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Response of Ecological Stoichiometric Characteristics of Alfalfa Leaves to

Nitrogen and Phosphorus Additions in the Loess Plateau
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Innovation of Efficient Forage Production Mode of the Ministry of Agriculture and Rural Affairs, Jinzhong 030801, China)

Abstract: Alfalfa(Medicago sativa 1..) is a key perennial leguminous forage in the Loess Plateau, and its leaf ecological
stoichiometric characteristics can indicate plant responses to environmental changes. In order to investigate the response of
ecological stoichiometry characteristics of alfalfa leaves to nitrogen and phosphorus additions, in this study, experiments were
conducted at the experimental station of the College of Grassland Science, Shanxi Agricultural University from 2022 to
2023, a randomized block design was used with five nitrogen addition treatments: 0(N0), 5(N5), 10(N10), 15(N15), and 20
(N20) g/m?, and two phosphorus addition treatments: O(P0) and 10(P10) g/m? Total biomass, leaf carbon(C), nitrogen(N),

and phosphorus(P) contents, as well as soil ammonium nitrogen, nitrate nitrogen, and available phosphorus contents were
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measured. The results showed that in the first year of planting, N addition increased leaf N content but had no significant effect

on the leaf C or P contents, resulting in a decreased C/N ratio. P addition significantly increased the leaf P content, resulting in a

significant increase of 132.82% in soil available P content, while reducing C/N , C/P, and N /P ratios. In the second year, N

addition significantly reduced soil nitrate nitrogen content by 8.71% , but had no significant impact on leaf C, N, and P contents.

In contrast, P addition significantly increased the available phosphorus content in the soil by 268.64% , significantly increased

leaf N and P contents, and decreased the C/N, C/P, and N/P ratios. In conclusion, N addition primarily influenced alfalfa leaf

ecological stoichiometry during the early planting stage, with the optimal nitrogen application of 15 g/m? Additionally, the

response of leaf ecological stoichiometric characteristics to different nutrient additions changed.

Keywords: nitrogen addition; phosphorus addition; alfalfa; ecological stoichiometric characteristics; C/N ratio; C/P ratio;

N/P ratio
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Fig.1 Effects of nitrogen and phosphorus additions on total biomass in alfalfa and soil nutrients from 2022 to 2023
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Tab.l1 Two—way ANOVA analysis on the effects of nitrogen and phosphorus and their combined

additions on total biomass in alfalfa and soil nutrients from 2022 to 2023

" S A A AR A TR PSRGEEY/h s
) LUES df Ammonium nitrogen content  Nitrate nitrogen content Available phosphorus content Total biomass
Year  Treatment

F P F P F P F P

2022 N 4 1.08 0.38 0.17 0.96 0.58 0.67 6.80 <20.001
p 1 1.98 0.17 1.47 0.23 140.29 <20.001 0.20 0.66

NXP 4 0.60 0.66 0.58 0.68 0.15 0.96 0.19 0.94

2023 N 4 1.47 0.23 3.23 <<0.05 0.88 0.48 1.86 0.14
p 1 0.00 0.99 0.31 0.58 1007.18 <20.001 0.04 0.84

NXP 4 0.79 0.53 0.84 0.51 0.29 0.88 0.41 0.80
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Fig.2 Effects of nitrogen and phosphorus additions on leaf carbon, nitrogen,

and phosphorus contents in alfalfa from 2022 to 2023
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Tab.2 Two—way ANOVA analysis of the effects of nitrogen and phosphorus and their combined additions on

leaf carbon, nitrogen, and phosphorus contents in alfalfa from 2022 to 2023

. kB kAR kA 4
0 4t df Leaf carbon content Leaf nitrogen content Leaf phosphorus content
Year Treatment

F P F P F P
2022 4 0.98 0.43 4.44 <20.01 0.31 0.87
P 1 0.62 0.44 3.82 0.06 97.70 <20.001
NXP 4 0.59 0.67 1.07 0.38 0.37 0.83
2023 4 1.08 0.38 1.72 0.16 0.36 0.83
1 0.06 0.80 22.25 <20.001 72.68 <20.001
NXP 4 0.46 0.77 1.59 0.20 0.60 0.67
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Fig.3 Effects of nitrogen and phosphorus additions on leaf carbon nitrogen ratio, carbon phosphorus ratio,

and nitrogen phosphorus ratio in alfalfa from 2022 to 2023
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Tab.3 Two—way ANOVA analysis of the effects of nitrogen and phosphorus and their combined additions on leaf

carbon nitrogen ratio, carbon phosphorus ratio, and nitrogen phosphorus ratio in alfalfa from 2022 to 2023

. A MR Bk L R B LE R U L
0 hbF df Leaf carbon nitrogen ratio Leaf carbon phosphorus ratio  Leaf nitrogen phosphorus ratio
Year Treatment :
F P F P F p
2022 4 4.02 <0.01 0.36 0.84 0.11 0.98
P 1 10.73 <20.01 110.65 <20.001 70.89 <20.001
NXP 4 1.20 0.33 0.17 0.95 0.51 0.73
2023 N 4 0.65 0.63 0.34 0.85 0.19 0.94
p 1 32.33 <20.001 79.47 <20.001 24.21 <20.001
NXP 4 1.01 0.41 0.70 0.60 0.36 0.83

24 MAEESUZFHTEHTESLERIREEY  HC(P<<0.0D), M F o8 Lt 28 b 5 ol 20wk &
EMXER 4 ELR 2 TUR E (P<<0.01) , M A ik R L 5 &
LWEET A ESAATRS BRSNS LE SR VHSASTRYEWREE GHE(P<0.01).
AW R RN BT A R R (R 4) LR RSB 2R MR A S RS EA S R 2N R
A LAR i b & it 5 B A R 2R R FAOHEIE FIEMAHSC(P<C0.01) , 1 M Bk & LG B b AU
(P<<0.01) , M i & 5 5 s A0WE & i S A 0 3% 1E Pl 55 R0 i 34 A B A DG (P<<0.01) 6
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Tab.4 Correlation analysis between ecological stoichiometric characteristics of alfalfa

leaves and soil nutrients and total biomass

2022 2023
ki BARTE MAASE EAmES R UL BARSE MAASE ERSE Ly B
: Ammonium  Nitrate ni-  Available ~ _~ % Ammonium  Nitrate ni-  Available "
Indicator Total bio- Total
nitrogen con-  trogen con- phosphorus mass nitrogen trogen con-  phosphorus biomass
tent tent content content tent content
R -0.134 -0.132 -0.321 -0.372" -0.156 0.067 0.006 0.177
Leaf carbon content
RSty 0.212 0.115 0.208 0.113 -0.145 0.261 0.543" 0.059
Leaf nitrogen content
- W 0.140 0.153 0.710” 0.070 0.066 0.017 0.780 0.082
Leaf phosphorus content
R R A L -0.384" -0.289" -0.245 -0.125 0.076 -0.071 -0.631" -0.050
Leaf carbon nitrogen ratio
- e 95 L -0.166 -0.104 -0.714" -0.094 -0.078 0.01 -0.794" -0.044
Leaf carbon phosphorus ratio
A L -0.062 -0.132 -0.663" -0.043 -0.133 0.139 -0.600" -0.107

Leaf nitrogen phosphorus ratio

T R A5 R AR AL B 25 A 56 (P<<0.01) .

Note: ** indicated extremely significant correlation among the indicators(P<<0.01).
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