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Leaf stomatal characteristics and correlation analysis of thirteen species in Quercus Linn. and
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Abstract; Taking 13 species in Quercus Linn. including 8 species in Sect. Quercus and 2 species in
Sect. Aegilops collected from Liaoning Province and 2 species in Sect. Erythobalanus introduced from
North America and 1 species in Sect. Lepidabalanus introduced from Poland as tested materials, leaf
stomatal morphology of these species was observed, and morphological parameters of stomatal apparatus
and stoma were analyzed, correlations among these morphological parameters were also analyzed. On this
basis, cluster analysis of 13 species in Quercus was carried out. The results show that leaf stomata of
Quercus species distribute only on lower epidermis, arrangement of stomatal apparatus belongs to irregular
type; stomatal guard cells appear reniform with thickening inner wall, stomata sunken and appear the
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shape of oval or long oval. Differences in morphological parameters of stoma and stomatal apparatus of
species tested are obvious, and those in their coefficient of variation are also bigger. Long axis length,
short axis length and area of stomatal apparatus are 18.24-27.46 pm, 14.63-23.18 pm and 221. 56—
501.70 wm’, respectively, their coefficient of variation are 7.73% —15.90% , 7. 10% —17. 44% and
14.13% -32.73% , respectively, and stomatal apparatus index is 0.73-0.85. Long axis length, short
axis length, area and density of stoma are 8.69-15.41 pum, 1.94-8.49 wm, 15.15-104.93 pm’ and
462.32-984.44 mm™, respectively, their coefficient of variation are 12.03% -22.17% , 13.65% —
34.10% , 27.95% -54.13% and 8.10% —16.99% , respectively, and stomatal index is 0.22-0.57.
Overall, according to change trend from big to small of most parameters of stomatal apparatus and stoma,
the order in turn is Sect. Erythobalanus, Sect. Lepidabalanus, Sect. Aegilops, Sect. Quercus. The
results of correlation analysis show that stomatal density appears extremely significantly negative ( P<
0.01) correlation with long axis length and short axis length of stomatal apparatus and stoma; stomatal
apparatus area appears extremely significantly and significantly ( P <0. 05) positive correlation with
stomatal apparatus index and stomatal index, respectively; and stomatal area appears extremely
significantly positive correlation with long axis length and short axis length of stomatal apparatus and
stoma, stomatal apparatus index and stomatal index, but significantly negative correlation with stomatal
density. The result of cluster analysis shows that 13 species in Quercus can be divided into 3 categories at
Euclidean distance of 10, category 1 includes 8 species in Sect. Quercus, category Il does 3 species in
Sect. Aegilops and Sect. Lepidabalanus, and category Il does 2 species in Sect. Erythobalanus. It is
suggested that stomatal characteristics of Quercus species have a certain stability, can be used as one of
bases for classification and phylogenetic analysis of Quercus species.

Key words: Quercus Linn.; stomatal characteristics; morphological parameter; correlation analysis;

cluster analysis; classification basis

FEW ( Quercus spp.) #&5¢ 3 Bl ( Fagaceae ) 15 &
(Quercus Linn ) fHI ISR, B A BHELTFME, 5
AR ( Q. mongolica Fisch. ex Ledeb.) . il % £k ( Q.
wutaishanica Mayr) JWRER( Q. acutissima Carr.) %5 22 Fif
BRJE HE W 1) i 7 02 K A28 22 B B AR 48 (Antheraea
pernyi Guérin-Méneville ) i DL A= 7 () 1RDEL ; 15 AR ) 41
B A | 5 AR SRR AT A
FAME, FHEBOR KA JE w26 7 8 FH AN 24 LA 5 T
B FIIAR BB (Q. wariabilis BL.) AR B2 S 30K Tl
18 B U} 5 RAR A 1 AR S8 T AR Sy 58 3 T s TR
9,00 TR 6 BA Tl s g A, HER SRR
BRI 20 A, 22 KON R R e AR
TR AT IR K IR AR RK LS R A AR
e,

ALY 5 AN FLHEAT AR AR G 22 e i) 322
I, SAEYRGA | AN 2R 0 S A B B % DA
Ko KA ALAHE I RAEY) R X RN E LG E,
W AEY) R GE SR S 2R ST SRR SR 2 X A
J& (Vitis Linn.) #2& /NEE ( Triticum aestivum Linn.) [F§
F LG A2( Tavus wallichiana var. mairei (Lemée et H.
Lév.) L. K. Fu et Nan Li) LA & V0 3% J& ( Pugionium
Gaertn.) FRESEAEY " IS ALIFGR 25 R . L S

RPN A K F SR FBTIERE ) HURRE ST e (IR A
PRI R M JEF B OIS . AL R/
Lo 2K 5 T LI g WS Ae 4 b UL R o3 ) i L
bR

RTHRJE JE T 2% 28 (6] A (] (4 3 25— EAFAE 57
B, 12481k, B L8 3 B ot 45k 5
ke NIDE SN T SR LN ~3it D) o TR (Y B2 R (8
WL i A A TR) T M 251 22 07 TR T AR AR
L s N = I 1S S Y 0
Wit R SRR AR 58S 4 AN [A] DXL AR R S
FLBHE 67 C fHR 2 A DF T HGE ™ AR R T
VO 5 28 2R S8 B P 0 5¢ 7t R 3 ZR AR FURR AR
R AT AL LSS I SR IE 2 (ELR 0 R LA
X AR R e AL 9 4 1T R G R IS4

h T WIHAR R 2 ) R R] ) 202 SE R A
XF 13 FAR R A B ALRHE AL AL RS S
80 (AL 8 04 0 Al B BRI i L e <
FLEERE ) S HARSCAE AT T WESE, 76 B L At b %) A€
13 FERIR ALY BEAT T R0, LU i3 X AR R A )
LR AL AR I FL B, D9 MR TR AR B 0 28 R DR
L AU B AR SR SR S AR, OF MR R AL W)
e 1% B AR AR TORE



50 LENE7/ I AR RS N N

%24 %

1 MRATT %

1.1 #

PR AOMIERZH ( Sect. Quercus ) FIE 5 AR 1L 4R
KE MBS ( Quercus dentata Thunb.) | Hi 45 ( Q. aliena
BL) BAHR ( Q. aliena var. acuteserrata Maxim. ex
Wenz.) JXIHAE ( Q. xfenchengensis H. W. Jen et L. M.
Wang) | HL A 5 7 AR ( Q. mongolica var. grosseserrata
(BL) Rehd. et Wils.) FI##5 ( Q. serrata Thunb.) DL
JRAVRZH (Sect. Aegilops) R AE K AR FURRAR 24 0 4
FER S B AR (Sect.  Erythobalanus ) Tl 2 21 #f #4k
(Q. rubra Linn.) FELERR(Q. palustris Muench.) DL}
FIBREH (Sect. Lepidabalanus ) #2855 A4k (Q. petraea
Liebl.) #1851 A, X Aid T30 7 48 ol B2 0F 58 B
A8 Tl [ 0 0 (R0 5 FG by | AR ™ ol 28 A A R RS 0% R
20 a, 51 A 632 P ZIARAR AT AR AR AR BR A %
10 a, 51 B2 B A A BRRRERRIE ] 4 a,

1.2 FHi&

T 2014 4F 7 i R A) o3 e A Rl 2R Y
FERR 3 Bk, TEREAERR T 0 4E AR RS T R e 4 HL
6] BHE 5 AN/ IMSE, 73 50l SR /IS RH R B AH I ) £t
R B BN /NVECRAE 5 K s RS R I
IRPRT M R0 B3R KRR R B R Wl T J5 A
VKPR 1 e BRFIT R 3% BA T 0O 98 B i e,
FHIT EHCE A, A PHM-30Z B8 0 38
(BNEE LG A A R W) WgE 41 R 58
TR R b ALHE AL B A R R il
DLRAS AL Rl B R R B, B AR 1
U5 A 2 Fr A2 Foige 30 ASHLEF B AR Fh
AR 150 MR A5 THEOR I 200 AL ATAAL
A R B A i B S5 R B BE, R IRA R
“CRALAEE = AL B R B AL R A B A
LA B = AL RS B AL AR R B
JE” i LR RO AL R TR B, AL AR
FABEI R b i LR T AR R LS VLI iy (s A 4
G URGHEATAL I ) AT R 1 mm? it
T AR B AL
1.3 HiERER ST

SRR K A EXCEL 2003 F1 SPSS 19. 0 4834
B A7 ge it F o A, 115345 T8 8 S 800 F- B E
(X) FrdE2E(SD) FIZE S RAEL(CV) L RSB ESH

[ (A S 28 8, R T 2L RV K205 0047 IR 28 70 M I 22 il
RIKH,

2 HERAM

2.1 RILIMSILBIFMES
2.1.1 AILWERR ML 13 FERE Y A
SALRAALAR LR WA 1,

A1 AT 0L 13 Rk E A R AL TR
TR AR MK e BAA S >, RALT
B , T Bt S AR B s R AR R 5 <L 1 9 T L
B EARFEFMEYNE2ZRA S, LS T
DAY | 5525 T T B IR0 5 O T2 200 B o™ 11 ) T e
Yf ), IR JF H 2 A OR TLA RO FRHES | P EE
JE | AELAS () ol 24 T 200 e Py B o JE 1 A 2 B S R T)
R T3 200 B PR R o R R A R B o 2 A AR AL A
FHVT S AR I AR AR BT MR AR L 5l BR AR AR XU
BR MRS R BR 2 A9 25 A AR, AR T4 A P RE R 24
AR DAk R EwE L AL R,
T JPRASR 2L P e B R 0 JRR R LA B T8 A AR 4L B9 20 WA
A A AR A T A0 P R ) S Ao | A IO 4 i Py R
JEYIASEI LR TI20 M 58 B 1) —2F
2.1.2 ALBRAIAHELHSH UK 13 Bk
JE R R S AL A AL A TR 25 S 500 = 45 R 430
W1 MR 2,

SEIRFM A LA ARl R A B 1 LT AR B
B, AR 27,46 F123. 18 wm; FoUCHELTHBR , HS
FLAR AR b RN Bl R B 43 51 R 27. 28 i1 23,16 pum,
LA T B A R, o 1824 wm; T
T B A R 2O MR, R 14, 63 pm, AL
PR A B A 5 R B R I R 2835 Ry SRR AR, A 5
ZE M 15.90% 1 17. 44% . Ak B, B il
BR-5RRARAL 2 i S 0] ) AL A il B T o 2 2
5, HARAM RIS KK ES AR S E LT, &
20 A B AL A il B KB/ MR HE P 4 i
ARRAL | FIBRAL JRRBRZE WSR2, ELARBER 20 P9 2 550Fh
AL 22 53 3 (B R A N AS TR Rl 2 1
ALK AR AR O A EE S, B TC ™ %
oy FpaI 2 5, S A RIS R K ENZ S 5]
A B Y 22 2540

AL A R A A B LUVR AR AR B, 4
S 15,41 F18.49 pum ; ALK R BE B Ry Fh 2y



2 FIEL, . 13 FEREAY A A AL AE B HAR SR AT Al 262 1 S 51

.

1, 2: SR, 0l R 2L AR —S L Quercus mongolica, showing several stomata and single stoma, respectively; 3. U RBR I B —S AL Single
stoma of Q. wutaishanica; 4: MR H—SFL Single stoma of Q. dentata; 5: Mtk —<FL Single stoma of Q. aliena; 6: L HFMHE Y —< AL
Single stoma of (. aliena var. acuteserrata; 7 : JRURAR 1 B — S L Single stoma of Q. Xfenchengensis; 8. MHIE S R A —S AL Single stoma of Q.
mongolica var. grosseserrata; 9 : HIKRAYEA—SFL Single stoma of Q. serrata; 10 ¥ AR BA—<FL Single stoma of Q. wvariabilis; 11, 12 JFKER, 535
BRENSILINE—SFL Q. acutissima, showing several stomata and single stoma, respectively; 13; ZIHERH) 52— FL Single stoma of Q. rubra; 14
THABR B B —"<fL Single stoma of Q. palustris; 15 FEERR) B—"<fL Single stoma of Q. petraea.

E1 13 MiFEEYM A TRENSILES

Fig. 1 Stomatal morphology on lower epidermis of leaf of thirteen species in Quercus Linn.

1 13HEREDHASABORSSHTHENERRH(CV) REFLIEHEH(SAI) BILLE (X=SD) Y
Table 1 Comparison on average and coefficient of variation (CV) of morphological parameters of stomatal apparatus, and stomatal apparatus
index ( SAI) on leaf of thirteen species in Quercus Linn. (X+SD) "

Rk KHKIE  Long axis length JEHHCE  Short axis length M Area
L SAI
Spe(‘,lesz> ﬂ‘]fﬁ/um Average CV/% ﬁ]fﬁ/um Average CV/ % ﬂ‘]ﬁ/p,mz Average CV/ %
1 20.96+2.11dD 10.05 16.14x1.50eD 9.31 267.29+48. 44¢€E 18.12 0.77
2 20.51+1.98eD 9.67 15.29+1. 88{ghE 12.47 247.82+48. 38{F 19.52 0.75
3 18.24+2.26hF 12.41 15.28+1.90fghiE 12.38 221.56+53. 14iF 23.84 0.84
4 19.90+1. 80fE 9.06 15.44+1.50(E 9.74 242.56+40.271gF 16. 60 0.78
5 22.21+2.55¢C 11.47 16.61+1.86dD 11.18 293.13+63.39dD 21.65 0.75
6 19.36+1.88gE 9.71 15.12+1.49ghiE 9.89 232.23+42.90hF 18.49 0.78
7 19.66+1. 58k 8.02 15.29+1.09fgE 7.10 237.51+34.84ghF 14.67 0.78
8 19.79+1.55(E 7.82 14.63+1.35jF 9.22 229.35+32.20hiF 14.13 0.74
9 22.25+2.43¢C 10.91 16.25+1.93eD 11.93 285.45+54.49dD 19.04 0.73
10 22.21%3.53¢C 15.90 17.21+3.01¢C 17.44 307.24+100. 74cC 32.73 0.77
11 27.28+2.11aA 7.73 23.16+2.01aA 8.70 498.41+74. 16aA 14.88 0.85
12 27.46+2.35aA 8.57 23.18+1.95aA 8.41 501.70+73.91aA 14.73 0.84
13 25.21+2.38bB 9.46 19.14+1.79bB 9.33 382.20+70.73bB 18.51 0.76

D EFNFRARFE /NG PR S T3 5 R 22 5 B3 (P<0. 05) Al 2 3 (P<0.01) Different small letters and capitals in the same column
indicate the significant (P<0.05) and extremely significant ( P<0.01) differences, respectively.

2)1-8. MiBR4H Sect. Quercus: 1. SR Quercus mongolica; 2. LR MR Q. wutaishanica; 3. At Q. dentata; 4. iive Q. aliena; 5. G AR Q.
aliena var. acuteserrata; 6. KIWER Q. xfenchengensis; 7. Mli552 &k Q. mongolica var. grosseserrata; 8. MR Q. serrata. 9, 10. WRARZ Sect.
Aegilops : 9. 14 B KR Q. variabilis; 10. FERR Q. acutissima. 11, 12. THAERRA Sect. Erythobalanus ; 11. LTHAR Q. rubra; 12. THAEHR Q. palustris.
13. R4 Sect. Lepidabalanus SRR Q. petraea.
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Table 2 Comparison on average and coefficient of variation (CV) of morphological parameters of stoma, and stomatal index (SI) on leaf of

thirteen species in Quercus Linn. (X+SD)!)

i KA Long axis length SN E  Short axis length M Area % Density
R SI
Species”’ YA/ pm Average  CV/% YIE/pm Average  CV/% PIE/pm? Average CV/%  HJ{H/mm™> Average CV/%

1 9.27+1.21fgE 13.05 2.02+0.62jG 30.93 15.34+7.04jkG 45.92 828.59+109.12dB  13.17 0.22
2 9.99+1.46eD 14.57 2.68+0.67gF 25.09 21.76+8. 54fghF 39.26 757.44+128.71eC  16.99 0.27
3 8.85+1. 66ijkE 18.80 3.04+1.00efE 33.05 22.06+10.98fgF  49.76 977.65+95.39aA 9.76 0.34
4 8.69+1.93kE 22.17 2.62+0. 76ghF 28.95 19.13+9.49hiF 49.62 811.70+£109.75dB  13.52 0.30
5 9.26+1.31fgE 14.11 2.68+0.49gF 18.08 20.01+6.47ghiF 32.33 817.59+66.25dB 8.10 0.29
6 9.39+1.53(E 16.30 3.17+0. 64efE 20.43 23.85+8. 90fF 37.30 984.44+99.04aA 10. 06 0.34
7 9.11+1.20ghiE 13.20 2.60+0. 44 ghiF 16.79 19.00+5.774jF 30.38 891.46+118.83bB  13.33 0.29
8 9.01x1.64ghijE 18.04 1.94+0.67jG 34.10 15.15+8.20kG 54.13 864.04+77.29¢B 8.95 0.22
9 12.52+2.01dC 16. 06 3.19+0. 84¢E 26.21 32.68+13.05eE 39.93 525.56+53.25hE 10.13 0.26
10 12.33+2.13dC 17.28 4.28x1.12dD 26.05 42.92+17.84dD 41.56 543.04+79.79gE 14.69 0.35
11 12.85+1.68cC 13.07 7.35+1.46bB 19.80 76.06+24.80bB 32.60 609.12+77.58{D 12.74 0.57
12 15.41+2.43aA 15.75 8.49+1.16aA 13.65 104.93+30.02aA 28.61 462.32+68. 76iF 14.87 0.55
13 15.02+1.81bB 12.03 5.87+0.95¢C 16.17 70.59+£19.73¢C 27.95 472.01+53.51iF 11.34 0.39

Y R AR R /NG TR E R4y 3R 22 57 B35 (P<0. 05) Fl i % ( P<0.01) Different small letters and capitals in the same column indicate
the significant ( P<0.05) and extremely significant ( P<0.01) differences, respectively.

2 1-8. MithRaH Sect. Quercus: 1. S Ek Quercus mongolica; 2. L ZRER Q. wutaishanica; 3. MWW Q. dentara; 4. 4% Q. aliena; 5. BiU#AR Q.
aliena var. acuteserrata; 6. RUIRAR Q. xfenchengensis; 7. HH5 52 R (. mongolica var. grosseserrata; 8. AR Q. serrata. 9, 10. FEERZH Sect.
Aegilops ; 9. 14 J2 B Q. variabilis; 10. JFERR Q. acutissima. 11, 12. BAERA Sect. Erythobalanus ; 11. FaR v Q. rubra; 12. HAKR Q. palustris.

13. HARA Sect. Lepidabalanus: &H:Hk Q. petraea.
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Table 3 Correlation coefficients among morphological parameters of stoma and stomatal apparatus on leaf of species in Quercus Linn. !

B8 KBS ERIAH I RS Correlation coefficient among different morphological parameters

Parameter LLSA SLSA ASA LLS SLS SA SD SAI SI
LLSA 1.000

SLSA 0. 958 1.000

ASA 0.377 0.536 1.000

LLS 0. 879 0.811#x -0.019 1.000

SLS 0. 909 0.962%x 0.411 0. 872 1.000

SA 0. 862 0.945%x 0.512 0. 803 0. 987 1.000

SD —0. 839 —0. 713 0.170 —0. 9303 0. 7245 -0.615%* 1.000

SAI 0.375 0.622% 0. 693 0.241 0.636% 0.711 %= -0.029 1.000

SI 0. 804 0.921%x 0.597x* 0. 697 0. 953 0. 980 -0.519 0. 790 1.000

D LLSA. SfLasKihK Long axis length of stomatal apparatus; SLSA . S AL A5 BE Short axis length of stomatal apparatus; ASA . SALAS AR
Area of stomatal apparatus; LLS; SFLEHMIKE Long axis length of stoma; SLS; S FLAHIH EE Short axis length of stoma; SA; S FLTEF Stomatal
area; SD: SFLZE Stomatal density; SAL: XFL#RFEEL Stomatal apparatus index; SI: SFLFEEL Stomatal index. ## . P<0.01; #* . P<0.05.
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Fig. 2 Cluster analysis result of thirteen species in Quercus Linn. based on morphological parameters of stoma and stomatal apparatus on leaf
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