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Differences in Leaf Stomatal Traits across Plant Life Forms and Stomatal
Distribution Types and Their Associations with Leaf Economic Traits
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(1. School of Forestry, Northeast Forestry University , Harbin 150040 2. Key Laboratory of Sustainable Forest Ecosystem Management-Ministry
of Education(Northeast Forestry University) , Harbin 150040

Abstract To explore the differences in stomatal traits between different life forms (irees vs. shrubs) and
stomatal distribution types Chypostomatous vs. amphistomatous) , and their relationships with leaf economic
traits, this study was conducted from July to August 2023 using 22 common tree species on the campus of
Northeast Forestry University. Through correlation analysis and standardized major axis analysis, the following
findings were obtained: (1) Both life forms and stomatal distribution types significantly influenced stomatal
traits. Trees exhibited significantly higher stomatal density (D,) (P<0.05) but lower stomatal aperture (4,) than
shrubs. Hypostomatous leaves showed significantly higher D, and stomatal relative area (A,) than
amphistomatous leaves. (2) Relationships among stomatal traits varied by life form and leaf type. Negative
correlations between D, and stomatal size (S,) or A, were statistically significant (P<0.05) only in trees and
hypostomatous leaves, while the positive correlation between S, and Ag reached significance (P<0.05)
exclusively in hypostomatous leaves. (3) Stomatal traits were closely linked to the other leaf economic traits.
Both D, and A, were negatively correlated with specific leaf area (A,) and leaf nitrogen content (N,) , but
positively correlated with leaf dry matter content (C,,,). A, showed a negative correlation with N,. Trait
coordination was more stable in trees and hypostomatous leaves, whereas shrubs and amphistomatous leaves

exhibited more independent trait variations. The results of this research help to further understand the stomatal
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development strategies of different types of plants.

Key words life form ; amphistomatous leaves ; stomatal traits ; leaf economic traits
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Table 1 A summary of 22 common tree species investigated
= A y N 4 4
LA i R i wEH WG
e Family Genus Species Life form DBH/cm  DGL/cm
distribution type
T TRl Sapindaceae WE Acer B AM Acer pictum TR Tree 9.2~15.0
Jo B FF} Sapindaceae W& Acer Witk Acer saccharum TR Tree  14.5~19.0
T} Fabaceae AL Amorpha LT Amorpha fruticosa #EZK Shrub 1.0~2.3
HEARL Betulaceae HEKJE Betula FI#E Betula platyphylla T K Tree  20.2~25.6
1Rl Rosaceae 11## & Crataegus 114 Crataegus pinnatifida F* K Tree 9.6~18.5
ABEF} Oleaceae ¥4 )& Fraxinus IK I Fraxinus mandshurica TrAK Tree  32.3~37.2
Wi %Rl Rosaceae SERE Malus W5 Malus spectabilis TR Tree 6.1~8.2
A 2%} Magnoliaceae K Ae)@ Oyama KA K> Oyama sieboldii Tt K Tree 3.3~5.7
L e Sent- PR
AT ALY Bl Rosaceae W2 & Padus o . JFAK Tree 9.1~18.3
Padus virginiana * Canada Red
Hypostomaty
. Lt AE RAb LA e
R i -2
2k} Hydrangeaceae Philadelphus Philadelphus schrenkii A Shrub 1.7-29
Rl Rosaceae Z%J& Prunus BAZE Prunus padus Tr K Tree  17.5~34.2
Rl Rosaceae Z= )@ Prunus Hi ¥ Prunus triloba #E K Shrub 1.3~2.9
5¢}-Fl Fagaceae K¥rJE Quercus ST R Quercus mongolica FF K Tree  12.3~15.4
JEkF} Viburnaceae  FEH AR Sambucus el R Sambucus williamsii #EZK Shrub 4.0~5.9
%Al Rosaceae AEHE Sorbus AEMk Sorbus pohuashanensis T K Tree  12.1~16.8
HiZE R Malvaceae R Tilia M Tilia amurensis T K Tree 9.1~10.9
B3 258} Malvaceae W Tilia 1L Tilia mandshurica FiA Tree  12.3~22.1
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e Family Genus Species Life form DBH/cm  DGL/cm
distribution type
MR Salicaceae )& Populus 5 K# Populus nigra var. italica ¥ K Tree  22.3~28.6
MR Salicaceae ¥1)& Populus /NMA% Populus simonii Fr K Tree  50.5~55.5
AT ALEY )
) MIEL Salicaceae Wil Salix 50 Salix matsudana Ti K Tree  28.5~33.5
Amphistomaty
AR Oleaceae T & Syringa %= T 7 Syringa reticulata TR Tree 3.6~9.0
AKHE} Oleaceae T&JE Syringa T % Syringa oblata A Shrub 3.2~6.7

WP A SRS (O E AL 35 ) (https : //www.iplant.cn/) 4 HL

Note: The species list was compiled by Flora Reipublicae Popularis Sinicae (https://www.iplant.cn/).
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TEZS AT o I SRR ¢ A6 56 FUBUR 3R 7 22 53
B o3BT AR AL (e AR HEAR) RN 43 A 26 A8 (BT
ALY OBUETARFLED) Xt R R LIRS 4L
R SE ) 5 SR FH TC XS A AR o A 367 B8 0T S AL R AT 4
R b F R RALFRE 22 5% . R R T &
B SALRRAE 18] Bz 5 5 w58 95 28 T P IR 1Y) Pearson
FHIC R BUR W 25 A DGR MR A A Imod-
el2 f AT bR i1k 32 4l 53 T (standardized major ax-
is, SMA) T RRR I i smatr AR5 1.0

(2-1.0) 1925 57, RIS I A A [R] AR 135 B A< L oA
PRI W BEIRA GEIRSE R A 57 Tt

2 HRESW

MR SALEREE

22 AR (AR AL 5 AL IR Dt R
FLRRAEAR S B R (3 2) , it v B3R B2 19 D S,
A FTASH B AR 53591 24 10.11~97.69 No.*mm™,
248.82~605.41 um’. 0.35%~2.47% FI 38.49%~
55.85%, Ho:rh D %728 5 Z AR K (€,=0.60) , A 1Y
25 R B /N (C=0.08) o I N R EZIY DS Ay,
A AR A L4371 4 68.82~1 057.21 No.*mm ™,
126.50~1 386.50 wm®. 2.119%~22.49% Hl 24.30%~
60.21% , H:.rf D )22 S R Ui K (€,=0.82) , A 1Y
A5 5 R B/ N(C,=0.16) .
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Table 2 Leaf stomata traits of 22 common tree species investigated

RKE R
AR T Adaxial epidermis Abaxial epidermis
Swtsdealindex — sifigy AN SHUIXIERL SAURE UALEE ALK ELRRTERL LIFE
DyJ/(No.-mm™) Sy/um’ A% A% DyJ(No.-mm™) Sy/um’ Ag/% A%
¥ =L
#zﬁ% 24 24 24 24 109 109 109 109
Sample size
ST
A 38.06 342.87 1.22 48.53 276.75 347.95 7.41 46.14
Mean
1=}
/.
H.j .'Mﬁ 10.11 248.82 0.35 38.49 68.82 126.50 2.11 24.30
Minimum
Eij;{_ﬁ 97.69 605.41 2.47 55.85 1057.21 1386.50 22.49 60.21
Maximum
L e Ly
b2 4.67 18.56 0.12 0.81 21.69 21.47 0.40 0.72
Standard error
iz 1.18 1.27 0.61 -0.74 1.70 2.55 1.50 -0.32
Skewness
5 B
*‘J;, 0.63 1.52 -0.77 0.76 2.07 8.13 2.39 -0.26
Kurtosis
85 AL
Coefficient of 0.60 0.27 0.50 0.08 0.82 0.64 0.57 0.16
variation

XU AL R R A b R SR B
AEBEAT OB A B (I 1) A i 7 T 3R B2 DA
A ¥ 350 T B3R B, S B H R T B3R R (P<
0.05) ;AFEM B R RERITCRE 25
2.2 AFREMSILASH LB SILEHER R0

Xt A BRI RN R B AL AT i
B, AR B 5 R AL o A SRR o PR A S R

IO 2 S o7 (TR o7 NI 1 T 7 NI R o1
308.01.163.47 No.*mm™,A 4>k 45.26% .49.15%.
TR DI 255 THEAR (K1 2A) (P<0.05) , 111 A b
AR THEA (8 2D) (P<0.05) . S, FHALTEW# 2
6] % A 3 25 (P>0.05) o WA L4 A 25 i
&, BT FL AR RS S FL LR 4 ) D43 )
k1 299.86. 191.18 No. *mm~, Ay, 4 M 4 7.93%
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nFA R R nhi s £ b :
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L HR i
Epidermal type 0 . . . L :
- . - IFA AR RIS RS ALE
ARG F R 22 57 1 3 (P<0.05) 6 Tree Shrub  Hypostomaty Amphistomaty
Different lowercase letters represented significant difference (P<0.05). ARG A SALoM AT
Life form Stomatal distribution type

E1 XESFLE#EYHH L TRESIESHIEINER
Fig.1 Differences in stomatal traits between adaxial and

abaxial epidermis of amphistomatous leaves

5.49% . LTS AFLERAE Y B DN A, B35 = TR
S LAY (] 2A .2C) (P<0.05) , 117 S A Ay, TG A
BER

HRPE AR 28 7 2240 Ir s R (38 3) , AR TR B 5K
FL o3 A Y Je H A8 B A RS [ ASFLRRAIE (4 52 )
K5t HARFIN AR IR RN D5 A A B
(P<0.05) , TS AL A0 BRI A5 A A W3 5

A6 5 PR AL AL OROF- 20 RIS GO AR NE PR 22
513 (P<0.05)
Boxplots included the median Chorizontal line within boxes) and the
mean (black dot within boxes) , different lowercase letters represented
significant difference (P<0.05).

B2 AEEFRMSILHSBEBEEYHNSIALFE
Fig.2 Stomatal traits of plants with different life forms

and stomatal distribution types

M (P<0.05) . AN, & B2 HAE X D5 A, 1Y
B3k 3] 3K (P<0.05) . MHIELZ T, irE
PR 2%t S 34 TC 5 35 5 (P>0.05) .
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K3 EFRSSIASHLBENSAEZMPARNEART ESTER
Table 3 Two-way ANOVA results of the effects of life form and stomatal distribution type on stomatal traits

FIih B2

Trait Effect d, £ P
e A5 #4 Life form 1 7.91 o
m]’;&;f@ S FLor A2 A Stomatal distribution type 1 231 0.13
’ S AL A 2RI 35 A Stomatal distribution typexLife form 1 5.44 *
L A= 3% A Life form 1 3.40 0.07
j‘:ﬂ‘;,jvj\ S FL4r A2 Stomatal distribution type 1 0.40 0.53
’ AL A2 <A 35 B Stomatal distribution typexLife form 1 0.01 0.93
. A3 A Life form 1 3.50 0.07
“?L*EX T S fL43Ai 27 Stomatal distribution type 1 7.50 ok
* AL A 2R A= 35 AU Stomatal distribution typexLife form 1 10.70 *k
L HTE R Life form 1 5.86 *
W}Ijq:rg KALAT A 24 A Stomatal distribution type 1 3.95 *
’ AL A 2R <A 15 7Y Stomatal distribution typexLife form 1 0.23 0.63

T %, P<0.05;**. P<0.01.
Note: *. P<0.05;**. P<0.01.

2.3 SIBMEEMHEREFERZENXR
XF BT A R R TR S B BE AT 43 B, AL

TES MR IR 2R KR T (F£4), DM

A B S AL TN, BE R, 5 €, B3 EAE

(P<0.05) ;A N5 N, )26 225k B8 3 7K (P<0.05) .
AN, D5 SR A 25 TAH G, 5 A B 38 IEAH G
(P<0.05) ; S, 5 A, Z [A] f£ 76 W 35 1E #H G ¢ &
(P<0.01).

T4 SIBESHRRZLFERZ BRI Pearson 18X R

Table 4 Pearson’s correlation coefficients among stomatal traits and leaf economic traits

BT IR 2 TR SALAHE
Leaf economic traits Stomatal traits
o TeRER thAR TR AALA
1 2z I A A . -
Taicyepmg obms b A7 AR TR s e S saune
4 4 T o R o b S X AR y
SL L L Chl NL CLDM S S ASR S
SALEEE D -0.31" 0.03 -0.04 -0.03 -0.19" 0.51" 1
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Fig.3 Allometric relations of leaf stomatal traits
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Table S SMA regressions of stomatal traits of different life forms and stomatal distribution types

A 7 AL SR
Life form Stomatal distribution type
e Tk WA AL AL
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R P R P R P R P
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Note:Dg.Stomatal density; Sg.Stomatal size; A ,.Stomatal relative area; 4.Stomatal aperture.*. P<0.05;**. P<0.01;***. P<0.001.
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Fig.4 SMA regressions between stomatal density and specific leaf area, leaf nitrogen on mass base and leaf dry matter

content of plants with different life forms and stomatal distribution types
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Fig.5 SMA regressions between stomatal relative area and specific leaf area, leaf nitrogen on mass base and leaf dry

matter content of plants with different life forms and stomatal distribution types
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