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Table 1 Experimental material

ETRE SV B s b= Vi syt X LIEZRSS T B X

NO. Variety name Symbol Breeding/production unit Naming Suitable planting area

1 620 GF20  VLPG pRALFLABE [S-SC-C0-004-2007  VLF. iFd

2 Bkl Wi TLPEA ML BB [€S-SC-C0-007-2007  {L7G. HiFg

3 BA84-3 843 YLEEAMOLAENERE [ES-SC-C0-023-2008 L7

4 w8 G8 TLVE A Ml R 22 5 S-SC-C0-020-2008  ¥T.74. ARG J 78

5 K4 CL4  FEME ARG AR ES-SC-CO-006-2008  HiiT. TL74. J PG, Mg, k. St Wik
6 K3 CL3 rh AR A 27T S e S B ARl TF T i S-SC-C0-005-2008 % Of= X ]

7 g2 w2 TLVE A Mol R 22 5 [HS-SC-C0-026-2008 VL7, iFg

8 K440 CL40 A EMIR O B A MO 7L AT [ES-SC-CO-011-2008 WiVl VL7, J 4. iR

9 BA83-4 834 YLEEAMLAENERE [ES-SC-C0-025-2008  YL.¥t. Wi J 7

10 KAk18 CLI8  EMLAFE AR T AT T HS-SC-CO-007-2008  jihiZE h ™ X 57T

11 K53 CL53  FEMEE A MLHFF T ES-SC-CO-012-2008  #WiiT. YL J 7. #iF. . $iM. Wik
12 %48 GX48  ILPEEMRALRFERE [#S-SC-C0-006-2007  VLF. iFg

12 it

2018 AFIAR 12 A~ LA A I BCGAR 52, i
HORRF, 12 A4k Fhibme, frRiFrEgen
#h 20 em, WP SHEE T BIEAL G T, B
3k, BRALI 9 %, BASHEIEE . FrAhA
BITEVL LMY R AR b AN B 5%, AR LR
BEAE YA A K Ay, B 12 d A TEME 1 B R
FERG 2B TR T A . Ca(NO3), 4H,0 4 mmol-L ™,
KNO; 3 mmol-L™", MgSO,-7H,0 2 mmol-L™', H;BO;
50 umol-L ", ZnSO,-7H,0 15 umol-L !, CuSO,-5H,0
2 umol-L™', MnSO,-H,0 50 pmol-L™', H,MoO, 14
umol-L™', Fe-Na,-EDTA 100 pmol-L™', Tk Ui H
KH,PO, #&ft, ANErHH KC1 #h5E. 2019 43 A

TR RIS 2B IR, iR 8 N 5 I 4% il
T 2% 40 B AE IE % B (1 mmol- L™ KH,PO,) FIIE #
(0 mmol-L™" KH,PO,) I I 25 i A K J 3% 43 d8 b
3INMEYIFESR,
1.3 MEIERSFHE

AR PR A — SR T A A bR, PR
R, FR. 2. 14538, H Expression 10000XL
3.49 FH AR AR &, Win RHIZO(Pro2012b)
SRR B IIR R A5 R, C1-203 F-RioLnt
RSO s B pknt B . /v BIa AR . 25 A
HEF R, 100°C AT 30 min 5 65°C Mt ZH F &,
FHFREABIFREMR . 25 0T iE, JETEARE
o H,SO,-H,0, HAEM . 25, M5, Smart Chem
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Table 2 Low-P tolerant coefficient of C.oleifera
LA Fhx Index

Variety  pg RW Sw TRL  TRA TRV LA LL LW  RPC  SPC  PPC PA PUE
GF20 2030 0671 0322 0555 0564 0602 0588 0747 0755 0780 0766 0774 0358 1340
Wil 1370 0321 0240 0395 0411 0445 0647 0704 0848 1000 1275 1124 0282 0991
84-3 1368 0478 0336 0620 0574 0573 0523 0724 0716 0649 0772 0702 0287  1.445
G8 1230 0779 0609 0624 0674 0824 0760 0822 0881 1075 0901 0934 0533 1251
CL4 2208 1264 0574 0663 0633 0624 0573 0711 0778 1230 0790 0938  0.620  1.060
CL3 0871 0448 0470 0611 0582 0502 0722 0937 0779 0716 0918 0840 0366  1.253
w2 1601 0772 0607 079 0759 0709 0835 0783 0994 0751 0809 0782 0526  1.225
CL40 1988 1016 0510 0626 0615 0698 0596 0698 0788  1.096 1005 1041 0585  1.029
83-4 1173 0568 0572 0859 0912 0993 0617 0719 0825 0809 0862 0838 0423 1221
CLI8 0846 0643 0817 0800 0780 0713 0848 0864 0903 0749 0928 0858 0593 1252
CL53 2494 0860 0339 0332 0369 0393 0668 0781 0851 1060 0918 0970 0429 1014
GX48 1553 0551 0563 0792 0830 1055 0684 0879 0770  0.633 0829 0746 0458  1.280

VE: RS: R RW: WRT&E; Sw: it ET &,

. RPC: 4B SPC: M L-48f;, PPC: HibkERE: PA: MBEMR&E, PUE:

TRL: #ARK; TRA: RIRKMA: TRV: BARMER; L4: WEA, LL: WK, Lw: H

BBEFIHME. TH.

Notes: RS: Ratio of root to shoot; RW: Root dry weight; SW: Steam and leave dry weight; TRL: Total root length; TRA: Total root surface area; TRV: Total
root volume; LA: Leave area; LL: Leave length; LW: Leave width; RPC: Root Pi concentration; SPC: Shoot Pi concentration; PPC: Plant Pi concentration; PA:
Phosphate accumulation; PUE: Phosphate utilization efficiency. The same as below.
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Table 3 Correlation of low-P tolerant of each character of C.oleifera

b5 Index RS RW sw TRL TRA TRV LA LL w RPC SPC PPC PA
RW 0.659*

sw -0.391 0311

TRL -0.472  0.034  0.782%*

TRA —0.454  0.005  0.767** 0.976**

TRV —0.291  0.004  0.595%  0.814%* 0.904**

LA -0451 -0.113  0.632* 0306 0312  0.153

LL -0.501 —0309 0404 0230 0230 0156  0.642*

w -0.167 0071 0459 0176  0.196  0.055  0.832%* 0.145

RPC 0.543  0.698* —0.073 —0.445 0406 —0286 —0.202 —0.480  0.092

SPC -0.175 -0331 0286 —0473 —0427 0335  0.102 —0.147 0201 0327

PPC 0231 0228 —0205 0556 —0.504 —0386 —0.038 —0359  0.190  0.795%*  0.824**

PA 0.164  0.785%* 0.798** 0442 0424 0350 0383  0.067 0394 0436 0214 0.153

PUE -0.461 —0.409  0.144 0466 0422 0336  0.029 0346 -0243 —0.780** —0.644** —0.896** —0.280

VE: R0 RIS T FE AR A DA 2 7K (P < 0.05) AR 2 2 7K“F-(P < 0.01).

Note: * and ** indicate significant correlation(P < 0.05) and highly significant correlation (P < 0.01) between two index.

2.3 ERHOH

MR 4 7TH: BT 14 S SR
KRR AR 4 sy, HAMERZ KT 1,
Hrp, ST 1 BITTHR A 26.546%, E4r 2 1Y
TIHKHN 22.948%, ALY 3 HIBTHRE N 21.353%,
F A 4 FITTERE N 19.550%. X 4 TRl /E
RV IR AS T IR 25 G 48 bR -

FEAE 1) e B T 45 PR 38 B 43 B A S TR A
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X3 AFEBRAT R 1 E A BRI IE T A2, X
3AMEARI L TR A AR, Bk, K 1 ERaH
HRABIESIG R 52 FRorh, HkEwE. bk
A RRIEREUE, RSB HSCRA SR
FEUE, UL 2 ERMORET, bR, M4
BRI, AR SR SR S BRAG; 5 2 T
Sy FERET AR E SRR RRE ST, 2 Fa
H B E SRR bR 565 3 B, RT R R

HEK, 565 3 BRI EbR . 26 4 W
e, AR SE L MR BRI IE 1] R,
5 4 ERI AN LSRR

2.4 ZHIENH
241 FBEIHS>H WIEAKX Q) HE 12145

PRI 252 M S A AR 4 DNLRB 488 CIG) SRR
PR (X)), R S TTHT: 83-4 S R AUE I K
(w(X)=1), CL53 RJm R B R/ (u(X))=0), KW
83-4 £ CI(1) Liafatnrh i INwERE J1 &%, 1M CLS3
TR e 25 o

242 MEFFE FPAK Q) IHHEHAE w, 13
2| 4 MR TR S 0294, 0.254, 0.236.,
0.216(5% 5)-

243 LZAWRIENEA D) HEARFEE H
AR @) TR M ZETHRBELE G VPNE (D), 4R
D B /I ZIAS [ b Al 45 00 T AR 8 7 00 2
CL18 > CL40 > G8 > CL4 > W2 > 83-4 > GX48 >
W1 > CL53 > CL3 > GF20 > 84-3,
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Table 4 Coefficients of each comprehensive index and contributive ratio

i B A 4> Principal component
Low-P tolerant index 1 2 3 4
FFHEAR Eigenvalue 5.482 3.487 2473 1214
BTHR 3 Contributive ratio/ % 26.546 22.948 21.353 19.550
Fi 5k ¥ Cumulative contributive ratio/ % 26.546 49.495 70.848 90.398
'RFiE A1 & Eigenvictor SRR TRA 0.943 -0.259 —0.049 0.157
BARK TRL 0.908 —0.324 —0.028 0.173
SRARIR TRV 0.905 -0.159 —0.040 -0.023
M - S 0.725 —0.095 0.259 0.582
TR A R PPC -0.260 0.937 0.178 0.015
b4 SPC -0.237 0.875 -0.376 0.095
SRR PUE 0.235 -0.827 -0.389 -0.037
HRF & RW 0.089 0.069 0.986 -0.028
SR i P4 0.479 0.127 0.739 0.402
WL RS —0.404 0.034 0.733 —0.373
R A=Wk RPC —0.186 0.646 0.662 —0.112
HHEIA LA 0.162 0.019 -0.090 0.972
M58 Lw 0.126 0.281 0.100 0.779
M LL 0.015 —0.401 —0.286 0.683

x5 HFHNEEERERENE WX) REETME (D)

Table 5 The value of comprehensive index, weight, x#(X;), and comprehensive valuation (D) in C.oleifera

ot am e e dw ) e ) ) o
GF20 —0.756 —1.162 0.091 —0.887 0.311 0.053 0.448 0.162 0.246 11
W1 -0.941 2.220 —1.490 -0.363 0.261 1.000 0.000 0.331 0.402 8
84-3 -0.433 —1.350 —0.831 —1.387 0.400 0.000 0.187 0.000 0.161 12
G8 0.350 0.313 0.239 0.791 0.613 0.466 0.489 0.703 0.566 3
CL4 0.230 0.179 2.043 —0.671 0.580 0.428 1.000 0.231 0.565 4
CL3 —0.779 —0.599 -1.071 0.835 0.305 0.210 0.119 0.718 0.326 10
W2 0.259 —0.489 0411 1.405 0.588 0.241 0.538 0.902 0.556 5
CL40 0.440 1.189 0.954 -0.721 0.638 0.711 0.692 0.215 0.578 2
83-4 1.770 0.362 —0.615 -0.909 1.000 0.480 0.248 0.155 0.507 6
CL18 0.755 —0.009 —0.234 1.709 0.723 0.376 0.356 1.000 0.608 1
CL53 —1.899 0.127 0.981 0.349 0.000 0414 0.699 0.561 0.392 9
GX48 1.002 —0.782 —0.478 —0.151 0.791 0.159 0.287 0.399 0.427 7
LE Weight 0.294 0.254 0.236 0.216

K R PE B et D H AT B 204 (K 1), i AR B SRR 26 A, B0 25 WL, CL53. GX48,
AT LK 12 A SR 25 2 [6] i 52 A= ARG i e v, 5. G8. CL4, W2, CL40. CL18.
SR 32, 5125, GF0. CL3. 84-3, MAHXIA 83-4, MAHXTHICRESISAY,
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Fig. 1 The cluster of low-P tolerance in C.oleifera
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Table 6 Analysis of estimated accuracy of

regression equation
A G {E EVEEEN ZE 13

Variety Original value Regression value Difference value Accuracy

GF20 0.246 0.254 —0.009 96.52
W1 0.402 0.405 —0.003 99.19
84-3 0.161 0.169 —0.008 95.42
G8 0.566 0.575 —0.009 98.50
CL4 0.565 0.562 0.003 99.47
CL3 0.326 0.317 0.010 97.07
W2 0.556 0.559 —0.003 99.47
CL40 0.578 0.584 —0.006 98.96
83-4 0.507 0.500 0.007 98.58
CL18 0.608 0.610 —0.002 99.71
CL53 0.392 0.379 0.013 96.78
GX48 0.427 0.421 0.005 98.75

3 it
TMASHTEMEARTE R, K28R A
CORBUEARGE, (U BAAE, RS
AT AN = W o W R o 3 S [ I 8 L
T, [F—f R Z A = 22 AR, SRS
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Screening of Camellia oleifera Rootstock Genotypes Tolerant to Low
Phosphorus and Identification of Indexes Tolerant to
Phosphorus Deficiency

ZENG Jin', ZHAO Lan*, LIU Juan', DUAN Yong-kang', WANG Shu-yuan',
WANG Zhen-li', GAI Tian-tian', REN Zhi-hua', GUO Xiao-min', HU Dong-nan

(1. College of Forestry JAU, Key Laboratory of Forest Cultivation in Jiangxi Province, Nanchang 330045, Jiangxi, China;

2. Jiangxi Forestry Science and Technology Promotion and Education Center, Nanchang 330045, Jiangxi, China)

Abstract: [Objective] To screen the rootstocks with high tolerance to low phosphorus and the key indexes which
can be used to identify low phosphorus tolerance of Camellia oleifera through evaluating different cultivates
rootstocks tolerant to the low phosphorus. [Method] The pot seedling experiment with normal-P (1 mmol-L™") and
low-P (0 mmol-L™") was carried out. A total of twelve seedlings of C. oleifera genotypes were selected. Fourteen in-
dexes of each seedling of C. oleifera, including biomass, leaf area, leaf morphology, root morphology, total phosphor-
us content and so on, were measured under two different treatments. The coefficient tolerant to low P was used to
evaluate the low P resistance and distinguish index of the low P tolerance for C. oleifera using a regression model.
[Result] Under low P stress, the biomass accumulation in the shoot and root of most C. oleifera cultivates was gen-
erally reduced, and the ratio of root to shoot and PUE was generally increased. The result of PCA analysis showed
that the 14 indexes were transformed into 4 independent comprehensive indexes, and their cumulative contribution
rate reached 90.398%. The 12 C. oleifera varieties were divided into three types by D-value clustering, among which
GF20, CL3, 84-3 were clustered as a type of relatively intolerant to low P, W1, CL53, GX48 as the intermediate type,
G8, CL4, W2, CL40, CL18, 83-4 as low P tolerance. The equation model of PA (Total phosphorus accumulation),
SPC (Shoot phosphorus content), 7TRA (Total root surface area), LW (Leaf width), RPC (Root phosphorus content)
was established by stepwise regression: D = -0.960 + 0.666PA4 + 0.341SPC + 0.379TRA + 0.460LW + 0.197RPC.
[Conclusion] Low P will inhibit the growth and total P accumulation and increase the ratio of root to shoot and total
PUE for C. oleifera. The cultivates of G8, CL4, W2, CL40, CL18, 83-4 should be considered as the relatively low P
tolerance varieties. The total P accumulation, aboveground P content, total root surface area, leaf width and toot P
content could be identified as indicators for C. oleifera tolerant to low phosphorus.

Keywords: Camellia oleifera; phosphorus deficiency; index identification; comprehensive evaluation; stepwise

regression
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