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Comprehensive evaluation of drought tolerance
for Camellia oleifera Changlin clones

FENG Shi-Ling, CHENG Hao-Ran, LI Xu, DENG Jun-Lin,
LIU Lu, DING Chun-Bang "

( College of Life Sciences, Sichuan Agricultural University, Ya’ an 625014, China )

Abstract; In summer, it is often high temperature and drought result in low yield of Camellia oleifera in C. oleifera
plantation. Water defect will reduce the plant photosynthesis with consequent low yield of plants. However, there is lit-
tle information on the drought stress physiological research of C. oleifera. In order to study the effects of physiology of
C. oleifera under constantly drought stress, the 2-year-old seeding of C. oleifera Changlin clones were cultured in pots
(30 cm X 30 em X 25 e¢m) in greenhouse. There were two water stress treatment groups named respectively control
group and drought stress group in this study. The drought stress group suffered from persistent irrigation water deficit,
while the control group cultivated under normal irrigation condition. Subsequently, the change of physiological and bio-
chemical indices of leaves including reactive oxygen species contents, antioxidant enzyme activities, osmotic sub-
stances contents, cell membrane permeability and photosynthesis were measured on 0, 5, 10, 15, 20 and 25 d after
drought stress in order to screen C. oleifera of strong resistant of environmental stress. In this study, the different
drought resistance coefficients of C. oleifera such as superoxide anion radical (O, ) content, hydrogen peroxide

(H,0,) content, the activities of peroxidase (POD) , catalase (CAT) and superoxide dismutase (SOD) , the relative
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electric conductivity, proline content ( Pro) , chlorophyll content, net photosynthetic rate ( Pn) , stomatal conductance

(Gs) , transpiration rate (Tr) and water use efficiency ( WUE) were as drought tolerance indices. Finally, the com-

prehensive evaluation of drought resistance coefficients of C. oleifera physiological indices was performed with correla-

tion analysis, principal component analysis, subordinative function and weight. The result indicated that 14 indices

could be classified into 3 independent comprehensive components, and then utilized the value of weight and subordina-

tive function to perform the values of comprehensive evaluation of different Camellia varieties. According to the value of

different comprehensive evaluation value, the order of drought-resistance of nine C. oleifera Changlin clones was

“Changlin59” > “Changlin22” > “Changlin53” > “Changlin4” > “Changlin40” > “Changlin8” > “Changlin3” >

“Changlin27” > “Changlin18”. The results extensively provide certain scientific basis for breeding, introduction and

cultivation of drought-tolerant Camellia varieties in Sichuan.
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Fig. 1 Soil water content under drought stress
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Table 1  Drought resistance coefficient of every index of Camellia oleifera

v

Variety X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
C, 111.908 122.073 107.575 104.962 126.254 178.202 174.326 160.698 132.648 92.661 56.040 65.716 53.735 107.707
C, 131.482 126.019 103.356 97.123 141.085 245.784 189.569 130.299 132.068 98.521 55.909 56.949 48.286 130.308
Gy 128.467 137.092 100.932 105.903 133.355 188.001 184.043 125.697 135.002 94.574 62.630 67.552 52.242 153.412
Cy 119.698 128.179 99.409 107.773 124.661 186.425 245.982 119.433 139.204 82.471 42.187 51.675 39.552 144.459
C, 122464 126.625 103.016 106.253 121.432 188.387 165.364 115.286 145.155 82.294 57.807 56.903 55.685 112.242
C, 128,576 126.140 119.115 108.738 116.872 196.343 163.566 112.744 131.978 89.893 49.351 62.334 42.905 128.791
Cy 127404 124.685 98.113 101.666 120.238 186.324 181.211 114.277 133.291 85.509 46.689 56.496 43.852 147.275
Cs;  130.272 118.907 117.864 102.113 115.772 154.612 183.832 138.532 120.108 84.119 59.741 67.725 60.216 106.022
Cs 133342 131.775 116.438 106.902 124.157 165.121 147.359 115.082 137.362 114.312 55.898 64.224 59.187 108.323

e XA ST R R X2 A b a &t X3 BE LB 5 X4 bW 1 ; X5 b b AR 1 5 X6 Bt lhZ MR S v 2 1 5 X7 4% e,
TR X8 MMEM S i XO. AR S X10.M AR A XTLAOEEHAR, X120 LR X3 &M, X14 KA, FR(X1-X14)

Note: X1. Generating rate of O, ; X2. H,0,content; X3. The activity of SOD; X4. The activity of POD; X5. The activity of CAT; X6. TBARS content; X7. Relative elec-
tric conductivity; X8. Pro content; X9. Soluble protein content; X10. Chlorophyllcontent; X11. P, ; X12. G ; X13. T, ; X14. WUE, The same below (X1-X14).
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Table 2 Correlation coefficient matrix of every single index

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
X1 1.000
X2 0.870 = 1.000
X3 0.058 0.060 1.000
X4 0.121 0.162  0.632**  1.000
X5 0.889#x 0.871*x 0112 0223= 1.000
X6  0.757 = 0755 %%  -0023  0.192% 0.834:=*%  1.000
X7 0859 0795  0.025 0.109 0892 0917 **  1.000
X8 0813+ 0816+ 0168 0334:%% 0924+ 0821 *x 0.802**  1.000
X9 0864 0872%%  0.154 0324 %% 0951 %% 0856 0848 =% 0952+  1.000
X10 -0.174 -0.127  0.339 %% 0.095 -0.153  -0.329 %% -0255#=  -0.148 -0.125 1.000
X11  -0455 =+ -0429 =% 0.073  0226% -0444 5= -0.616 %+ -0.681 s -0.376 ** -0.420 % 0.208 * 1.000
X12 -0610** -0.614 % -0020  0.051 -0.647 *% -0.732 %% -0.773 = -0.609 ** -0.635** 0201 * 0.895**  1.000
X13  -0.400 ## -0330#** 0.101  0.286 % -0.360 s -0.556 s -0.627 s -0.271 #* -0.301 % 0.245% 0947 =% 0.836+*  1.000
X14 0468 #:x 0357 %%  -0.187 -0246% 0454 %+ 0456 %+ 0.524 %% 0.386 % 0.361 #* -0297 =% -0421 ** -0479 *=* -0537 %=+  1.000

T R P<0.05 [ BAEKF-, w0 FoR P< 0.01 B9 B EIKF-
Note: * Significant at P < 0.05, ** Significant at P < 0.01.
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0. 148X10 + 0. 207X11 + 0. 117X12 + 0. 247X13 +

0.064X14

53 FiorFRA:
CIII=0.130X1+0.123X2-0.477X3-0.143X4 +
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Table 3  Coefficients of comprehensive indexes and proportion

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 Cumulative
(%)
CI 0.114 0.111 0.005 0.015 0.119 0.119 0.124 0.113 0.117 -0.034 -0.090 -0.108 -0.082 0.073 55.431
CII  0.064 0.090 0.265 0.328 0.102 0.010 -0.006 0.141 0.138 0.148 0.207 0.117 0.247 0.064 17.666
CIIT  0.130 0.123 -0.477 -0.143 0.114 0.054 -0.003 0.109 0.095 -0.379 0.350 0.272 0.341 0.130 9.054

%4 ARRMOGAHRE RBERE TR D A
Table 4 Comprehensive index values, subordinative function values, weights, and D values of different varieties
LEE AR SRl e R A AT
R Comprehensive index value[ C(x) ] Subordinative function value[ U(x) ] Comprehensive

Variety evaluation

C(I) C(II) C(1II) U(I) U(ID) U(III) value(D)
C, 22.018 172.653 -107.547 0.315 0.410 0.718 0.380
C, 16.133 177.526 -93.574 0.330 0.427 0.690 0.390
Cy 30.890 171.345 -120.880 0.337 0.445 0.560 0.385
Cs 34.951 153.438 -75.176 0.293 0.398 0.566 0.346
C,, 20.860 166.620 -89.623 0.323 0.512 0.600 0.393
C,, 27.065 155.654 -98.511 0.299 0.421 0.670 0.366
Cyo 30.446 154.885 -107.921 0.313 0.583 0.479 0.389
Cys 24.069 139.357 -44.094 0.299 0.538 0.683 0.392
Cyy 16.859 177.852 -104.349 0.330 0.459 0.662 0.394

I TE Weight 0.675 0.215 0.110

H bk 3 ARkl 1, 78 CL R CAT
TGPE TBARS & i  AHXS HL R K n[ A A &
() RECEK, T LA — F o A R B 1 o % i
A0 HE B TS bR ; 78 CI ik P SOD %1 . POD
TEPE A DR 2R T R R O K, A
RO KRB YU ERE M O S S BRI
1E CIIL £ikzUH Pn Tr Gs .Chl &z SOD i) £
B, ISR = 32 W5 KBS o6 S 8465
AR A R WA S i AR A T B T
Pk KOG E SO ROV SR
2.4 ZEHTENH
2.4.1 F A HsH MR 3 TR LEEIEIRRE
SR O ATMAS AP ARG 3 LR TR RRE B C
(1) \C(ID) AT C(I) o 5 AT A (2) 3K H A& i A
LA TR PR SR8 sREE ] U(L) (U (ID) (U (1)
(%£4),

242 MEMHHZ WA (3),IHESEH 3 AL

AAERRRE 3N 0.675.0.215.0.110( £ 4) .

243 A0 MRS (4) TR A A S
MERGHURRESI K/, B D H (W3R 4) XFHE Y 4y i
(AT SR 3 55 AR A T RPN A5 5] AR 59 B >Kebk 22 5
SKAM 53 >R 4 F>KAM 40 F>KAM 8 >Rk
35 >KM 27 B> 18 5 HA KA 59 S5 D {H
K, RIS AT R ) o HUOR Kbk 22 55
KAk 18 Z 19 D /), U HAT A8 T 522,

3 ik

T2 W38 R A R P93 0™ A R R
iR ZZEFL (JRA S04, 2013) A48 B 5 23 i
WUIMLEE B Y T (XA S, 2010) , ffHB S
PORFFAE R R KO (ERERE pae i ] 4E K | ol i
AR AE Y RS Y R, P A B PR R 2R AR
R AU R G BRSNS 20 AR A



740 |

Y

36 %

X PRGN (R B, 2009) |, FHER R 3 fifk, M4 R
S NRE ST YA E TR

MY BRSNS A AR B AR L R A7 B
ZARNANREE R B, E K55 BRIREE T 45
TUA: AR BR TR 7 0 ka8 FE BT ) AR R — B, —
AT BA T VX LA B A 25 SR (B — 19 55,2012 5 2%
J75 2011 58X 2245 2011) o Al AP 5 R AT
DA AN [ A B B 14 728 £ e R T, HEAR
PR R B HOR I BL R 25 5L, 7 HL i A OC R 4L
R AT AT, AR o046 b 8] 47 7 I 3 BhA 5 3 1 A G
Pk, NIk (5 B EE ™8, E%E X e
TE I I 2R G A S 2 5 L K 22

25 b T B — S AR L 4 T A BT 25 B0
RS, I BSR4 A B Ak PE ¢
bkt AR 2 Ak, R ER A i S £
BIVES 8 A VR e O3t PO B DO E RGN EWA Bl R e A o1
A HA—EWRFE . AR E s ik,
JOE A B 5 B TR AY 14 A2 PR AR B
3 ASHTAR Ik 37 A 255 8 bR (CI-CINL) |, B T FE A
4y BRATTHRRIA T 82.151% , e IR AT 15 B 2
SR AR AL T AN FE IR T A= BRFS AR ] 52 Bk
AT DAFE IR 1R FH A5 S 0 25 B 4 b B 25
AR JE sRBUA A5 B, B S T a3 i e A
(B, e A B — A O W R 4 gk D, X
AT AT b TSP 5 55 5 AT AT L, 2 0 Hb i
B BT RE SR ) AR, AR E 9 N 2R TG A it
PSR MR AR 59 B>k 22 >Rk 53 B>k
P4 B>KAR 40 5>K Ak 8 B> Kbk 3 5>Kpk27
KM 18 5,

SEZ 3k

AEBI H, 1984. Catalase in wvitro [ J]. Meth Enzymol, 105; 121
-126.

BRADFORD MM, 1976, A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle
of protein-dye binding [ J]. Analyt Biochem,72.248-254.

BAI ZY,LI CD,SUN HC, et al, 2008. Principal component analysis
and comprehensive evaluation on physiological indices of drought
resistance in wheat substitution [ J]. Sci Agric Sin( FPE AL
)41 (12):4 264-4 272, [ I BAER VAL, 55,
2008. /]2 40 AQ AR PR 48 bR 0 F2 00 o0 B K g A AT A
[J]. ERRE, 41 (12) .4 264-4 272.]

CUI XT, YANG L,SHEN HL, 2009. Effects of drought stress on
protective enzyme activities and seedling growth in Populus ba-
chofenii X P. pyramidalis ROZ [J]. Bull Bot Res,29(6) :701—
707. [ BB 3% TR, 2009, 5 B % 9 AA
WA R G MR LK [J]. Y5, 29

(6):701-707. ]

FENG HF,XUE L,REN XR,et al, 2011. Physiological responses of
four broad leaved seedlings to drought stress simulated by PEG
[J]. Acta Ecol Sin,31(2) :371-382. [ 1B Z37, #¢ar, (R ok,
45, 2011, 4 FhEENH L PEG AL R A B (1], 2R
A2, 31(2) :371-382.]

FENG SL,CHENG HR,LI QQ,et al, 2013. Physiological responses
of three Camellia oleifera in seedling stage under drought stress
[J]. Acta Bot Boreal-Occident Sin,33(8) ;1 651-1 657. [ &
A TRIRSR ZEAERE, 4, 2013, 3 NS AN T R
FOAEBRR S [J]. PAIEAR)~# 1, 33(8) -1 651-1 657. ]

GAO JF, 2006. Plant physiology experiment technology [ M ].
Xi’ an:The World Book Press:196-197. [ Eif& X, 2006. ¥4
PEBRSASCEOR [ M. PEZ - (SR R 196-197. ]

KOIZUMI M, YAMAGUCHI-SHINOZAKI K, TSUJI H, et al,
1993. Structure and expression of two genes that encode distinct
drought-inducible cysteine proteinases in Arabidopsis thaliana
[J]. Gene, 129(2) :175-182.

LI YL,JIN ZX, GUAN M, et al, 2013. Effects of soil microbes on
photosynthetic characteristics and chlorophyll fluorescence pa-
rameters of Elsholizia splendens under copper stress condition
[J]. Bull Bot Res,33(6) :684-689. [ 2= H 7, 4 M, &4,
4, 2013, A ST R EE A MR N G A R A
RIS EEm [ 1], RIS ,33(6) :684-689.

LI GZ,GONG M, 2005. Improvement of measurement method for
superoxide anion radical in plant [ J]. Acta Bot Yunnan, 27
(2) :211-216. [ Z=H5, 38, 2005. fEY LR T A
LI E TR G )] . RIS 27 (2) :211-216.]

LI HS, 2000. The experiment principle and technique on plant
physiology and biochemistry [ M]. Beijing: China Higher Educa-
tion Press:97-100. [ 444, 2000. 494 B (L 5255 Jo B
AR [M]. JEnt .m0 1A :97-100. ]

RAO MV, PALIYATH C, ORMROD DP, 1996. Utraviolet-b and
ozoneinduced biochemical changes in antioxidant enzymes of Ar-
abidopsis thaliana[ J]. J Plant Physiol ,110,125-136.

WANG J,ZHOU MX, XU RG, 2007. Studies on selecting indices
and evaluation methods for barlery’ s ( Hordeum vulgare 1..) wa-
terlogging tolerance [ J]. Sci Agric Sin, 40 (10).2 145 -
2 152, [ B4 34 VFIR, 2007, REZ Tk % fabn Al
PEATTEBETEL )] PR, 40(10) 12 145-2 152. ]

WANG SG,WANG ZL,WANG P et al, 2011. Evaluation of wheat
freezing resistance based on the responses of the physiological
indices to low temperature stress [ J]. Acta Ecol Sin,31(4) .
1064-1072. [ ERRA, EIRA, £, 55, 2011, A[R)/phZE
st PO RUE R 38 ) S5 1o B R PR (0], AR 2224, 31
(4):1064-1 072.]

XIE ZX, 1983. The fuzzy mathematics method in agricultural
science [ M]. Wuhan : Huazhong University Press:99—193. [ i
AW, 1983, LB AR IR A [ M. B AR B T
K it :99-193. ]

YANG S,LIU ZY ,ZHANG HX, 2013. Comprehensive evaluation of
salt tolerance and screening identification indexes for three tree
species[ J]. Sci Sil Sin,49(1):91-98. [ #F, X IE4f, 5k1E
B, 2013, 3 DRIBNETIATTER P25 A PN BB BRIFE T ]. AR
AW BRE,49(1) :91-98.

YAO XH, WANG KL, REN HD, et al, 2012. Camellia resources

( ™% 757 11 Continue on page 757 )



