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Effects of Biochar and Nitrogen Co-Application on Vegetation and Soil
Restoration in Bare-Land Artificial Restoration Grassland

ZHENG Wen-xian', LI Shi-xiong"**, ZHAO Wen', SONG Jiang-qin', HUO Jiu-yan',
SUI Qi-qi', XU Hai-feng', YIN Ya-li"*
(1. Academy of Animal Science and Veterinary Medicine Qinghai University, Xining, Qinghai Province 810016, China; 2. Key Laboratory of
Alpine Grassland Ecosystem in the Three-River-Source, Ministry of Education, Qinghai University, Xining, Qinghai Province 810016, Chinaj; 3.

Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland, Xining, Qinghai Province 810016, China)

Abstract: To investigate the effects of biochar combined with nitrogen fertilizer on vegetation, soil physico-
chemical properties, and extracellular enzyme activities in artificially restored bare-land grasslands in the Qilian
Mountains, a randomized block design was conducted in 2021. The treatments included a basal fertilizer (bio-
char 0.5 t-hm * + organic fertilizer 1. 5 t-hm ?) with nitrogen additions of 50, 100, 150, and 200 kg-hm *
(CN,, CN,, CN,, CNp, as well as CN,, (basal fertilizer only), CN; (200 kg+hm 2 nitrogen without basal fer-
tilizer) , and CK (no fertilization) , totaling seven treatments. The results showed that biochar-nitrogen applica-
tion significantly increased aboveground biomass (AB), belowground biomass (BB), and root/shoot ratio (R/S)
(P<C0.05). Specifically, CNj, significantly enhanced soil water content (SWC) , total nitrogen (TN) , soil
organic carbon (SOC), and nitrate nitrogen (NO; -N), while CN; and CN, significantly promoted the activi-
ties of 8-1,4-acetylglucosaminidase (NAG), leucine aminopeptidase (LAP), and cellobiose hydrolase (CBH)
(P<C0.05). Piecewise structural equation modeling (SEM) indicated that biochar-nitrogen application
improved vegetation performance and soil fertility by stimulating extracellular enzyme activities and nutrient
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supply. In conclusion, CNjy (basal fertilizer + 150 kg+hm ™ nitrogen, C:N==12:1) showed the optimal effect,
providing a theoretical reference for the restoration of bare-land artificial grassland in alpine regions.

Key words: Biochar and nitrogen fertilizer; Bare-land artificial restoration grassland ; Soil physicochemical prop-

erties; Vegetation biomass ; Extracellular enzyme activity
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Fig. 6 Effects of biochar combined with nitrogen fertilizer on soil comprehensive fertility
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Note: (a) Principal component analysis diagram; (b) the contribution rate of each principal component; (¢) soil fertility score under different treat-

ments. The value in the figure is the comprehensive score of each index under different treatments, the larger the value, the better the effect of bio-

char combined with nitrogen fertilizer treatment. BD represents bulk density; SWC represents water content; SOC represents organic carbon; AP

represents available phosphorus; TP represents total phosphorus; TN represents total nitrogen; NH, -N represents ammonium nitrogen;

NO; -N represents nitrate nitrogen; LAP represents L-leucine aminopeptidase; CBH represents cellulosic hydrolase; NAG represents 3-1, 4-

nacetylglucosaminidase
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Fig.7 Piecewise SEM analysis results of biochar with nitro-

gen fertilizer on soil physicochemical properties, extracellular
enzyme activities and vegetation biomass
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Note: In the model construction, environmental factors were grouped
as latent variables according to their attributes: soil physical property
was represented by bulk density; soil chemical properties were repre-
sented by nitrate nitrogen, total nitrogen, and N/P; soil extracellular
enzyme activities were represented by -1, 4-N-acetylglucosamini-
dase, leucine aminopeptidase, and cellobiohydrolase; and plant bio-
mass was represented by aboveground and belowground biomass.
Solid lines indicate positive correlations, dashed lines indicate nega-
tive correlations, line thickness reflects the strength of the relation-
ships, and the numbers on the lines denote the path coefficients. The
R? values next to the response variables indicate the proportion of
explained variance. Asterisks denote statistical significance (“#”“ "

and “»»x" indicate P<<0. 05, P<<0. 01, and P<C0. 001, respectively)
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