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Identification and Comprehensive Evaluation of Dwarfing-related
Morphological Indicators in Litchi Germplasm Resources
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Abstract: In order to establish an accurate and reliable identification method for dwarf-traits of litchi,
and comprehensively evaluate the dwarf degree of part of the litchi germplasm resources, 120 litchi germplasm
resources were used as materials to investigate and determine eight candidate dwarfing-related morphological
indicators of length of new branch ( LNB ), diameter of new branch ( DNB ), length of common petiole ( LCP ),
diameter of common petiole ( DCP ) , length of internode ( LI ) , length of single leaf ( LSL ) , width of single
leaf ( WSL ) and thickness of single leaf ( TSL ) with correlation analysis, normal distribution test, membership
function, and principal component analysis. The results showed that all the 8 morphological indicators had good

genetic diversity, fitting or approximating the normal distribution characteristic. Except for TSL, the other seven
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indicators had significant or extremely significant correlations. With principal component analysis, two principal
components were obtained to explain 72.738% of the original data information, and seven indicators ( excluding
TSL ) were preliminarily identified as the main morphological indicators of the comprehensive evaluation of litchi
dwarfing, which could be used to effectively evaluate the dwarf traits of litchi germplasms. After comprehensive
evaluation of dwarfing, the 120 litchi germplasms were divided into 5 grades, including 9 germplasms in grade
I (dwarf), 10 in grade II ( semidwarf ), 69 in grade Il ( subarboreous ), 25 in grade IV (arboreous ), and 7 in
grade V ( very arboreous ) . According to this evaluation approach, we screened out a number of dwarf and semi-
dwarf germplasm resources such as ‘Nuomici’, ‘Miaozhongnuo’, ‘Ziniangxi’, ‘Yamulong’, ‘Nongmei 12
Hao’, and ‘KOM’ . The above results indicated that based on the determination and analysis of the seven major
morphological indicators, the comprehensive evaluation method of litchi dwarf degree was accurate and reliable,
which would provide the scientific basis for more in-depth exploration and development of litchi dwarf resources.

Key words: litchi; dwarf traits ; morphological indicators; identification; comprehensive evaluation
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Table 1 Measurement analysis of dwarfing-related morphological indicators in litchi germplasm resources
T H KB B EE MWK SHWERS CWERKE HAKE 5 I
Item (cm) LNB (mm)DNB  (mm) LCP (mm) DCP (mm)LI  (mm)LSL  (mm) WSL (mm) TSL
B K{E Max. 25.94 6.01 128.94 2.94 49.35 156.45 49.09 0.26
f/ME Min. 8.92 2.93 34.65 1.30 13.33 74.05 20.11 0.16
V116 Mean 15.97 437 67.71 1.92 30.16 109.58 35.25 0.21
FrifEZ SD 3.38 0.67 19.54 0.37 8.29 18.52 6.13 0.02
B RECV 0.21 0.15 0.29 0.19 0.27 0.17 0.17 0.10

LNB: length of new branch, DNB: diameter of new branch, LCP: length of common petiole, DCP: diameter of common petiole, LI: length of

internode, LSL : length of single leaf, WSL: width of single leaf, TSL: thickness of single leaf.The same as below
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Table 2 Normal distribution test of dwarf-related morphological indices in litchi germplasm resources

K-S K ® S-W A5
Fehi Kolmogorov-Smirnov* Shapiro-Wilk
Index St I EESHT Giiti FIH BEMH
Statistics df Sig. Statistics df Sig.

KR LNB 0.089 120 0.022 0.980 120 0.065
KR H A% DNB 0.041 120 0.200 0.991 120 0.626
SR LCP 0.112 120 0.001 0.943 120 0.000
SR A4S DCP 0.124 120 0.000 0.948 120 0.000
IR L 0.061 120 0.200 0.980 120 0.079
K LSL 0.091 120 0.016 0.977 120 0.034
A SERE WSL 0.038 120 0.200 0.991 120 0.671
R TSL 0.130 120 0.000 0.971 120 0.010

U REKHEIE s o FUSE R KR RER

*: Lilliefors significance correction, *: Lower bound of true significance
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Fig. 1 Frequency histogram of each trait in 120 litchi germplasm resources
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Table 3 Correlation matrix analysis of dwarfing-related characters of litchi

Bzt LENES B AR MR EE R EAE IR NS W 5 B R L
Index LNB DNB LCP DCP LI LSL WSL TSL
RS K LNB 1.000 0.607" 0.582" 0.304" 0.585" 0.268" 0.287" 0.142
KR H A% DNB — 1.000 0.491" 0.301" 0.503" 0.276" 0.232" 0.312"
S LCP — — 1.000 0.651" 0.443" 0.601" 0.466" 0.032
SR A DCP — — — 1.000 0.038 0.643" 0.564" 0.093
AR LI — — — — 1.000 0.159" 0.251" 0.185"
A KR LSL — — — — — 1.000 0.696" 0.148
A FERE WSL — — — — — 1.000 0.032
1.000

I EEE TSL
**:. P<0.01, *: P<0.05




780 7/

L

O ¥ M 21 %

23 ERSTA

PRI R BAR S AR SC PR A 1 7 4
PR, T 2R TSR pR AN S B R4 7 03— b
e, SR JE Xt et e 9 RS AT E o o A (3R 4,
%5 )o WURFEERT 1 890y, 4521 o, 1581 2
AT (8 RERTT 22 DTk R N 72.738% , /N RERS

x4 BHOBRNETE

Table 4 Total variance explained by each component

it TR 75 AR A KRR R A I o B e,
551 BT ETTIRR N 51.295% , fir BAC R A 1R
PRALHG B MR B v K R M B B
JEAE, HEE 1 5 7 MR R IEAC; 5 2
T IT 2 TR N 21.443% , AR FNEFEARALIE T
B B A BE R R B 55

L GERRORIEN PO J7 R A
o Initial eigenvalues Extraction sums of squared loadings
Tk & juf TRk u] Tk %R
Component gy PEVIRE(%)  RBUDRTRE (%) BBUR LT (% )
Variance Cumulative variance F 2Tk (% ) Cumulative variance
Total o o Total . o o
contribution contribution Variance contribution contribution
1 3.591 51.295 51.295 3.591 51.295 51.295
2 1.501 21.443 72.738 1.501 21.443 72.738
3 0.633 9.042 81.781
4 0.445 6.353 88.133
5 0.359 5.131 93.264
6 0.287 4.102 97.366
7 0.184 2.634 100.000

PRI T

Extraction method: principal component analysis ( PCA )

RS5 EMSHFHERESHEER

Table 5 Eigenvectors and loading matrix of principal

components
- 551 Eaiar PCI 55 2 Fpr PC2

LD : :
Index FEHE 1) i for R Hofar

Eigenvector Loading  Eigenvector Loading
A K LNB 0375 0.710 0.406 0.497
iR 42 DNB 0.352 0.667 0.379 0.464
IR LCP 0.455 0.862 -0.011 -0.014
S EFE DCP 0.382 0.724 -0.393 -0.481
IR LI 0.295 0.559 0.517 0.633
K ¥ LSL 0.395 0.748 -0.398 -0.487
A5 WSL 0.374 0.708 -0.336 -0.412
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3 BREHI A « A B BT IR (AR DO A PR AR Y M I 2 5 1T 781

2.5 BUSRITEM
Xt 120 13 7 AR BB IR Y D {ELBEAT IE A AR

ST AR R s RURA MR B AL PPN AR,
N BB BT IR S A AN e BRI T AR %

KB D EIEMRMIES ke (1 2). RIED K.

(LA 90 245 58 B S AR BT, A I 2 P

W BARdE R . 1 9. 584k, D = 0.80; 11 2. 2f 5% 2y =

£, 0.70 < D<0.80; TN % W77k, 0.50 < D<0.70; -

V% 774k, 0.30 < D<0.50; V 4&: #kFrfk, D<0.30. B = i

HRAE LA B2 bR, 120 155 35 Bl 9 D5 1h 20 % 2 sl M

PR S S ER 6 iR, Hob, BB T A 9 0, & 5 X

H 7.509% , PPl T A FHR K R L 58 00 9 45 b 0% E %

LT 10 65, o5 L 8.33%, FRZFE VRN R 45 4k 35 5 ? 7 %

12 5 (B FRE 5 ). KOM % WAL R A e 2 X st % - X

A7 69 17, o [b 57.50% , AR FRMERD BT R AR L 7 \
WSS s FHERIIAT 25 0, o5 1 20.83% AT 0 o.ﬂzo%mo 0.60 0807J 1.00
ToHh %5 WAL s A A 7 03, it 5.83%, tl 46 = KE{LAE%L Dwarf Index

HEL 755, el W, DA R 45 R TR K
JESEIE A AR bR I A2 , 8 e 3 Al A R 3 RO A
REE AT LR VN I3 40, T 1 LB LA 1)

&6 ET DIEX 120 B MFRLEE D RITFMER

Table 6 Evaluation of dwarf-degree of 120 litchi varieties based on D value

B2 DI{E#E 120 AHMRPRSES HTETE
Fig.2 Frequency histogram of D value in 120 litchi
germplasm resources

. N 1%k

TR PEE S (D () b (%)
. L. Number of

Evaluation grade Varieties evaluated ( D value ) L Percentage

varieties

Ak TN (0.862 ) 420 (0.847 ) M4 (0.846 ) FHG (0.843 ) 505 (0.836 ). ifF & 20 & 9 7.50

Dwarf (0.825) . VbHifl (0.816 ). /a8 (0.815 ) 5 4EE (0.806 )

L ANHEC0.791) 4632 125 (0.790 ) i 15 7% (0.788 ). KOM (0.780 ) #EF1 7% (0.753 ). F= 10 8.33

Semidwarf 7 AC0.749 )R 115 (0.741 ) 2255 (0.717 ) 3501l (0.716 ) JRAE (0.709 )

WAk I 785 015 (0.683). W& £ K5 (0.679). K F #(0.676). 1+ H 7 (0.676 ), £ 3£ 09 & 69 57.50

Subarboreous (0.676 ). 135 (0.676 ) M i (0.676 ). /K% (0.664 ) .24 (0.663 ) B ER 2 7 (0.657 ). &

#(0.655) T H (0.651). =X 145 (0.648 ) R 17, (0.648 ) M (0.647 ) .7k & 13 5
(0.647 ). T (0.642 ) W& 4% (0.642 ). 16 B 07 5 (0.637 ). 4 3 07 5 (0.634) . 1 B
(0.630). 047 15 5 (0.627 ). 7Kk % 05 5 (0.626 ) KK (0.624 ). G K 10 5 (0.620 ) X1
75 (0.619). 75 08 5 (0.618 ) K&4h (0.615). B 04 5 (0.614). 78R 145 (0.614 ),
POF AR (0.611 ), FHER(0.611) AT (0.609 ) M2 (0.608 ) 15 R 45 5 (0.608 ). 4>
920,601 ), 55 57 74 (0.599 ) ifF B 17 %5 (0.597 ) B 4l (0.593 ). 4 32 03 5 (0.593 ),
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F(0.529), 7K % 08 5 (0.528 ). #E i 75 (0.527 ). 4x 1 (0.527 ), A2 (0.525 ) ARG
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