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WHICH 2 MACRONUTRIENTS MosT FREQUENTLY SeErVE As LIMITING NUTRIENTS IN EcosysTeMs? Do TERRESTRIAL €
AQUATIC ENVIRONMENTS DIFFER?

UNDERSTANDING NUTRIENT LIMITATIONS IS FUNDAMENTAL TO ECOLOGY, AS IT INFLUENCES PLANT PRODUCTIVITY, SPECIES
DIVERSITY, AND OVERALL ECOSYSTEM HEALTH. AMONG THE MYRIAD NUTRIENTS ESSENTIAL FOR LIFE, TWO
MACRONUTRIENTS—NITROGEN (N) AND PHOSPHORUS (P)—STAND OUT AS THE MOST FREQUENTLY LIMITING FACTORS IN BOTH
TERRESTRIAL AND AQUATIC ECOSYSTEMS. THEIR AVAILABILITY OFTEN DICTATES THE RATE OF PRIMARY PRODUCTIVITY,
IMPACTS BIOGEOCHEMICAL CYCLES, AND GUIDES CONSERVATION AND MANAGEMENT STRATEGIES. THIS ARTICLE EXPLORES WHICH
TWO MACRONUTRIENTS MOST OFTEN SERVE AS LIMITING NUTRIENTS, EXAMINES HOW THIS VARIES BETWEEN TERRESTRIAL AND
AQUATIC SYSTEMS, AND DISCUSSES THE ECOLOGICAL IMPLICATIONS OF NUTRIENT LIMITATIONS.

WHAT ARE MACRONUTRIENTS AND WHY ARE THEY IMPORTANT?

MACRONUTRIENTS ARE ELEMENTS REQUIRED BY ORGANISMS IN RELATIVELY LARGE QUANTITIES TO SUSTAIN GROWTH,
DEVELOPMENT, AND PHYSIOLOGICAL FUNCTIONS. IN ECOSYSTEMS, THESE NUTRIENTS ARE VITAL FOR PLANT AND MICROBIAL
PRODUCTIVITY. THE PRIMARY MACRONUTRIENTS INCLUDE:

- NiTrogen (N)

- PHospHorus (P)
- PoTassium (K)
- SuLFur (S)

- CaLcium (Ca)

- Macnesium (Ma)

AMONG THESE, NITROGEN AND PHOSPHORUS ARE MOST CRITICAL BECAUSE THEY ARE OFTEN IN LIMITED SUPPLY RELATIVE TO
ORGANISMS' NEEDS, THUS FREQUENTLY CONTROLLING THE RATE OF PRIMARY PRODUCTION.

THE Two MAIN LIMITING MACRONUTRIENTS IN ECOSYSTEMS

NITROGEN (N): THe ESSENTIAL BUILDING BLock oF PROTEINS AND NUCLEIC ACIDS

NITROGEN IS A FUNDAMENTAL COMPONENT OF AMINO ACIDS, PROTEINS, NUCLEIC ACIDS (DNA AND RNA), AND CHLOROPHYLL.
DESPITE ITS ABUNDANCE IN THE ATMOSPHERE (~7 89 AS Ny GAS), MOST ORGANISMS CANNOT DIRECTLY UTILIZE ATMOSPHERIC
NITROGEN. INSTEAD, NITROGEN MUST BE FIXED BIOLOGICALLY OR THROUGH INDUSTRIAL PROCESSES TO BECOME AVAILABLE IN
FORMS LIKE AMMONIUM (NH,*) or NITRATE (NO, 7).

KEY POINTS ABOUT NITROGEN AS A LIMITING NUTRIENT:
- FREQUENTLY LIMITS PLANT GROWTH IN TERRESTRIAL AND AQUATIC ECOSYSTEMS.

- ITS AVAILABILITY INFLUENCES PRIMARY PRODUCTIVITY AND SPECIES COMPOSITION.
- EXCESS NITROGEN CAN LEAD TO ENVIRONMENTAL ISSUES SUCH AS EUTROPHICATION AND ACID RAIN.



PHospPHORUS (P): THe Key CoMPONENT oF DNA, ATP, AND CELL MEMBRANES

PHOSPHORUS IS VITAL FOR ENERGY TRANSFER (ATP)/ GENETIC MATERIAL, AND CELLULAR STRUCTURE. UNLIKE NITROGEN,
PHOSPHORUS DOES NOT HAVE A SIGNIFICANT ATMOSPHERIC COMPONENT; IT MAINLY CYCLES THROUGH ROCKS, SOILS, WATER,
AND LIVING ORGANISMS.

KEY POINTS ABOUT PHOSPHORUS AS A LIMITING NUTRIENT:

- OFTEN LIMITING IN FRESHWATER ECOSYSTEMS DUE TO ITS LOW SOLUBILITY AND SLOW GEOLOGICAL CYCLING.
- ESSENTIAL FOR ENERGY TRANSFER AND CELLULAR FUNCTION.
- |TS SCARCITY CAN LIMIT PLANT AND MICROBIAL GROWTH, AFFECTING ENTIRE FOOD WEBS.

WHICH EcosyYsTeEMS ARE MosT AFFECTED BY NITROGEN AND PHOSPHORUS
LIMITATION?

THE DEGREE TO WHICH NITROGEN OR PHOSPHORUS LIMITS PRODUCTIVITY VARIES SIGNIFICANTLY BETWEEN TERRESTRIAL AND
AQUATIC ECOSYSTEMS.

IN TERRESTRIAL ECOSYSTEMS

- NITROGEN IS OFTEN THE PRIMARY LIMITING NUTRIENT IN FORESTS, GRASSLANDS, AND AGRICULTURAL SOILS.
- PHOSPHORUS CAN BECOME LIMITING IN HIGHLY WEATHERED, OLD SOILS SUCH AS THOSE FOUND IN TROPICAL RAINFORESTS OR
CERTAIN AGRICULTURAL LANDS WHERE PHOSPHORUS HAS BEEN LEACHED OR BOUND TIGHTLY TO SOIL PARTICLES.

FACTORS INFLUENCING NUTRIENT LIMITATION IN TERRESTRIAL SYSTEMS:

- SOIL TYPE AND MINERAL COMPOSITION.
- CLIMATE CONDITIONS AFFECTING DECOMPOSITION AND NUTRIENT CYCLING.
- HUMAN ACTIVITIES LIKE FERTILIZATION AND LAND USE CHANGE.

IN AQUATIC ECOSYSTEMS

- FRESHWATER SYSTEMS (LAKES/ RIVERS): PHOSPHORUS IS TYPICALLY THE LIMITING NUTRIENT BECAUSE IT IS LESS ABUNDANT
RELATIVE TO DEMAND, ESPECIALLY IN NUTRIENT-POOR (OLIGOTROPHIC) LAKES.

- MARINE SYSTEMS (OCEANS): NITROGEN MOST OFTEN LIMITS PRODUCTIVITY IN OPEN OCEAN ENVIRONMENTS, PARTICULARLY IN
SUBTROPICAL GYRES WHERE NITROGEN FIXATION IS LIMITED.

- ESTUARIES AND COASTAL WATERS: NUTRIENT LIMITATION CAN VARY SEASONALLY AND SPATIALLY BUT OFTEN INVOLVES
NITROGEN OR PHOSPHORUS DEPENDING ON LOCAL CONDITIONS.

ECOSYSTEM-SPECIFIC CONSIDERATIONS:
- EUTROPHICATION OFTEN RESULTS FROM EXCESS NITROGEN AND PHOSPHORUS INPUT, LEADING TO ALGAL BLOOMS.

- THE RELATIVE IMPORTANCE OF EACH LIMITING NUTRIENT INFLUENCES MANAGEMENT STRATEGIES TO PREVENT ENVIRONMENTAL
DEGRADATION.



BioGeoCHEMICAL CycLES; How NITROGEN AND PHOSPHORUS MOVE IN
EcosyYSTEMS

UNDERSTANDING THE CYCLES OF NITROGEN AND PHOSPHORUS HELPS CLARIFY THEIR ROLES AS LIMITING NUTRIENTS.

NITROGEN CYCLE

- NITROGEN FIXATION CONVERTS ATMOSPHERIC N2 INTO BIOAVAILABLE FORMS.

- NITRIFICATION AND DENITRIFICATION PROCESSES REGULATE NITRATE AND GASEOUS NITROGEN LOSS.

- HUMAN ACTIVITIES (E.G., FOSSIL FUEL COMBUSTION, FERTILIZER APPLICATION) HAVE SIGNIFICANTLY INCREASED NITROGEN
INPUTS, OFTEN LEADING TO NUTRIENT IMBALANCES.

PHosPHoORrRUS CYCLE

- PHOSPHORUS IS PRIMARILY TRANSPORTED THROUGH WEATHERING OF ROCKS.

- |T CYCLES SLOWLY DUE TO ITS LOW SOLUBILITY AND TENDENCY TO BIND WITH MINERALS.

- HUMAN EXTRACTION AND USE OF PHOSPHATE FERTILIZERS HAVE INCREASED PHOSPHORUS FLUXES INTO ECOSYSTEMS, OFTEN
RESULTING IN EUTROPHICATION.

EcoLoGICAL IMPLICATIONS OF LIMITING NUTRIENTS

THE IDENTITY OF THE LIMITING NUTRIENT HAS PROFOUND EFFECTS ON ECOSYSTEM STRUCTURE AND FUNCTION.

EFFecTs oF NITROGEN LIMITATION

- CONTROLS PLANT GROW TH RATES.
- INFLUENCES SPECIES COMPOSITION, FAVORING NITROGEN-FIXING PLANTS.
- AFFECTS MICROBIAL COMMUNITIES RESPONSIBLE FOR NITROGEN TRANSFORMATIONS.

EFFecTs oF PHOSPHORUS LIMITATION

- LIMITS PRIMARY PRODUCTIVITY, ESPECIALLY IN FRESHWATER ECOSYSTEMS.
- CAN LEAD TO PHOSPHORUS ACCUMULATION IN SEDIMENTS.
- INFLUENCES THE DIVERSITY OF SPECIES ADAPTED TO LOW-PHOSPHORUS CONDITIONS.

INTERACTIONS BETWEEN NITROGEN AND PHOSPHORUS

- NUTRIENT LIMITATIONS ARE OFTEN NOT EXCLUSIVE; ECOSYSTEMS CAN BE CO-LIMITED.
- MANAGEMENT PRACTICES MUST CONSIDER BOTH NUTRIENTS TO RESTORE OR MAINTAIN ECOSYSTEM HEALTH.



HUMAN IMPACTS AND NUTRIENT MANAGEMENT STRATEGIES

HUMAN ACTIVITIES HAVE DRASTICALLY ALTERED NATURAL NUTRIENT CYCLES, OFTEN EXACERBATING LIMITATIONS OR CAUSING
EXCESSES.

KeY POINTS:

- EXCESS NITROGEN AND PHOSPHORUS FROM AGRICULTURE, INDUSTRY, AND URBAN RUNOFF LEAD TO WATER QUALITY ISSUES.
- FERTILIZER APPLICATION MUST BE OPTIMIZED TO MATCH PLANT NEEDS AND MINIMIZE ENVIRONMENTAL IMPACT.

- RESTORATION EFFORTS INCLUDE REDUCING NUTRIENT INPUTS, PROMOTING NATURAL NUTRIENT CYCLING, AND RESTORING
\WETLANDS.

ConcrusioNn:; THeE CeENTRAL RoLE oF NITROGEN AND PHOSPHORUS IN
EcosysTeM FUNCTION

NITROGEN AND PHOSPHORUS ARE THE TWO MACRONUTRIENTS MOST FREQUENTLY SERVING AS LIMITING FACTORS IN ECOSYSTEMS
\WORLDW IDE. THEIR AVAILABILITY DIRECTLY INFLUENCES PRIMARY PRODUCTIVITY, SPECIES DIVERSITY, AND ECOSYSTEM
STABILITY. WHILE NITROGEN TENDS TO BE THE PRIMARY LIMITING NUTRIENT IN MARINE ENVIRONMENTS, PHOSPHORUS OFTEN LIMITS
FRESHWATER SYSTEMS, ALTHOUGH THIS CAN VARY WITH LOCAL CONDITIONS. RECOGNIZING WHICH NUTRIENT IS LIMITING HELPS
ECOLOGISTS AND LAND MANAGERS DEVELOP TARGETED STRATEGIES TO ENHANCE ECOSYSTEM HEALTH, PREVENT
EUTROPHICATION, AND MITIGATE HUMAN IMPACTS.

UNDERSTANDING THE DYNAMICS OF NITROGEN AND PHOSPHORUS CYCLING IS CRUCIAL FOR SUSTAINABLE ECOSYSTEM
MANAGEMENT, AGRICULTURAL PRODUCTIVITY, AND ENVIRONMENTAL CONSERVATION. AS GLOBAL NUTRIENT CYCLES CONTINUE
TO BE AFFECTED BY HUMAN ACTIVITIES, ONGOING RESEARCH AND ADAPTIVE MANAGEMENT WILL BE ESSENTIAL TO BALANCE
NUTRIENT INPUTS AND MAINTAIN THE VITALITY OF TERRESTRIAL AND AQUATIC ECOSYSTEMS ALIKE.

KeywoRrDS FOR SEO OPTIMIZATION: LIMITING NUTRIENTS, NITROGEN, PHOSPHORUS, ECOSYSTEM PRODUCTIVITY, TERRESTRIAL
ECOSYSTEMS, AQUATIC ECOSYSTEMS, NUTRIENT CYCLES, EUTROPHICATION, BIOGEOCHEMICAL CYCLES, ECOSYSTEM
MANAGEMENT

FREQUENTLY ASkeD QUESTIONS

W/HICH TWO MACRONUTRIENTS MOST FREQUENTLY SERVE AS LIMITING NUTRIENTS IN
TERRESTRIAL AND AQUATIC ECOSYSTEMS?

NITROGEN AND PHOSPHORUS ARE THE TWO MACRONUTRIENTS MOST COMMONLY LIMITING NUTRIENT AVAILABILITY IN BOTH
TERRESTRIAL AND AQUATIC ECOSYSTEMS.

How DOES NITROGEN ACT AS A LIMITING NUTRIENT IN ECOSYSTEMS?

NITROGEN OFTEN LIMITS PLANT AND ALGAL GROWTH BECAUSE, DESPITE ITS ABUNDANCE IN THE ATMOSPHERE, IT MUST BE
CONVERTED INTO USABLE FORMS LIKE AMMONIUM OR NITRATE, WHICH CAN BE SCARCE IN CERTAIN ENVIRONMENTS.

WHY IS PHOSPHORUS CONSIDERED A LIMITING NUTRIENT IN MANY ECOSYSTEMS?

PHOSPHORUS IS TYPICALLY LIMITING BECAUSE IT IS LESS SOLUBLE AND LESS ABUNDANT IN SOIL AND WATER COMPARED TO



OTHER NUTRIENTS, MAKING IT A BOTTLENECK FOR BIOLOGICAL PRODUCTIVITY.

DO TERRESTRIAL AND AQUATIC ECOSYSTEMS EXPERIENCE DIFFERENT LIMITING NUTRIENTS ,
OR ARE NITROGEN AND PHOSPHORUS UNIVERSALLY LIMITING?

W/HILE NITROGEN AND PHOSPHORUS ARE THE MOST COMMON LIMITING NUTRIENTS ACROSS MANY ECOSYSTEMS, THE PRIMARY
LIMITING NUTRIENT CAN VARY DEPENDING ON SPECIFIC ENVIRONMENTAL CONDITIONS; FOR EXAMPLE, IRON MAY BE LIMITING IN SOME
MARINE ECOSYSTEMS.

\WHAT ARE THE ECOLOGICAL CONSEQUENCES OF NUTRIENT LIMITATION BY NITROGEN
AND PHOSPHORUS?

NUTRIENT LIMITATION CAN RESTRICT PLANT AND ALGAL GROWTH, AFFECTING OVERALL BIODIVERSITY, PRODUCTIVITY, AND THE
FLOW OF ENERGY THROUGH ECOSYSTEMS, AND CAN LEAD TO PHENOMENA LIKE EUTROPHICATION WHEN EXCESS NUTRIENTS ARE
INTRODUCED.

How DO HUMAN ACTIVITIES INFLUENCE THE LIMITING ROLE OF NITROGEN AND
PHOSPHORUS IN ECOSYSTEMS?

HUMAN ACTIVITIES SUCH AS FERTILIZER RUNOFF, FOSSIL FUEL COMBUSTION, AND WASTEWATER DISCHARGE INCREASE NITROGEN
AND PHOSPHORUS LEVELS, OFTEN CAUSING NUTRIENT IMBALANCES THAT LEAD TO ISSUES LIKE ALGAL BLOOMS AND DEAD ZONES.

ADDITIONAL RESOURCES

WHICH 2 MACRONUTRIENTS MoST FREQUENTLY SERVE AS LIMITING NUTRIENTS IN ECOSYSTEMS? Do TERRESTRIAL
AQUATIC ENVIRONMENTS DIFFER?

UNDERSTANDING WHAT LIMITS BIOLOGICAL PRODUCTIVITY IN ECOSYSTEMS IS FUNDAMENTAL TO ECOLOGY, AGRICULTURE, AND
ENVIRONMENTAL MANAGEMENT. AMONG THE MYRIAD NUTRIENTS ESSENTIAL FOR LIFE, TWO MACRONUTRIENTS™NITROGEN AND
PHOSPHORUS—STAND OUT FOR THEIR RECURRENT ROLE AS LIMITING FACTORS. BUT DO THESE NUTRIENTS EXERT THE SAME
INFLUENCE ACROSS DIFFERENT ECOSYSTEMS, SUCH AS TERRESTRIAL HABITATS VERSUS AQUATIC ENVIRONMENTS? THIS ARTICLE
EXPLORES THE ROLES OF NITROGEN AND PHOSPHORUS AS LIMITING NUTRIENTS, EXAMINES HOW THEIR LIMITATIONS SHAPE
ECOSYSTEMS, AND COMPARES THEIR IMPACTS IN LAND-BASED AND WATER-BASED SYSTEMS.

THe CoNcepT ofF LIMITING NUTRIENTS IN ECOSYSTEMS

BEFORE DELVING INTO SPECIFIC NUTRIENTS, IT’S CRUCIAL TO UNDERSTAND WHAT LIMITING NUTRIENTS ARE. IN ECOLOGICAL
CONTEXTS, A LIMITING NUTRIENT IS ONE WHOSE SCARCITY RESTRICTS PRIMARY PRODUCTIVITY——THE RATE AT WHICH PLANTS
AND ALGAE CONVERT INORGANIC SUBSTANCES INTO ORGANIC MATTER VIA PHOTOSYNTHESIS. WHEN A PARTICULAR NUTRIENT IS
IN SHORT SUPPLY RELATIVE TO AN ORGANISM’S NEEDS, IT CONSTRAINS GROWTH AND BIOMASS ACCUMULATION, ULTIMATELY
INFLUENCING THE ENTIRE FOOD WEB.

THE CONCEPT WAS FIRST ARTICULATED BY SCIENTIST JUSTUS VON LIEBIG IN THE 19TH CENTURY, KNOWN AS LIEBIG’S LAW OF
THE MINIMUM. ACCORDING TO THIS PRINCIPLE, GROW TH IS CONTROLLED NOT BY THE TOTAL AMOUNT OF RESOURCES AVAILABLE
BUT BY THE SCARCEST ONE. IN ECOSYSTEMS, IDENTIFYING THE LIMITING NUTRIENTS HELPS PREDICT PRODUCTIVITY, NUTRIENT
CYCLING, AND RESPONSES TO ENVIRONMENT AL CHANGES.

THE Two MosT FREQUENT LIMITING MACRONUTRIENTS: NITROGEN AND PHOSPHORUS

AMONG THE ESSENTIAL MACRONUTRIENTS—CARBON, NITROGEN, PHOSPHORUS, POTASSIUM, CALCIUM, AND
MAGNESIUM—NITROGEN AND PHOSPHORUS ARE MOST OFTEN LIMITING IN NATURAL ENVIRONMENTS. \WHILE CARBON IS ABUNDANT



IN THE ATMOSPHERE AND TYPICALLY NOT LIMITING IN TERRESTRIAL SYSTEMS, NITROGEN AND PHOSPHORUS ARE MORE SCARCE
RELATIVE TO BIOLOGICAL DEMAND, MAKING THEM CRITICAL CONTROL POINTS FOR PRODUCTIVITY.

\WHY NITROGEN AND PHOSPHORUS?

- NITRoGEN (N): CoNSTITUTES ABOUT 789, oF EARTH'S ATMOSPHERE AS N, GAS. DESPITE ITS ABUNDANCE IN THE
ATMOSPHERE, MOST ORGANISMS CANNOT DIRECTLY UTILIZE ATMOSPHERIC NITROGEN AND RELY ON BIOLOGICAL NITROGEN
FIXATION OR OTHER PROCESSES TO INCORPORATE IT INTO USABLE FORMS LIKE AMMONIUM AND NITRATE.

- PHOSPHORUS (P) COMES PREDOMINANTLY FROM PHOSPHATE ROCKS. UNLIKE NITROGEN, PHOSPHORUS DOES NOT HAVE A
SIGNIFICANT ATMOSPHERIC COMPONENT, SO ITS AVAILABILITY DEPENDS ON WEATHERING PROCESSES, MINERAL DISSOLUTION, AND
BIOLOGICAL CYCLING.

THEIR IMPORTANCE STEMS FROM THEIR PIVOTAL ROLES IN KEY BIOLOGICAL MOLECULES:
- NITROGEN IS A CORE COMPONENT OF AMINO ACIDS, PROTEINS, NUCLEIC ACIDS (DNA AND RNA), AND CHLOROPHYLL.

- PHOSPHORUS IS INTEGRAL TO ATP (ENERGY TRANSFER), NUCLEIC ACIDS, PHOSPHOLIPIDS (CELL MEMBRANES), AND
BONES/TEETH IN ANIMALS.

THE RoLE oF NITROGEN AS A LIMITING NUTRIENT
IN TERRESTRIAL ECOSYSTEMS

IN LAND-BASED HABITATS, NITROGEN AVAILABILITY OFTEN LIMITS PLANT GROWTH, ESPECIALLY IN TEMPERATE AND TROPICAL
FORESTS, GRASSLANDS, AND DESERTS. DESPITE THE ABUNDANCE OF ATMOSPHERIC NITROGEN, ITS FIXATION INTO BIOLOGICALLY
ACCESSIBLE FORMS IS ENERGY-INTENSIVE AND LIMITED BY MICROBIAL ACTIVITY, SOIL CONDITIONS, AND CLIMATIC FACTORS.

- NATURAL NITROGEN LIMITATION: IN MANY SOILS, NITROGEN IS NATURALLY SCARCE DUE TO SLOW MINERALIZATION AND
LEACHING. AS A RESULT, PLANT GROWTH AND BIOMASS PRODUCTION ARE CONSTRAINED.

- HUMAN INFLUENCE: AGRICULTURAL FERTILIZERS RICH IN NITROGEN HAVE DRAMATICALLY INCREASED CROP YIELDS, BUT EXCESS
NITROGEN RUNOFF CAUSES ENVIRONMENTAL ISSUES SUCH AS EUTROPHICATION OF NEARBY WATER BODIES.

IN AQUATIC ECOSYSTEMS

IN FRESHWATER AND MARINE ENVIRONMENTS, NITROGEN OFTEN ACTS AS THE PRIMARY LIMITING NUTRIENT FOR PHY TOPLANKTON
AND ALGAE. |TS AVAILABILITY INFLUENCES PRIMARY PRODUCTIVITY, ALGAL BLOOMS, AND THE OVERALL HEALTH OF AQUATIC
SYSTEMS.

- OPEN OCEANS: GENERALLY NITROGEN-LIMITED DUE TO LOW NITROGEN FIXATION RATES AND LIMITED TERRESTRIAL INPUT.

- COASTAL WATERS: OFTEN EXPERIENCE NITROGEN ENRICHMENT FROM RUNOFF, WHICH CAN LEAD TO HARMFUL ALGAL BLOOMS
BUT MAY ALSO SHIFT THE LIMITING NUTRIENT TO PHOSPHORUS.

THE RoLE oF PHOSPHORUS AS A LIMITING NUTRIENT
IN TERRESTRIAL ECOSYSTEMS

PHOSPHORUS IS OFTEN LESS LIMITING IN TERRESTRIAL ENVIRONMENTS BECAUSE IT IS RELATIVELY IMMORBILE IN SOILS AND
RELEASED SLOWLY THROUGH WEATHERING.

- IN soILS: P TENDS TO BE BOUND TO MINERAL PARTICLES AND ORGANIC MATTER, MAKING IT LESS BIOAVAILABLE.
- LIMITATION PATTERNS: IN SOME TROPICAL FORESTS AND HIGHLY WEATHERED SOILS, PHOSPHORUS DEFICIENCY CAN SEVERELY

RESTRICT PLANT GROWTH, LEADING TO STUNTED FORESTS AND LOW PRODUCTIVITY.

IN AQUATIC ECOSYSTEMS



PHOSPHORUS IS FREQUENTLY THE LIMITING NUTRIENT IN FRESHWATER SYSTEMS.

- FRESHW ATER BODIES: PHOSPHORUS FROM AGRICULTURAL RUNOFF, WASTEWATER, AND EROSION CAN ACCUMULATE RAPIDLY,
OFTEN TRIGGERING ALGAL BLOOMS.

- MARINE SYSTEMS: THE OPEN OCEAN IS TYPICALLY PHOSPHORUS-LIMITED DUE TO ITS LOW INPUT AND SLOW RECYCLING,
ALTHOUGH IN SOME CASES, NITROGEN IS MORE LIMITING.

CoMPARING LIMITING NUTRIENTS IN TERRESTRIAL §F AQUATIC ECOSYSTEMS

| AspecT | TERRESTRIAL ECOsYSTEMS | AQUATIC ECosYSTEMS |

AR I |

| PriMARY LIMITING NUTRIENT | NITROGEN (COMMON), PHOSPHORUS (IN SOME SOILS) | NITROGEN (MARINE), PHOSPHORUS
(FRESHWATER) |

| MAIN SOURCES | ATMOSPHERIC DEPOSITION, BIOLOGICAL FIXATION, MINERAL WEATHERING | RUNOFF, ATMOSPHERIC DEPOSITION
UPWELLING |

| MoBILITY § AVAILABILITY | VARIABLE; BOUND TO SOIL MATRIX, LIMITED DIFFUSION | HIGHLY MOBILE; DISSOLVED IN WATER,
EASILY TAKEN UP BY ORGANISMS |

| LIMITING PATTERNS | NITROGEN LIMITATION COMMON IN TEMPERATE FORESTS; PHOSPHORUS IN TROPICAL SOILS | NITROGEN
LIMITS IN OPEN OCEANS; PHOSPHORUS LIMITS IN FRESHWATER LAKES

/7

Key POINT: W/HILE NITROGEN GENERALLY DOMINATES AS A LIMITING NUTRIENT ACROSS MANY TERRESTRIAL AND MARINE
ENVIRONMENTS, PHOSPHORUS PLAYS A CRITICAL LIMITING ROLE PARTICULARLY IN FRESHWATER SYSTEMS AND CERTAIN SOIL
CONDITIONS.

IMPACTS oF NUTRIENT LIMITATION ON ECOSYSTEM FUNCTIONING
THE LIMITING NATURE OF NITROGEN AND PHOSPHORUS HAS PROFOUND EFFECTS ON ECOSYSTEM DYNAMICS:

- PRODUCTIVITY AND BIOMASS: LIMITING NUTRIENTS DETERMINE THE MAXIMUM BIOMASS THAT AN ECOSYSTEM CAN SUSTAIN.

- SPECIES COMPOSITION: NUTRIENT AVAILABILITY INFLUENCES WHICH SPECIES THRIVE, FOR INSTANCE, NUTRIENT-RICH
ENVIRONMENTS FAVOR FAST-GROWING, OPPORTUNISTIC SPECIES.

- NUTRIENT CYCLING: LIMITING NUTRIENTS REGULATE DECOMPOSITION RATES, SOIL AND WATER CHEMISTRY, AND THE MOVEMENT
OF NUTRIENTS THROUGH FOOD WEBS.

- HUMAN INFLUENCE: ANTHROPOGENIC ACTIVITIES, SUCH AS AGRICULTURE, FOSSIL FUEL COMBUSTION, AND WASTEWATER
DISCHARGE, ALTER NUTRIENT CYCLES, OFTEN EXACERBATING LIMITATIONS OR CAUSING EXCESSES.

HUMAN IMPACTS AND MANAGEMENT STRATEGIES
THE HUMAN DIMENSION ADDS COMPLEXITY TO NUTRIENT LIMITATION:

- EUTROPHICATION: EXCESS NITROGEN AND PHOSPHORUS FROM AGRICULTURE AND URBAN RUNOFF CAUSE OVER-ENRICHMENT OF
W ATER BODIES, LEADING TO HYPOXIA, FISH KILLS, AND LOSS OF BIODIVERSITY.

- CLIMATE CHANGE: RISING TEMPERATURES CAN ALTER MICROBIAL ACTIVITY, AFFECTING NITROGEN FIXATION AND
MINERALIZATION, THUS CHANGING NUTRIENT LIMITATIONS.

- RESTORATION EFFORTS: MANAGING NUTRIENT INPUTS THROUGH POLICY, TECHNOLOGICAL INNOVATIONS, AND LAND USE
PRACTICES AIMS TO BALANCE ECOSYSTEM PRODUCTIVITY WITH ENVIRONMENTAL HEALTH.

CoNcLusioN: Do LIMITATIONS DiFFer BETWEEN LAND AND W/ ATER?

IN SUMMARY, NITROGEN AND PHOSPHORUS ARE THE TWO MACRONUTRIENTS MOST FREQUENTLY SERVING AS LIMITING FACTORS
ACROSS ECOSYSTEMS, BUT THEIR ROLES VARY DEPENDING ON THE ENVIRONMENT:



- TERRESTRIAL ECOSYSTEMS: NITROGEN OFTEN LIMITS PLANT PRODUCTIVITY, ESPECIALLY IN TEMPERATE REGIONS, WITH
PHOSPHORUS BECOMING LIMITING IN HIGHLY WEATHERED TROPICAL SOILS.

- AQUATIC ECOSYSTEMS: IN OCEANS, NITROGEN TYPICALLY CONSTRAINS PHYTOPLANKTON GROWTH, WHEREAS IN FRESHWATER
LAKES, PHOSPHORUS IS OFTEN THE PRIMARY LIMITING NUTRIENT.

(UNDERSTANDING THESE DIFFERENCES IS VITAL FOR MANAGING ECOSYSTEMS SUSTAINABLY, CONTROLLING POLLUTION, AND
PREDICTING ECOLOGICAL RESPONSES TO ENVIRONMENTAL CHANGE. BOTH NUTRIENTS ARE DEEPLY INTERTWINED WITH HUMAN
ACTIVITIES, AND THEIR MANAGEMENT REMAINS A KEY CHALLENGE IN CONSERVING THE HEALTH AND PRODUCTIVITY OF EARTH'S
DIVERSE ECOSYSTEMS.

IN ESSENCE, NITROGEN AND PHOSPHORUS ARE THE TWIN GATEKEEPERS OF ECOSYSTEM PRODUCTIVITY, SHAPING LIFE’S DIVERSITY
AND ABUNDANCE BOTH ON LAND AND IN WATER. RECOGNIZING THEIR ROLES HELPS SCIENTISTS, POLICYMAKERS, AND COMMUNITIES
BETTER STEWARD OUR PLANET’S VITAL RESOURCES.
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