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Effects of Biochar Incorporation on Rice Yield and Nitrogen
Fertilizer Use Efficiency in China

SUN Yuan—yuan, GU Wen—qi, WU Di, XIU Li—qun, TANG Liang,
ZHANG Wei-ming’, CHEN Wen—fu"

(National Biochar Research Institute, Rice Research Institute, College of Agronomy, Shenyang Agricultural University, Shenyang 110161, China)

Abstract: [Objective] This study aims to elucidate the efficacy, key determinants, and regulatory mechanisms of biochar application
in Chinese rice production systems. [Method] Through a comprehensive literature analysis, we evaluated biochar’s impact on rice
yield and nitrogen use efficiency (NUE) in China. Quantitative assessments identified the relative contributions of soil properties,
biochar characteristics, and agronomic practices to the observed effects. [Result] The results indicate that biochar incorporation
increased rice yields by an average of 9.70% and enhanced NUE by 12.00% nationwide. Key biochar properties—raw material, C/N
ratio, pH, and pyrolysis temperature—significantly influenced performance, with crop residue = and husk-derived biochar
demonstrating superior efficacy. Biochar was most effective in alkaline (pH>7.5) and acidic (pH<6.5) soils with fine to medium

textures. A positive dose—response relationship existed, with notable yield improvements at application rates exceeding 10 thm ™2,
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however the efficacy declined over time. Meanwhile, the agronomic practices, particularly alternate wetting and drying irrigation and
high nitrogen fertilization (>250 kg'hm?), optimized biochar performance. Regional analysis highlighted greater benefits in southern
rice—growing areas. Machine learning revealed a hierarchical influence pattern, with soil properties exerting the greatest impact,
followed by biochar characteristics and agronomic practices. [Conclusion] Strategic biochar implementation offers a viable pathway to
enhance productivity and resource efficiency in Chinese rice systems. Optimizing biochar selection, application dose, and man-—
agement practices based on site—specific soil conditions can simultaneously boost yields and NUE, thereby advancing low—carbon,
environmentally sustainable rice production in China.
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Table 1 Literature screening conditions

KR A HAAE
Screening category Condition
Hb 5 BRI T 1% e ] S5 P ) K R I ]
Location and experiment method Rice field experiments conducted in China
IR B ANVR N A 5 19 0 HR LRI A= W R ALk B0 21, JHC A3 PR U A P i —
Experiment treatments setup Control group (without biochar) vs. biochar-treated group, with consistent field management practices otherwise
AT IREL TR F DB 3RS
Number of replicates At least 3 replicates established per treatment
DN PR A AR 7 o S R it A
Research contents Explicitly report rice yield and nitrogen fertilizer application rate
WAL RSB A — R AE P A

Biochar treatments Single—dose application of unmodified biochar
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M. Mean; SE. Standard errors; N. Sample sizes; P. Probability level of the significance test; The curve represents the Gaussian distribution of the data

E1 KkFEFE(A)NREF AR (B)WEESH
Figure 1 Data distribution of rice yield(A) and nitrogen fertilizer partial productivity(B)

TRFELLFRIR 95% M BAF X[, TR LR 5 B LRANSC R b P15 Xof BEJH) O B 35 25 59 s 46 5 AL E RO AU . T
The error line represents a 95% confidence interval, and the intersection of the error line and the zero line indicates no significant difference between the treatment and the con-

trol; Numbers in brackets indicate the number of samples. The same below

E2 ARt &Y RiREkTE~ 2 (AFIB) EEF BRE (CHD) KN
Figure 2 Effects of biochar properties on rice yield( A and B) and nitrogen fertilizer partial productivity( C and D) with

biochar incorporation

PR 7 REHE ] 7.25% ~ 19.98%. oot pH <8.509 4 W Bt Rde Lk o 2B B HA R 5 SN0 PR
BT AN IE AR O, Y R 7.84% ~ 16.10% . Forft, 24 C/N<200 ., pH < 8.5 2 TR 3%, 43 i 35 16.21% Fil
23.11%. 4% >500 CHPAICR B3 10> 600 CIRMA T . FESUBORMA R L RS FFS RSS2 R SR
T e, 3 B R 15.84%F1116.15%
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P RUE R FH R 28.97%419.48% . FEpHIE }6.5~7. SHHEEE A B2 . a3 b, A R e dd:, nl
PR KRR P AN B R AR 18.8% F117.07% . Bifi 25 32 st oML B8 0, 2= 9 5 A SR B A8 /N, A KL
3 A R B VRO AS .3 o 76 B 7 RAAE XA 0 5 e 7K R 7= e R B R 3R A 5 i 36 18 3 7K - (8.9%
FN11.44%) , TAEIL Ty REVE X HE T AR B 25K 6T REAE XA W e Xof 7K Rg 7= 2 R R0 IE R FH 803 52 i 1) 3F- 347
ROV HZ = TR T -

E3 TR ERIAEKTESE (A) R ARE(B) BN

Figure 3 Effects of soil properties on rice yield(A) and nitrogen fertilizer partial productivity(B) with biochar incorporation

223 REMHHE  HEATED, TR K BT B2 S A Y R RN (. 78 FUE (>250kghm ) B, A=
W5 RN AT 35 i 2 K- (17.18% ) o AEAE W) 738 T < VAR IR A I 28 42 15 /K A 7= 4 10.45% , B B 25 3 TH B[] 2B
K= 5 o HofhA A5 2R KR 7= e R0 (L B 3 A IR0, (EURIG B AR FE 22 S AN 3 . A
Y58 HRT AAT R4 = BRI FHRCR 11.27% ~ 12.35% , Hodb #e TR S8 B K 4 HL (15.72% ) i HI I < 14F
(12.93%) F e Eiti A £ (20.98% ) 554 F , T3k W KV o AR AR A5 25 0T RO (H 22 5 R W 2,
5.56% ~ 12.05%.

El4 REBHENEWRIBRAKE=E(A)FIEEH BRE(B) R
Figure 4 Effects of agronomic measures on rice yield(A) and nitrogen fertilizer partial productivity(B) with biochar incor-

poration
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A~ FORFE a5 T IR G ~ L AEAIEER S L FH T LR

A-F. The relationship between rice yield and variable factors; G-L. The relationship between nitrogen fertilizer partial productivity and variable factors

BEs5 KkEFEMRENANEESLTERTFHEXESH

Figure 5 Correlation analysis of variables with rice yield and nitrogen fertilizer partial productivity
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< (8.39%) o A= 9 i o} 6B AR FH A 3R 550N A 5% Wil 11 DXL 7 0 0 PFAik 45 SR 2 B (BT 6 B A D) , 5 B AL AR MAR A2
VA, 35 pH B AR B 7% C/N ABXT STk AE 23501 K 25.37% F1 22.55% , HiAs 1 Sl AE A U 4391 S A= 4 ¢ pH
(12.26% ) > il & IR EE (11.94% ) > H= 1y 5 it FH e (11.77% ) > RAE i P (11.35% ) . 7E 58 [a] A RERIPERL R
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AT REBLARAA 52 B PR T X0 7 B O T AR L 5 B T RARLAR AR 51 2% R T % SR A R0 9 B B A 5 C. 094 0 [ = 0 102 PR 0 7 B Y S B2 5 D,
TR [ AR ) A i R 0 UM R A Y o A

A. Based on the importance of random forest discriminant variables on yield; B. Based on the importance of random forest discriminant variables on nitrogen fertilizer partial pro-

ductivity; C. Based on the importance of the XGBoost discriminating variables on yield; D. Based on the importance of the XGBoost discriminating variables on nitrogen fertilizer

partial productivity

Eo TERTFHRFIFHNIM

Figure 6 Machine learning discriminant analysis of variables
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