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A study on grading of quantitative characteristics of litchi

FANG Chao', TANG Xuan', HU Guibing’, LIU Hong', MA Qiang', CHEN Menggiang', RAO Dehua',
XU Zhenjiang"

("College of Agriculture, South China Agricultural University, Guangzhou 510642, Guangdong, China; *College of Horticulture, South
China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] The DUS test guideline is an important technical standard for DUS testing, in
which the characteristics are divided into qualitative characteristics, quantitative characteristics and pseu-
do-qualitative characteristics according to their expression states. However, the nine quantitative charac-
teristics in litchi (Litchi chinensis Sonn.) DUS test guideline about the autumn shoot, the flowers and the
fruit edible rate only have grades and standard varieties, and there is no grade range for each grade, re-
sulting in some difficulties to the accurate description of quantitative characteristics during litchi DUS
testing. Therefore, the grade range and correlation of the nine quantitative characteristics were studied in
order to provide technical basis for the accurate and objective description and observation of litchi quanti-
tative characteristics, and for the correct determination of distinctness, uniformity and stability of litchi
variety under testing.[lMethods]Following the litchi DUS test guideline, nine quantitative characteristics
were observed of the 74 litchi varieties in the Litchi Germplasm Resource Collection, College of Horti-
culture, South China Agricultural University. Samples were collected from the upper and middle periph-
ery of the tree crown. 10 freshly green leaves and 10 annual branches were collected during the autumn
shoot period to measure leaf length, leaf width, petiole length, branch thickness, internode length and leaf
axis length. 10 flower spikes were collected in flowering stage to measure flower spike length and width.
10 mature fruits were collected in fruit ripening stage to measure the edible rate. The SPSS statistic soft-
ware was used to test the normality of the data, and the R language was used for correlation analysis and

mapping. For the quantitative characteristics conformed to be the normal distribution, the least signifi-
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cant difference method was used for grading. The average value of the measured data was taken as the
center and the two sides were divided equally with the grade difference which was greater than or equal
to 2 times LSD 0.05. For quantitative characteristics out of the normal distribution, the grade difference
method was used for grading. Firstly, the grade difference of each quantitative characteristic was calculat-
ed by the ratio of the range and the grade number. Then the median of distribution range was used as the
grade midpoint, and the range was divided according to the formula y= G+(1/2+n)x, (n=0,1, 2, 3,4, G as
the data median, x as the grade difference).[Results] The median and mean values of the 9 quantitative
characteristics data were basically equal, indicating that the distribution of each characteristic of these 74
varieties were relatively regular without obvious extreme value, and the variation of the characteristics
was mainly the result of natural selection. Among the 9 quantitative characteristics, the smallest coeffi-
cient of variation was the branch thickness, which was 12.35%, indicating that the expression status of
the characteristic was similar. The largest coefficient of variation was the flower spike width, which was
33.09%, indicating that the genetic variation of this characteristic was rich. The variation range of the
fruit edible rate was between 23.85% and 90.43%., which indicated that the tested varieties were repre-
sentative. The results of K-S normality test showed that the bilateral significance (Sig.) of the leaf axis
length, the branch thickness and the fruit edible rate was over 0.05, which was in line with normal distri-
bution. The Sig. of the internode the length, the leaf length, the spike length and the spike width was less
than 0.05, but because the absolute values of the skewness and the kurtosis were less than 1, and they
could be treated as normal distribution. The Sig. of the leaf width and the petiole length was less than
0.05, as the absolute value of their kurtosis was over 1, and they were not conformed to be the normal dis-
tribution. Thus, in accordance with the normal distribution, the variance analysis of the leaf axis length,
the branch thickness, the fruit edible rate, the internode length, the leaf length, the flower spike length and
width was conducted, and the values of LSDy s were 0.53,0.17, 0.056, 0.31, 081, 2.6, and 2.93 respective-
ly. According to the above method, the seven quantitative characteristics were divided into 9 grades, 3
grades, 7grades, 7 grades, 9 grades, 7 grades, and 3 grades respectively. The leaf width and the petiole
length that did not meet the normal distribution were divided into 9 and 3 grades using the range method.
The correlation analysis of the 9 quantitative characteristics showed that there was a significant positive
correlation between the spikelet length and the five characteristics including the internode length, the leaf
axis length, the spikelet width, the leaf width and the leaf length, among them the correlation coefficient
with the spikelet width was the highest (0.75). There was a significant positive correlation between the in-
ternode length and the four characteristics including the branch thickness, the flower spike width, the
fruit edible rate and the petiole length. There was a significant correlation between the length of leaf axis
and the four characteristics including the branch thickness, the flower spike width, the leaf width and the
petiole length. The correlation coefficient between the branch thickness and the fruit edible rate was -
0.14. The correlation between the leaf width and the petiole length was very significant.{Conclusion]The
results of the correlation analysis of 9 quantitative characteristics showed a very high correlation coeffi-
cient between the spikelet length and the spikelet width. Therefor, these two characteristics might be con-
sidered to merge into one characteristic in the test process to reduce the work of the DUS testing. As the
quantitative characteristics are usually affected by the changes of environmental conditions and the data
was only collected in Guangzhou, the classification results might not be completely suitable for the other
ecological regions. Therefore, the classification scope needs to adjust according to the performance of
standard varieties in different ecological regions.
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Table 1 List of litchi varieties tested

G Y LR TRAFH G Y LR TRATH

Number Name Place of preservation Number Name Place of preservation
1 M F Xuehuaizi J” )1l Guangzhou 38 T {£ K4 7% Hehuadahongli J” Ml Guangzhou
2 YU Shakengzhong ]Il Guangzhou 39 B Huaizhi ] Guangzhou
3 F#i 78 4= Nanxizaosheng I~ M Guangzhou 40 4:%] Jinzhong ] Guangzhou
4 75 HE Liuyuexue ] M Guangzhou 41 ~ H 4 Sanyuehong ] Ml Guangzhou
5 W4 HEWR Fenhongguiwei ]}l Guangzhou 42 FioK WL Nuomici ]} Guangzhou
6 KK Songjiaxiang I~ M Guangzhou 43 SWETS Tizuili ]~ Guangzhou
7 HEAEL 25 Niannianhong2 |~ M| Guangzhou 44 %48 Chenzi ] Guangzhou
8 Kit Dazao J” Ml Guangzhou 45 M7 Baili ] Ml Guangzhou
9 W& 4% Guanyinly J” )1l Guangzhou 46 fifi % 41 Yingzhizaohong J” Ml Guangzhou
10 I 4 Lingfengnuo I~ M Guangzhou 47 JKHK Shuilin ]~ Guangzhou
11 R4 7% 15 Baodianlil I~ M Guangzhou 48 JAi Ak Miaozhongnuo ] Guangzhou
12 It 75 Feizixiao ]l Guangzhou 49 + H 7 Shiyueli ] Ml Guangzhou
13 ARHFE Hexiachuan I~ M Guangzhou 50 7K % Shuimi ] Guangzhou
14 AT % Yulindingxiang ]Il Guangzhou 51 14 2 Baitangyin ]I Guangzhou
15 Kom ]~ M Guangzhou 52 K4 #I Dahongpao ] Ml Guangzhou
16 I Qingpitian ]}l Guangzhou 53 R Jianye J" M Guangzhou
17 HRIRF Ziniangxi "Il Guangzhou 54 i F-41 Ruanzhizaohong ] Guangzhou
18 HIEM L Nanfeihuaizhi I~ M Guangzhou 55 ¥ BEFL Zhumuru ] Guangzhou
19 i F5f Shangshuhuai J"J1 Guangzhou 56 #3974 Xiapuli ]I Guangzhou
20 RILF 7 Linshanxiangli I~ M Guangzhou 57 K#i%P Dajinzhong ]~ Guangzhou
21 + R Kaleka ]Il Guangzhou 58 Eff il Yuhebao I~ Guangzhou
22 FI Heiye "}l Guangzhou 59 N Xiafanzhi J" Ml Guangzhou
23 H 5 5.1 Baibozaohong J” )1 Guangzhou 60 YU N Caikengrouwan J" Ml Guangzhou
24 4R Jinyinbao ] )1l Guangzhou 61 F 7 Xiangli ]~ Guangzhou
25 /N4l Xiaojinzhong I~ M Guangzhou 62 5,15 Wuyejiu ] Guangzhou
26 JRIC4. Zhuangyuanhong I M Guangzhou 63 %7 5 Huangdijiu ] Guangzhou
27 SEMFZL Quanzhouzaohong || Guangzhou 64 H3l Wanpu J" Ml Guangzhou
28 11T Gongzai ]}l Guangzhou 65 Ffiff Tongzai ]~ Guangzhou
29 Bengal ]Il Guangzhou 66 F4f¥ 7% Nanhaili ] Ml Guangzhou
30 FEMR Guilin I M Guangzhou 67 %X 15 Dongliul ] Guangzhou
31 JEAK Kulin J” )1l Guangzhou 63 FL4T Zaohong J” M Guangzhou
32 T Jidi )1l Guangzhou 69 FL1 Zaopu ]~ Guangzhou
33 BA T Xijiaozi ]Il Guangzhou 70 24T Lanzhu ]I Guangzhou
34 JEHR A Longyanben J”J1 Guangzhou 71 M Congxing J"J1 Guangzhou
35 PUPR AR Siliangguo ]Il Guangzhou 72 R 4¥ Fenghua ]} Guangzhou
36 5 Wuye I~ M Guangzhou 73 FERR Guiwei ] Guangzhou
37 555 7% Maguili I~ M Guangzhou 74 F 54 4145 Jingganghongnuo M Guangzhou
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Table 2 Variation analysis of the quantitative characteristics in litchi DUS testing

PEIR B/ME RKE HfH SREDA( brEZE 5 A H
Trait Min Max Average Median SD Coefficient of variation/%
e R

IR 1.20 5.30 2.76 2.70 0.72 26.09
Internode length/cm
B ML
Thickness of branches/cm 1.85 4.50 302 3.00 0.37 12.35
u /.

1—%{({% 2.40 9.10 5.80 5.80 1.17 20.17
Leaf axis length/cm

K
Blade length/cm 7.00 16.00 11.31 11.15 1.68 14.85
s
Blade width/em 2.10 6.20 3.76 3.70 0.57 15.16
u /.

H.WJKE 0.30 1.20 0.61 0.60 0.12 19.67
Petiole length/cm

§ /.

T)ﬁ“kﬁg‘. 7.60 46.20 22.77 22.30 6.05 26.57
Flower spike length/cm
TERLSE
Flower spike width/cm 5.80 40.00 19.25 18.60 6.37 33.09
Al
Edible rate/% 23.85 90.43 63.16 64.32 11.00 17.89
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Table 3 K-S normal test of the quantitative characteristics in litchi DUS testing
. . %% Range
ERN FEAE P’ - K-S1H Sig. & T e
Characteristic Sample size A rHE IE a K-S value Sig. value Skewness Kurtosis
Absolute value  Positive Negative
A Internode length 726 0.111 0.111 -0.048 2.996 0.000 0.592 0.432
¥ 25 H1LFE Thickness of branches 728 0.050 0.050 -0.036 1.353 0.051 0.370 0.845
4K Leaf axis length 724 0.049 0.040 -0.049 1.310 0.065 -0.086 -0.124
ity K £ Blade length 750 0.059 0.059 -0.035 1.604 0.012 0.358 0.004
I %5 F Blade width 748 0.074 0.074 -0.056 2.018 0.010 0.544 1.344
IR Petiole length 746 0.188 0.188 -0.130 5.148 0.000 0.687 1.049
1EREK E Flower spike length 584 0.059 0.059 -0.028 1.430 0.033 0.415 0.157
TEA8FE . Flower spike width 584 0.057 0.057 -0.026 1371 0.047 0.512 0.390
7] &% Edible rate 650 0.048 0.027 -0.048 1.230 0.097 -0.355 -0.040
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Table 4 Analysis of variance of quantitative characteristics in litchi DUS testing

PEAR 25 5O TIA g L LD
Characteristics Source of variation Sum of square ’ Mean square Significance o
- P2 4R 756.850 72 10512 28970 0 0.53
Leaf axis length/cm Between groups

HA 236.216 651 0.363

Within the group

FEL Total 993.066 723
LIRS #[A] 1526.674 74 20.631 24236 0 0.81
Blade length/cm Between groups

HA 574.595 675 0.854

Within the group

K3 Total 2101.269 749
Bk HLEE 41 w] 77.361 72 1.074 29480 0 0.17
Thickness of branches Between groups

HA 23.873 655 0.036

Within the group

K4y Total 101.234 727
A A BE 2 [H] 292.558 72 4.063 31833 0 0.31
Internode length Between groups

HAN 83.479 654 0.128

Within the group

SEY Total 376.037 726
AR B2 4[] 16 602.814 59  281.404 31115 0 2.6
Flower spike length Between groups

HAN 5792.041 524 11054

Within the group

K4 Total 21 341.825 583
TERRTE B2 4[] 17 873.589 59 302.942 27.407 0 2.93
Flower spike width Between groups

4A 5792.041 524 11.054

Within the group

K Total 23 665.620 583
AR 4[] 5.902 64 0.092 22523 0 0.06
Edible rate Between groups

HAN 2.395 585 0.004

Within the group

S Total 8.297 649

R5 FHRXDUSHHHE MRS HREE
Table 5 Grading range of quantitative characteristics in litchi DUS testing
Vi1 HACE K %t A TR TEARTE BT
Grading Leafaxis  Blade length/ Thickness of Internode length/  Flower spike length/  Flower spike width/ .
Edible rate/%

range length/cm  cm branches/cm cm cm cm
1 <l.5 <33 <2.8 <0.7 <9.2 <163 <34.4
2 1.6~2.7 5.0~6.7 2.9~3.2 0.8~1.5 9.3~14.6 16.4~22.3 34.5~45.9
3 2.8~3.9 6.8~8.5 =33 1.6~2.3 14.7~20.0 =224 46.0~57.4
4 4.0~5.1 8.6~10.3 24~32 20.1~25.4 57.5~68.9
5 5.2~6.4 10.4~12.2 3.3~4.0 25.5~30.8 69.0~80.4
6 6.5~7.6 12.3~14.0 4.1~4.8 30.9~36.2 80.5~91.9
7 7.7~8.8 14.1~15.8 =49 =36.3 =920
8 8.9~10.0 15.9~17.6
9 =10.1 =177
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Table 6 Non-normal distribution quantitative characteristics

PEIR Characteristics FFA7 % Median %7 Range 3% Number of ratings 2% Step
I A 5% B Blade width/em 3.7 4.1 9 0.5
I FE Petiole length/cm 0.6 0.9 3 0.3

®7 FESHHBREMKRD BIRE

Table 7 Non-normal distribution quantitative characteristics grading standards

/724 Grading range

PR Characteristics
2 3 4 5 6 7 8 9

e <l1.6 1.7~2.2 2.3~28 2.9~34 3.5~4.0 4.1~4.6 4.7~5.2 5.3~5.8 =59
Blade width/cm
A IS <0.4 0.5~0.9 =1.0
Petiole length/cm
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Fig. 2 Correlation heat map of quantitative characteristics
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