Forestry 

in 2010s. It belongs to sect. Dioscaryon and was now widely planted in Northern China.

Juglans 
mandshurica, 
Maxim.

JM
It belongs to sect. Cardiocaryon and is indigenous to China. It is one of the rare tree spe-

cies in Northern China and Northeast China, and is often been used as vigorous rootstock 
to enhance drought and cold tolerance, and to improve plant growth.

Juglans hopei-
ensis Hu. JH

It belongs to sect. Cardiocaryon and is indigenous to China. It is narrowly distributed 
in Northern China in the hilly, mid-elevation area between Hebei province, Beijing,  

and Tianjin.

Table 1. Origins in China for the five walnut rootstock species used in the study
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and maximum values of the ith trait for all grafted 
seedlings, respectively. When the value of the trait 
was  negative correlated with the  seedling quality, 
S was  determined by  the replacement equation 
S(Xi)  =  1  –  (Xi  –  Ximin)/(Ximax  –  Ximin). Seedling 
quality of ‘Xiangling’ engrafted with different root-
stocks was graded according to the mean value of S 
for all the studied traits.

RESULTS AND DISCUSSION

Growth. Growth is one of  the most fundamental 
processes of  plants, growth performance indexes 
such as PH, BD, TLA, and TDB are always been used 
as effective and important indicators of plant vital-
ity (Liu et al. 2012, 2020; Shabbir et al. 2021; Thapa 
et  al. 2021; Mostakhdemi et  al. 2022). Germplasm 
resources of different genotypes (species or variety) 
always exhibit different degrees of phenotypic varia-
tion under the same condition (Norouzi et al. 2017; 
Khadivi et al. 2018; Zarei et al. 2019; Hashemi, Khad-
ivi 2020; Arab et al. 2022). Rootstock is widely used 
for vegetative propagation of woody perennial fruit 
trees (such as  Malus, Citrus, Juglans, Prunus, etc.) 
mainly due to  its considerable important effect on 
the scion vegetative growth (Warschefsky et al. 2016; 
Baron et al. 2019; Vahdati et al. 2021). In the present 
study, walnut rootstock choice showed great  influ-
ence on scion growth as manifested by the high CV 

in PH (39.848%), BD (9.190%), TDB (23.665%), TLA 
(21.428%), and RSR (16.899%) of the scion (Table 2). 
Compared with ‘Xiangling’ with JM and JH as root-
stock, the  ones grafted on JRJ, JRX, and JRL had 
higher PH, BD, TDB, TLA, and RSR suggesting high-
er vitality and vigour. All the  growth performance 
indicates that  JRJ, JRX, and JRL would be the  bet-
ter choice for rootstock under the normal environ-
mental condition. The result is consistent with those 
of our previous study on the seedling growth perfor-
mance of six walnut rootstock species which indicat-
ed that the germplasm variation was mainly attribute 
to the inherent genetic characteristics of the species 
(Liu et al. 2020; Arab et al. 2022). The beneficial ef-
fects of  rootstock on growth performance of  the 
variety mainly due to  the well-developed root sys-
tem with deeper lateral branching which improved 
the absorbing ability of water and nutrition (Albac-
ete et  al.  2015; Warschefsky et  al. 2016; Jerszurki 
et  al.  2017; Rasool et  al. 2020; Verdugo-Vásquez 
et al. 2021; Vahdati et al. 2021). However, it is worth 
noting that  scions also have ubiquitous and impor-
tant effect on modifying phenotype of the rootstocks 
by  providing carbohydrate, hormones, and nucleic 
acids for  the root system that  has  substantial ef-
fects on root phenology and growth (Gaion, Carval-
ho 2017; Peccoux et al. 2018; Gaut et al. 2019; Gau-
tier et al. 2019; Vahdati et al. 2021).

Gas exchanges. Photosynthesis is the basal mech-
anism in  plant metabolism, it plays a critical role 

Rootstock PH (cm) BD (mm) TDB (g) TLA (dm2) RSR
JRJ 31.41 ± 11.03a 7.20 ± 1.12a 57.40 ± 2.42a 18.30 ± 2.77ab 1.32 ± 0.06a

JRX 35.38 ± 13.96a 7.49 ± 0.77a 58.84 ± 2.45a 20.10 ± 2.34a 1.20 ± 0.06a

JRL 35.61 ± 15.27a 7.92 ± 0.86a 50.77 ± 2.34ab 14.21 ± 1.50bc 1.11 ± 0.23ab

JM 19.00 ± 4.67b 5.99 ± 0.31b 32.23 ± 3.36c 12.92 ±0.46c 0.94 ± 0.10ab

JH 15.38 ± 5.63b 6.86 ± 0.89ab 35.35 ± 3.39c 11.37 ± 1.40c 0.81 ± 0.07b

Mean 30.91 7.09 46.92 15.38 1.08
SD 12.314 0.652 11.103 3.296 0.182
CV (%) 39.843 9.190 23.665 21.428 16.899
FRS 12.904** 1.882 30.909*** 6.008* 3.807

JRJ – Juglans regia L. cv. ‘Jizhaomian’; JRX – Juglans regia L. cv. ‘Xiangling’; JRL – Juglans regia L. cv. ‘Lvxiang’; JM – Juglans 
mandshurica, Maxim.; JH – Juglans hopeiensis Hu.; PH – plant height; BD – basal diameter; TDB – total dry biomass; TLA – 
total leaf area; RSR – root/shoot ratio; SD – standard deviation; CV – coefficient of variation; FRS – effect of rootstock species
Values are means of five replicates ± SD
a–c Values are mean of all replicates for the same parameter of the ‘Xiangling’ walnut grafted onto five different rootstock species
Lowercases in the same column show statistically significant differences among ‘Xiangling’ walnut grafted onto different 
rootstocks for the same parameter at P ≤ 0.05 based on Duncan’s means tests
*,**, *** indicate significant at P ≤ 0.05, 0.01, and 0.001, respectively

Table 2. Growth performance of ‘Xiangling’ walnut grafted onto different rootstock species
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in plants’ vegetative and reproductive growth. Gener-
ally, seedlings of different species or varieties always 
exhibit a degree of difference in  the function of  the 
photosynthetic system, which was  directly influ-
enced by  the leaf anatomical structure and physical 
characteristics of the specific species or variety (Liu 
et al. 2012, 2020; Arab et al. 2022). Under the increas-
ingly serious global environmental change conditions 
(such as drought, soil salinity, etc.), grafting commer-
cial varieties onto rootstocks with high tress tolerance 
has  been proved to  be a cheap and easy technique 
to  improve crop photosynthetic performance and 
thereby high crop productivity (Schwarz et al. 2010; 
Kumar et  al.  2017; Fullana-Pericàs et  al.  2019; Vah-
dati et al. 2021; Arab et al. 2022). SPAD, reflecting leaf 
relative chlorophyll content and indicating the health 
of  the plants, always been used as  an effective and 
important indicator of photosynthetic photosynthet-
ic potential and hence primary production (Xiong 
et al. 2015). According to the one-way ANOVA in Ta-
ble  3, rootstock selection had significant effect on 
SPAD (P ≤ 0.01), Pn (P ≤ 0.05), gs (P ≤ 0.01), and Tr 
(P ≤ 0.001) of ‘Xiangling’. CV of the four parameters 
was greater than 10.00% suggesting a large variation 
in photosynthetic capacity among ‘Xiangling’ engraft-
ed with different rootstock species. Seedlings grafted 
onto JRJ (13.31μmol CO2/m/s) showed the highest Pn, 
which was significantly (P ≤ 0.05) higher than those 
with JH (9.20 μmol CO2/m/s) as  rootstock and not 

significantly (P  >  0.05) different from those grafted 
onto JRX (11.63 μmol CO2/m/s), JRL (11.24  μmol 
CO2/m/s), and JM (10.68  μmol CO2/m/s). SPAD 
in leaves of  ‘Xiangling’ grafted onto JRJ (37.68), JRX 
(37.02), JRL (38.26), and JH (38.14) was significantly 
(P  ≤  0.05) higher than those of  ‘Xiangling’ with JM 
as rootstock (29.10). The better growth performance 
of JRJ, JRX, and JRL was confirmed again by the higher 
value in Pn and SPAD, which suggesting the potential 
choice of  rootstock under normal condition. Scion 
gas  exchange parameters are controlled genetically 
by  the rootstock through different genetic architec-
tures (Gauthier, Jacobs  2011; Marguerit et al. 2012; 
Vahdati et  al. 2021). Besides the  influence of  root-
stock selection on gas exchanges under normal con-
dition, rootstock had much greater effect on gas ex-
changes under stress conditions (Kumar et al. 2017; 
Fullana-Pericàs et al. 2019; Frioni et al. 2020; Vahdati 
et al. 2021; Arab et al. 2022). Higher leaf chlorophyll 
and better scion growth performance enabled by  a 
particular rootstock related with higher root hydrau-
lic conductance, deeper root elongation, and high-
er water and nutrient acquisition capacity resulted 
in  higher photosynthetic  capacity and more ac-
cumulation of  photoassimilates and then resulted 
in  the final higher biomass (Jerszurki et  al.  2017; 
Kumar et  al.  2017; Fullana-Pericàs et  al.  2019; 
Cháves-Gómez et  al. 2020; Faria-Silva et  al. 2020; 
Vahdati et al. 2021).

Rootstock SPAD Pn (μmol CO2/m/s) gs (mol H2O/m/s) Ci (μmol CO2/mol) Tr (mmol H2O/m/s)
JRJ 37.68 ± 1.90a 13.31 ± 0.55a 0.51 ± 0.12b 243.14 ± 18.79a 2.74 ± 0.23a

JRX 37.02 ± 2.07a 11.63 ± 1.71ab 0.61 ± 0.13ab 236.50 ± 29.87a 2.36 ± 0.44b

JRL 38.26 ± 2.47a 11.24 ± 2.67ab 0.50 ± 0.23b 214.78±16.00a 2.77 ± 0.13a

JM 29.10 ± 2.76b 10.68 ± 2.14ab 0.70 ± 0.12a 241.08 ± 21.46a 2.76 ± 0.10a

JH 38.14 ± 1.37a 9.20 ± 1.25b 0.43 ± 0.04b 226.82 ± 8.37a 2.39 ± 0.10b

Mean 36.04 11.21 0.55 232.46 2.24
SD 6.651 1.335 0.09 10.479 0.285
CV (%) 18.454 11.906 17.172 4.508 12.718
FRS 10.805** 7.144* 12.860** 0.446 21.671***

JRJ Juglans regia L. cv. ‘Jizhaomian’; JRX – Juglans regia L. cv. ‘Xiangling’; JRL – Juglans regia L. cv. ‘Lvxiang’; JM – Juglans 
mandshurica, Maxim.; JH – Juglans hopeiensis Hu.; SPAD – leaf chlorophyll index; Pn – photosynthetic rate; Ci – inter-
cellular CO2 concentration; gs – stomatal conductance; Tr – transpiration rate; SD – standard deviation; CV – coefficient 
of variation; FRS – effect of rootstock species
Values are means of five replicates ± SD
a–b Values are mean of all replicates for the same parameter of the ‘Xiangling’ walnut grafted onto five different rootstock species
Lowercases in the same column show statistically significant differences among ‘Xiangling’ walnut grafted onto different 
rootstocks for the same parameter at P ≤ 0.05 based on Duncan’s means tests
*, **, *** indicate significant at P ≤ 0.05, 0.01, and 0.001, respectively

Table 3. Gas exchanges of ‘Xiangling’ walnut grafted onto different rootstock species
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Chlorophyll fluorescence. Chlorophyll fluores-
cence has been widely used as a fast, non-destruc-
tive and relatively simple technique to  detect leaf 
physiological status and photosynthetic capacity. 
It  not only reflects the  primary reaction of  photo-
synthesis such as absorption of light, transfer of ex-
citation energy, and photochemical reaction, but 
also is related to  electron transport, establishment 
of proton gradient, ATP synthesis, and CO2 fixation 
(Murchie, Lawson 2013; Sitko et  al. 2017). No sig-
nificant (P > 0.05) differences in the chlorophyll fluo-
rescence parameters including Fv/Fm, Fv’/Fm’, qP, and 
ΦPSII were observed among ‘Xiangling’ engrafted 
with the  five different rootstock species (Table  4). 
CV of the studied chlorophyll fluorescence param-
eters ranged from 1.15% to  14.532% suggesting 
a  small variation among the  engrafted plants with 
different rootstock species. Fv/Fm and Fv’/Fm’ for ‘Xi-
angling’ grafted onto the five rootstocks ranged from 
0.83 to 0.86, and from 0.62 to 0.68, respectively. And 
no significant (P > 0.05) differences in those two pa-
rameters were found among the  studied engrafted 
seedlings. It indicated that  the choice of  rootstock 
species has  no adverse effect on ‘Xiangling’. Also, 
the  studied plants were not subject to any stresses 
including biotic and abiotic factors. Values in qP and 
ΦPSII of ‘Xiangling’ grafted onto JRJ and JRX were 
significantly (P ≤ 0.05) higher than those with JM and 
JH as  rootstock, suggesting that  JRJ and JRX helps 

the grafted seedlings maintain the PSII photochemi-
cal efficiency of leaves at a sufficiently high level. JRJ 
and JRX would be the  better choice for  rootstock 
under environmental stress conditions. Genotyical 
variation in  chlorophyll fluorescence parameters 
also have been studied to evaluate the crop growth 
and production under stress conditions (Bresson 
et al. 2015; Liu et al. 2019; Cháves-Gómez et al. 2020; 
Verdugo-Vásquez et al. 2021; Arab et al. 2022).

Multivariate analysis. Multivariate statistical 
techniques which simultaneously analyze multiple 
variables on each individual, are widely used in analy-
sis of genetic diversity based on morphological, phys-
iological, biochemical  or molecular biological traits 
(Jolliffe, Cadima 2016). Among the multivariate sta-
tistical techniques, PCA and HCA are most common-
ly employed and appear particularly useful for evalu-
ation and characterization of germplasm collections 
such as  Punica (Khadivi et  al. 2018), Ziziphus (No-
rouzi et  al. 2017), Morus (Hashemi, Khadivi 2020), 
Pyrus (Zarei et al. 2019), Juglans (Liu et al. 2020; Arab 
et al. 2022), Mangifera (Faria-Silva et al. 2020), etc.

PCA reduces the  dimensionality of  data, trans-
forms the  original variables into a few new effec-
tive PCs and retains as much as possible of the total 
variables in  only a few PCs. The  high correlation 
between the original variables (Table 5) and the ex-
tracted PCs emphasized by this method could help 
in  simplifying evaluation indexes (Jolliffe, Cadi-

Rootstock Fv/Fm Fv’/Fm’ qP ΦPSII
JRJ 0.85 ± 0.01a 0.68 ± 0.0a 0.42 ± 0.05a 0.29 ± 0.04a

JRX 0.85 ± 0.01a 0.66 ± 0.02a 0.45 ± 0.06a 0.30 ± 0.04a

JRL 0.86 ± 0.00a 0.64 ± 0.01a 0.40 ± 0.05a 0.26 ± 0.03ab

JM 0.83 ± 0.01a 0.62 ± 0.02a 0.33 ± 0.03b 0.20 ± 0.02b

JH 0.85 ± 0.00a 0.64 ± 0.01a 0.36 ± 0.05b 0.23 ± 0.03b

Mean 0.85 0.65 0.39 0.26
SD 0.010 0.020 0.043 0.037
CV (%) 1.155 3.148 10.871 14.532
FRS 2.814 2.102 1.835 3.845

JRJ – Juglans regia L. cv. ‘Jizhaomian’; JRX – Juglans regia L. cv. ‘Xiangling’; JRL – Juglans regia L. cv. ‘Lvxiang’; JM – Juglans 
mandshurica, Maxim.; JH – Juglans hopeiensis Hu.; Fv/Fm – maximal photochemical efficiency; Fv’/Fm’ – excitation energy 
capture efficiency of PSII reaction centers; qP – photochemical quenching; ΦPSII – effective PSII quantum yield; SD – stan-
dard deviation; CV – coefficient of variation; FRS – effect of rootstock species
Values are means of five replicates ± SD
a,b Values are mean of all replicates for the same parameter of the ‘Xiangling’ walnut grafted onto five different rootstock species
Lowercases in the same column show statistically significant differences among ‘Xiangling’ walnut grafted onto different 
rootstocks for the same parameter at P ≤ 0.05 based on Duncan’s means tests

Table 4. Chlorophyll fluorescence of ‘Xiangling’ walnut grafted onto different rootstock species
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Variables PH BD TDB TLA RSR SPAD Pn gs Ci Tr Fv/Fm Fv’/Fm’ qP
BD 0.607*

TDB 0.903*** 0.772**

TLA 0.791** 0.453 0.901***

RSR 0.975*** 0.532* 0.715** 0.887**

SPAD 0.309 0.758** 0.906*** 0.738** 0.301

Pn 0.448 0.338 0.785** 0.793** 0.266 0.806**

gs –0.107 –0.518* –0.136 0.217 0.087 –0.041 0.161

Ci 0.178 –0.588* 0.053 0.419 0.297 –0.129 0.434 0.239

Tr 0.38 –0.449 0.176 0.488 0.405 0.180 0.454 0.727** 0.276

Fv/Fm 0.473 0.950*** 0.611* 0.232 0.344 0.599* 0.767** –0.756** –0.068 –0.633*

Fv’/Fm’ 0.842** 0.516* 0.840** 0.775** 0.807** 0.625* 0.556* –0.353 0.314 0.239 0.480

qP 0.779** 0.781** 0.719** 0.893** 0.806** 0.804** 0.635* –0.174 0.017 0.056 0.632* 0.810**

ΦPSII 0.832** 0.761** 0.789** 0.888** 0.840** 0.803** 0.693* –0.239 0.069 0.091 0.636* 0.886** 0.989***

PH – plant height; BD – basal diameter; TDB – total dry biomass; TLA – total leaf area; RSR – root/shoot ratio; SPAD – soil 
and plant analyzer development; Pn – photosynthetic rate; Ci – intercellular CO2 concentration; gs – stomatal conductance; 
Tr – transpiration rate; Fv/Fm – maximal photochemical efficiency; Fv’/Fm’ – excitation energy capture efficiency of PSII reac-
tion centers; qP – photochemical quenching; ΦPSII – effective PSII quantum yield
*, **, *** indicate significant at P ≤ 0.05, 0.01, and 0.001, respectively

Table 5. Bivariate correlations among the studied parameters of ‘Xiangling’ walnut grafted onto the five rootstock species

ma  2016). Results from the  PCA in  Table 6 indi-
cated that  2 PCs with eigenvalues greater than 1 
were extracted and 89.686% of  the observed vari-
ability can be explained by  them. For  each factor, 
characteristics with principal component loading 
higher than 0.800 were considered as  significant. 
PC1 was  most strongly associated with variables 
related to growth, biomass accumulation and allo-
cation including PH, TDB, TLA, RSR, and SPAD 
which represented 61.840% of  the total observed 
variability. The  PC2 accounted for  27.846% of  the 
total variance, and was  most strongly associated 
with eight variables including Pn, gs, Ci, Tr, Fv/Fm, 
Fv'/Fm', qP, and ΦPSII. According to  the C value 
in Table 7, ‘Xiangling’ with JRJ as rootstock exhibit-
ed the best performance as manifested by the high-
est C (0.898), followed by the ones grafted onto JRX 
(0.617), JRL (–0.150), JM (–0.412), and JH (-0.953).

HCA, a tool for discovering and identifying asso-
ciations within the data, divides the studied objects 
into a few groups (clusters) on the  basis of  data-
set, objects in  a cluster are more similar to  each 
other than to objects in other clusters (Köhn, Hu-
bert 2015). Compared with PCA, all the variables 
in  the dataset were used to  assemble the  clusters 
in  HCA. Therefore, characterizations combined 
with PCA and HCA could provide more informa-
tion, which have been widely used in  agriculture, 

horticulture and forestry for germplasm evaluation 
and screening (Olliffe, Cadima 2016). According 
to  the HCA results from Figure 1, a dendrogram 
was  produced with three main clusters when  Eu-
clidean distance was 10. Cluster I included ‘Xian-
gling’ engrafted with three rootstock genotypes 
(JRJ, JRX and JRL) that were normal walnut species 
and characterized by  good growth performance. 
Cluster II included ‘Xiangling’ with JM as  root-
stock which was characterized by medium growth 
performance. ‘Xiangling’ with JM as  rootstock 
was grouped into Cluster III which was character-
ized by poor growth performance. 

Subordinate function analysis. According to the 
principle of  fuzzy mathematics, SFA was  widely 
used for  comprehensive evaluation and screen-
ing of  germplasm resources (Liu et  al.  2015; Su 
et al. 2016). Based on the studied growth, morpho-
logical and physiological indicators reflecting plant 
quality, SFA was  carried out to  comprehensively 
evaluate the seedling quality of ‘Xiangling’ engrafted 
with five different rootstock species. Seedling qual-
ity of  ‘Xiangling’ engrafted with five different root-
stocks was graded according to the mean value of S 
for  all the  studied traits. SFA in  Table  8 indicated 
that the seedling quality of ‘Xiangling’ engrafted on 
the five rootstock species were (from high to low) – 
JRJ, JRX, JRL, JM, and JH, which is the same as the 
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Variable PC1 PC2

PH 0.949 0.124
BD 0.736 -0.646
TDB 0.992 -0.044
TLA 0.887 0.335
RSR 0.948 0.272
SPAD 0.912 -0.071
Pn 0.429 0.845
gs -0.152 0.803
Ci 0.101 0.914
Tr 0.233 0.963
Fv/Fm 0.587 -0.808
Fv’/Fm’ 0.050 0.876
qP -0.124 0.937
ΦPSII -0.103 0.961
Eigenvalue 8.658 3.898
Variance contribution (%) 61.840 27.846
Cumulative variance contribution rate (%) 61.840 89.686

Table 6. Eigenvalues, proportion of total variability, as well as correlations between the original variables and the first 2 
principal component

PH – plant height; BD – basal diameter; TDB – total dry biomass; TLA – total leaf area; RSR – root/shoot ratio; SPAD – soil 
and plant analyzer development; Pn – photosynthetic rate; Ci – intercellular CO2 - concentration; gs – stomatal conductance; 
Tr – transpiration rate; Fv/Fm – maximal photochemical efficiency; Fv’/Fm’ – excitation energy capture efficiency of PSII 
reaction centers; qP – photochemical quenching; ΦPSII – effective PSII quantum yield

result from PCA and HCA. It verified the reliability 
of our results and suggested that the three methods 
could be used to comprehensively evaluate the seed-
lings quality of  ‘Xiangling’ engrafted with different 
walnut rootstock species.

CONCLUSION

In conclusion, the  present study revealed 
that  rootstock selection had a considerable effect 

on phenotype of  ‘Xiangling’ walnut seedlings. PH 
and SPAD were identified as the most useful indict-
ors for growth evaluation of  ‘Xiangling’ engrafted 
with five different rootstock species. PCA, HCA 
and SFA can be used to comprehensively evaluate 
the quality of engrafted seedlings. Seedling quality 
of ‘Xiangling’ engrafted with the five rootstock spe-
cies from high to low were – JRJ, JRX, JRL, JM and 
JH. The  present findings demonstrated that  JRJ, 
JRX, and  JRL are potential rootstock candidates 
in the studied walnut planting regions. 

Rootstock
V

C
V1 V2

JRJ 1.031799 0.60282 0.898257
JRX 0.787629 0.235178 0.616719
JRL 0.285629 –1.11641 –0.14985
JM –1.14351 1.210255 –0.41247
JH –0.96154 –0.93184 –0.95265

JRJ – Juglans regia L. cv. ‘Jizhaomian’; JRX – Juglans regia L. cv.‘Xiangling’; JRL – Juglans regia L. cv. ‘Lvxiang’; JM – Jug-
lans mandshurica Maxim; JH – Juglans hopeiensis Hu

Table 7. Values of principal components (V) and comprehensive analysis indexes (C) of ‘Xiangling’ walnut grafted 
onto different rootstock species
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The results would provide important implica-
tion for  the selection of  proper rootstock species 
and the  breeding of  rootstock with specific char-

acteristic. However, researches about the compar-
ative analysis of  these rootstock effects on stress 
tolerance, fruit setting, production and quality 
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Figure 1. Cluster analysis 
for  the ‘Xiangling’ walnut 
grafted onto five different 
rootstock species based on 
the quality characteristics
JRJ – Juglans regia L. cv. ‘Jizha-
omian’; JRX – Juglans  regia 
L. cv. ‘Xiangling’; JRL – Jug-
lans regia L. cv. ‘Lvxiang’; JM – 
Juglans mandshurica Maxim.; 
JH – Juglans hopeiensis Hu.

Rootstock JRJ JRX JRL JM JH
PH 1.000 0.592 0.599 0.107 0.000
BD 0.627 0.777 1.000 0.000 0.451
TDB 0.946 1.000 0.697 0.000 0.117
TLA 0.794 1.000 0.325 0.178 0.000
RSR 1.000 0.765 0.588 0.255 0.000
SPAD 0.924 0.837 1.000 0.192 0.000
Pn 1.000 0.591 0.496 0.36 0.000
gs 0.296 0.667 0.259 1.000 0.000
Ci 1.000 0.767 0.000 0.928 0.425
Tr 0.983 0.658 0.154 1.000 0.000
Fv/Fm 0.667 0.667 1.000 0.000 0.667
Fv’/Fm’ 1.000 0.667 0.333 0.000 0.333
qP 0.750 1.000 0.583 0.000 0.250
ΦPSII 0.900 1.000 0.600 0.600 0.600
Mean 0.849 0.785 0.545 0.330 0.203

Table 8. Subordinate function values (S) of ‘Xiangling’ walnut grafted onto different rootstock species

JRJ – Juglans regia L. cv. ‘Jizhaomian’; JRX – Juglans regia L. cv. ‘Xiangling’; JRL – Juglans regia L. cv. ‘Lvxiang’; JM – Jug-
lans mandshurica Maxim.; JH – Juglans hopeiensis Hu.; PH – plant height; BD – basal diameter; TDB – total dry biomass; 
TLA – total leaf area; RSR – root/shoot ratio; SPAD – soil and plant analyzer development; Pn – photosynthetic rate; 
Ci – intercellular CO2 concentration; gs – stomatal conductance; Tr – transpiration rate; Fv/Fm – maximal photochemi-
cal efficiency; Fv’/Fm’ – excitation energy capture efficiency of PSII reaction centres; qP – photochemical quenching; 
ΦPSII – effective PSII quantum yield
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of the grafted trees are urgently needed in our fu-
ture work.

REFERENCES

Albacete A., Martinez-Anujar C., Marinez-Pérez A., Thomp-
son A.J., Dodd I.C., Pérez-Alfocea F. (2015): Unravelling 
rootstock × scion interactions to  improve food security. 
Journal of Experimental Botany, 66: 2211–2226.

Arab M.M., Brown P.J., Abdollahi-Arpanahi R., Sohrabi S.S., 
Askari H., Aliniaeifard S., Mokhtassi-Bidgoli A., Mesgaran 
M.B., Leslie C.A., Marrano A., Neale D.B., Vahdati K. 
(2022): Genome-wide association analysis and pathway 
enrichment provide insights into the genetic basis of pho-
tosynthetic responses to drought stress in Persian walnut. 
Horticulture Research, 9: 124.

Baron D., Amaro A.C.E., Pina A., Ferreira G. (2019): An over-
view of grafting reestablishment in woody fruit species. 
Scientia Horticulturae, 243: 84–91.

Bernard A., Lheureux F., Dirlewanger E. (2018): Walnut – 
past and future of genetic improvement. Tree Genetics & 
Genomes, 14: 1.

Bresson J., Vasseur F., Dauzat M., Koch G., Granier C., Vile D. 
(2015): Quantifying spatial heterogeneity of  chlorophyll 
fluorescence during plant growth and in response to water 
stress. Plant Methods, 11: 23.

Cháves-Gómez J.L., Becerra-Mutis L.M., Chávez-Arias C.C., 
Restrepo-Díaz H., Gómez-Caro S. (2020): Screening of dif-
ferent physalis genotypes as potential rootstocks or parents 
against vascular wilt using physiological markers. Frontiers 
in Plant Science, 11: 806.

FAO (2021): FAOSTAT Data. Food and Agriculture Organiza-
tion of the United Nations.

Faria-Silva L., Gallon C.Z., Silva D.M. (2020): Photosynthetic 
performance is determined by scion/rootstock combina-
tion in mango seedling propagation. Scientia Horticulturae, 
265: 109-247.

Frioni T., Biagioni A., Squeri C., Tombesi S., Gatti M., Poni S. 
(2020): Grafting cv. ‘Grechetto Gentile’ vines to new M4 
rootstock improves leaf gas  exchange and water status 
as  compared to  commercial 1103P rootstock. Agrono-
my, 10: 708.

Fullana-Pericàs M., Conesa M.À., Pérez-Alfocea F., Galmés J. 
(2019): The influence of grafting on crops’ photosynthetic 
performance. Plant Science, 295: 110250.

Gaion L.A., Carvalho R.F. (2017): Long-distance signaling 
– What  grafting has  revealed? Journal of  Plant Growth 
Regulation, 37: 694–704.

Gaut B.S., Miller A.J., Seymour D.K. (2019): Living with two 
genomes – grafting and its implications for plant genome-

to-genome interactions, phenotypic variation, and evolu-
tion. Annual Review of Genetics, 53: 195–215.

Gauthier M.M., Jacobs D.F. (2011): Walnut (Juglans spp.) 
ecophysiology in  response to  environmental stresses and 
potential acclimation to climate change. Annals of Forest 
Science, 68: 1277–1290.

Gautier A.T., Chambaud C., Brocard L., Ollat N., Gambetta 
G.A., Delrot S., Cookson S.J. (2019): Merging genotypes – 
graft union formation and scion–rootstock interactions. 
Journal of Experimental Botany, 70: 747–755.

Hashemi S., Khadivi A. (2020): Morphological and pomological 
characteristics of white mulberry (Morus alba L.) accessions. 
Scientia Horticulturae, 259: 108827.

Jerszurki D., Couvreur V., Maxwell T., Silva L.C.R., Matsu-
moto N., Shackel K., Souza J.L.M., Hopmans J. (2017): Impact 
of root growth and hydraulic conductance on canopy carbon-
water relations of young walnut trees (Juglans regia L.) under 
drought. Scientia Horticulturae, 226: 342–352.

Jolliffe I.T., Cadima J. (2016): Principal component analysis – 
A review and recent developments. Philosophical Transac-
tions of the Royal Society A, 374: 20150202.

Khadivi A., Ayenehkar D., Kazemi M., Khaleghi A. (2018): 
Phenotypic and pomological characterization of a pome-
granate (Punica granatum L.) germplasm collection and 
identification of the promising selections. Scientia Horti-
culturae, 238: 234–245.

Köhn H.F., Hubert L.J. (2015): Hierarchical cluster analysis. 
Wiley StatsRef – Statistics Reference Online, 1–13.

Kumar P., Rouphael Y., Cardarelli M., Colla G. (2017): Vegetable 
grafting as a tool to improve drought resistance and water use 
efficiency. Frontiers in Plant Science, 8: 1130.

Liu B.H., Zhao D.C., Zhang P.Y., Liu F.C., Jia M., Liang J. (2020): 
Seedling evaluation of six walnut rootstock species originated 
in China based on principal component analysis and cluster 
analysis. Scientia Horticulturae, 265: 109212.

Liu B.H., Liang J., Tang G.M., Wang X.F., Liu F.C., Zhao D.C. 
(2019): Drought stress affects on growth, water use efficiency, 
gas exchange and chlorophyll fluorescence of Juglans root-
stocks. Scientia Horticulturae, 250: 230–235.

Liu B.H., Cheng L., Ma F.W., Zou Y.J., Liang D. (2012): Growth, 
biomass allocation, and water use efficiency of 31 apple cul-
tivars grown under two water regimes. Agroforestry Systems, 
84: 117–129.

Liu Y.B., Li X.R., Chen G.X., Li M.M., Liu M.L., Liu D. (2015): 
Epidermal micromorphology and mesophyll structure 
of  Populus euphratica heteromorphic leaves at  different 
development stages. PLoS ONE, 10: e0137701.

Marguerit E., Brendel O., Lebon E., van Leeuwen C., Ollat N. 
(2012): Rootstock control of scion transpiration and its ac-
climation to water deficit are controlled by different genes. 
New Phytologist, 194: 416–429.

file:///W:/HORTSCI/Horstci_spolecny/Issue%202023_3/152_2022_Hortsci/javascript:;
https://www.sciencedirect.com/science/article/pii/S0304423817305216


218

Original Paper	 Horticultural Science (Prague), 50, 2023 (3): 208-218

https://doi.org/10.17221/152/2022-HORTSCI

Mostakhdemi A., Sadeghi-Majd R., Najafabad M.Z.B., Vahdati 
K. (2022): Evaluation of  patch budding success in  Persian 
Walnut affected by different treatments after budding, Inter-
national Journal of Fruit Science, 22: 495–503.

Murchie E.H., Lawson T. (2013): Chlorophyll fluorescence anal-
ysis – a guide to good practice and understanding some new 
applications. Journal of Experimental Botany, 64: 3983–3998.

Nawaz M.A., Imtiaz M., Kong Q., Cheng F., Ahmed W., 
Huang Y., Bie Z. (2016): Grafting – a technique to modify 
ion accumulation in horticultural crops. Frontiers in Plant 
Science, 7: 1457.

Norouzi E., Erfani-Moghadam J., Fazeli A., Khadivi A. (2017): 
Morphological variability within and among three species 
of Ziziphus genus using multivariate analysis. Scientia Hor-
ticulturae, 222: 180–186.

Peccoux A., Loveys B., Zhu J., Gambetta G.A., Delrot S., Vivin P., 
Schultz H.S., Ollat N., Dai Z.W. (2018): Dissecting the root-
stock control of  scion transpiration using model-assisted 
analyses in grapevine. Tree Physiology, 38: 1026–1040.

Rasool A., Mansoor S., Bhat  K.M., Hassan G.I., Baba T.R., 
Alyemeni M.N., Alsahli A.A., El-Serehy H.A., Paray B.A., 
Ahmad P. (2020): Mechanisms underlying graft union forma-
tion and rootstock scion interaction in horticultural plants. 
Frontiers in Plant Science, 11: 590847.

Rouphael Y., Kyriacou M.C., Colla G. (2018): Vegetable grafting 
– a toolbox for securing yield stability under multiple stress 
conditions. Frontiers in Plant Science, 8: 2255.

Sadeghi-Majd R., Vahdati K., Roozban M.R., Arab M., Süty-
emez M. (2022): Optimizing environmental conditions and 
irrigation regimes can improve grafting success in Persian 
walnut. Acta Scientiarum Polonorum, Hortorum Cultus, 
21: 43–51.

Schwarz D., Rouphael Y., Colla G., Venema J.H. (2010): Grafting 
as a tool to improve tolerance of vegetables to abiotic stresses 
– thermal stress, water stress and organic pollutants. Scientia 
Horticulturae, 127: 162–171.

Shabbir A., Widderick M., Walsh M.J. (2021): An evaluation 
of growth characteristics of faba bean cultivars. Agrono-
my, 11: 1166.

Sharma J.B., Chauhan N., Rana K., Bakshi M. (2020): Evaluation 
of  rootstocks for  temperate fruit crops-a review. Interna-

tional Journal of Current Microbiology and Applied Sciences, 
9: 3533–3539.

Su Y.C., Wang Z.Q., Xu L.P., Peng Q., Liu F., Li Z., Que Y.X. 
(2016): Early selection for smut resistance in sugarcane us-
ing pathogen proliferation and changes in physiological and 
biochemical indices. Frontiers in Plant Science, 7: 1133.

Sitko K., Rusinowski S., Kalaji H.M., Szopiński M., Małkowski E. 
(2017): Photosynthetic efficiency as bioindicator of environ-
mental pressure in A. Halleri. Plant Physiology, 175: 290–302.

Thapa R., Thapa P., Ahamad K., Vahdati K. (2021): Effect of graft-
ing methods and dates on the graft take rate of Persian Walnut 
in open field condition. International Journal of Horticultural 
Science and Technology, 8: 133–147.

Vahdati K., Sarikhani S., Arab M.M., Leslie C.A., Dan-
dekar A.M., Aletà N., Bielsa B., Gradziel T.M., Montesinos Á., 
Rubio-Cabetas M.J., Sideli G.M., Serdar Ü., Akyüz B., Bec-
caro  G.L., Donno D., Rovira M., Ferguson L., Akbari M., 
Sheikhi A., Sestras A.F., Kafkas S., Paizila A., Roozban M.R., 
Kaur A., Panta S., Zhang L., Sestras R.E., Mehlenbacher S.A. 
(2021): Advances in rootstock breeding of nut trees – objec-
tives and strategies. Plants, 10: 2234.

Verdugo-Vásquez N., Gutiérrez-Gamboa G., Díaz-Gálvez I., 
Ibacache A., Zurita-Silva A. (2021): Modifications induced 
by rootstocks on yield, vigor and nutritional status on Vitis 
vinifera cv. ‘Syrah’ under hyper-arid conditions in Northern 
Chile. Agronomy, 11: 979.

Warschefsky E.J., Klein L.L., Frank M.H., Chitwood D.H., Londo 
J.P., von Wettberg E.J.B., Miller A.J. (2016): Rootstocks – di-
versity, domestication, and impacts on shoot phenotypes. 
Trends in Plant Science, 21: 418–437.

Xiong D.L, Chen J., Yu T.T., Gao W.L., Ling X.X., Li Y., 
Peng S.B., Huang J.L. (2015): SPAD-based leaf nitrogen 
estimation is impacted by environmental factors and crop 
leaf characteristics. Scientific Reports, 5: 13389.

Zarei A., Erfani-Moghadam J., Jalilian H. (2019): Assessment 
of  variability within and among four Pyrus species using 
multivariate analysis. Flora, 250: 27–36. 

Received: November 7, 2022
Accepted: March 2, 2023

Published online: September 18, 2023


	OLE_LINK44
	OLE_LINK45
	OLE_LINK15
	OLE_LINK46
	OLE_LINK8
	_Hlk127884055
	_Hlk127951066
	OLE_LINK48
	_Hlk127717240
	_Hlk127691042
	_Hlk127690924
	_Hlk127690830
	_Hlk127950890
	_Hlk127883821
	OLE_LINK42
	OLE_LINK43
	OLE_LINK6
	OLE_LINK10
	_Hlk127951921
	OLE_LINK4
	OLE_LINK5
	_Hlk127951971
	_Hlk127951815
	_Hlk127796685
	_Hlk127952923
	OLE_LINK22
	OLE_LINK17
	OLE_LINK18
	_Hlk127805136
	OLE_LINK14
	OLE_LINK16
	OLE_LINK12
	OLE_LINK13
	_Hlk127780795
	_Hlk127779650
	_Hlk127779605
	OLE_LINK53
	OLE_LINK56
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK2
	_Hlk127798208
	OLE_LINK37
	OLE_LINK32
	OLE_LINK33
	OLE_LINK39
	OLE_LINK40
	OLE_LINK1
	OLE_LINK3
	_Hlk127715577
	_Hlk127697064
	_Hlk117239271
	OLE_LINK34
	OLE_LINK35
	OLE_LINK28
	_Hlk127969230
	OLE_LINK27
	baut0005
	baut0010
	baut0015
	baut0020
	baut0025
	baut0030
	baut0035
	baut0040
	OLE_LINK41
	OLE_LINK47
	OLE_LINK7
	_Hlk127696375
	_Hlk127696933
	_Hlk127715286

