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Abstract: [ Objective ] To establish a comprehensive evaluation model for the selection of
superior rootstocks of °Shatang mandarin’ by jointly analyzing the plant height, fruit yield and
fruit quality of ‘Shatang mandarin’ on different rootstocks under screen house cultivation, so as to
provide a basis for the selection of grafting rootstocks of ‘Shatang mandarin’. [Methods] Ten
different rootstocks were used to graft ° Shatang mandarin’, and the difference significance
analysis and correlation analysis were carried out on 22 indexes of plant height, fruits weight per

plant and fruit internal and external quality after fruit bearing, and the differences and correlations
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among plant height, fruits weight per plant and fruit quality after grafting on different rootstocks
were discussed. Finally, the 22 indexes were analyzed by principal component analysis to obtain
the core indexes for the screening of ° Shatang mandarin’ rootstocks, and a comprehensive
evaluation model was constructed to screen the excellent rootstocks based on the joint analysis of
plant height, fruits weight per plant and fruit quality of ‘Shatang mandarin’. [ Results] The
results showed that there were significant differences in plant height, fruits weight per plant and
fruit internal and external quality among the ten citrus rootstocks grafted with ‘Shatang mandarin’,
among which the plant height of ‘Sour pummelo’ was not significantly different from the plant
height of °Shatang mandarin’, while the plant height of ‘Flying dragon trifoliate orange’ was
significantly different from the plant height of ‘Shatang mandarin’. It was the shortest rootstock
among the 10 rootstocks, and the average plant height was reduced by 50.79% compared with
‘Shatang mandarin’, which also showed that the dwarfing effect of ‘Flying dragon trifoliate
orange’ rootstocks was the best among the rootstocks tested. In the results of soil and plant
analyzer development (SPAD) value, it could be seen that ‘Flying dragon trifoliate orange’
rootstocks with the best dwarfing effect had the highest SPAD value, reaching 71.92, while
‘Shatang mandarin’ had the highest plant height. On the contrary, the SPAD value was the lowest,
is 59.44, and the SPAD values of other rootstocks were higher than that of ‘Shatang mandarin’,
which indicated that there was a certain correlation between plant height and SPAD value.
Grafting ‘Shatang mandarin’ on different rootstocks will affect the fruits weight per plant.
Excluding the interference of other factors, under the unified production management, the fruits
weight per plant of ‘Shatang mandarin’ with ‘Goutou sour orange’ rootstocks is the highest.
Different rootstocks had different effects on 19 indexes of fruit quality of ‘Shatang mandarin’. The
single fruit weight and pulp weight of ‘Xiangcheng’ and ‘Red limonia’ were higher than the other
8 rootstocks, while the single fruit weight and pulp weight of ‘Goutou sour orange’ were the
lowest among the 10 rootstocks. Based on the single fruit weight, pulp weight, fruit diameter, fruit
volume and fruit shape index, the fruit of ‘Xiangcheng’ rootstocks and ‘Red limonia’ rootstocks
were bigger, and the shape was round or nearly round, while the fruit of ‘Goutou sour orange’
rootstocks was the smallest, and the shape was oval or conical. Different rootstocks had different
effects on the pericarp characteristics of ‘Shatang mandarin’. From the color of the pericarp, the
fruits with rootstocks all showed shiny orange, but the fruit surface color of ‘Xiangcheng’
rootstocks was lighter. Of the 10 rootstocks, ‘Shatang mandarin’ rootstocks had the highest soluble
solids content, and ‘Xiangcheng’ rootstocks had the lowest soluble solids content. The results
showed that the soluble solids content of ‘Shatang mandarin’ fruit grafted on the other 9
rootstocks was lower than that of ‘Shatang mandarin’ rootstocks. Similarly, among the 10
rootstocks, the titratable acid content of ‘Shatang mandarin’ rootstocks was the highest, and the
titratable acid content of ‘Goutou sour orange’ rootstocks, ‘Flying dragon trifoliate orange’
rootstocks and ‘Rough lemon’ rootstocks was the lowest. Compared with ‘Shatang mandarin’

rootstocks, the titratable acid content of the fruits of the other 9 rootstocks grafted ‘Shatang



mandarin’ decreased in different degrees, while the reducing sugar content of the fruits was lower
than that of ‘Shatang mandarin’ rootstocks. The reducing sugar content of fruit was significantly
increased after grafting with 9 rootstocks such as ‘Wangcangdayezhi trifolicate orange’. In the
correlation analysis, there was a significant negative correlation between plant height and SPAD
value, indicating that dwarfing rootstocks could effectively improve photosynthesis by increasing
the absorption of light energy by leaves, and there was a significant positive correlation between
fruits weight per plant and plant height, indicating that the dwarfing caused by rootstocks would
affect the fruits weight per plant; Single fruit weight was significantly positively correlated with
pulp weight, fruit transverse and longitudinal diameter, and fruit volume, indicating that several
indicators in measuring fruit weight and size would interact with each other. The correlation of 22
indicators shows that there are different degrees of correlation between indicators, which shows
that there is information overlap between multiple indicators, and the evaluation indicators need to
be simplified. In the principal component analysis, 6 principal components were extracted, and the
cumulative contribution rate reached 93. 407%, indicating that the 6 principal components could
represent most of the information of the 22 indicators. The cumulative contribution rate of the first
four principal components reached 80. 258%, and the key factors in the all 6 principal components
could be used as the core indicators to evaluate the 10 rootstocks. Finally, Construction of
comprehensive evaluation model for selecting superior rootstocks of grafted ‘Shatang mandarin’.
According to the comprehensive score, the results showed that ‘Red limonia’ rootstocks had the
highest score, followed by ‘Xiangcheng’ rootstocks and ‘Rough lemon’ rootstocks. [ Conclusion]
Through the determination of related indexes of ‘Shatang mandarin’ grafted with ten rootstocks
under screen house cultivation, it was found that there were significant differences among plant
height, fruits weight per plant and fruit quality, and there were also multiple correlations among
the indexes. The joint analysis of these indexes was conducive to understanding the relationship
among plant height, yield and fruit quality. The comprehensive evaluation model of rootstocks
screening was established based on the 22 related indicators obtained by principal component
analysis, and the 6 key factors in all 6 principal components could be used as the core indicators to
evaluate the 10 rootstocks, and the comprehensive evaluation scores of the 10 rootstocks were
calculated and sorted from high to low. The results indicate that ‘Red limonia’, ‘Xiangcheng’, and
‘Rough lemon’ can be recommended as the three preferred dwarfing rootstocks for ‘Shatang
mandarin’ in Guangdong Province.
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Fig.1 Effect of different rootstocks on the plant height and SPAD value of ‘Shatang mandarin’
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Fig.2 Effect of different rootstocks on single plant yield of ‘Shatang mandarin’
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Fig.3 Effect of different rootstocks on the external quality related indicators of ‘Shatang mandarin’
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Fig 4. Effect of different rootstocks on the peel color of ‘Shatang mandarin’
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Fig.5 Effect of different rootstocks on the intrinsic quality of ‘Shatang mandarin’
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Table 1 Correlation analysis between 22 indicators
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content

0.294"

-0.035

0.165

0.102

0.308"

-0.283"

0.239

-0.046

0.201

-0.166

-0.005

-0.053

0.068

-0.032

0.114

-0.125

0.054

0.065

0.278

-0.150

0.187

-0.086

-0.055

0.014

0.117

-0.091

0.123

-0.295"

-0.079

-0.190

-0.025

0.153

-0.184

-0.125

0.036

0.003

-0.349"

-0.026

-0.237

-0.057

0.093

-0.126

-0.225

0.045

-0.021

-0.373™

-0.056

-0.241

-0.113

0.177

-0.223

-0.125

0.071

-0.006

-0.387"

0.039

-0.222

-0.121

0.109

-0.134

-0.119

0.122

-0.026

0.005

0.260

0.080

-0.010

-0.190

0.249

0.047

0.130

-0.044

-0.122

-0.112

-0.132

-0.050

-0.096

0.057

-0.162

0.004

-0.014

0.026

0.080

0.088

0.079

-0.221

0.275

-0.079

-0.121

-0.313"

-0.179

0.060

-0.149

-0.212

0.004

-0.048

-0.184

0.025

-0.098

-0.086

-0.073

-0.139

-0.086

-0.190

0.160

-0.214

-0.002

-0.070

-0.058

-0.360"

-0.039

-0.413™

0.238

-0.326"

0.243

-0.018

-0.114

0.008

0.882"

0.173

0.154

-0.035

0.437"

-0.224

-0.022

0.255

0.403™

-0.083

0.166

0.084

-0.163

-0.107

0.272

0.195

-0.069

0.488™

-0.258

-0.054

0.074

0.218

0.124

-0.157

-0.189

-0.924™

0.383™

-0.255

0.007

-0.261

0.189

-0.104

-0.347"

-0.060

0.120

VE: w2 BIFRIRTE 0. 05 A1 0. 01 7K B4,

Note: * and * * indicate significant correlation at 0.05 and 0.01 level, respectively.
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Table 2 Eigenvalues and contribution rates of each principal component

EE7 A1 ES &) B %K) o 4 T 5 a6
Index PCl1 PC2 PC3 PC4 PC5 PC6
73

-0.278 0.806 0.010 -0.269 0.304 0.182

Plant height (X1)
SPAD (X2) 0.427 -0.506 -0.260 0.317 -0.477 0.074
kR

-0.395 0.404 0.762 -0.195 0.011 0.165
Single plant yield (X3)

o L
Single fruit mass (X4) 0.946 0.263 0.028 -0.004 0.125 0.041
RAFE
Pulp mass (X5) 0.967 0.097 0.066 0.140 0.044 0.064
HSERE R
0.969 0.220 -0.058 0.036 -0.018 0.079
Fruit horizontal diameter (X6)
Rtz
0.948 0.139 0.177 0.171 -0.051 0.119
Fruit vertical diameter (X7)
ESiZiE
-0.413 -0.338 0.698 0.346 -0.124 0.012
Fruit shape index (X8)
HESEARFR
0.823 -0.046 0.230 0.003 0.491 -0.024
Fruit volume (X9)
R
0.458 -0.210 0.243 0.720 0.349 0.088

Pericarp thickness (X10)

R PIREREE -0.286 -0.101 0.318 -0.043 0.731 -0.312




Flesh firmness (X11)

Rt it
Horizontal diameter of juice sac granulat 0.083
(X12)
R R
0.666
Vertical diameter of juice sac granulat (X13)
AL* (X14) -0.377
Aa* (X15) -0.559
Ab* (X16) -0.256
ALV E T B i
-0.584
Soluble solids content (X17)
AR R
0.322
Titrable acid content (X18)
[ 7% EL
—-0.400
TSS/TA (X19)
g C o
-0.077
Vitamin C content (X20)
E s &
0.461
Reducing sugar content (X21)
TIKFE
0.050
Moisture content (X22)
EEROREN
7.020
Eigenvalues
31.910
Rate of variance/%
By Z TR
Rate of commulative 31.910

variance /%

-0.803

0.566

0.717

-0.027

0.754

0.338

0.818

-0.774

0.830

-0.641

0.002

5.920

26.910

58.820

-0.100

0.197

0.428

-0.236

0.312

-0.570

-0.376

0.271

0.094

0.393

-0.015

2.476

11.255

70.075

0.155

0.179

0.218

0.472

0.328

0.376

0.027

0.200

0.069

-0.403

-0.745

2.240

10.183

80.258

0.026

-0.345

-0.153

0.404

-0.131

0.008

0.215

-0.219

-0.409

-0.059

-0.058

1.846

8.392

88.650

0.481

-0.080

0.091

0.447

0.236

-0.109

-0.029

-0.032

-0.092

-0.117

0.558

1.047

4.757

93.407
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[ EREBE] 6 M KRs 4K
F1=-0.105ZX1+0.1752X2-0.251ZX3+0.632ZX4+0.712ZX5+0.947ZX6+0.358ZX7-0.170ZX8+



0.523ZX9+0.3062X10-0.210ZX11+0.0812X12+0.251ZX13-0.155ZX14-0.356 ZX15-0.1712X16-0.4
30ZX17+0.3152X18-0.1512X19-0.032ZX20+0.293ZX21+0.034ZX22

F2=0.331ZX1-0.322ZX2+0.270ZX3+0.194ZX4+0.095ZX5+0.090ZX6+0.088 ZX 7-0.226 ZX8-0.
0347X9-0.206ZX10-0.0427ZX11-0.511ZX12+0.378ZX13+0.528ZX14-0.027ZX15+0.310ZX16+0.21
57X17+0.54772X18-0.570ZX19+0.811ZX20-0.263ZX21+0.001ZX22

F3=0.006ZX1-0.174ZX2+0.561ZX3+0.028ZX4+0.042ZX5-0.038 ZX6+0.130ZX 7+0.682ZX 8+
0.146ZX9+0.162ZX10+0.2342X11-0.098ZX12+0.125ZX13+0.286ZX14-0.174ZX15+0.305ZX16-0.
3627X17-0.251ZX18+0.1992X19+0.092ZX20+0.250ZX21-0.010ZX22

F4=-0.179ZX1+0.233ZX2-0.190ZX3-0.003ZX4+0.103ZX5+0.035ZX6+0.114ZX7+0.255ZX8+
0.003ZX9+0.4812X10-0.032ZX11+0.1512X12+0.120ZX13+0.161ZX14+0.4612X15+0.219ZX16+0.
277ZX17+0.026ZX18+0.134ZX19+0.051ZX20-0.394ZX21-0.498ZX22

F5=0.2247ZX1-0467ZX2+0.008ZX3+0.122ZX4+0.032ZX5-0.017ZX6-0.037ZX7-0.121ZX8+0.
3627X9+0.341ZX10+0.538ZX11+0.0252X12-0.2547ZX13-0.150ZX14+0.298ZX15-0.128 ZX16+0.0
06ZX17+0.210ZX18-0.161ZX19-0.399ZX20-0.0432X21-0.057ZX22

F6=0.177ZX1+0.072ZX2+0.161ZX3+0.040ZX4+0.063 ZX5+0.077ZX6+0.116ZX7+0.012ZX8-
0.023ZX9+0.0862X10-0.305ZX11+0.470ZX12-0.078ZX13+0.089ZX14+0.437ZX15+0.231ZX16-0.
106ZX17-0.0282X18-0.0312X19-0.090ZX20-0.114ZX21+0.546ZX22
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F=0.3191 X F1+0.2691 X F2+0.11255 X F3+0.10183 X F4+0.08392 X F'5+0.04757 X F6 .
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Table 3 Principal component scores and comprehensive evaluation of 10 rootstocks

il AR 4
F1 F2 F3 F4 F5 F6 F
Rootstock Ranking
H
-1.68 0.141 2.194 2.023 0.024 1.141 0.563 6

Trifoliate orange

HE 45 KA
Wangcangdayezhi trifolicate 0.895 3.982 2.019 0.282 2.686 0.971 1.376 7
orange
TR
0.099 5.012 -0.42 2.086 2.223 -0.61 1.431 8
Flying dragon trifoliate orange
) Sk
7.889 0.583 2.586 1.061 0.286 0.732 2.502 10
Goutou sour orange
HLFTHR
3.406 0.117 3.021 0.187 0.965 0.511 1.309 3
Rough lemon
iz
1.74 1.576 1.046 0.173 1.955 0.723 0.43 5
Sour pummelo
G
7.275 1.24 1.889 2.873 0.435 0.929 2.069 2
Xiangcheng
AR 37
4.907 3.584 1.273 1.241 091 1.057 2.926 1
Red limonia
WhHEE
3.625 8.325 0.892 0.62 0.713 -0.84 0.946 4
Shatang mandarin
AR
-3.14 1.737 0.512 2.332 1.477 1.672 1.809 9

Red tangerine
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