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Effects and mechanism of nitrogen addition on primary productivity in a desert

grassland of Ningxia, China
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Abstract: Many studies have explored changes in ecosystem functions related to global environmental changes, but little is
known about the mechanisms and pathways behind the changes. Productivity is an important component of ecosystem
functions. However, it is not clear how change and the mechanism of change of the primary productivity of desert grassland
plant communities under nitrogen ( N) addition; does N affect the productivity of desert grassland by affecting biodiversity?
A manipulative N addition experiment located in the desert grassland has been conducted since 2018. The experimental

>a™') with four replicates for each

treatment included five levels of N addition rate (i.e., control, 5, 10, 20 and 40 g m™
treatment. The plant functional traits, species richness and composition, and aboveground productivity were determined. In

addition, species diversity, functional diversity and community weighted average traits were calculated. The results showed
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that; (1) the functional diversity (Rao index), community weighted average-height (CWM-height) , functional evenness
and functional dispersion of the desert grassland increased significantly in the fourth year of N addition treatment (2021)
while the species richness and Shannon-Wiener index of the desert grassland decreased significantly. (2) N addition could
indirectly promote the primary productivity of desert grassland by affecting species richness and functional diversity, but the
impact of CWM-height on the primary productivity was a positive effect, while species richness and functional dispersion
had a negative effect on productivity. (3) The biomass ratio hypothesis could better explain the variation of the primary
productivity of desert grassland communities. Our results indicated that N addition regulated the primary productivity of

desert grassland mainly by altering the functional traits of dominant species within the community.

Key Words: biodiversity-productivity relationship ; functional diversity; community weighted average-height; biomass ratio

hypothesis; primary productivity ; structural equation model
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Fig.1  Effects of N addition on species richness and Shannon-Wiener index in desert grassland
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Fig.2 Effects of N addition on functional diversity and primary productivity in desert grassland
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Table 3 Correlation coefficient between indices of functional diversity

RaoQ FEve FDis CWM-height
RaoQ 0.147 0.587 " 0.946 **
FEve 0.242 0.143
FDis 0.510"*

RaoQ .FEve .FDis Fl CWM-height 735 {CR DI RELAENE IRESI SI L THRE B BIURE BT AP BI(E-#R 5 5 = =, <0.05

£4 FENFMLETIHEE LS Shannon-Wiener 5 £ [8 AY#8 % R

Table 4 Correlation coefficient between functional diversity and Shannon-Wiener index under different N addition treatment

BRI 1L B2 RaoQ- H' FEve- H' FDis- H' CWM-height- H’

N addition r P r P r P r P
CK -0.341 >0.05 0.007 >0.05 -0.262 >0.05 -0.087 >0.05
N5 -0.608 <0.05 -0.296 >0.05 -0.571 <0.05 0.463 >0.05
N10 -0.700 <0.01 -0.463 >0.05 -0.648 <0.05 0.486 >0.05
N20 -0.835 <0.01 0.265 >0.05 -0.803 <0.01 0.375 >0.05
N40 -0.829 <0.01 0.121 >0.05 -0.779 <0.01 0.311 >0.05

H' RaoQ .FEve ,FDis fl CWM-height 43 #11%3 Shannon-Wiener 540 DIfiE 8L  ThRE 51 | D) AE B R R T8 B H4 (A -V
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Fig.4 Relationships between species diversity, functional diversity and primary productivity (logarithmic scale)
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