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M P AF G SCHR . 18 B A R OGBS A
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Table 1

JIE A+ A Wy i b B X B Sy R A Ak B 5 (3) 1
B 20 AT B 2 ORR T TR 5 (4D Kb B R R A
B 2B ) i b R AN AR 50 25 10 38— B (SH) i sEh
TR A ESE £/ 3 A ) RK T+
RN A= Wy o 1) A TS S WG 5 (7)o SCHR A B
WE, LR AHHEE (0~20 cm)™ 5 (8) 2 SCHk
e Bt - 9 1 R R 40 B I L D) A g A e R
Oy B R Ay 5 () A5 R HESR A LRk B
WA LR & i = A HLAR % i X 1,724, BT L0 L
PEARME B E 2020-12-02, 3K45 33 B A BOCHR L R4
T 170 HEE .
12 BEEZISHE

VA P A F R ) s e R 2R A AL AR AR
i g R 28 A | PR BT (p HLL AL L SRR
B A AP EY R (pH VAR &&= AW
A RE it DD L AU i o DA S AR Rl 2 A

AR FOR I M IR A 6 R EIXI, R 1K
A DI L A 1 SOk B i B B S A . R
o3RI AL AR W R Ve B AR o SRR L AN 2 FTOR

3B RAMLHM S T X ERILE R

The distribution areas and experiment points of 33 valid literatures analyzed

Hi X Region

A (X)X 56 55 %L Provinces and regions(number of experiment points)

ZRb# X (5) Northeast(5)
4L 1X (4) North China (4)

4545 M IX (18) East China (18)

Province (7)

PHILHBIX (2) Northwest(2)

R 7 31X (10)
Southern(10)

T4 (4) BB IT4 (1) Liaoning Province (4) , Heilongjiang Province (1)
TR (2) . KH(2) Henan Province (2) , Tianjin City(2)
WA (2) JLFRE (9) JLVE4 (7) Shandong Province (2),Jiangsu Province (9), Jiangxi

FriE (1) .5 & (1) Xinjiang (1), Ningxia (1)
ZEA (D HEE ) JEHA ) ) AL E (D EREE (D FRHE A (1) Yunnan

Province(1) , Hunan Province(3) , Hainan Province(2) ,Guangxi(1), Hubei Province (1),

Guangdong Province (1), Fujian Province(1)

[E 4} H#1[X (2) Foreign regions(2)

EPE (D EFEHE (1) Brazil (1), Pakistan (1)

x2 HIESERIKE
Table 2 Data groups used in the Meta-analysis
E3RR: £ X LR/p3idi i
Basic soil nutrient status Basic properties of biochar Adding amount
o ARED (M
OB ERE HEEA/ A AW 2R/ LW/ ;:V i A/ Py Type of Crop
pH (g/kg)  (mg/kg)  (mg/kg) (mg/kg)  (g/ke) (g/ke) (g/ke) pH i -~ (kg/hm?) * experiments  species
) Nitrogen ~ Material N Biochar
SOM AP AN AK TP TN TK N fertilizer
content type
<65 <20 <10 <60 <50 <075 <1 <5 <8 <1 WM <120 <1 @R Ry
6.5~75 20~30  10~20  60~120 50~150 0.75~L5 1~1.5 5~15 8~9 1~2 5@i&ds 120~240 1~3 KH  &HEY
>75 =30 >20 >120  >150 >15 >15 >15 9~10 >2  KJiZ 2410~360 >3
=10 =360

T pH: L IERRBE : SOM: LA LT AP H3EHUSRE : AN RO U AK: BHEHEH ; TP L34 RE: TN, L4240 TK. 11

48, Note:SOM:Soil organic matter content; pH: Soil pH; AP: Soil available phosphorus content; AN: Soil available nitrogen content;

AK : Soil available potassium content; TP:Soil total phosphorus content; TN:Soil total nitrogen content; TK:Soil total potassium content.
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Fig.1

Differences of NUE between NPK and NPK+Biochar in different regions(A)

and the increment of NUE by applying biochar(B)

22 £YREAEAEXNRERN AREBIIERD
A

) A 0y 2 it P X A9 0 SRR R P 3R ) 3% 1 AL
P 2, SAE M) S5 Bt A A ) A i Y 19 S T B
R, AW et F <1 0 AR W 4G RPE T
B W, RACH I AR B i 1 3.43 04 5 it 1 AR e
1060060 OIS A R B0 4 2 RO RO 3. X

A BB S — 5 T FH T e A I 8 A ) e 2 T R - g v
MR FEE IR, 7 — I mE B A et &, 51k 11
A SR A Y E . AR e B EUIE R 2 AL
JH Bifi 75 it 260 S 7 185 0n S22 R I AR 1% 8 A, 7E R it
<0120 kg/hm” B, A4 9 7 (9 6008 1) FH 25 1) 14 i A
. iR E] 10,73 % 5 11 24 A it A i =>120 kg/hm” i,
A= ) R E R T 2R A B IR B 2,330 ~7.87%



180 BN N A = = %40 &
23 WIEEBYUREWMETRIER AREHME SBRGEH T L0, & A& R R ML,

AR Mm

ME3A BT UL AU FH AIE 1 BT & 5 E Y 1
FEFI RN 19.90 % , M B VE D 1 ZUIE R FH 2R 3k 2
27.44% . AW R R IR A0 & 3B TR 45 R WK .
NPK+BC & NPK 4k B F 28 55 15 9 /9 %08 F1 %
P T 3,700 MEAEY B & VAR B AZ LR
REETHE B E, ZME R R T T5.71% (A
3B, XAl RER M TR & . W Ew A K

ERTIEAS A7/ P/ AR (7 Wi WW R DL S A TR F s
R T A R0 A Ak 5. MR 3A AT I,
£ NPK Kb BT, 253 38 50 19 U0 R FH 2R 20 24.89 %6
T S HH 5 1 R R R 34.50% . W& dr vk
KB 3B) il A= 9 o Ak B RS R A 5 2 AR
50 Y AU I 3 4 il 4 9.66 26 A1 2.55 %, H
I H 3R 56 it FH A W g e IR R R B e
EIpSEC TR

AWy /% (n=170)

Biochar application | - § —~6.19%

>3(n=5) ' -
1~3(n=38) - 2.74%
<1(n=127) HEH 3.43%

FHEHE A &/ (kg/hm?®)(n=168)
N Fertilizer application
—— 4.45%
>360(n=19) o
240~360(n=41) = 7.87%
120~240(n=84) HH 2.33%
<120(n=24) —a— 10.73%
1 1 1 1 1 1 1 1
-25 -20 -15 -10 -5 0 5 10 15
InR
2 AEAMNEYRUREERMAKETHRIEF AENIEKIEE
Fig.2 Increment of NUE under different levels of biochar and nitrogen fertilizer
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Fig.3

Differences of NUE between NPK and NPK+ Biochar under different crop types

and types of experiments(A) and the increment of NUE(B)
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Fig.4 Differences of NUE between NPK and NPK - Biochar under different properties of biochar
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Fig.5 The NUE between NPK and NPK+Biochar in different basic soil nutrient status(A)

and the increment of NUE by applying biochar (B)
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Effect of biochar on nitrogen use efficiency of crops:a Meta-analysis

XTA Hao',ZHANG Mengyang',LLIU Bo',LI Yuxuan',
CONG Ming' ,BUMAIREMU Rezeke', JIANG Cuncang'**

1.Microlement Research Center/College of Resources and Environment ,
Huazhong Agricultural University ,Wuhan 430070,China ;
2.Key Laboratory of Oasis Ecoagriculture ,Xinjiang Production and Construction

Corps/College of Agronomy ,Shihezi University ,Shihezi 832000,China

Abstract To provide a theoretical reference for scientifically applying biochar and improving the u-
tilization of nitrogen fertilizers,33 publicly published documents were collected,and 170 sets of nitrogen
fertilizer utilization data including biochar combined with chemical fertilizer (NPK + BC) and single
chemical fertilizer (NPK) treatment were established,and integrated analysis (Meta-analysis) to study
the differences in nitrogen use efficiency in various regions under NPK and NPK+BC treatments. Quan-
tify the impacts of biochar on the nitrogen use efficiency (NUE) of crops from various aspects:different
areas,soil nutrients,nitrogen fertilizer dosage,biochar characteristics and application rate,crop types. In
general, the application of biochar could increase the NUE of crops by about 4.76%. Among these re-
gions, the effect of biochar promotion in the southern region was the most pronounced,increasing by a-
bout 11.73%. Soil fertility could affect the effects of biochar on NUE. The application of biochar had the
best effect on the improvement of NUE of corps in the southern regions with low pH,organic matter and
available nitrogen content,while the effect was relatively low in the northeast regions with high organic
matter and pH. When the nitrogen fertilizer application rate was less than 120 kg/hm?, the synergistic
effect of biochar was the most evident,and the NUE was increased by 10.73%. The nitrogen utilization
rate was higher in grain crops than in commercial crops,and it was increased by 5.71%. The amount of
biochar that is applied should be controlled below 1% ,and the NUE should be increased by 3.43%. The
improvement effect of biochar made from wood materials was the most obvious,and the NUE was in-
creased by 7.99%. When the nitrogen content of biochar exceeded 2% ,the NUE could be increased by
19.43%. When the pH of biochar was 9-10,the NUE could be increased by 5.01%.

Keywords nitrogen use efficiency; biochar; soil nutrients; traditional fertilization; Meta-analysis;

nitrogen application; bibliometric
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