5537 B 6 W) S &~ £ Eild Vol.37,No.6
2017 4F3 A ACTA ECOLOGICA SINICA Mar. 2017

DOI: 10.5846/stxb201511112288
HM A, ERE DUKAE D) 2 R P TR o i e A 524 ,2017,37(6) -

Dong B, Han R M, Wang G X.Research advances in and perspectives on characteristics of the micro-boundary layer around leaves and stems of submerged

macrophytes .Acta Ecologica Sinica,2017,37(6) :

TUKEMEMN S mFIEMRER

% /1 * ﬁ%@\ﬂfj“ il?f%“
LG RAEH PGB, YT 276000
2 MR Be, F At 210023
3 VLAV S BRI R SRR EIFT G, Mat 210023

FE UK 220K SR K A A4 F 2 5 2 — I A ) Bk Al 2 21 FOK SR B i B F 2 R, B FR K
PRreb A AR W B SRR UK A 25 38T, T2 R T R R A A= K SO T, OO R A T IR AT ST, A B T 48 7R 0
KA AR 35 )2 TN T FRAG K A ) BB R D42 i RERAIL A, DE/K AL 25 5 T HAT D2 R /KA TR 50 e fb U PR35
DA 7 R T P g R ) 2 ) 3 A 386 T Jo o i ) BEL 7 RV 5 R ARRART A Ol 45 1 P 4 o 4 i 252 A5 D 5 A T 454 S 3R Y
TRKRE TR TUKAEYI I KA K BeAF R B SE R 0 S A 4546 DI RE R £ BT D5 iR EA T T 0B 2 ST X 0k
HLP)ZE I RO R BT FE R 2EA T TR

KR DUKAEY ; BRI DRE ;W B IR

Research advances in and perspectives on characteristics of the micro-boundary

layer around leaves and stems of submerged macrophytes

DONG Bin"*, HAN Ruiming”®, WANG Guoxiang™”’

1 College of Resource and Environment, Linyi University, Linyi 276000, China
2 School of Environment, Nanjing Normal University, Nanjing, 210023, China

3 Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing, 210023, China

Abstract: Submerged macrophytes constitute an important component of shallow aquatic ecosystems. They provide most of
the accessible surface area, constant survival substrates, and available nutrients for periphyton, which remains attached to
the stem and leaf surfaces of submerged macrophytes and forms a special bio-water boundary layer. As one of the most
important interfaces in shallow lakes, the submerged macrophyte-water boundary layer plays roles in macrophyte growth,
biogeochemical cycling, water environment maintenance, and ecological regulation. The present study summarizes the
research advancements regarding characteristics of the micro-boundary layer ( MBL) around leaves and stems of submerged
macrophytes. The ecological functions, biotic and environmental factors, and research methods are identified and reviewed.
Perspectives for the focus of future research on MBL around submerged macrophytes are raised.

The MBL around submerged macrophytes has important ecological functions. The dense periphyton in MBL exerts
negative effects on photosynthesis in submerged macrophytes, creates a barrier hindering the transport of dissolved
substances, such as O,, and leads to the degradation and even disappearance of submerged macrophytes in eutrophic

waters. The plant stress derived from pollutants may be alleviated because of the periphytic barrier in the MBL. The

E®WE : HEK AR 4 (41173078;41403064) 5 VLIRAE HARRI 54 AR L4 (BK20140922) s VLA B T mi kL A AR FF 29T 1T 30U H
(14KJB610007)

s B H:2015-11-11; ¥ £& HH kit B 81 :2016- 00- 00

# JIAMEH Corresponding author.E-mail ; donghin@ lyu.edu.cn

http ://www.ecologica.cn



2 S % 378

epiphytic bacteria in the MBL can be of considerable importance for nutrient transformation and cycling in eutrophic
ecosystems. Periphyton is an assemblage of algae, bacteria, fungi, protozoan, inorganic matter, and organic detritus that
remains attached to submerged macrophyte surfaces where significant spatio-temporal variations exist in the MBL. The
heterogeneity of micro-environmental parameters is the key factor shaping the MBL around submerged macrophytes, given
the complex constituents, changing spatial structure, and fluctuation of oxidation-reduction status within this microcosm. At
the spatial heterogeneity, in the vertical direction of stem and leaf surfaces, O, concentration and pH in the MBL increase
markedly with decreasing distance to the surface of leaves and stems and peak at the surface. The trend of the oxidation-
reduction potential (ORP) is reverse.

Plant species and growing stages are biotic factors that affect the MBL, and nutrients load, light intensity, flow
velocity, and habitat are the major environmental factors. The growth stages of macrophytes create large fluctuations and
dynamics in O,, pH, ORP, and soluble substrates at the surface of stems and leaves by changing the thickness of the
diffusive boundary layer around the macrophyte. O, concentration and pH in the MBL around the leaves and stems of
submerged macrophytes increase when macrophytes begin the rapid growing stage, which is accompanied by gradually
increasing spatial differentiation. O, concentration and pH in the MBL around the leaves and stems reach peaks at the stable
growth stage, and increase slightly or decline when the periphyton layer begins the declining stage. However, the ORP
shows the opposite trend to that of O,, and pH. MBL is mainly affected synergistically by plant physiological and periphyton
characteristics during the life cycle of macrophytes. Environmental factors affect the MBL via periphyton composition,
periphyton mass, and macrophytes growth.

Scanning electron microscopy, high spatial resolution of microsensors, microchemical analysis, molecular biology
techniques, and isotope tracer techniques are applicable approaches for the study of the characteristics of MBL; however,
they have not yet been comprehensively utilization. To further investigate the leal and stem MBL, we must focus on
establishing standard methods and models of the MBL structure and functions to verify the modulation processes and
mechanism of the MBL on the biogeochemical cycling in eutrophicated waters. Long-term ecological research under

controlled conditions is required.

Key Words: submerged macrophytes; micro-boundary layer; functions; eutrophication
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