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Abstract: Excessive phytoplankton proliferation and the resultant algal blooms constitute a widespread ecological challenge in lakes
globally. In China, bloom control has predominantly relied on the Environmental Quality Standards for Surface Water, which
emphasize total nitrogen and total phosphorus concentration limits. However, this concentration-based approach often yields high
costs and low effectiveness, failing to achieve cost-efficient control under constrained management resources. The limiting factor
theory offers a scientific basis for resolving this dilemma by identifying the "weakest link" in algal growth, thereby enhancing the
precision and efficacy of management interventions. Grounded in Liebig’s law of the minimum (governing final yield) and Blackman’s
law of limiting factors (governing growth rate), this study systematically elucidates the multiple, interacting mechanisms that constrain
phytoplankton, including nitrogen, phosphorus, light, temperature, hydrodynamics, and food-web regulation. We review three principal

methodologies for identifying limiting factors—empirical threshold, empirical modeling, and experimental approaches—and discuss
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their respective applicability and limitations. Furthermore, the modulating roles of uncontrollable environmental drivers, such as light
and temperature, on the effectiveness of nutrient reduction are elaborated. From a precision lake management perspective, we propose
three key directions: i) clarifying external nutrient control strategies, ii) establishing a "climatic potential-realized performance"
framework to evaluate phytoplankton nitrogen and phosphorus assimilation efficiency, and iii) elucidating nutrient redistribution
among trophic levels under fishing-ban policies. These insights aim to address critical management questions—what to control, how
much to control, where to control, and how to enhance the ecological capacity of lakes—thereby facilitating a transition in China's
lake management from coarse nutrient reduction to process-oriented, precision ecological regulation.

Keywords: Cyanobacterial blooms; Nitrogen and phosphorus control; Climate changes; Limiting factors; Lake ecosystem

management.
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Fig. 1 Conceptual diagram illustrating the joint regulation of phytoplankton over-proliferation by Liebig’s law of the minimum and

Blackman’s rate limitation
2. FFEMRGIEFHEEXBERENA

2.1 BEFTERRS

R A1 JEL % 98 38R P40 T 4 e T o R R K I B OB, PP B AT A o B A BRI
M PR AE A B A P B L & M ) PR A IR 7o Schindler 75 158 K SE 36 VA (1) 419075 7% B sk
SE, UERA T AMEBE R AR B R AR B YE R TR S R R A T H S (R A A S
GFE aWN KR, F— BT BEHIRIE K SEIE B A QA 04 1S, S —J5 T, BPAP IR AR, &R
HITEWINVES RGP B mAETE, JUIHAE & S IR MBI SE N B3 . B IR IR N S 56 40 3 10 % B A A
FE [ A N TP 2R A B (R 304 B R8T, 3R IE T AU R PR i ) 2T,

PRECRIE LAAh, HAthoo R aneE . SRR 2 AR AT 5N T BE RO BRI R 7. B, 7EREEE S
IKARA, EERREURE TR R A S RS, BRAE N 2 MR T, R R R AU K A rh 5 T BTTTE B
BLEE G, AT PR ] 788 8 A A T B3R 290, ik B S SRR 32, RTE i SR B G & 1 T BUK AR B A 64, CO2
B TR VA AR A IR, 51 R B BRI, AR IR S 5 3 1 PR R AE B ROBE AN N U,
FERFE KR CANBE#E 2 3 A0 . BRIER Ly S A& B IR A h s E A W 240, A
#FEmEEERE (B2 .

2.2 SEERANEE RS

o't HE e L B A R e 4 7 e PR 5 A 22 e 2 R R PR R (O AR . BB, BRI SEBRIRAG HOL I,
DRI Hh e K BHAR 3 5 7K AR A0 IR e AR Ak o B, /K B RGTR P A T 2 R O 1 B L eI
FEIEIREE, T 500 88 8 i 44 7 B A AR R A R B . I R ) = 038 5 R el By 5 ' A AR SR P il 28 AR
WA, fli, EMRERFETEMX, MEERFE, ERAEMEBER, RICVEER. KEE RS



(320, A G IR B2 2% 1 0 A B U A%, (DR SGRIT FU 0T TR K A A U B B KU K 7k AT B
o A EEFRIRGIERME S, 18U SRR B, SR, EARRISEE ., ek TR
LB RZER T, BHEFREHAREN T B RIS HE (-2 .

ﬁ%ﬁdhr&ﬂ@%?l%ﬂ-‘é%mﬁ B

' v . +
EhRAKMRSE KB Ao2 R MR $ 1 9F S 2 £ 3 R0 AR B4 4k 1) T 3L
1 | I I
BARMEH LY ERiPkEsn itz fas g RALLSRTEXN
sgomy L ES 8 3 3 Fns LR £
MK ATERY PRSI B L S 2 . B .
e wALENST, ﬁ\ SmosEA
S g
=
S | SRALBIENL A
A AT K NERT e I femp e an
ﬁ 2 P
—— il
&tﬂ’!:f‘it BALERBNLERS Atk
’ l Mt 4
&0 O‘l coman AR Bie FRMAN T
HERBDFRE “ &K
“&l*‘nf*aﬁﬂﬂ - RE" AR Ut .08 1

P 2 A e A ) T S R R 7 2R 2R B R B R R
Fig.2 Schematic diagram of major types of lake phytoplankton limiting factors and their management
applications.
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Tab.1 Summary of empirical thresholds for major algal limiting factors
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Fig.3 Conceptual illustration of the scatter patterns between total phosphorus and phytoplankton biomass under ideal single
phosphorus limitation (A) and multiple-factor limitation (B). Panels (C—E) illustrate the regulatory effects of climatic and local
factors on phytoplankton phosphorus assimilation efficiency. In panel (C), red dots represent the potential phytoplankton biomass
per unit phosphorus attainable under specific climatic conditions (“climatic potential upper limit”) and the observed values under the
combined influence of climatic and local factors (“actual performance™). Panel (D) lists typical local factors that cause deviations of
phosphorus assimilation efficiency from the climatic potential upper limit. Panel (E) schematically depicts how climatic suitability
modulates the climatic potential upper limit.
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Fig. 4 Deviations of TSI values based on chlorophyll-a (Chla, pg/L), total nitrogen (TN, mg/L), total phosphorus (TP, pg/L), and

Secchi depth (SD, m), and their indication for the phytoplankton limiting factors
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