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Abstract: Submerged macrophytes, periphyton and phytoplankton are main primary producers in shallow lakes and their
competitive interactions can be affected by increased nitrogen and phosphorus concentrations and low light stress. Exploring

how changes in nutrients and light intensity separately/jointly affect these primary producers and their interactions is of great
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significance for our further understanding of the maintenance mechanisms of stable states in lakes under the context of global
climate change. We selected Potamogeton crispus, a dominant species in winter and spring in the Yangtize River basin, as
plant material. We conducted an indoor microcosm experiment simulating different conditions of nutrient concentrations ( low
nutrient; TN 0.8mg/L, TP 0.03mg/L, moderate nutrient; TN 1.8mg/L, TP 0.14mg/L) and shading (30%, 60% , and
100% incident light) to study the effect of light and nutrient supply on different types of aquatic primary producers. The
results showed that within the nutrient range that we had set up in the experiment, increased nutrient level promoted the
growth of P. crispus, periphyton and phytoplankton, but the positive effect of nutrients on periphyton and phytoplankton was
much greater than that on submerged macrophytes. An increase in shading significantly inhibited the growth of P. crispus,
but the effect of light on macrophyte growth was only obvious under moderate nutrient, but not under low nutrient.
Phytoplankton and periphyton were more responsive to different water nutrient levels than to changes in light intensities. The
difference in phytoplankton and periphyton biomass caused by different nutrient concentrations was much greater than that
caused by different light intensities, indicating that nutrient was the main factor that limiting phytoplankton and periphyton
growth in the present experiment. These results suggested that as eutrophication intensifies, since P. crispus has a poor
growth under low light conditions, its inhibitory effect on the algae can be weakened. Consequently, the combined effect of
reduced light intensity and increased nutrient concentrations will promote algae growth, which can cause macrophyte decline
by shading. In addition, during the process of water eutrophication, environmental changes such as increased inputs of
dissolved organic matter, enhanced wind waves and biological disturbances can reduce the light intensity at the lake bottom,
which can exacerbate the impact of eutrophication on submerged macrophytes, leading to a negative impact on the

maintenance of stable states in lake ecosystems in different seasons.

Key Words: submerged macrophyte; Potamogeton crispus; periphyton; phytoplankton; nutrient enrichment; light
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PRAERRIAL BT 1) 25 55 & (P <0.05) . SR, 6 4k 5 /K4 TN (TP B8 A 75 A IE S 2 A, B R
Scheier-Ray-Hare JE S50k 5 Al Kruskal-Wallis £ 55 #F 17 2 8 HL# ( P<0.05) , f# /] IBM SPSS Statistics 26
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2 HRE5SH

2.1 KA SR FHE B X K R BRI I A 5 )
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Table 1 Two-way ANOVA results for effects of nutrient enrichment and shading on water physicochemical properties

X B 5% Nutrient HERH Shadin, B FEHERH NutrientxShadin
KA . S . :
df=1 df=2 df=2
Water physicochemical properties
F F F
R4 Dissolved oxygen 12.191** 2.366™ 2.796™
H1 5% Electrical conductivity 48.330 F** 2.214™ 3.123™
pH 55.014" 3.803 " 0.930™

ns fEF P>0.05; # {83 P<0.05; == {03 P<0.01; =% f£E P<0.001; i T TN TP $HEA IR IEZS 4376 , % Scheier-Ray-Hare IES50H:
Y5 R Kruskal-Wallis #5398 #5472 0 Ho A, 45 R ULIE 2

22 JKIREFXITOKAEY) B BTN WA ) A A i 5

H IS TR B IR I W AR T AR b AR X B i R R AR A S (3R 2,
Bl 3) o WHEHIR A RKIE AT | FRAL B A S i bk i RLE TR KA 355 (% 2, P<0.05) , s gRAb 3
R AR PIRIVRR R ((50.2£11.7) em) B35 TALE IR FRA FAEK AORIPR ((35.427.4) em) , E IR0
WIHERREG N T 41% , BRI T 20% (& 4) o SR, E5 3740 I 2 (3 At h B MR (43R, He i i
. F Chl a RGR) AL AIHEHRFERR A WER W (R 2, P>0.05) . LAk, BRI ik B3 fe vt 1 K
KPR YIER (R 2, K3),
2.3 EGRTUKAEY G BESEANTEE A ) A A A5

RGN R0 TR AR SR YR A R AR (3R 2, B 3)  BEAE O EAR B SS  TEE
YIRETEAR (MR 3B LR IR A Chl a RGR) 3552 31 W 35500 (% 2, P<0.05) . MR . ui/b T i
5RO RGR (I 4) (R T Fobes LU BURIN - Chl a S BE (TR 4) o LA, MR UK AP AL 23T
HRRAE (TN TP (C/N C/P) A 350, M XA N/P A W30 (32 2) . TN TP & 5B 600 )l 55
MG CE 5) i C/N (C/P BEFE SCom s s5 s/ N () o tedh, BERTd B3 10 1 K& B PEIFAEY) Chl a
w3,

http ; //www.ecologica.cn



10644 EoE ¥ W 4“6
25 ¢ 020 18
b 3 =
2 5ol b g b b 2
?20 b < 015 ¢ I b gm-
S E] T —® )
= ¥ B & &%
g i5f g B2
g Sz 010 %S
B a g 14
g 10 E E
& <} ------- é ——————— $ S 0051 % 2 2 2
A I S S
05 —*% ' : ¢ ' ) — ' '
=210 ¢ 10.0 RE RE BERS
g - SN S )
S = 2 B
= = 5] 1)
X 200 cd d d 9.6 s 3 =
E o
M5 = =
o2 190 - T 92}
= S~ -
= bhe % ¢ —e— it
T 180 ! ab 8.8} % -o- &
<§ ab .
m 170 . . . 8.4 s - .
RER= pE EER pE wE EER
iE = 2 =2 iz = 2 S
< 2 B < 2 B
20 5] ] 20 5] o
T 35 = T g =
=} =}
p= p=

B2 EFGmIAEHI K EFEL ISR
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Table 2 Two-way ANOVA results for effects of nutrient enrichment and shading on growth parameters of primary producers

EF% Nutrient

JEPT Shading

EFEGETT NutrientxShading

A ) df=1 df=2 df=2
Dependent variable

F F F
P crispus
i A=) Aboveground biomass 11.716 ** 6.185** 1.957™
T Wi Belowground biomass 2.578"™ 6.535"" 1.625™
BA)E Total biomass 0.447™ 8.367 %" 2.325™
Pk Plant height 35.471%* 5.869 ** 1.091™
3450 Branch number 2.942™ 3.960 * 0.521™
AR Total branch length 11.090 ** 0.903" 0.010"
LAY Specific leaf area 0.027"™ 4.346* 0.380™
it F Chl a Leaf Chl a 0.743" 40.892 %" 2.535"
AHXT A= K 4R Relative growth rate 0.252™ 8.288 *** 1.801™
Sk TC 0.011™ 0.439™ 0.376™
MA TN 0.459" 12.945 %%~ 0.403"
SO TP 0.634™ 7.113** 4.376*
Bk A C/N 0.397™ 6.846 " 0.460™
JBR/ W C/P 0.946™ 4.035* 3.205"
BEV W N/P 0.055™ 1.523" 4.994"
[} % #J¢ Periphyton
Chl a 189.386 *** 4.792* 0.059"
TCKTFHE Ash free dry weight 49.843 *** 1.614" 3.560 "
TRIEFE Y Phytoplankton
Chl a 62.443*** 3.491* 0.866"

ns {0 P>0.05; = 0% P<0.05; == {0F P<0.01; === fR3E P<0.001

2.4 JKAE IR R XHDUKAEY) B 58 S I AR R B 5 R
FARIE N R P 1 b AR B SRR IR A W o (B TS P R AR AR
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Fig.4 Effects of nutrient enrichment and shading on the growth traits of P. crispus
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