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Spatial variations and adaptive mechanisms of plant stomatal traits on the Inner
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Abstract: Stomata are the valves for water and CO, exchange between plants and the surrounding environment, regulating
plant transpiration as well as photosynthesis to some extent. Therefore, the spatial variation of stomatal traits affects plant
functions and reflects the adaptation of plants to their environments. The stomatal traits have attracted scientists” attention for
a long time. However, spatial variation in the stomatal traits of grassland plants on the Inner Mongolia Plateau and their
responses to the environment has not yet been explored. In this study, we set up 10 study sites, with low levels of human
disturbance, along the precipitation gradient on the Inner Mongolian Plateau. In 2018, we collected nearly all the plant
species that were present within a 1 kmX1 km area of each site. The stomatal density (SD), stomatal size (SS), and the

stomatal relative area (SRA) of the adaxial and abaxial epidermis of each species were measured. Meanwhile, the ratio of
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stomatal traits between the abaxial and adaxial epidermis was calculated. Results showed that the mean SD, SS, and the
SRA were 262.29 stomata/mm”, 378.84 pm’, and 8.10%, respectively. The mean stomatal density ratio (R.SD), the
stomatal size ratio ( R.SS) , and the stomatal relative area ratio (R.SRA) were 1.54, 1.04, and 1.61, respectively. Due to
the open grassland habitat, there were no significant differences in leaf stomatal morphological traits among the different life
forms, namely herbs vs woody plants and annual or biennial herbs vs perennial herbs (P>0.05). With the increase in the
degree of drought, the leaf SD and SRA decreased, and the SS increased. The mean annual precipitation was the main
driving factor of stomatal variation, and the mean annual temperature and photosynthetically active radiation had no
significant effect on stomatal traits. The SRA was mainly driven by the SD, and it was one of the most important mechanisms
of reducing leaf SD to improve the drought tolerance of grassland plants on the Inner Mongolian Plateau. Plants can also
adapt to drought by reducing the stomatal ratio. The stomata in the abaxial epidermic were the main contributor to the
decrease in the stomatal ratio on the Inner Mongolian Plateau. These new findings help us further understand the unique
climate adaptation mechanisms of plant stomata in natural grassland communities and provide these ecological process

models as baseline data.

Key Words: stomatal traits; stomatal distribution; climate change; adaptive strategy; Inner Mongolia
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Table 1 The basic information of the sampling sites
B S BEC) Rk R SRR LR e
Sites Longitude Latitude MAP MAT (mol m2d"") type species coverage/%
MPO1 123.51 44.59 425 6.083 21.875 B B S5 Leymus chinensis 46.593
MP02 121.04 44.52 393 6.650 23.595 B e R Ephedra sinica 11.681
MP03 120.33 45.11 387 3.908 23.729 B FJg 2ERE L. Chinensis 39.372
MP04 118.36 4477 345 1.442 24.145 AN E 5 FHL L. chinensis 25.562
MPO5 116.52 44.26 283 1.075 24.517 JRY R §15F Stipa capillata 39.819
MP06 116.67 43.55 321 0.975 24.760 JR R B Achnatherum sibiricum 28.828
MPO7 117.68 44.51 319 1.583 24.031 JRY R FH L. chinensis 43.959
MPO8 114.89 44.01 228 1.800 24.811 Fie L 5 FHL L. chinensis 31.014
MP09 113.50 43.84 199 2775 25.134 Fie L 5 PR Tribulus terrestris 25.470
MP10 112.15 43.63 183 3.808 24.804 pRLE N W3 Salsola collina 41.043

MAP ;47K Mean annual precipitation ; MAT ; 4E33 Mean annual temperature ; PAR : YA 2441 Photosynthetically active radiation
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PR 5 X AR A2, T R B 7 i N2 S SR BRI T Z-score FRUEAL, TERIHY
H T AR Ry S PR, BEAT LSO D IR AR i, W K P=0.05, AT B9 73 T 7 R (version
4.1.1, R Development Core Team 2021) 52 %, , /EEIFE Origin 2021 ( OriginLab Corporation, Northampton, MA
USA) FsE, M R A« hier.part” . “Matrix” . “Ime4” | “lmerTest” F“MuMIn”

2 HREHSH

2.1 WE R AR A i R S ALRRIE

- SSLHRA AR R R A8 S a2 AL BE (SD) ALK/ (SS) A FLARRT T AR (SRA ) 1Y 722 Ak [l
5k 25.80—1057.79 4~/mm’ ,70.06—1866.28 wm’ 1 0.48%—42.51% , F-24{E 53 5 M 262.29 4~/mm’ 378.84
pm* 1 8.10% , I FREZMSILEE L (R.SD) AFLK/N L (R.SS) AR FLAHXT AL EL (R.SRA) B AR f i [
AR 0.29—8.67 .0.52—2.66 .0.28—12.89 , “F-I{E 43 51K 1.54 1.04 F1 1.61(F£2) .
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Table 2 Leaf stomata morphological characteristics of plants on the Inner Mongolian Plateau

KF FEAR M P RME Rkl R g v R
Level Traits Numbe Mean Minimum Maximum : error Skewness Kurtosis of V‘arielttilon
BA Total SD,,, 260 262.29 25.80 1057.79 11.58 1.40 2.34 0.71
SS ot 260 378.84 70.06 1866.28 15.42 2.22 6.84 0.66
SRA,, 260 8.10 0.48 42.51 0.33 1.95 7.96 0.66
T Abaxial SD . 166 165.12 19.35 725.62 8.75 1.75 4.64 0.68
SSba 166 354.27 104.36 1677.43 16.48 2.95 12.93 0.60
SRA,, 166 5.18 0.43 21.64 0.28 1.80 471 0.69
Mz Adaxial SD 4. 166 130.77 19.35 461.17 6.40 1.60 3.47 0.63
SS ada 166 354.47 104.50 2055.13 17.08 3.66 22.58 0.62
SRA . 166 3.98 0.48 11.93 0.18 1.32 2.22 0.57
FEE.FEL R.SD 166 1.54 0.29 8.67 0.10 2.63 8.16 0.85
Abaxial/Adaxial R.SS 166 1.04 0.52 2.66 0.02 2.07 7.86 0.28
R.SRA 166 1.61 0.28 12.89 0.12 3.66 18.37 0.99

SD,, : BARSFLEE Total stomatal density;SS,,, : BARSFL KN Total stomatal size; SRA,, ; 3RS FLAAXTEFL Total stomatal relative area;SD,,, :
FERESFL%E Abaxial stomatal density;SS,;. . FEREZSFLKR/DN Abaxial stomatal size ; SRA ., RS FAEXT A Abaxial stomatal relative area;
SD a . RS FLE R Adaxial stomatal density;SS . . A FLK/D Adaxial stomatal size; SRA 4, . RS FLAART AN Adaxial stomatal relative

area;R.SD;%j‘L‘%“Jﬁ [t Ratio of stomatal densily;R.SS;/‘:\“ij(/]\ [t Ratio of stomatal SiZE;R.SRA:/EkjﬁLEﬁ:{ [t Ratio of stomatal relative area

e S AL B L R R AR FLHIR B, NS s R A I R R R B2 A SD(165.12 4~/mm”)
1 SRA(5.18%) ¥ i & T 2K SD(130.77 4~/mm”) F1 SRA(3.98%) ( P<0.05) , SFLK/MEM F | F#
KT %225 (K 2) . SRA J2& SD Fil SS AR =W , 7 27 2253 i 45 5 32, SRA 2237 SD 3K 5 (141 3)
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Fig.2 Differences in stomatal morphology between abaxial and adaxial epidermis of amphistomatic plant leaves on the Inner Mongolian

Plateau
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Fig.4 Differences in leaf stomatal morphology traits among different plant functional groups on the Inner Mongolian Plateau
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Fig.5 Differences in leaf stomatal morphological traits among different grassland on the Inner Mongolian Plateau
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Fig.6 Differences in leaf stomatal ratio among different grassland on the Inner Mongolian Plateau
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Fig.7 Slope of linear relationship between different climatic factors and stomatal traits of leaves
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