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Trade-off characteristics of stomata of subtropical urban vegetation and its

relationship with leaf functional traits under heat island effect

NI Rongwei, GAN Yuting, YANG Guimei, HUANG Liujing* , LIU Xingzhao, YAN Shujun
College of Landscape Architecture and Art, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract: Stomata is not only an important gateway for plants to balance the relationship between photosynthesis and
transpiration, but also a key structure affecting atmospheric carbon and water cycling. Analyzing the differences of stomatal
traits among three life forms of trees, shrubs and herbs and two leaf habits of evergreen and deciduous plants in Fuzhou
under heat island effect and their trade-off relationship with other leaf functional traits will be helpful to explore the
adaptation strategies of plants in the thermal environment. We measured stomatal traits, stoichiometric traits and
morphological traits of 441 plant samples in natural and semi-natural vegetation in Fuzhou City. The results showed that .
(1) there were significant differences in stomatal length (SL) and stomatal density (SD) between the three life forms and
the two leaf habit plants( P<0.05) , but no significant differences in potential stomatal conductance index ( PCI) between

the three life forms and the two leaf habit plants( P>0.05). The SL of herbs was higher than that of shrubs and trees, and

EETH HE ARBEREE W U (32071578) s 24 B AR R4 LITH (2021J01133)
Wr#s B H#A:2021-12-24; W] £ | iR B 1 :2023-03-07
# WIRMEH Corresponding author.E-mail ; huanglj@ fafu.edu.cn

http ://www.ecologica.cn



13 1 TAARRT A B RO S B Sul T AR A LA R A B 5 I D REE AR B OC 2R 5337

SD of trees was the highest, followed by shrubs and herbs. The SL of deciduous plants was higher than that of evergreen
plants, but SD of deciduous plants was lower than that of evergreen plants. (2) The trade-off between SL and SD existed
stably in the three life forms and two leaf habit plants, and showed different trade-off characteristics with the ecological
strategies. When SL was constant, SD of trees was the largest, SD of shrubs was the smallest, and SD of evergreen plants
was larger than that of deciduous plants. (3) The stomatal traits were closely related to leaf morphology and stoichiometric
characteristics. SL was positively correlated with specific leaf area( SLA) ( P<0.01) and negatively correlated with leaf area
(LA) (P<0.01). SD was negatively correlated with leaf nitrogen content( LNC) , leaf phosphorus content (LPC), SLA( P<
0.01), and positively correlated with LA (P<0.01). PCI was negatively correlated with LNC and SLA (P<0.01), and
positively correlated with leaf thickness(LT) (P<0.05). (4) The complex environment was an important driving factor for

variation of stomatal traits. SL and PCI were negatively correlated with mean annual temperature( MAT) (P<0.05).

Key Words: leaf stomatal traits; heat island effect; urban vegetation; life forms; leaf habits; leaf functional traits

X} A BRGSO TN B | AR SR 100 48 N SRS Ak 22 T, 3k T #5800 ( Urban heat island effect ) A&
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DA Ao« 2 i o AR B S B RS AL B /N IS R I AN ] A B 2 A A
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PRIE AN IR N7 TR A AL S Y S R S AR T DA ) B RE PR oA R S G i A A PR B R R S R
PR, A AR MK SRR B SRR BIFFE RS 52, 5 AL AR I 285 5 #1358 IH 1 3 [ 25 LA
IR (1) ARG v I PR ) LR R AF A 2257 (2) ALPRIRAE 3 Rl AR B (IR AR (B
AS) T2 B 1R (AR VM) AN ) AT AR 5 R 7 X MOASUE R A A AN () 218 AR ) () 2 5 A7 A 25 57
(3) A ALHIR S A D RE PR PR T A7 A5Gk

1 HREHR

FEIMTIT (25°15'—26°39'N | 118°08'—120°31"E ) {37 T3 [ AR 1 71 1 1) [ L 30] 11 425 4, DT B L Jig I Py
e WA, S I RO T I 2 — o TR AR 19.1—20.1°C, R R 1200—1740 mm, 5 5=
i H A v YR S B R A SRR S R S SR AT IR 2 Sy 2T RUKRE R, B L
SR A ERIEIR A L it + TN KGE B A, K BEUR 5 A BRIV BVLAR 2 AOK RO dE M E AR
PRI 2 08 G R AR 2 I R IR SS AR, AR SO 5 DX 9 Rl 7 A P T 3 S AR R &l (2011 —
2020) ) Hff e B AR AN T HUO IR I LY, E A AE A 1L DX SR X ) B 3 DR B R DX &R 40 L IX 2 A
T2 R SR RAZ O X, TAISE DY R TR 12 MF s, e L 2R PRARLL , BB A AT A= 252 1 F AR A
HARBEYS (£ 1), WA BEIE P I KR LLEE ( Cinnamomum camphora ) . J& W8 ( Dimocarpus longan) . ¥5 8 ( Ficus
microcarpa ) AEE , HEAK VL FEEY ( Rhododendron simsii) ™ ik ( Boehmeria nivea ) /X3, BAS DL VA 1 L ( Bidens
pilosa) =7 ] A F (Ageratum conyzoides)

R1 EMNTE 2 BESERER

Table 1 Basic charactersitics of 12 sampling sites in Fuzhou

i s K i . o .
et e M FROAR ERR e s TS
FIX B 7 G 5E7 . . Mean annual ~ Mean annual " . .
L. . . . Vegetation . Soil total C/ Soil total N/ Soil total P/
Districts and  Lontitude Latitude Altitude/m precipitation/  temperature
. type (mg/g) (mg/g) (mg/g)

counties mm /C

BrlX 119°13'55"  26°04'31" 21.18 HERTEMESAR 1336.50 20.42 23.34 1.34 0.52
B 119°16'32"  26°05'49" 33.03 HERTE RS 1353.00 20.48 11.46 0.78 0.56
BIEIX 119°16'08"  26°07'12" 115.23 HERTERSSAR 1381.50 20.19 12.59 0.96 0.24
X 119°16'59"  26°01'27" 19.90 HERTE MRS 1362.25 20.44 9.53 0.58 0.31
] 3 B 119°10'40"  26°08'14" 14.28 HERTE RS 1380.00 20.24 13.78 1.06 0.50
TAZX 119°20°05"  26°07'54" 16.25 TH I 1382.50 19.96 9.07 0.53 0.29
AWK 119°15'49"  26°03'10" 8.43 TR MR 1376.00 20.53 10.03 0.66 0.33
HEEE 119°13'14"  26°06'57" 14.75 HERE MRS 1381.00 20.37 8.85 0.70 0.28
] {7 119°14'50"  26°07'29" 17.47 T 1357.00 20.33 31.67 1.95 0.63
BRX 119°20'14"  26°05'41" 48.93 W ERIEIHR A 1380.00 20.50 8.39 0.53 0.18
OEKX 119°27'25"  25°59'19" 38.28 LI 1316.25 19.90 12.74 1.15 0.72
HRX 119°22'08"  26°05'40" 4.43 — AR RO 1402.00 19.51 13.10 0.52 2.07

AERR K B FAEER RS B WorldClim Version 2.1, ] AreGIS 10.2 H2HURE &5 50HR

2 WIRAE

2.1 BPAMURE

ST RG5O BT T A (0 T AN A RIS R B IE R A T AR, SRR, Pkt A K35
B TCHE (BRI RR , BRI P B 3—5 AN, I e A B B R A AR FE U BH G RS 58 4
Tohi FEBIR N 53 20 o XFTROARAY) - T bR R . TSR LA ORE  7ETE I IR S,
FEAFEH A ML H ORI 3 DN EARN S em, KN 20 em 1 H4E B HLITEURE SR G 3557
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HMIRARTE T T 2 B, R sl T F2 ik, tlSCG 00 Fr o B 00 J T IO R4 B D2 WU T, 7E 40
AN 10 5 BBE 250 TS . B2 BEDLERE 10 S RREF A THA IR (RIS e TR 5k B R (9 <L &R =
SL ARYESALE T SD. R FIEERE Lide300 S AEA T i T ARS8, BC A (5 1] Tmage] (64 £37) 3R AFEA T 11T
PR Rl B BN A2 S0 o A T 3R A0 B A, Wl 2 sl >R T A e B . WL R B (peD) it
/N

PCI (%)= SI*xSDx10™*

2.3 BHESHr

5, X AR AL e S RE IR SIS O S L 10 S AT 0 R 4, AR A bR AL IR S
AR FTT AR ] AR S PR K - [B] Y Pearson AHIC R A, HIR, SR FH B DR 3 J7 25 0 A A 6 A= 3 4 A
) P S LR S B R, F /N i 3 22 5235 (LSD ) XS [R AR 16 BRI > PEAE S () S F LR B T 2 L
Bo B A ARSLMRAE A A JF X BA B2t 5C & 9 MERR PR AL 50 AN 315 128 (SMA) #E— 20
OISR AR 5 BRI S P 8] 19 22 53 iZ 20 BT 800 (S) MATR Version 2.0 W5E i, SEit iH5 70k
Microsoft Excel 2016 /4  AEEIR H Origin 2019 B HAY M HTTE SPSS 26.0 FR5E A,

3 RO

3.1 SALMFEAERIE

N F AR 52 A AR E LR DL LI 1, B SL SD #4348 4393 8y 20.25 pm ,328.18 ~/mm*, ¢
FEIEFA 7.94—50.77 wm 66.67—1487.50 ~/mm*, 1, SD A AR (CV=0.58) KT SL(CV=0.31),
PCI WA ARG N 2.27—32.24% SE34{E M 11.41% 28 F 2500 0.37,

150 L
150 ¢ Max = 50.77 Max = 1487.50 100 Max = 32,24
= 120 | Min =7.94 120 Min = 66.67 g0 | Min = 2.27
% Mean = 20.25 » Mean = 328.18 Mean = 11.41
s 90 SE=0.30 90 SE=9.09 60 | SE=0.20
2 = Cr=0.58 =
£ o v =031 " ) wl Cr=037
& Skewness = 1.42 Skewness = 1.58 Skewness = 0.65
K 30t 30 20 +
0 o L 0
10 20 30 40 50 60 300 600 900 1200 1500 5 10 15 20 25 30 35 40
RAKE RALERE TTEAAL SRR
Stomatal length/pum Stomatal density/(4~/mm?) Potential conductance index/%

B 1 SFRREVSAERGEITHHE
Fig.1 Statistics of stomatal traits in research area

Max : Tt K fE Maximum ; Min ;: 52/)ME Minimum; SE ; 5r7ETR 2% Standard Error; CV: 25 55 280 Coefficient of variation ; Skewness ; Ji 2%

3.2 ATEAURI: 2 P S ALRRAE A5

ANOVA F1 LSD 455380, SL .SD PCIEFvA JEAR FEA 3 Foft 4 TE BRI HNH 8 Y i 2 Tl > AH ) (6] £
AR 2K 2) . BEAMY) SL BERKTIRARFEAR (P<0.05) , T ARFIHEAR SL oI 325 (P>
0.05) ; LAY SD B E/NFIRAFMEAR (P<0.05) , HHEAR SD BE/NTFFA(P<0.05) , MM - T
SL N SD, # 4 SL B3E/INFIEMHIY (P<0.05) ,SD B K FEM R (P<0.05) . LAk, PCI 7EFRA
AR HAR 3 B A TG RURIH 4 P50 2 Rk S AR Y R A A B35 22 55 (P>0.05) .
3.3 RALMWBUE R

SL 5 SD (kR UEAL 3 5h mH A% K -0.406 ( R = —0.406, P<0.001) , W53 (A 7776 W] 5B 09 A 56 6 & |, HITBA
& SL WG, SD LML, X R T SD 5 SL AU X RAEA FHEY D RE R vh R AR E , 1 SL.SD 5 PCI
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Fig.2 Box plots of stomatal characters across different plant life forms and leaf habits
AR NG FRE R R AR A 38 Bl v 2 PR 1 S ALAEE 22 52 3 (P<0.05) | HTIRI/ING SR R AN Rl A 6 Bk n > e S FLAR 22 R AR B
#(P>0.05)

WAHRNE B MEMEXRR(E3).,

b2 A AS ) A T BRI ST PERE G SL 5 SD Z a9 SG 5, & B SL 55 SD AU 6 RFaEfEAE TR
A A= 5 AR I M (8l 4 3R 2) o TR BEARRI AR =M E TR R0 SL 5 SD FRIFTE R AF I 4tk ¢
R (P<0.001) , ANFIATERIAEY) SL 5 SD KR HLMRREA 825 (P>0.05) , H =F7E y MI#kE L dk
HREZESF(P>0.05) , M « fll_F AR B2 25 5% (P<0.001) , BaBIAE SL — & &M T, e KRB A R KIW
SD,FARWZ HEARR) SD HXT /N, SL 5 SD B2tk & R FIREAFAE T3 S A& A | HL 4 6 R ) 1Y)
RERBA M 225 (P>0.05) 16 y Rl B3 W2 25 5% (P>0.05) , 7E « Bl b AO#EIE % A 10 8 35 22 5=
(P<0.001) , BAHITE SL — & &1 T, W Ay BA B w119 SD,
3.4 SALFFESH RIEE AR ER X R

N 3 iR, SLAFAE M A A2 R IR RE SR AE Y S R P, 55 SLA (1A iK% T #% 2. & /K (P<0.01)
Hor SL 5 SLA IEAHSE 5 LA M6 MBS ,SD S5 F 32 A BAREZ M B e R N B9, BT LT
4M,SD 5 INC .LPC .SLA Hl 1A $777E0% 52 A 26 (P<0.01) . o, SD 5 1A IEAHI2E, i 5 LNC .LPC Al
SLA £ A1, PCI 5 LNC Fl SLA FA7EM B3 AH M (P<0.01) , 5 LT AA7E & AHCHE (P<0.05) , K, 5
LNC F1 SLA NTAHE, 5 LT HIEFE,
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Fig.3 Relationships between stomatal traits of species
* AR R=0542 P<<0.001 °  H%k R*=0.639, P<0.001
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x ) <
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B4 AEEFRMHIEEVSAKENSLZEBREL TR
Fig.4 Standardized maior axis (SMA) regressions between stomatal length ( SL) and stomatal density ( SD) across different life forms and

leaf habit groups

3.5 M RAHEREHREEREFRCR
351 AT

AR G F A AT R (3R 4) B 3R A T =, SL A PCL 3477 A2 T AS [ A% B2 i B
%o SR, 25 P95 R XS FL 2 B2 A S 250 R 3k 21 4 2 /K7 (P>0.05)
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R2 AEEFRMHIEENSIIKEMSILZERRELEHOTER
Table 2 Standardized maior axis( SMA) regression analyses for lg-lg transformed relationships between stomatal length ( SL) and stomatal

density (SD) across different life forms and leaf habit groups

] ) W Bl

1% 95% IoE SO

i e o s O T 17 7= R e
YFh HARE  MERHE BEAT A% BREXE [F1) 22 5 T Shifis along  Cormon
Group Number R? P Slope Slope Heterogeneity Intercept i °
. the common slope
95% Cls of slope
slope

HETE A Life form
FEA Tree 120 0.542 0.001 -0.524  (-0.593,-0.463) P=0.122  2.624a P<0.001 -0.5392
#EK Shrub 91 0.555 0.001 -0.4842  (-0.557,-0.421) 2.597¢
FAR Herb 230 0.446 0.001 -0.5785 (-0.637,-0.525) 2.606b
3] Leaf habit
H 4k Evergreen 148 0.639 0.001 -0.5816  (-0.642,-0.527) P=0.061 2.617a P<0.001 -0.5406
751 Deciduous 293 0.536 0.001 -0.5157  (-0.477,-0.478) 2.610b

RE/NE PR FOR I 22 57 B35 (P<0.001)

F3 RIFHESH R AF T ERE SR REX S

Table 3 Peason’s correlation among stomatal traits, stoichiometric traits and morphological traits

HHE 2R AR Stoichiometric traits & A HFE Morphological traits

Traits LNC LPC SLA LA LT
ALK SL/wm 0.010 0.085 0.141* -0.242"* 0.020
SAL#E SD/ (A4/mm?) -0.152** -0.141*" -0.251*" 0.277 " 0.063
TE AL S5 PCL/ % -0.196 ** -0.069 -0.140*" 0.026 0.118"

LNC : M5 & HE Leaf nitrogen content/ (mg/g) ; LPC ;M & & Leaf phosphorus content/(mg/g) ;SLA ; LI i Specific leaf area/(m?/kg) ;1A :
MY Leaf area( em?) ;LT M S Leaf thickness/mm; # | P<0.05; * %, P<0.01;SL: KFLKJ¥ Stomatal length;SD: L% & Stomatal density;
PCI.: #ESFLFEHEEL Potential conductance index

F4 SIMEKERERFEBELXER

Table 4 The relationships between stomatal traits and environmental factors

WEE ¥ ARSI AEPK R +38 Bk TSR IR0
Environmental factors MAT/C MAP/mm Soil total C/(mg/g) Soil total N/(mg/g)  Soil total P/ (mg/g)
ALK SL -0.104~ -0.02 -0.024 -0.045 0.056
SALEHE SD 0.004 0.046 0.068 0.028 -0.03
WESAL T EEHE 5L PCI -0.149** 0.035 0.058 -0.028 0.042

MAT; 4E¥Ji Mean annual temperature; MAP ; 4EF%/K & Mean annual precipitation; # ; P<0.05; * # . P<0.01

352 +HERT
AR S HIER AT 45 R 3R 4 Frn, H3EE C N P ZH TR FLHR I TC B &2 (P>
0.05) .

4.1 SALMRRG AT AT~ PR O A

AR A 7352 B R L 1 AL O PR S e T ) B (SR, X R O3 S AR PR IR Bl R e 1A
i HEALITRE  BEURAAT 55 Z T N RAEN IR AR L R A KOB S 2 AL MR AT 1 5 mm R 26, A
7] A 0 YR o PEAB ) () A 25 SR 4% 5 AL R B AP e 3 22 5 0 ARBIFSE b i SL AN SD FETR R
FEAR REA 3 FAEIE RURIR 2% Y it 2 Bt I PEAR Y TR R R B 2 5 o ARV R T 1) L= BB AT
JEHE GREE KT SEPREE IR TR N AR Ak, I B0 S T el A o 400 ] A 257 AR 400 38 1 1 A e ) AL
I ALK o R FREARREAS % b et 2 A ) i AR AR R ARAS AR X 78 12 1 ' BRI A0 A 50k
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L VR T IS T B B o R ZE I TR L R I R R TR R B AR NV ILXH AN A R
A R N BE T, B TRALE K IAFEA /N2 0 AL IR LA i X 28 1 4 0 45 il R BE
7] A48 e P B K A R R i AR R AR P S AR T A W, A K R 1416 R B8 B 6, ARG B
52 6 A BIR S 7K 43 B ] , PRIt AN 52 A0 AL o7 2 17 A ) 34 6 0 R RS, T8 ) AL R A
TR LA AIR A0 2 s BOAR AR BB K e Al as Y
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