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Variation in Leaf Structure of Camellia oleifera Under Drought Stress

CAO Lin-qing, ZHONG Qiu-ping, LUO Shuat, YUAN Ting-ting, GUO Hong-yan, YAN Chao, YUAN Ya-qi

( Experimental Center for Subtropical Forestry, Chinese Academy of Forestry, Fenyi 336600, Jiangxi, China)

Abstract: [ Objective | To study the effects of different drought stress on leaf structure of Camellia oleifera, in order
to understand the mechanism of drought adaptation. [ Method ]7-year-old C. oleifera‘ Changlin4’ forests were test-
ed by applying four levels of drought stress which soil moisture contents were kept as 15% —20% ( severe drought
stress) , 20% -25% (moderate drought stress) , 25% —30% (mild drought stress) and the control (natural con-
dition). The leaf external morphological characters, stomatal characters of leaf lower epidermis, microstructure of
mesophyll and main vein were measured by making paraffin sections, temporary sections and microscopic observa-
tion system. | Result]The results showed that the leaf fresh weight, leaf dry weight, and saturated weight of C. ole-
ifera declined with the decreasing of soil moisture, the drought stress significantly reduced the leaf thickness and leaf
size, the stomatal area, perimeter, aperture, apparatus length and width of leaf lower epidermis also decreased sig-
nificantly, the stomatal density decreased at first and then increased. As the drought stress became more intense,
the thickness of leaf upper and lower epidermis decreased significantly, the upper and lower cuticle thickness in-
creased significantly, the thickness of palisade tissue and the ratio of the palisade tissue and spongy tissue decreased

significantly. As drought stress intensified, the thickness of the main veins of the leaves and the midrib protuberant
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degree increased significantly, the thickness of xylem under moderate drought stress and short diameter of vascular

bundle under moderate and severe drought stress were significantly lower than that of the control, different treat-

ments of drought stress had no significant effect on the thickness of phloem. [ Conclusion ] All of these changes in

the leaf structure of C. oleifera were ecological adaptations to drought stress. C. oleifera could adjust the leaf struc-

ture to maintain their survival and growth based on the water deficit, indicating that C. oleifera has strong adaptabil-

ity to drought stress.

Keywords: Camellia oleifera; leaf structure; drought stress; variations

T B MR ) A A T S A AR AR R e 32
A e R Z 2 — KT R AR T
Wt il 28 S8 AT 25 bk A 45 0 1k 1 28
1 Ve —E B AR o A Al 4 4T )
TRAE I FNZE I A T Y 24 1, W X BBk L
B U AT SR B R IR A S AL
HOEM i S S5 SR BT R E B DA G . K
IR FE AR R, T 52 W 3E 0] it R 254 114 52 0l 32
PRBEAE i 78 gl o T AR R 0N B A 2 4R R
AN R kAL R R RS /AL
TEREW NN, AR K AR TE | WAl ke, 20 Jmg S
S IETFARAG DY | K eIl A G I AR A X
TEIE NV ARE . P, NI R B A S A 55 2 T
T R G IT , o B I AP0 T 52 3 ey Sz 1
T I ) E BT A

IMZK ( Camellia oleifera Abel. ) J&3 E 4 A B A
A B T, 5 AR ( Elaeis guineensis Jacq. ) | JHI
18 ( Olea europaea L. ) FF-F ( Cocos nucifera L. ) FFFR
DTS DU RARAS B TR 4, B8 Dy 2R O
ML ARG R, 2240 i TR 7 K10 e e
X A LAR SR, TR B 7R I A KRR R R L
TR Y RS BUE T B R,
AR HEA WA A D RIE B2 H U ThEA AR
Ak T S 8 A O T T A%
R IZE M R G5 22 R B Z o Dt AT
ELT FEAE KR4 5 32K (C. oleifera * Changlin-
47 ) IR, T E A 2 I A3 B b
FRIE SR R 26 B UALARFAE I PR T Jik S22 A
SRR PRI A A R A EAS [ R T 5 e
IR RO, 2D T T RS AL

LA g %

1.1 HREHR
TR XA FVEVE A 20 B H P E MO B2 5T B
S FAT RO SEEG HRO TS R T B R TR IN . 1%

X, His Arb T 76 45 HA P 355 ( 27°33" ~ 28°08' N, 114°29" ~
114°51'E) |, J& F W #4428 KU I 10 S, 4F Bk o
1 600 mm, 4 -3 330 17. 6°C, # i fie = <l
40. 1°C , 2 4ETCFEW 270 d,
1.2 RIEH

FEMRAT BB KB 7 AR KRB A — 20
KR4S IR R T R AE IR EE A R, AR
BHOREE A 7 4FAE 42 6.5 ~9.0 em B 1.5 ~
2.5 m, 55 1.8 ~2.3 m,
1.3 K58t

REG T 2016 47 H 20 HIFHA5LE . 1 56k E
IRIGFEH, BE PR TE - 22 | 1 R O B A — B X
SRR R 8 mox 15 m, PN AR AERE b Y U JE 45
A2 3.5 mo = R B 00 32 WA R 5 00, 38 3 B R
B GHIRICR , RHIA V JE) P 25 D Ak b R,
1E R KT A P, B0 T00 5 00 DU R R R 1 0.5 m
()25 B, A P A0 s SRE RS AH B3, S B P A1 i
TR 25 SRR B AR, [R] e 78 A1 Ab B Hb 1) Y & 4%
1.2 m PR35 I 478 B BORL I Bl 1k 7K 4378 45 1> Ab 3
[ A B A, M 45 1 o

RIS E 4 KB S KRS R 15% ~
20% (L FE T 2 Whif ) \20% ~ 25% (BT 5
) 25% ~ 30% (& BE T B haE ) i E SRR (X
M) . 458K 4B TNL-GK5 71 4 38 7K 43 e i 0k 42
il R G (HIN R REAER A IR A F)) A ghsl, -
KL EAF R BEUR BN 30 em, /K MR T3 (H
I, FERE SIS Ry XA [ A A B
TR L99-TWS4 4485V 5 10 50 (1 LA K
WABRAF) 5 0.5 h A% 1 R, Mk
T3 2R AR VIR AR Ry s, B 2148 I R A AR 1)
A IR TR A B Sk, L R 43
10 .20 .40 .60 cm, 4K 10:00 J% 1800 #EF7/K 404
i, DRI A K 43 e 0 2R R 2 K 43
WHEIZ M. B 1 ZARRGT 20,40 om PR 345
IR R AR AL, ARG T 1 R HE S K FEAE 9 H



138 Mook B

$31 %

10 HZE 11 H 9 HEpEBALHIAL T 30% ~ 40% Z [H],
BEES TR B K Fe 42, ABEAE X)L
50

45 |
40 |
35 |
30
25
20
15
10
5 |

0 .
08-10 08-25

T A kR
Soil moisture content/%

09-10 09-25 10-10 10-25 11-10
H (H-H) Date (Month—day)

—— 40 cm¥%EF 40 cm depth 20 cm¥fE 20 cm depth
Bl 1 HARGLT 20 .40 em VR +HEE /K S BEET H] A9 2510

Fig. 1  Changes of soil moisture content with time in 20 e¢m

and 40 c¢cm depth under natural condition
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ACRRBEAAAG x 1005 B, FRESALEER x400; C. iz W AEERIZEH x 1005 D. il 28 IR HIZ5H x 1005 U-ep: 3R A1 L-ep:
TR AN ; CUE : b ffi 52 ; CLE : T £ it )2 ; Pal: {4 4141 ; Sp M R 41 2 s Xy « AT 5 Ph: ) J2 35 ; Pa: RELL 41 Cr: .
A. Stomatal distribution of lower epidermis x 100;B. Stomatal structure of lower epidermis x400;C. Mesophyll anatomical structure of C. oleifera x
100;D. Vein anatomical structure of C. oletfera x 100; U-ep: Upper epidermis cells; L-ep: Lower epidermis cells. CUE: Cuticle of upper epider-
mis; CLE: Cuticle of lower epidermis; Pal; Palisade tissue; Sp: Spongy tissue; Xy: Xylem; Ph; Phloem; Pa: Parenchyma; Cr; Crystal.
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Fig.2 Leaf anatomical structure of C. oletfera
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Table 1 Leaf external morphological characters of Camellia oleifera under drought stress

Jb W JEL K Wy T LIPS
Treatment Leaf thickness /pum Leaf length /cm Leaf width /cm Leaf area /cm?
T1 373.22 +1.9%c 5.19 £0.05d 2.53 £0.03¢ 9.86 £0.13d
T2 381.45 +1.43b 5.46 £0.04c 2.69 £0.03b 10.53 £0. 14¢
T3 392.67 £2.08a 5.87 £0.05b 2.89 £0.02a 12.28 +0.13b
CK 387.60 £1.99a 6.14 £0.05a 2.91 £0.03a 12.83 £0.21a

TE:T1T2 T3 #1 CK Zp AR E B T 5 b BT B8 R T R A0 B SR BL () s Bs R P38 + bR s [ 50 808 5 AN T8
REFRALFR ) i 2 22 5 (P <0.05) , R A,

Note: T1,T2,T3 and CK stand for severe drought stress, moderate drought stress, mild drought stress and natural condition; Values are means + s. e;
The different lowercase letters in the same column indicate the significant difference (P <0.05), the same below.
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Table 2 Leaf moisture characteristics of C. oleifera under drought stress

Jb 3 L i HL HA I R AR K
Treatment Leaf fresh weight /g Leaf dry weight /g Leaf saturated weight /g Leaf water content /%
T1 0.334 9 £0.008 6¢ 0.133 3 £0.002 8c 0.401 9 £0.011 8¢ 75.25 £0.94b
T2 0.349 5 £0.010 1c 0.137 0 £0.003 9¢ 0.405 1 £0.012 6¢ 79.38 +0.74a
T3 0.3879+0.012 1b 0.156 4 £0.005 3b 0.450 8 £0.015 7b 78.86 +0.83a
CK 0.449 9 £0.008 6a 0.180 5 £0.003 4a 0.5299 £0.010 4a 77.19 +1.09ab
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A. Stomatal distribution of lower epidermis x 100 ; B. Stomatal structure of lower epidermis x400; T1,T2,T3 and CK stand for se-
vere drought stress, moderate drought stress, mild drought stress, natural condition, the same below.
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Fig.3  Stomatal structure of lower epidermis of C. oleifera under drought stress
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Fig.4 Stomatal parameters of leaf epidermis of C. oleifera under drought stress
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Fig.5 Leaf anatomy structure of C. oleifera under drought stress
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Table 3 Leaf epidermis and mesophyll structure parameters of C. oleifera under drought stress

fhg R TR FMBZREE O NABZEE  WREALUREE ERALURE A L
; Upper epidermis  Lower epidermis  The upper cuticle The lower cuticle  Palisade tissue Spongy tissue Ratio of palisade
Treatment i . . . . . . .
thickness/pum thickness /pm thickness /pum thickness /pm thickness /pm thickness/pum  tissue and spongy tissue

Tl 18.69 +0.29¢ 16.19 £0.29b 5.73 £0.12a 3.62+£0.11a 128.05 +1.16b  197.76 £2.17a 0.65 +0.01b
T2 22.24 +0.49ab  18.11 +0.29a 5.12+0.12b 3.55+0.09a  132.91 +£0.93b 195.18 +1.58a 0.68 +0.01ab

T3 21.94 +0.43b  18.12 +0.42a 5.15+0.15b 3.36 £0.12ab  138.99 £2.56a 194.33 +2.16a 0.72 +0.02a

CK 23.38 £0.44a 17.14 £0.32a 5.15+0.22b 3.19£0.11b  141.89£2.02a 196.10 +1.00a 0.72 £0.02a
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Table 4 Vein anatomical structure parameters of C. oleifera under drought stress

b ERKIERZ AP

B

ERRIGHEE e AR

Treatment Main vein thickness/pum Xylem thickness/pm Phloem thickness/pum Midrib protuberant degree Short diameter of vascular bundle /pm

Tl 682.39 +5.36a 180.35 +2.76b 72.05 £0.99a 1.71 £0.01a 252.91 +3.17¢
T2 625.43 +7.92b 168.40 = 1.89¢ 73.38 +1.29a 1.61 £0.02b 245.87 +1.74c¢
T3 594.38 +4.26¢ 218.58 £5.55a 74.65 +1.49a 1.62 +0.02b 297.38 +5.23a
CK 580.20 +9.99¢ 190.24 +3.17b 72.04 +£2.44a 1.54 £0.02¢ 263.76 +3.61b
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