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Effects of girdling on tree growth and development, and fruit quality of

different jujube varieties under protected cultivation
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Abstract: [Objective] Girdling is an important measure to preserve flowers and fruits and improve
fruit quality in the cultivation process, but it’ s time-consuming and laborious. Most of the studies on
girdling used a single variety of materials, and there was a lack of research on the fruit quality and fruit
cracking of different varieties. Eight different jujube varieties were used as test materials to explore the

effects of girdling on tree growth and development, yield per plant, fruit quality and fruit cracking of
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different jujube varieties, so as to provide theoretical basis for improving fruit quality, clarifying the pat-
tern of tree growth and development after girdling, and reducing fruit cracking rate. [Methods] Eight
fresh jujube varieties, including Zaohongmi, Yingqiuhong, Panzao, Liuyuexian, Lindong 2, Longpan-
dongzao, Beijingsuanzao and Lengbaiyu, were taken as test materials, which were cultivated in a cold
shed in Taigu District of Shanxi Province. The selected materials were healthy without pests and diseas-
es and grew in a consistent manner. Girdling was carried out at the full-bloom stage of each variety. The
tree growth, fruit soluble solids, titratable acid, yield per plant, fruit cracking rate and fruit shrinkage
rate of the stripped and unstripped varieties were measured and compared. At the full-bloom stage, a
secondary branch was left at the base of the trunk for girdling, and the girdling width was 1/6 of the
trunk thickness. Each plant of each variety was repeated five times. The phloem was stripped to the xy-
lem without damaging the xylem, and no girdling was set as the control group (CK). The fruit cracking
rate is the number of cracking fruits per plant divided by the total number of fruits per plant, and the
fruit shrinkage rate determination method is the same as the fruit cracking rate determination method.
The measurement method of tree growth is to measure the growth and development index of the tree be-
fore the girdling, and to measure it again after the tree stopped growing. As for other fruit quality and
traits, refer to the ‘jujube germplasm resources description specifications and data standards’. [Re-
sults] Girdling significantly increased the single fruit weight of each variety. Among them, the increase
efficacy of single fruit weight of different varieties was as follows: Lindong 2 > Beijingsuanzao >
Liuyuexian>Panzao>Lengbaiyu>Longpandongzao > Yingqiuhong>Zaohongmi, namely 10.66 g>
8.14 g>6.39 g>4.55 g>3.6 g>3.18 g>2.16 g>1.46 g. The longitudinal diameter of the fruit of Zao-
hongmi, Panzao, Lindong 2 and Lengbaiyu was significantly different from that of the fruit without gir-
dling, and the longitudinal diameter of the fruit after girdling was larger than that of the fruit without gir-
dling. The fruit transverse diameter showed that the fruit transverse diameter of flat jujube, Liuyuexian,
Lindong 2, Beijingsuanzao and Lengbaiyu after girdling was larger than that of the fruit without gir-
dling and the difference was significant. The fruit lateral diameter of Zaohongmi, Yingqiuhong, Panzao,
Lindong 2, Beijingsuanzao and Lengbaiyu had significant difference before and after girdling. The fruit
lateral diameter of Lindong 2 and Beijingsuanzao increased the most. Girdling increased the soluble sol-
ids content of fruits of all varieties except Lindong 2, and the increase effect of soluble solids content
was 0.90%—5.65%. It had different effects on the change of titratable acid contents of different varieties.
The titratable acid contents of Yingqiuhong, Longpandongzao, Beijingsuanzao and Lengbaiyu increased
by 0.19%, 0.12%, 0.33% and 0.44%, respectively, after girdling, while the titratable acid contents of
Zaohongmi, Panzao, Liuyuexian and Lindong 2 decreased by 0.07%, 0.02%, 0.21% and 0.36%, respec-
tively. The fruit cracking rate of Zaohongmi was reduced by 15.02%, and the fruit shrinkage rates of
Yingqiuhong, Lindong 2 and Longpandongzao were reduced by 26.19%, 13.15% and 9.94%, respective-
ly, while the fruit shrinkage rates of Panzao, Liuyuexian and Lengbaiyuwere increased by 2.22%,
6.25% and 22.65%, respectively, compared with the control. Except for Lindong 2 and Longpandong-
zao, the inhibition effect of tree height growth of each variety was as follows: Lengbaiyu> Liuyuexian>
Yingqiuhong > Panzao > Beijingsuanzao > Zaohongmi, that is, 9.3 cm>6.9 cm>6.2 cm>3.1 cm>
0.6 cm>0.5 cm. Girdling could significantly increase the yield per plant of each variety by 384.42 g—
4 166.9 g. The effect of increasing yield was: Lengbaiyu>Liuyuexian>Beijingsuanzao>Longpan-
dongzao > Lindong 2>Panzao > Yingqiuhong>Zaohongmi, that is, 4 166.9 g>3 835.4 g>3 518.6 g>
2 401.1 g2 029.8 g>1 693.7 g>1 422.69 g>384.42 g. The effects on the growth of stem diameter,

crown width, secondary branch length and secondary branch diameter of different varieties were differ-
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ent. There was a significant positive correlation between single fruit weight and fruit longitudinal diame-
ter, and a significant positive correlation between single fruit weight and fruit transverse diameter. The
growth of secondary branch diameter was significantly and negatively correlated with soluble solids.
The suitability degree of girdling for each variety was as follows: Lindong 2> Lengbaiyu>Panzao >
Liuyuexian > Beijingsuanzao > Longpandongzao > Zaohongmi>>Yinggiuhong. [Conclusion] Girdling
helps to improve the yield per plant and single fruit weight of each variety, increase the soluble solids
content of each variety except Lindong 2, and effectively inhibit the tree height growth of each variety,
but has different effects on the cracking rate and shriveling rate of different varieties. And there are dif-
ferences in the growth of stem diameter, crown width, secondary branch length and secondary branch di-
ameter of different varieties. Lindong 2, Lengbaiyu, Panzao and Liuyuexian are more suitable for gir-
dling, while Zaohongmi and Yingqiuhong are suitable for labor-saving cultivation varieties. No (less)
girdling is the main measure of labor-saving cultivation, and the varieties with easy fruit setting can be

reduced or exempted from girdling. The varieties that must be stripped should be stripped as reasonably

43 %

as possible, which is labor-saving and effective.
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Table 1 Growth status of tree bodies of various varieties after girdling

. 3 V=N — Y K. A=A — Y kb BE V=N
: 94 WA AEeks o ERE e g CRBIORERR - RBHEE KR
ShFh . Accretion of . Growth increment of  Growth increment

. Tree growth Treatment Tree height . Crown width
Variety . . trunk diameter/ . secondary branch of secondary branch
potential and control increment/cm increment/cm .
mm length/cm diameter/mm

R R | Girdling ~ 27.20 7.81 42.70 6.30 121
Zaohongmi Moderation g 27.70 9.74 72.30 6.75 1.17
AKLL R ¥ Girdling ~ 19.80 2.79 22.50 5.80 1.15
Yinggiuhong  Moderation ¢ 26.00 3.55 30.65 15.93 1.28
LS o R Girdling 2540 4.78 27.00 2.70 1.01
Panzao Moderation g 28.50 6.72 25.80 4.50 248
7N A fif G I F| Girdling  22.60 9.28 52.10 1.30 1.73
Liuyuexian Strong CK 29.50 8.62 41.80 475 221
425 55 % Girdling  54.00 8.72 30.30 7.71 1.49
Lindong 2 Weak CK 11.70 6.24 13.40 1.97 2.44
YA RS 55 % Girdling  28.80 7.81 15.20 2.83 1.42
Longpandongzao Weak CK 8.50 7.5 2230 0.75 0.58
et o HF Girdling  19.40 3.42 28.10 2.60 0.56
Beijingsuanzao Moderation CK 20.00 8.03 2530 2.80 1.96
ASES G IKF| Girdling ~ 49.00 9.19 72.60 1.75 1.92
Lengbaiyu Strong CK 58.30 9.52 88.00 475 3.00
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Fig. 1 Single plant yield, fruit cracking and fruit shrivelling conditions
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Table 2 Measurement results of the fruit appearance quality

F b Ab PR 5 L s RLHP RsEAAT eS|z RSz iss
Variety Treatment and control Fruit mass/g Fruit length/mm Fruit width/mm Shape index Fruit lateral diameter/mm
R 1% Girdling 7.48+1.45% 27.85+2.00%* 23.25+1.49 1.20+0.06 19.23+0.91*
Zaohongmi CK 6.02:£0.94 26.04+1.80 22.56+1.22 1.16+0.06 21.02+0.99
WAk A% Girdling 13.53+2.02* 33.24+1.53 28.13+1.30 1.18+0.03 30.56+1.15%
Yingqiuhong CK 11.37+1.23 33.69+1.35 28.72+1.65 1.1840.04 28.17+1.64
LS 2 Girdling 23.27+1.24% 33.74+1.10* 37.57+1.10% 0.90:£0.04* 35.87+1.23%
Panzao CK 18.72+1.60 30.82+1.05 36.27+1.07 0.85+0.04 33.66+1.49
7N H % £ # Girdling 14.97+4.40* 30.98+1.75 26.69+1.49% 1.16+0.03* 21.69+4.16
Liuyuexian CK 8.58+1.79 29.3046.22 23.6842.06 1.33+0.05 22.32+1.72
%25 ¥ 3 Girdling 26.25+4.85% 33.63+2.77* 37.66+2.41% 0.89+0.06* 35.88+2.00%
Lindong 2 CK 15.5941.66 29.75+1.40 29.83+£2.26 1.000.09 28.27+1.91
AR £ Girdling 13.24+0.81* 26.01+4.47 29.68+1.57 0.88+0.17 28.43+0.69
Longpandongzao  cg 10.06+2.77 23.93+3.52 27.75+2.63 0.86+0.09 26.20+3.12
et A #| Girdling 18.76+2.24* 30.18+1.63 33.53+3.33% 0.91£0.11%* 32.30+2.65%
Bejjingsuanzao ¢ 10.62+1.05 31.31+1.33 25.62+0.88 1.2240.05 23.8240.65
BAE 3 Girdling 14.82+1.76* 35.79+1.85% 28.31+1.21%* 1.26£0.03* 26.47+1.27*
Lengbaiyu CK 11.22+1.59 30.95+3.38 26.73+1.45 1.16+0.10 24.37+1.41

TR I RORAE 0.05 K EZERE .

Note: The asterisk (*) after the numbers indicates a significant difference at the 0.05 level.
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Fig.3 Correlation analysis of growth indicators and fruit quality among different varieties
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Table 3 Rotated Principal Component Loading Matrix

by TR ERC FH ERK
Indicat G100 B2 43 44
ndieator PCI PC2 PC3 PC4
B Fky7 i Yield per plant 0.455  0.574 0.545 0.263
51 JL 5T & Fruit mass 0.900 0.030 0.046 0.401
5242 Fruit length 0.159  0.110  0.049 0.963
RS AE Fruit width 0.929 -0.129 -0.044 0.304
JIEFE % Shape index -0.880 0.223  0.078 0.345
W} i A2 4 B Tree height increment — 0.091 0789 -0.164  0.414
FHEKE -0.179  0.840 -0.231 -0.358
Accretion of trunk diameter

LI A K & Crown width increment —0.445  0.772 -0.064  0.151
TOUREH A K -0.122  0.238 -0.839 —0.182
Growth increment of secondary

branch diameter

AL A -0.242 -0.081 0.886 -0.164
Soluable sold content

L {H Eigenvalue 2990 2395 1.882 1.751
77 25 5Tk Contribution rate/% 29.904 23.949 18.821 17.513
R ETTIRE 29.904 53.852 72.674 90.187

Cumulative contribution rate/%
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Table 4 Comprehensive scores and ranks of girdling and control groups for different varieties

= o 2 A g

fikf Variety EO‘J "ﬁji‘jzriﬁ;nd control F2 F3 F4 ?;)rljlfr:eﬁliznsive score ﬁlﬁ
RN 1 £ Girdling -0.977 0.256 1.329 -0.726 -0.119 9
Zaohongmi 2 CK -1.043 0.996 1.194 -1330  -0.090 8
kL 3 £ Girdling -0.650 -1.382 0.841 1.140 -0.186 10
Yinggiuhong 4 CK -0.788 -1.166 0.380 1245 -0.251 12
[HES 5 | Girdling 1.313 -0.556 0.564 0.818 0.564 3
Panzao 6 CK 1.230 -0.265 -1.205 -0.110 0.065 6
7N H % 7 3 Girdling -0.085 0.913 0.701 -0.199 0.323 4
Liuyuexian 8 CK -1.358 0.010 -0.422 -0.061  -0.548 14
1425 9 1% Girdling 2.066 1.403 0.342 0.545 1.237 1
Lindong 2 10 CK 0317 -0.814 -0.437 -0445  -0.289 13
T A& 11 3 Girdling 0.696 -0.064 0.290 -1.435 -0.004 7
Longpandongzao 12 CK 0.246 -0.728 -0.901 2053  -0.699 16
B[ ES 13 13 Girdling 0.838 -0.999 0.611 0.298 0.198 5
Beljingsuanzao 14 CK -0.787 -0.692 -1.445 0433 —0.663 15
SE 15 A3 Girdling -0.316 1.708 0.336 1.338 0.679 2
Lengbaiyu 16 CK -0.701 1.379 -2.177 0541 0216 11
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