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Abstract: [Objective] The study aims to establish a comprehensive evaluation for the selection of supe-
rior rootstocks for Shatang mandarin by analyzing the plant height, fruit yield and fruit quality of Shat-
ang mandarin on different rootstocks under netted house cultivation. [Methods] Ten different root-
stocks were grafted with Shatang mandarin. The difference significance analysis and correlation analy-
sis were carried out on 22 indexes related to plant height, fruit weight per plant and fruit internal and ex-
ternal quality. Finally, the 22 indexes were subject to principal component analysis to obtain the core in-
dexes for the selection of Shatang mandarin rootstocks, and a comprehensive evaluation for rootstocks
was thus constructed. [Results] The results showed that there were significant differences in plant
height, fruit weight per plant and fruit internal and external quality of Shatang mandarin among the ten
citrus rootstocks. The plant height on Sour pummelo was not significantly different from the self-rooted

Shatang mandarin. Plant height on Flying dragon trifoliate orange was significantly reduced (50.79%)
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that on self-rooted plant, showing dwarfing effect of Flying dragon trifoliate orange rootstocks. In the
results of soil and plant analyzer development (SPAD) value, it could be seen that Flying dragon trifoli-
ate orange rootstocks with strongest dwarfing effect had the highest SPAD value, reaching 71.92. Self-
rooted on Shatang mandarin had the highest plant height, on the contrary, the SPAD value was the low-
est, which was 59.44, and the SPAD values of the other rootstocks were also higher than that of Shatang
mandarin, which indicated that there was a certain correlation between plant height and SPAD value.
Under the unified production management, yield per plant of Shatang mandarin on Goutou sour orange
rootstocks was the highest. Different rootstocks had differential effects on 19 indexes related to fruit
quality. The single fruit weight and pulp weight in plants on Xiangcheng and Red limonia were higher
than those on the other 8 rootstocks, while the single fruit weight and pulp weight in plants on 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 and Red limonia rootstocks
were bigger, and the shape was round or nearly round, while the fruit of Goutou sour orange rootstock
was the smallest, and the shape was oval or conical. Different rootstocks had different effects on the
pericarp characteristics of Shatang mandarin. For the color of the pericarp, the fruit from plants on root-
stocks all showed shiny orange, but the fruit surface color of Xiangcheng rootstock was lighter. Of the
10 rootstocks, Shatang mandarin rootstock had the highest soluble solids content, and Xiangcheng root-
stock resulted the lowest soluble solid content. The results showed that the soluble solid in Shatang man-
darin grafted on the other 9 rootstocks was lower than that of self-rooted Shatang mandarin. Similarly,
the titratable acid content of Shatang mandarin rootstock was the highest, and the titratable acid content
of Goutou sour orange rootstocks, Flying dragon trifoliate orange rootstocks and Rough lemon root-
stocks was the lowest. Compared with self-rooted Shatang mandarin, the titratable acid content of the
fruit in the other 9 rootstocks decreased in different degrees, while the reducing sugar content of the
fruit was lower. The reducing sugar content was significantly increased by the 9 rootstocks. There was a
significant negative correlation between plant height and SPAD value, indicating that dwarfing root-
stocks could effectively improve photosynthesis by increasing the absorption of light energy by leaves,
and there was a significant positive correlation between fruit weight per plant and plant height, indicat-
ing that the dwarfing effect caused by rootstocks might lead to productivity reduction. Single fruit
weight was significantly positively correlated with pulp weight, fruit transverse and longitudinal diame-
ters, and fruit volume. The correlation of 22 indicators shows that there were different degrees of corre-
lation between indicators, which shows that there was 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, con-
struction of comprehensive evaluation model for selecting superior rootstocks for Shatang mandarin.
According to the comprehensive score, Red limonia rootstock had the highest score, followed by
Xiangcheng and Rough lemon rootstocks. [Conclusion] Through the determination of related indexes
of Shatang mandarin grafted on ten rootstocks under netted house cultivation, it was found that there
were significant differences among plant height, fruit weight per plant and fruit quality, and there were
also multiple correlations among the indexes. The joint analysis of these indexes was conducive to un-

derstanding the relationship among plant height, yield and fruit quality. A comprehensive evaluation
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model of rootstocks was established based on principal component analysis of the 22 related indicators,

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

ranked. The results indicate that Red limonia, Xiangcheng, and Rough lemon can be recommended as

preferred dwarfing rootstocks for Shatang mandarin in Guangdong Province.
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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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Fig. 6 Visualization of correlation analysis of 22 indicators
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Table 2 Eigenvalues and contribution rates of each principal component

fatz TR 1 FRLr2 TR 3 TR 4 TR S R 6
Index PCI1 PC2 PC3 PC4 PC5 PC6
¥R #5 Plant height(X1) -0.278 0.806 0.010 -0.269 0.304 0.182
SPAD(X2) 0.427 -0.506 -0.260 0317 -0.477 0.074
PRk B Single plant yield(X3) -0.395 0.404 0.762 -0.195 0.011 0.165
P LR B Single fruit mass(X4) 0.946 0.263 0.028 -0.004 0.125 0.041
TR A5 & Pulp mass(X5) 0.967 0.097 0.066 0.140 0.044 0.064
REhifR 0.969 0.220 -0.058 0.036 -0.018 0.079
Fruit horizontal diameter(X6)

522042 Fruit vertical diameter(X7) 0.948 0.139 0.177 0.171 -0.051 0.119
T $5 % Fruit shape index (X8) -0.413 -0.338 0.698 0.346 -0.124 0.012
FSLAAA Fruit volume(X9) 0.823 -0.046 0.230 0.003 0.491 -0.024
7 JBLJ¥ Pericarp thickness(X10) 0.458 -0.210 0.243 0.720 0.349 0.088
JLPEFE Flesh firmness(X11) -0.286 -0.101 0.318 -0.043 0.731 -0.312
SR R 0.083 -0.803 -0.100 0.155 0.026 0.481
Horizontal diameter of juice sac granulat(X12)

R L 0.666 0.566 0.197 0.179 -0.345 -0.080
Vertical diameter of juice sac granulat(X13)

AL*(X14) -0.377 0.717 0.428 0218 -0.153 0.091
Aa*(X15) -0.559 -0.027 -0.236 0.472 0.404 0.447
Ab*(X16) -0.256 0.754 0.312 0.328 -0.131 0.236
a] i PEE S & Soluble solids content(X17)  —0.584 0.338 -0.570 0.376 0.008 -0.109
T]¥i# 5 BR 2 & Titrable acid content(X18) 0.322 0.818 -0.376 0.027 0.215 -0.029
[ % L TSS/TA(X19) -0.400 -0.774 0.271 0.200 -0.219 -0.032
4i2E 3R C & Vitamin C content(X20) -0.077 0.830 0.094 0.069 -0.409 -0.092
W JFUE E 2 Reducing sugar content(X21) 0.461 -0.641 0.393 -0.403 -0.059 -0.117
£ 7K % Moisture content(X22) 0.050 0.002 -0.015 -0.745 -0.058 0.558
HFAIE{H Eigenvalues 7.020 5.920 2.476 2.240 1.846 1.047
BTk Rate of variance/% 31.910 26.910 11.255 10.183 8.392 4757
AT 7 STk A 31.910 58.820 70.075 80.258 88.650 93.407

Rate of cumulative variance/%

TR H 27153 N E 40
2.7 ETFERS ST 10 A AREETEN

FIFH 5 553 43 B o A 32 07 308 Ak FE D AT A0 LA
KRIIEEA VRN B, i 3% 2 RN FE AR 1 R 73K
Aot (AL B AR AR AE () ~F 5 AR, 43 B 6 b BT 0T B 1
FEAE F) & (R B , DURFE 1A o WAL B 1G£8 6 4N
D ARG /N W

FI1=-0.105Z2X1+0.1752X2-0.2512X3+0.632ZX4+
0.712ZX5 + 0.947Zx6 + 0.358ZX7- 0.170ZX8 +
0.523ZX9 + 0.306ZX10- 0.210ZX11 + 0.081ZX12 +
0.251ZX13- 0.155ZX14- 0.356ZX15- 0.171ZX16~
0.430ZX17 + 0.315ZX18~ 0.151ZX19- 0.032ZX20 +
0.29372X21+0.034ZX22;

F2=0.3312X1-0.32272X2+0.270ZX3+0.194ZX4+



5 6 311 % 0,5 BT R BUBCE 2 T I IS R AR AL AR 1089
0.095ZX5 + 0.090ZXx6 + 0.088ZX7- 0.226ZX8- F6=0.1772X1+0.072ZX2+0.1612X3+0.040ZX4+

0.034ZX9- 0.206ZX10- 0.042ZX11- 0.511ZX12 +
0.378ZX13 + 0.528ZX14- 0.027ZX15 + 0.310ZX16 +
0.215ZX17 + 0.547ZX18- 0.570ZX19 + 0.811ZX20-
0.2632X21+0.001ZX22;

F3=0.006ZX1-0.174ZX2+0.5612X3+0.028ZX4+
0.042ZX5- 0.038ZX6 + 0.130ZX7 + 0.682ZX§ +
0.146ZX9 + 0.162ZX10 + 0.234ZX11- 0.098ZX12 +
0.125ZX13 + 0.286ZX14- 0.174ZX15 + 0.305ZX16~
0.362ZX17- 0.251ZX18 + 0.1992X19 + 0.092ZX20 +
0.2502X21-0.010Z2X22;

F4=-0.1792X1+0.233ZX2-0.190Z2X3-0.003ZX4+
0.103ZX5 + 0.035ZX6 + 0.114ZX7 + 0.255ZX8 +
0.003ZX9 + 0.481ZX10- 0.032ZX11 + 0.151ZX12 +
0.120ZX13 + 0.161ZX14 + 0.461ZX15 + 0.219ZX16 +
0.277ZX17 + 0.026ZX18 + 0.134ZX19 + 0.051Z2X20-
0.3942X21-0.498ZX22;

F5=0.224ZX1-04672X2+0.008ZX3+0.122ZX4+
0.032ZX5- 0.017ZX6- 0.037ZX7- 0.121ZX§ +
0.362ZX9 + 0.341ZX10 + 0.538ZX11 + 0.025ZX12-
0.254ZX13- 0.150ZX14 + 0.298ZX15- 0.128ZX16 +
0.006ZX17 + 0.210ZX18- 0.161ZX19- 0.399ZX20-
0.0432X21-0.0572X22;

0.063ZX5 + 0.077ZX6 + 0.116ZX7 + 0.012ZX8~
0.023ZX9 + 0.086ZX10- 0.305ZX11 + 0.470ZX12-
0.078ZX13 + 0.089ZX14 + 0.437ZX15 + 0.231ZX16~
0.106ZX17- 0.028ZX18- 0.031ZX19- 0.090ZX20-
0.114ZX21+0.546ZX22.

PL_E F1~F6 AR I A ARl ALE R 13 6
155048 Fe b ZX1~ZX22 J bk i SPAD . bk
AR 22 PP R AR AR HE LA .

DL 8 53 X L) 7 22 TR A OB, £ R 19
J 5 AR IS2AS B 3R A AR RIS S il A 97 34 2K A 1A A5
UEREE S /AW

F=0.319 1xF1+0269 1xF2+0.112 55xF3+
0.101 83xF4+0.083 92xF5+0.047 57xF6.

AP 23 3UTH SRt 10 b (ARl A £ 2
F VRO 20 MR8 L8 G 15 50 M B AT HE
F i 6t 2 T2 R R B AR B A R A . R R
3 AR, LA AL B SR B VA A5 o d s, LI
fE Bl MURLAT SRl o 3K 3 il A B SR o L SR A i
B R SRR AR SR AR IZ LRSS i AR B b
AHERIFHRIL, MAERCIEJFERE AL R CHE
KPS FRESE A AR L BT IR, RS 4R
B RBUVBAT , 1 LERR = 77 10 5 3 B il A EE R B A

®3 10 MRS ERD FARLEEITEN

Table 3 Principal component scores and comprehensive evaluation of 10 rootstocks

1 1)
f{i ﬁiﬁ FlI F2 F3 F4 F5 F6 F ﬁfking
# Trifoliate orange -1.680  -0.141  -2.194 2.023  -0.024 1.141  -0.563 6
I A AH Wangceangdayezhi trifolicate orange -0.895 -3.982 -2.019 0.282 2.686 -0.971 -1.376 7
“® B Flying dragon trifoliate orange -0.099 -5.012 -0.420 2.086 -2.223 -0.610 -1.431 8
13k $5 Goutou sour orange -7.889  -0.583 2586  —1.061 0286  -0.732  -2.502 10
HLFT 1 Rough lemon 3406  -0.117 3.021 0.187  -0.965  -0.511 1.309 3
F& il Sour pummelo 1.740  -1.576 1.046  -0.173 1.955 0.723 0.430 5
7 4 Xiangcheng 7275 1240  -1.889  -2.873  -0.435  -0.929 2.069 2
412245 Red limonia 4.907 3.584 1.273 1.241 0.910 1.057 2.926 1
v W% Shatang mandarin -3.625 8325  -0.892 0.620  -0.713  -0.840 0.946 4
21 4% Red tangerine -3.140  -1.737 0512 2332 -1477 1672 -1.809 9

ANl ST A B RO 5 o vy LR R A il 7 Al i AT
ZLAmAG A, 3 il A mRORL AT A i 1 R A ROCR B Ui
FE SRR b AT IAG A Sk B T Sk b
fiti o ZRE PROT A 73 SR AR ATl A g ) S A i, LI
ZLAG Bl AR AR S A Sk B Tl £ SR S R B LR
A Da - qNE SR PR (= T w1 = R o N

SR8 Tl ¥ R S8 ot B S K/INAS L3, [ B ) Sk A il
SR PE 5 K, 4535 R ) Sk il A FR) R S 1
JEOCAE 5 Z0AR Al 1A 2R B2 J5 P A0 5 SRS AT E TR
A, AR B PR i B AR (E BRI
Rl NG5 R B 1X 3 Ml AR A HEREAE 9t
A I IR AR
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