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Analysis on Leaf Phenotypic Traits of Excellent Single Plant Family
Moranga oleifera

LUO Hui-ying, ZHAO Qiong-ling, HAN Xue-gin, DENG Hong-shan, FAN Jian-cheng,
LIAO Cheng-fei, JIN Jie®

(Institute of Tropical Eco-agricultural Yunnan Academy of Agricultural Sciences, Yuanmou Dry-hot Valley Botanical Garden, Yuanmou 651300, Yunnan, China)

Abstract: In order to explore excellent germplasm resources of Moringa trees, leaf phenotypic characters of 30
excellent single plant families were studied. The results showed that except of leaf shape, there were significant
differences among families in petiole color, leaf color, compound leaf number, length and diameter of compound
leaf petiole, compound leaf spacing, length and width of leaf. The compound leaf number was significant positive
correlation with length and diameter of compound leaf petiole, compound leaf spacing, length and width of leaf.
Principal component analysis showed that length and width of leaf, length and diameter of compound leaf petiole,
compound leaf spacing, petiole and leaf color were important indicators for identifying these families. Based on
the 8 leaf phenotypic traits, 30 families of Moringa could be divided into 3 categories by cluster analysis, there
was far genetic distance among families which had significant differences in leaf phenotypic traits. Therefore,
petiole and leaf color, compound leaf number, compound leaf petiole length and diameter, compound leaf spacing,
leaf length and width would provide a reference for identifying Moringa families.

Key words: Moranga oleifera; Excellent family; Leaf; Phenotypic trait; Principal component analysis; Cluster analysis
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T 5 ANEREE S| By, FRAEFRE R 0 = F
FE R SR PRS0, R AARE R =, AT H
FRFIH, N w2, “FBZH “RE]
WU, T NATEMN. B, R WL T
W RE S K SR, TR HE g I ECR, A
R R AR D T KT 5

BRI F AR, 85, 8. BRSO R S
B, WINEEHFE ALY b Rmgid £ K0,
PE B B R N R &2 2 P 2248 (Brassica
oleracea var. italic) ] 6 5%, 4iE% C S &EEMIE
(Citrus reticulata) ) 7 fi5 . 4E4 % A S22 HE |
(Daucus carota var. sativa)ff] 4 5911, 2012 4F 11
R, 3RE PA R EBOR A A st B it . H AT
FRA I LR AR T I 2 €0 £ il R 2 ) LR 1
BT, MBI 3k v A DRk T 8 4k
o JEEER, EPNAMEE A RS 25T
Jog VTR T — St 5 TAE, (HOCTHORM A
W FEAAN SR Tt TSR, o B 2
(RIBIEF0 70 A AE [ IR L ARIE, PRI, S T R B
X P ANFEHARR &R, Lz dE. Cry AR A
BRARFHBTGEUR, A TEHRR I i R BNT, S8
BRI B TS Z R AT L T, A e —
W TF R BIARFI BT GUR VPO e . % SR 7 T
EfR S %,

1 MR S

1.1 ¥

PRI H AL T S VD TL T B 25 Hh X e B 5 A
(101°52'18" E, 25°41'15" N), ¥R 21.9°C, #i
AR 42°C, Mo s R RIR-2°C, FRRKE
613.8 mm, £ H17E 5-9 A, HAth H /> W BTG,
KRR 39112 mm, BT R D, 8
AR WEAD, 2FEAR SRR R

BERFEL A B (Moranga oleifera) () 30 M R
FHRF R, 395 N 1~30 5, Hd1~23, 25 Ml
29 SoRIETENEE, 24 SR THEE, 26 SRIET
mE, 27 SoRIETHEI, 28 S RIET S HE, 30 5
KUETEE . 2015 4F, kit B R Hom, 28
R, ORGSR, MM IR, 5, B
PEBR) FE R R T AE 1. 2016 4 5 A
EM T =8 BN TR B =R R X AR
LNV FETBROR S, PRATEE N 2 m=2.5 m, EfE

SR EIE T, R 2a.

1.2 ik

F 2018 4 5 Hib A7 RAHRM 2, REBEHL
BRI, AR FZKE 5 WA RARTI T A
% 8 ED GBS K 6 AN [ 5 A AR K s, 7R
WREMIZR FE s PO Ak 4 NI B BE AR A A
SeH BAgEMH 7~8 fr, 330 fr, HM A E TR
AIRTEIEAC R B EASE N, gD . WL F Fan
WEE(HNE) WEE KL a 422 A
R 1 5 e i 350 B B e — 5 () /N 5 AR Ak 2 1)
MFERS, BAh em]. ErHEAQL a B2 RE L
KRS E AR 1/2 AW EAZ, AN mm), & E
PR(— R Z FEE S, A em). ZHE(L a
A E R I — B e, SRR )
e (M358 A8 2wt R B, A7l o) R 5 (1
AL TERE, BN em).

1.3 W

I 002 R e A 2 €8 25 T TR A 200 5 A A A Ak
B, MBI 1yREEE, 2 4L, 3IRGHE, 4 K
My PERREGG: 14, 2 SR, 3R, 44048
t, 5 HAh. %K Microsoft Excel 2003 #HT4t
iF, F SPSS 19.0 3 A43k47 77 22 43 #r Al Duncan’s 2
H LS HT . Pearson AHICHEZ3 S A E By 2 AT, IF
HEAT BT

2 R

2.1 HERERER

30 MR K RIWBRM 258 = PR E
INIFORTE . MR B T . ER L AT I, BORAS
FZ K R R EAFRREN ZS, R
EEHN: 2. 3. 11, 16, 19, 24~28 £l 30 SHymH-
Wt LB, 13, 14, 20, 22 F129 S N,
1. 5. 6. 12, 18 #1123 5 4k#te, 4. 7. 8. 15,
17 1 21 5 oR%4¢t0. 1~6 F1 13 Sy Bt ik s
t, HRMB G E T EuR 2 0 27 519 /),
B 17 512 fr), HARKH 8 15 Fre
N 45.96~78.84 cm, MK K FIEE 5N 5 A2 F5%
K, FH—ANI13. 7. 2. 1LF1225, 21, 19,
3. 27. 30. 16. 23. 25 f1 14 5, ="~ 18. 4.
20. 9. 24, 29. 51125, ZEPIN 10, 28, 6
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155, HH N 17, 8. 11 1 26 5. EMH-HKEF K
K )72 13 5(76.08 cm), f K2 26 5(43.56 cm).
BB 13 5(14.41 mm), HAAKE 11 5
(6.75 mm). S [AIEE A K2 13 5 (14.02 cm), &

F 1M ARIESIE

Table 1 Comparisons of leaf traits

/NI 72 8 %5-(8.28 cm). I 1 i ik A2 7 5(55.44 cm),
BRI 26 5(31.34 cm). EMHIRIKEE . HZ.
] BE R 56 050l 4~6 D22 54, AN 25 R 25
FreL & R RS A AL .

- Bt Color o S 4% Compound leaf petiole ot A Leaf
5 A 4§ Compound leaf K (cm) B (mm) Comp_ound leaf ¥ (cm) % (cm)
No. Leaf Petiole number Length Diameter spacing (cm) Length Width
1 R%E(S Dark green 4B % Greenbrown — 18.6+0.89%a 71.46+4.87ab  11.08+1.23c  13.46+1.03ab 74.78+4.75ab 47.70+3.62bc
2 R&kth Dark green  £0#5{% Red brown 17.0+0.00b 74.52 4£3.40ab 12.48+1.24b 13.0440.89ab  76.60+3.29ab 53.70+1.85ab
3 R4kt Dark green  £0#5{% Red brown 15.8+1.79bc 58.56 +5.50cd 10.28+0.63cd  12.88+0.72b 70.88+2.80b  50.54 £3.00b
4 &M Dark green £ A Green brown 15.440.89c 60.48 +8.84hc 8.09+1.39de  10.44+1.44cd 62.84+8.78cd 32.5244.75f
5 R4kt Dark green ¢4 f4 Green brown 16.2+1.10bc 58.54+1.16¢cd 8.764+0.85de  10.54+0.55cd 60.50+1.24cd 44.42+0.87cd
6 ALkt Dark green ¢4 f8 Green brown 15.0+1.41cd 54.22 +3.04cd 7.93+0.80e 9.06+0.70e 57.2443.03d  40.18 +1.94de
7 %t Green #ith Green 15.4+1.67c 74.36 +3.78ab 9.38+0.89d 12.72+1.01b 77.7643.73ab 55.4442.63a
8 Zkft Green 24 Green 12.6+0.89de 47.3435.43d 8.09+1.50de 8.28 +1.56e 49.824549¢  39.48+4.53de
9 %4 Green £k4B (5 Greenbrown  13.8+1.10d 59.58 +1.48¢ 9.36+059d  10.64+0.4lcd 61.84+1.68cd 41.96+1.42d
10 %f4 Green Zx#5 % Green brown 15.040.00cd 57.06 +4.25cd 9.37+1.37d 9.82+0.37de  59.20+4.27d  37.96+2.88e
11 2{4 Green 214514 Red brown 13.4%1.67de 47.14+3.13d 6.75+0.66e 9.60+0.82de  48.98+2.78e  32.442.09f
12 {4 Green Zx# % Green brown 15.8+1.10bc 57.82+2.82cd 10.42+0.82cd  10.50%1.40cd 60.20%2.75cd 50.50 +1.24b
13 VR&EEn Dark green  Zi#E 2 Green brown 16.60.89bc 76.08+4.75a 14.41+231a 14.02 +0.55a 78.84+4.75a  53.8442.47ab
14 25 Green #{% Brown 14.6+0.89cd 65.00+2.18bc 10.20+0.91cd 11.2620.83cd 67.86%2.07bc 37.18*1.17e
15 Z¢€4 Green {0 Green 14.2+1.10cd 54.40 +5.86¢d 9.00+1.17de  10.18=1.10d 56.8645.92d  35.96 +3.95¢f
16 {5 Green ZI 45t Red brown 15.0+0.00cd 67.38+2.50bc 8.98+0.61de  12.06+0.45bc  69.34+2.61bc 33.420.79f
17 %% Green £k Green 12.2+1.10e 51.12+7.29d 7.55+0.85¢ 9.70+0.94de  53.80+7.43de 37.36+5.38¢
18 %% Green £E4E (5 Greenbrown  15.020.00cd 62.7242.78bc 9.27+0.92de  10.7840.60cd 64.8242.89c  48.20+1.98bc
19 Z{4 Green 21 #5517 Red brown 14.6+0.89cd 70.18 +8.16ab 11.34+1.75bc  12.32+1.41bc  72.62+8.06b  50.30+5.50b
20 Ztf4 Green #& Brown 13.020.00de 60.42+2.84bc 8.30+0.76de  10.48#1.12cd 62.42+42.93cd 36.68=2.19¢f
21 %t Green ZE{m Green 14.2+1.79cd 69.68 +4.30ab 11.68+0.97bc  11.460.56¢ 72.72+4.26b  46.20%+2.19c
22 %t Green #{% Brown 13.420.89de 70.48 +2.88ab 9.04+0.26de 12.92+0.79ab  73.52+3.00ab 45.36+1.37cd
23 4 Green Z4E£5 Green brown 15.440.89¢ 66.4045.42bc  12.53+1.52b  12.62+0.85b  69.344559bc 45.70+2.83c
24 £8 Green 2145t Red brown 15.44+0.89c 58.18 +3.20cd 7.45+1.24e 9.56+0.47de  61.04+3.32cd 42.90+1.95cd
25 Zkfh Green ZL45 % Red brown 13.0+0.00de 65.56+4.06bc  11.59+0.49bc  12.34+0.85bc  68.16+4.11bc 49.92+3.26b
26 %4 Green ZL45 % Red brown 13.0+0.00de 43.56+2.11d 7.63+0.27e 8544042  4596+2.1le  31.3442.15f
27 %4 Green 21 #5517 Red brown 19.0+0.00a 69.24 +3.54ab 10.36+0.37cd  12.36+0.59bc  70.80%3.49b  41.12+1.89de
28 Ztf4 Green 21 #5517 Red brown 14.2+1.10cd 56.22 +3.50cd 8.26+0.44de 8.86+0.46e 58.56+3.47d  32.48 +3.31f
29 #t{f Green #{% Brown 17.8+1.10ab 59.34+4.40c 8.97+1.27de  10.38+0.95cd 60.96+4.50cd 37.18+2.24e
30 #t{f Green 2145t Red brown 16.6+0.89bc 68.00+5.60b 9.91+1.76cd 12.76+0.68b 70.20+5.64bc  50.62+3.87b

() 5 il J AN [ 7 BE R 22 57k i 35 (P < 0.05)

Data followed different letters within column indicate significant difference at 0.05 level.

2.2 MRMESHT

FRMED MR YI(FR 2), HEite 5 Z i, B
MR, R ER. K ERLE IR, 50
FrEE R R UG (P<0.01), 5EMRKER

B3 IFM K (P<0.05), M A SR HE. iR
W2 3% IEAH R (P<0.01), 5EMAIFE, MKER#H
IEAHK(P<0.05). EME S EMHRKE. SHRE
2 SRR L K I 58 A Y2 2 TEAH 56 (P <0.01);
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R E S S EAE. MR, S, M5
MR IEM R (P<0.01); B E RS E a5
MR e AR IEM R (P<0.01); EMAIMEY
My 58 AR IR R (P<0.01); MK 58
EAREE IEAR(P<0.01); M HATRAR S HoAb AR A
TEARNE -

2.3 ERSHHT

M 3T, 55— F o R Fy 32 R ]
JIER Eﬂﬁﬁz SRR . AL . A
TRE, X5 MEEERT Fu bA R IR,

R 2 I AR AR A AR 5

Table 2 Correlation among leaf phenotypic traits

R, B—FFEF Fu RERR TR IR,
X 58 B 1 77 2 DIk A 3 52.99% . MR (A 1E
B FERSHET R E ARSI ARG, B,
F N F FE AR, B EW T R
X AR T T 22 DT RIS B 19.22%. 5 = E T
Fs £ B 7 i, BpnE Frgieds Fs AR
IR EAT, Fa Xt &A2 B )7 2 DTk ik $) 12.14%.
BT 3 N HEFX 8 MM R Rt ZiTikE O
X3 84.35%, iH 3 NERFIHEA LT 8 M
B EEE R WA 3 i 0385 0, X
TR MmN, BT LA R AT LA R

B W i LI SRR RE HHREAR S RS -5
Petiole Leaf color Compound Conjpound leaf Co_mpou_nd leaf Compou_nd Leaf L_eaf
color leaf number petiole length petiole diameter leaf spacing length width
it Petiole color 1
it Leaf color -0.032 1
2 IH-%; Compound leaf 0.233" 0.349™ 1
number
AR E Compound 0.192 0.072 0.461™ 1
leaf petiole length
S E 4% Compound 0.248™ 0.109 0.327 0.665™ 1
leaf petiole diameter
S i[A] B Compound 0.274" 0.173" 0.441" 0.799™ 0.690" 1
leaf spacing
MK Leaf length 0.213™ 0.161" 0.447™ 0.911™ 0.728™ 0.891™ 1
98 Leaf width 0.035 0.268™ 0.335™ 0.676™ 0.671™ 0.711™ 0.758™ 1
** P<0.01; *: P<0.05.
3 W RIAMARI BB i
Table 3 Principal component analysis on leaf phenotypic traits
4> Component
F1 F2 F3
HAREE Petiole color 0.393 -0.841 0.203
M F it Leaf color 0.254 0.386 0.812
S -4 Compound leaf number 0.636 0.034 0.519
K E Compound leaf petiole length 0.926 0.097 -0.21
E 5 E 4% Compound leaf petiole diameter 0.857 0.045 -0.166
S IHAIEE Compound leaf spacing 0.945 0.038 -0.106
i Leaf length 0.947 0.124 -0.151
%% Leaf width 0.782 0.338 -0.093
DTHkZE Contribution rate 52.99 19.22 12.14
ZiF STk Accumulative contribution rate 52.99 72.21 84.35

2.4 BB
PLAE a3 43 BT 2 16 8 AN T bR, IS P33
30 MEKR K &R Byt R FE AR AT 20 (B 1),
TERRABEE M=1.0 i, K 30 MEEAZK RN 3

5*@, 1~3F113 FENEE — KK, TEHRF S iR

grth, MRS OELLE G, TR, K 70~
79 cm, M3E 47~54 cm, EER£(16~19 f), "
() PR (12~15 cm), B FHRECH (10~15 mm); 7.
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Fig. 1 Cluster map based on leaf phenotypic traits

21. 9. 10. 18. 12. 20. 28. 24. 14. 16. 29.
19. 23. 25, 30. 22 fl1 27 SR A KK, FEH
RSO G, HREES R, SRt i
ML, MK 58~78 cm, % 32~56 cm,
2 13~19 K, EM-(alfE 8~13 cm, & MH-RH
7~13mm; 4. 15, 8. 17. 5. 6. 11. 26 S N =
KK, FEEELOAM R SEEIRS S, RIS
. SGEEoNE, LRERNDEG, RN, K
45~63 cm, M5 31~41 cm, EM 12~16 fFr, EH
(B EERE /N8 ~11 cm), EMAEAH(7~9 mm). X%
BRI A AKX R R B R AR,

3 SR

A0 30 N AR R RR
BEATOTFC, S5RERW], BR TR ZE RS, AR
At gt S SRR RS R
PR QAN B LR 5K R () ) A7 AR AN R RS B2 B0 22 5,
NEMX D AFR R RE. VLR 76 %
#(Toona sinensis) ITF AR, ANFRIREFHAR
MRS, N EAPE R E 7R, XA A1)

X} B % %X (Choerospondias axillaries) %% & W 57 %
B, I, e TR R BRI TR TE %5 X R ]
PR R 538 B R 3 25 KT, TR X L ) U Ak )
BEKF, BAAFEZR REERK, FERRRE 2
SEVRIR B 2R AT S AR FE 45 FAH L

X IR AR G A R B, I IR TR A7
fE— AR, EM8SERKENER, B
MR EE . PG, IR R AR IEADE, S AR
WA I BT AR G, XA R T B X
K R IA 22 5 o B /N RGBT 14 /> 3 1 (Litchi
chinensis) it AT TR | 458 5 & i SPAD
EHATAEC AT, 2RI SR B PRtR ) 2 B
—E A B RSERS I SR B, 6a 4B
K AH B (Acacia melanoxylon)f] 14 T & ik
RIBAELEAR D, K KA 58 S5 AR 2
M 52 IEAR DG, AR, A S TR E R
W 52 AR, B b e TR R S S 2 A A
TEARE Z Ak

F A o A T OB VR 2 IR i bR S R 46 AR
B S A 245 B ER G VAN TR AR DS, ARHE S
A 3 AT R Tk 3k F) 84.35%, i HIX 3
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N ERSWEFE T 9 MERTER R EEE, Bt
SR T BRAF R RAEMTEAS EZES, B—F
Sy UTHREE N 52.99%, MK BT ERA, HikEE
MR, MR R A,
TR TR R IE B 19.22%, RN 4R 4 B A
K, B =F W5 vTBR A F] 12.14%, Wi
BN, R, mEE. SR KEMERS. 5
MAIEE L AR I e B X A AR AN R R R i
B MR TR AR o B2 25 XS Y (Cinna-
momum cassia)HF A PRI 7R R, HAREK /-
Ry MK 4K 3 A BRI RTT TRk IA
$190.979%, Hrh, HHRRE /A BT B ROK,
FHUGRM KA A4, S X A AN [ P 2
B PR o 5103 S5 8%} i #E (Robinia pseu-
doacia) I FE TR, A 4 MR EH KSR
mgE. BEHK/E. BEHRKRK R ETEN
79.582%, LA NRIBEM A PEARIE R SR & T A
X5 AR i T b AR L.

FeT M RAMRI R K, AR HER 30
MNSAK RN 3 RFE, MR IRTAE B3 2%
RMRFR, HBMEIREEIT. PRERHESFIMRIE M
TEAFHE. PTRARHE. Wt 53K T e 55 ]
S K #5843 B K 77 (Nandina domestica) % 7 {5 &,
1) FH X S 3 R MR FEE A AT 3 T A ) b R 95 )
R HEAT 0 25 . BRI A & POVJE T 3 B (Melia
azedarach)it 1) 6 MR mETIAR ., R K
e /TR A, PR 10 AN RO PE SR
N2k,

DA b &5 SR SR A 1R AR A7 R FH 2 L 3 1 4,
[F) BN D9 RO e 0K ) e R A B A AR SR A
By, (A THEMEKHR A R b, 523840
SRS R R e LR, PR, X [ 45
RIAVEARIEATVPAG IS, 675 ZACHT 8] 22 A
WCAR R B I e B A e m e mf It . 594,
T35 2 A R AR K Sk A 3 2 B R 5 R 0 3R 85 A
HAEH SRR, RS R EnEA %5 R,
AREREER 5B M ER, Fks LB
J& B R Y 5 PR B A DA st AR Z RE TR 7T, AR
B A AL SO KR R BROR I () 2 R
PARASAAE R A EFN S R (PR B A .

e BN

[1] Delectis Florae Reipublicae Popularis Sinicae, Agendae Academiae

Sinicae Edita. Florae Reipublicae Popularis Sinicae, Tomus 34(1) [M].
Beijing: Science Press, 1984: 6.

P ERREG T E SRR R s, PEEYE, 53455 10
[M]. dbxt: Bl Rk, 1984: 6.

[2] ZHANG Y P, DUAN Q F, SU J R. Horseradish and its utilization:
Review [J]. Chin J Trop Agric, 2004, 24(4): 42-48. doi: 10.3969/j.issn.
1009-2196.2004.04.010.

AT, BURUR, TR, BORMITR SR ] Sl iz,
2004, 24(4): 42—48. doi: 10.3969/j.issn.1009-2196.2004.04.010.

[3] ZHANG J. The study on the tissue culture system and determine the
effective content of Moringa oleifera in Fujian [D]. Fuzhou: Agri-
culture and Forestry University, 2013: 1-2.

I, R LU IR KA RUK > 4T [D]. AR R AR,
2013: 1-2.

[4] LIU C F, LI G H. Actuality of study on Moringa oleifera and their
exploitive foreground [J]. Yunnan Trop Crops Sci Technol, 2002, 25(3):
20-24. doi: 10.3969/j.issn.1672-450X.2002.03.007.

XESF, ZEE %, BRI FRBUR I RTS0[0 #iir Rk A
Hi, 2002, 25(3): 20-24. doi: 10.3969/j.issn.1672-450X.2002.03.007.

[5] ASGHARI G, PALIZBAN A B B. Quantitative analysis of the
nutritional components in leaves and seeds of the Persian Moringa [J].
Pharmacognosy Res, 2015, 7(3): 8-11. doi: 10.4103/0974-8490.157968.

[6] DAS J M. Free amino acids and carotenes in the leaves of Moringa
oleifera [J]. Curr Sci, 1965, 34(12): 374-375.

[7] CHEN X H. Vegetarian Gold: Moringa [J]. Proc Agric Products,
2012(4): 26.

WRF5 . R E—HORR D] K= A L, 2012(4): 26.

[8] LUO Y X, LU B, SHI Z G. Characteristics of Moringa oleifera Lam
and Its prospect of Introduction and development in Yunnan [J]. J W
China For Sci, 2006, 35(4): 137-140. doi: 10.3969/j.issn.1672-8246.
2006.04.027.

PR, B, A ORI S 08 R AR S 5 R R R
T[] PEEARL AL, 2006, 35(4):137-140. doi: 10.3969/j.issn.
1672-8246.2006.04.027.

[9] LIUZJ,SUNJH, LIUS H, et al. Application value and development
prospects analysis of Moringa oleifera Lam [J]. Chin J Trop Crops,
2014, 35(9): 1871-1875. doi: 10.3969/j.issn.1000-2561.2014.09.035.
KL, MRS, IR, A RS RO B R O B ke R il
o [0]. HAEEMEEIR, 2014, 35(9): 1871-1875. doi: 10.3969/j.
issn.1000-2561.2014.09.035.

[10] LIU C F, WU Y, LONG J M. Nutrients of drumstick tree leaf of
different varieties and producing area [J]. Trop Agric Sci Technol, 2003,
26(4): 1-2,14. doi: 10.3969/j.issn.1672-450X.2003.04.001.



%2

B oY LR RRR RBORI KRR 2B 191

XEZF, ALY, T8, R SRR OB OR R E TR R
[3]. #vrflb R, 2003, 26(4): 1-2,14. doi: 10.3969/j.issn.1672-450X.
2003.04.001.

[11] DONG XY, TANG S Q. Study on the nutritional value and biological
function of Moringa [J]. Guangdong Feed, 2008, 17(9): 39-41. doi: 10.
3969/j.issn.1005-8613.2008.09.020.

HEANGE, JHEIEER. BORKE RN E B DIRERT A [0 TR
kL, 2008, 17(9): 39-41. doi: 10.3969/j.issn.1005-8613.2008.09.020.

[12] WANG J. Researches on the diversity of Toona sinensis types in
Guangxi [D]. Guangxi: Guangxi University, 2017: 18-21.

EIL I ERHERE RMEESC [D]. )0 RERY, 2017: 18-21.

[1310U J W, LI G Y, XU J M, et al. Study on the leaf traits of Choero-
spondias axillaries families [J]. J CS Univ For Technol, 2017, 37(4):
75-78. doi: 10.14067/j.cnki.1673-923x.2017.04.013.

XHRES, 20k, AR, 5 BIRAR RN AR MPRITIRE [J).
PR AL Bl K S 24 3R, 2017, 37(4): 75-78. doi: 10.14067/j.cnki.
1673-923x.2017.04.013.

[14] HUANG X F, WEI Y L, YU J C, et al. Leaf traits of different Litchi
chinensis cultivars [J]. Subtrop Plant Sci, 2017, 46(2): 126-130. doi:
10.3969/j.issn.1009-7791.2017.02.006.

BUNA, F[RE, REE, & W ABERFRH RS [).
WA YIFLE, 2017, 46(2): 126-130. doi: 10.3969/j.issn.1009-7791.
2017.02.006.

[151 LU Z Y, QIU Z F, ZENG B S, et al. Analysis of variation of leaf traits
in Acacia melanoxylon fourteen preferred clones [J]. For Environ Sci,
2018, 34(4): 43-47. doi: 10.3969/j.issn.1006-4427.2018.04.007.
Bk, K2R, B, S BAHE 14 AR T RRAL R
S [3]. Molk 53REERLE, 2018, 34(4): 43-47. doi: 10.3969/.issn.
1006-4427.2018.04.007.

[16] YIN M Y, GAO F L, WUYUN T N. High-level genetic diversity of
Siberian apricot (Armeniaca sibirica) in Inner Mongolia revealed by
phenotyping [J]. J Plant Genet Resour, 2017, 18(2): 242-252. doi: 10.

13430/j.cnki.jpgr.2017.02.010.

FHT, RARER, DB, PN S VAR A A T SR A A
HERFAE [J]. ML TR AR, 2017, 18(2): 242-252. doi: 10.13430/
j.cnki.jpgr.2017.02.010.

[17] LIANG X J, LI K X, LIANG W H, et al. Analysis on leaf phenotypic
traits of different Cinnamomum cassia species [J]. Guangxi For Sci,
2016, 45(1): 40-45. doi: 10.3969/j.issn.1006-1126.2016.01.008.
RpeFh, FIRE, R3O0, S ORGSR AR R ST [J].
JTEMOlRLY, 2016, 45(1): 40-45. doi: 10.3969/j.is5n.1006-1126.2016.
01.008.

[18] GUO Q, LI X Y, DONG L, et al. Analysis on the diversity of Robinia
pseudoacia L. germplasm resources by leaf phenotypic traits in Shanxi
[J]. Mol Plant Breed, 2019, 17(13): 4479-4487. doi: 10.13271/j.mpb.
017.004479.

I, T, HE L RN TR R R A RS
Hr [, 2 PR E RS, 2019, 17(13): 4479-4487. doi: 10.13271/j.mpb.
017.004479.

[19] CHEN Y H. Different sources of phenotypic variation and photosyn-
thetic characteristics of Nandina domestica Thunb in Hunan Provinice
[D]. Hunan: Central South University of Forestry & Technology, 2008:
20-24.

WRERAE, 1R B R AT AS R R IR AR B AR 7 SO S e HERIE ST [D].
R AR K, 2008: 20-24.

[20l CHEN L J, LIUM Q, LIAO B Y, et al. Variation of leaf morphological
characters of Melia azedarach from different provenances [J]. J SW For
Univ, 2016, 36(5): 16-20. doi: 10.11929/j.issn.2095-1914.2016.05.003.
WREmE, xI0i%s, BAAS, & S HORERNEM T IERAR R 0]
PUEI MOl K224, 2016, 36(5): 16-20. doi: 10.11929/j.issn.2095-
1914.2016.05.003.

[21] LI L F, BAO W K. Responses of the morphological and anatomical
structure of the plant leaf to environmental change [J]. Chin Bull Bot,
2005, 22(S): 188-127.

572, YRR, MW R TSR G5 A PRI A A R 5 3
[9]. HE¥=#iEIR, 2005, 22(34F]): 188-127.



