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Adaptability of seedlings from five predominant Camellia oleifera
cultivars to purple soils in Hunan Province
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Abstract: [Objective] This study aimed to investigate the differences in growth and physiological characteristics of seedlings from
five predominant Camellia oleifera cultivars in Hunan Province under acidic purple soil, alkaline purple soil, and red soil (control)
conditions, so as to provide a theoretical basis for ecological adaptability evaluation, cultivar selection, and targeted soil improvement
of C. oleifera in purple soil regions of Hunan. [Method] A pot experiment was conducted using red soil as the control. Growth,
physiological, and biochemical indices of three-year-old seedlings of five cultivars (‘Huashuo’, ‘Huajin’, ‘Huaxin’, ‘Xianglin 210°,
and ‘Hengdong Datao No.2’) were measured across three soil types. The data were comprehensively evaluated using membership
function method and principal component analysis. [Result] The acidic purple soil was more favorable for the growth of C. oleifera,
with the average membership function values of growth indicators for all cultivars being higher than those in the red soil and alkaline
purple soil. Under acidic soil conditions, ‘Huashuo’ and ‘Hengdong Datao No.2’ showed the most comprehensive performance, with
generally desirable growth, physiological, and biochemical parameters, although their chlorophyll content was comparatively lower.
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In alkaline soil, both ‘Huashuo’ and ‘Huaxin’ exhibited elevated antioxidant enzyme activities; however, ‘Huashuo’ displayed the highest

malondialdehyde (MDA) content, indicating substantial membrane damage and poor adaptability. In contrast, ‘Huaxin’ maintained lower

MDA levels and achieved higher membership function rankings, reflecting superior membrane stability and stress tolerance. Principal

component analysis revealed that all cultivars performed better in acidic soil than in the other soil types. ‘Hengdong Datao No. 2’ and

‘Huaxin’ performed well in both red soil and acidic purple soil, whereas ‘Huajin’ and ‘Huaxin’ demonstrated relatively better adaptability

in alkaline purple soil. [ Conclusion] Comprehensive analysis of all measured indicators revealed that acidic purple soil was the most

suitable for C. oleifera growth, with cultivars grown in this soil type occupying the top five positions in the overall ranking. The order of soil

adaptability was determined as: acidic purple soil > red soil > alkaline purple soil. ‘Hengdong Datao No. 2’ and ‘Huaxin’ exhibited the

best performance in both acidic purple soil and red soil, while ‘Huajin’ and ‘Huaxin’ showed relatively superior adaptation in alkaline purple

soil. Considering the overall performance across all three soil types, ‘Huaxin’ demonstrated the strongest comprehensive adaptability.

Keywords: Camellia oleifera; purple soil; adaptability; growth indicator; physiological indicator
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Table 1 Basic chemical properties of soil

135257 Soil type Z13% Red soil

Rt 28 5.1 Acidic purple soil

itk 25 €41 Alkaline purple soil

KA Origin Khd RO
HiFEAL bR Coordinate 28°08'24" N, 112°59'24"E
pH 1H pH value 5.76+0.06 b
4% TN [(g-kg™) 0.7340.01 a
£ TP /(g-kg ) 0.43+0.01b
481 TK /(g-kg ™) 12.4340.04 ¢
JKARTE % HN /(mg-kg™) 72.83+0.14 a
% AP /(mg-kg) 1.2240.01 ¢
A AK /(mg-kg™) 128.99+1.53 a
HHLF SOM /(gkg") 12.67+0.12 a

et o T RIS O SR LA T H T A7 e LB LU B R A

27°27'36"N, 113°28'48"E 26°52'12" N, 112°22'48"E
4.4440.01 ¢ 8.38+0.25a
0.42£0.01 ¢ 0.57£0.01b
0.17£0.01 ¢ 0.73+0.01 a
19.4410.04 b 26.13+0.29a
34.70£0.14b 30.52+0.44 ¢
1.33£0.01b 1.75+0.04 a
66.67+1.53 ¢ 103.08+0.63 b
4.8010.12 ¢ 11.37£046 b

TR EE LT IE & ARAERE IR R F AT FANG FREFROR AR R S A TR AR T, AR R W B R (P <0.05) .

Data are presented as mean & standard error. Different lowercase letters in the same row indicate significant differences among soil types for each soil chemical

property (P << 0.05).
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Table 2 Effects of different soil types on growth-related parameters of five main cultivars of C. oleifera

A K

ey K

RAKE

?j?ffi% V'ifiy Seedling height Qround diameter Total root Root fiﬁrri Jem’ To tﬁ‘%jﬁfs /e
growth /cm increment /mm length /cm

R 3.0340.12 aA 2.114£0.47abAB  871.09+11.42abB  16.41£2.33abB  68.27£1.00 bB

N g 32341.07aA 1.804+0.18 bB 684.70+4825bcB  14.82+3.15bB 70.59+0.80 bB

Riifiﬂ tegE 3.9840.39 aA 2.45+0.38 aA 660.58+53.46 cB 12.92+0.54 bB 75.77+2.73 aB

itk 210 3.6240.37 aA 2.1140.06 abA  949.53%+123.17aB  16.49+£1.50abA  61.6313.27 cB

BBk 2 %5 3.3340.36 aA 2.034+0.34abAB  987.57+182.10 aB 19.13£1.86 aB 74.53+0.77 aB

4L 4.54+1.42 aA 2441+0.68aA  1829.68+353.54aA  3475+2.75aA  103.79%6.40 aA

R 85 {11 i 4.05+0.72 aA 237+026aA  1927.81+341.33aA  24.52+0.70 bA 92.90+1.66 bA

Acidic purple i 4.2310.64 aA 274+037aA  1930.78+373.47aA  2430£2.33bA 104401344 aA

soil Wik 210 4.08+0.37 aA 2424037 aA 1204.50+22.89bA  15.87£1.01 cA 74.09+2.20 dA

MR KRB 2 & 4.08+2.25aA 276+0.71aA  2086.37+158.36aA  31.96+4.14 aA 82.52+1.97 cA

HER 2.75+1.06 aA 1.47+0.38 aB 866.84+3123bB  13.65+133abB  51.4410.88 cC

B g 3.874222aA 1.15£0.12 abC 945.01+£29.34 aB 15.44+1.15 aB 65.79+0.96 aC

Alkaline % 3.3040.79 aA 0.74%0.12 bB 853.62+21.34bB  13.25+221abB  59.3540.94 bC

purple soil Ik 210 2.67+0.83 aB 1.32+0.22 aB 37271415.62dC  10.75+0.11cB  39.40%1.25¢C

HIARRHE 2 5 2.78+0.46 aA 1.5040.39 aB 774.69+42.93 cB 1221£0.62bcC  48.6340.40 dC

NG FREORE SR, S AN SRR EREE (P <0.05) o KEFREORE A 3 RN EREE (P <005 , FH.

Lowercase letters indicate significant differences among five C oleifera varieties under the same soil (P << 0.05). Capital letters indicate significant differences

among different soils of the same variety (P << 0.05), the same below.

TEMRIE K E T, WS LR R
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EREREG L, ZWMEbEEKELEEE

5

S (P>0.05 ; fERMEELRELES, MR Kk2
5K ERES T (BE (P <005 .

T P 8 £ = ) b AR 10 K B Y v T R
A 65.9% ~ 270.3%, H A & Fh [ i 1 K

ERREARNESE (P <0.05) .
2.1.2 Al HER AR R0 AR AR Z A Y A 5 i

WE 1 FTR, AT, SRR
Rk, MWK EE, MEROEZMHT, FlA
i Pl EAR R L, MR KRB . B
TSR PR A2 I, FARTEH, ARG
2T ENTEERER (K 2), FEAEEFEEMET,
MR SRR REFIER I B 2 5. EaOf%

BEYEMHBRERO LS OESEELO LN E

AR

BREet

BEEeL

B

& 1

/fq:‘[;‘?

WFR210

PEILIEERT 5 NMhFERRMIEHR AT

Z<

nes

AR KBRS

HARRBE2 57 BRI R B AR R

Fig. 1 Root morphology of seedlings of five main cultivars of C. oleifera under different soil types
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Table 3 Effects of different soil types on physiological and biochemical parameters of five main cultivars of C. oleifera

S Syt st il AIVETEE A ERGEER Ui 25 i [
Soil type Variety Soluble protein /(mg-g")  Soluble sugar /(mg-g")  Free proline /(ug-g") MDA /(umol-g™)
HEq] 60.26+0.49 cdB 3.3040.36 bB 52940.03 aA 5.9240.33 aB
gy 58.540.26 dC 2.5240.06 cB 4.3140.20 beA 5974037 aA
Riiiﬂ U 65.07+0.24 bB 4.6940.45 aA 3.64+0.51 cA 4.64+0.16 bB
AR 210 62.30+0.54 cA 4.354+0.34 aA 4.66+0.20 bA 5.5940.44 aAB
AR KB 2 5 68.261+2.66 aA 4.304+0.20 aA 4.64+0.22 bA 5.10+0.46 abB
HEq 63.73+0.12 cA 4.1740.10 aA 4.67£0.06 aB 4534022 ¢cC
T s 66.10+0.10 aA 3.9340.24 bA 428+0.35bA 4.43+0.33 cB
Acidic s 65.72+0.63 aB 3.29+0.12 aB 4.020.05 beA 433+0.16 cB
purple soil Ik 210 64.5740.09 bA 426+0.66 aA 3.81£0.09 cB 5.11+0.11 bB
R KB 2 5 64.95+0.14 bA 3.9040.02 aB 4.69+0.05 aA 5.61+0.23 aB
LA 59.34+0.29 bC 3.7340.15 aAB 5261027 aA 6.77%0.18 aA
- g 61.1720.01 bB 2.5240.12bB 3.4240.05 cB 6.48+0.27 abA
Alkaline purple g 67.99+0.69 aA 3.6740.26 aB 4.09+0.28 bA 6.521+0.20 abA
soil HiFk 210 59.25+1.62 bB 3.4040.04 aA 3.7620.19 beB 6.2020.13 bA
AR 2 5 66.72+0.46 aA 3.50+0.15 aC 4.20+0.14 bB 6.75+0.29 aA
g it MIHEEER T AR S WEAMAIRREE R B
Soil type Variety Total chlorophyll /(mg-g") ~ CAT activity /(U-g") ~ POD activity /(U-g")  SOD activity /(U-g")
HER 3.78£0.06 aA 70.4241.32 dC 231.45+2.20 cB 28.32+0.92 dB
e 3.05+0.10 bA 67.23+1.77 dB 259.32+1.75bA 37.0340.24 bB
Rgifiﬂ i 2.61+0.14 dA 74.0941.49 cB 212.56+£2.20 dC 35.44+0.66 cC
AR 210 2.59+0.04 dA 82.631+0.87 bB 261.4540.66 bA 38.99+0.92 aA
R KB 2 5 2.8240.02 cA 106.56+2.79 aA 309.0440.89 aA 37.02+0.05 bB
HEq 2.51£0.07 aB 80.341.41 bB 212.35+3.73 dC 42.44+0.30 aA
R PESE 6 |- e 2.214+0.01 bB 76.01£0.36 cA 252.65£6.06 bAB 39.63+0.51 bA
Acidic i 2.19£0.05 bB 65.68+0.32 dC 234.24+1.37 cB 38.28+0.49 cB
purple soil bk 210 2.1940.05 bC 80.60+1.55 bB 201.04£0.67 eC 3427+0.19 dB
R KHE 2 5 2.18+0.04 bC 97.254+0.96 aB 284.66+3.25 aB 39.13+0.45 bA
HEq] 3.74£0.17 aA 97.7241.88 bA 303.44+6.80 aA 42.98+0.78 bA
4 1.784£0.25 cC 76.234+0.58 dA 246.88+5.21 cB 35.954+0.32 cC
AR:
Red soil i 2.62+0.06 bA 104.71£2.15 aA 286.621.73 bA 46.56+£0.24 aA
Ak 210 2.3740.03 bB 89.5942.01 cA 216.74+4.08 eB 30.65+0.15 eC
AR KB 2 5 2.6840.05 bB 67.62+0.86 eC 222.4943.92 dC 32.12+0.21 dC
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Fig.2 Correlation analysis of growth and physiological and biochemical parameters of five main cultivars of C. oleifera

under different soil types
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K S8 o RS A [F] SRR 5 ANk
FRAFH) S D ERIERET N (KD, A

A TR 8 N EF A FRAR AT IEN (R S)
AN [E) b 2R -2 5 8 B AU Y 0.186 ~ 0.769. R

(] Ak PR~ 3 S5 i R U R 0.057 ~ 0.936. TR TE
S AR S SRR P 35 SR TR R BUE Y L
0.564 ~ 0.936, I TXHHRZAIE (0331 ~ 0.473)
A a1 (0.057 ~ 0.356) , Hhmitg e+
AER BAERK AR bR R E RO E R . PR
o, AEET R B AERKBIREERH
PIEHEA e, (RREAR AR TR AR 20
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Table 4 Mean membership function values and ranking of growth parameters for five major C. oleifera cultivars
under different soil types

Mgty U M CEARRE2 S KSR
JE R E R R, H R R R T
WEOEIIET, R M EE AL
TR, B AR MDA B i e, B35 MDA

BEAREAR, HAK KB AR bR e
BB e 2t rh HE 2 S5

Soil type Variety increment increment length Root volume  Total biomass Average Rank
ARG 0.193 0.678 0.291 0.236 0.444 0.368 9
4 0.299 0.525 0.182 0.170 0.480 0.331 11
Riifi q *E 0.701 0.847 0.168 0.090 0.560 0.473 6
ik 210 0.508 0.678 0.337 0.239 0.342 0.421 8
BRI 2 5 0.353 0.639 0.359 0.349 0.540 0.448 7
HT 1.000 0.842 0.850 1.000 0.991 0.936 1
R g 0.738 0.807 0.907 0.574 0.823 0.770 4
Acidic SF 0.834 0.990 0.909 0.565 1.000 0.860 3
purple soil bk 210 0.754 0.832 0.485 0213 0.534 0.564 5
MR KB 2 5 0.754 1.000 1.000 0.884 0.663 0.860 2
ARG 0.043 0.361 0.288 0.121 0.185 0.200 13
T 1 s 0.642 0.203 0.334 0.195 0.406 0.356 10
Alkaline gz 0.337 0.000 0.281 0.104 0.307 0.206 12
purple soil B 210 0.000 0.287 0.000 0.000 0.000 0.057 15
MR KB 2 5 0.059 0.376 0.235 0.061 0.142 0.174 14

RS5 FEITAERT 5 ANMmFEERMAPERELIERRE RBIVERHE
Table 5 Mean membership function values and ranking of physiological-biochemical parameters for five major C. oleifera
cultivars under different soil types

sk B AlEEER A AR TR R SRR ‘mt?wt’a ﬁ’fy%% ﬁﬁ?zwg% T
Soil type Variet Soluble Soluble MBA Free proline Total M 1t i 1t Bt Average Rank
yp Y protein sugar p chlorophyll CAT activity POD activity SOD activity g
AR 0.177 0359  0.348 1.000 1.000 0.116 0.282 0.000 0410 10
1£4 0.000 0.000  0.328 0.476 0.635 0.038 0.540 0.478 0312 13
4T 4%
R;E jz q REE o 0.672 1.000  0.873 0.118 0.415 0.206 0.107 0.390 0473 8
WMk 210 0.387 0.843  0.484 0.663 0.405 0.415 0.559 0.585 0.543 7
ARk 2 5 1.000 0.820  0.684 0.652 0.520 1.000 1.000 0.477 0.769 1
HEAi 0.534 0.760 0918 0.668 0.365 0.359 0.105 0.774 0.560 5
Rl 2 6 - 4 0.778 0.650  0.959 0.460 0.215 0.253 0.478 0.620 0552 6
Acidic ez 0.739 0.355  1.000 0.321 0.205 0.000 0.307 0.546 0434 9
purple soil  yaik 910 0.620 0802 0680 0209 0.205 0.365 0.000 0326 0401 11
ARk 2 5 0.659 0.636  0.475 0.679 0.200 0.772 0.774 0.593 0599 4
1Efi 0.082 0.558  0.000 0.984 0.980 0.784 0.948 0.804 0.642 2
T 1 1E4 0.271 0.000  0.119 0.000 0.000 0.258 0.424 0.418 0.186 15
Alkaline U 0.972 0.530  0.102 0.358 0.420 0.955 0.792 1.000 0.641 3
purple soil  ygik 510 0.073 0406 0234  0.182 0.295 0.585 0.145 0.128 0256 14
ARk 2 5 0.842 0452 0.008 0.417 0.450 0.047 0.199 0.208 0328 12
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Table 6 Principal component analysis

KMO #1 Bartlett £ 5%

YIGHHFIE(E Initial eigenvalue

53 R B
. D% FEAEME Iy 7 it Com ;
ponent matrix
KMO Bartlett df Sig Ingredient Eigenvalue Variance /% Cumulative /%
0.732 105.563 28 0.000 1 4.546 56.825 56.825 By 0.938
2 1.862 23.278 80.103 M kE 0.892
3 0.779 9.748 89.851 RAEKE 0.880
4 0.378 4.747 94.598 73 -0.886
5 0.249 3.118 97.716 HRAARAN 0.856
6 0.109 1.368 99.084 Hh A K 0.846
7 0.059 0.747 99.831 CIRESd 0.789
8 0.010 0.169 100.000 nEtEEA 0.636
=T ERDEEESMHEE
Table 7 Composite scores and rankings of principal components
st . B WYy ZEE R0
B sl i Principal component value Comprehensive value LS
Soil type Variety Rank
F, F, F
AT -0.20 -0.89 -0.40 9
4 -0.12 -1.95 -0.65 12
AR 1
Red soil ks -0.33 1.43 0.18 6
Bk 210 -0.33 0.54 -0.08 8
ARk 2 5 -0.33 1.39 0.17 7
A 1.73 0.08 1.25 1
4 1.05 0.41 0.87 4
RAEREt g 1.52 -0.30 0.99 3
Acidic purple soil
Bk 210 0.15 0.80 0.33 5
ARk 2 5 1.42 0.12 1.04 2
1R -0.89 -0.57 -0.79 14
PR SPZAN _ - -
P 4 0.08 1.57 0.51 10
Alkaline ke -1.06 0.77 -0.53 11
purple soil K 210 -1.38 0.77 -1.20 15
Kk 2 5 -1.16 0.51 -0.68 13
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Fig.3 Principal component analysis (PCA) biplot of growth and physiological-biochemical parameters for five major

C. oleifera cultivars under different soil conditions
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