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Compensation Effect and Mechanism of Nitrogen Reduction Combined with
Biochar Application on Soil Fertility and Rice Yield

LIU Hui'? JIAO Yan’ DOU Wanyu’ ZHANG Wenlong’® PEI Wei'
(1. College of Arts and Sciences, Northeast Agriculiural University, Harbin 150030, China
2. Key Laboratory of High Efficiency Utilization of Agricultural Water Resources ,
Minisiry of Agriculture and Rural Affairs, Northeast Agricultural University, Harbin 150030, China
3. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Nitrogen is an essential nutrient for the growth of rice. In order to increase yield, excessive
application of nitrogen fertilizer often leads to low nitrogen utilization efficiency and also damages soil
quality. Reducing the application of nitrogen fertilizer will lead to a decrease in rice yield. It is worth
exploring whether biochar, as a soil amendment, can compensate for the negative effects of nitrogen
reduction. A pot experiment was conducted to investigate the compensatory effects and mechanisms of
biochar on soil fertility and rice yield under four conditions: conventional nitrogen application ( nitrogen
fertilizer application rate of 110 kg/hm*, CK), 10% nitrogen reduction (C1), and 2.5% (C2) and
5% (C3) concentration biochar application under 10% nitrogen reduction. The results showed that the
nitrogen fertilizer reduced by 10% had no significant effect on soil comprehensive fertility. Applying
biochar could effectively improve soil fertility, and 5% concentration of biochar had better effect on soil
fertility than that of 2. 5% concentration. Reducing nitrogen by 10% significantly reduced rice yield, and

the application of biochar can compensate for the reduction caused by nitrogen reduction to some extent.
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Among them, the compensation effect of 2. 5% concentration of biochar on rice yield was better than that

of 5% concentration, but it had not yet returned to the conventional nitrogen application level. Exploring

the driving factors of rice yield under nitrogen reduction and biochar application conditions by using

structural equations, the results showed that reducing nitrogen fertilizer combined with biochar can

directly or indirectly affect rice yield by changing soil pH value, total potassium, ammonium nitrogen,

and nitrate nitrogen content. Among them, ammonium nitrogen and nitrate nitrogen content were the main

regulatory factors, which not only directly affected rice yield, but also indirectly affected the formation of

rice yield by regulating the number of grains per panicle, effective panicle, and thousand grain weight;

pH value and total potassium content had negative effects on rice yield. The research result can provide

scientific basis for the reduction of fertilizer and efficient utilization of biochar in rice cultivation in the

black soil area of Northeast China.

Key words: rice yield; soil fertility; nitrogen reduction; biochar; structural equation model
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1.1 {8 XHEER

BT 2022 4F 5—9 AFEARILAR M K5k F 5
F R TR A B IR g P 3 4T (45°45728.66" N,
126°43'45. 54"E ) i 5 X J& W 7 K bl 2 KU, 1
Zor ] AR SRR K 569. 1 mm, B K 2 B4
T6—9 H., 24 F¥REL 3.6°C, & FHmHF
PIARR 28°C . &4 H HEHT £ 2 460 ~2 789 h, 24F
S AR KT 68% 378 K i 2 1 600 mm,
SAETCFEINZ) 145 d,

1.2 RIigit

5 7 #e gl 2 w2k AT . SR AR
5 50 4 B AR 34 em, 5 43 em, {4 O
do AR W e W T LT A MR O R A BR A A 2
K S FFAE 450°C T 5 5% 14 T e il i Bk, 34
PERT A an R 1.2 Fron . 5 B AR KT B S i
i, Bk AR T 4 10 ke, K AR W) e 5 LR SR A
HT7dHEM, EmIiiE 4 DA, Wk 3 s,
Horx BEAE CK Sy > 1 oK it AT A 4 < A it fin 26 4
B, FACHE I & 110 kg/hm® 5 C1 Sy I &( 10% 4b 3,
C2.C3 35l R i & 10% 254 F BL it 2. 5% F1 5%
W BT AL 9 BRZR (N i o3 B0 46% ) |
WEMR — Bk (N Jiu &t 70 0 15% , P, O, i & 70 B
42% ) KA (K, 0 it & 53 80 60% ) o s AL L
P fe 4 &, b, BIE B E 7 BRI (2 4E
NE ORAENE L8] Ay 4. 5222 1.5: 243 4 it A, #E
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Tab.1 Physical and chemical properties of tested soil

P wHE/ LB/ TR K H BHUR R, AR/, 2@BFfEtk/ 28RS/
- (grem ™) % /% ! (ks (gke) ek (skeT)
BUE 1.36 61.8 50 6.3 34.83 1.10 0.45 0.35
R2 EYMRBEBHMER
Tab.2 Physical and chemical properties of biochar

LR M/ LIS R AY B ) EX7 3N £ EX N i

S5 FiA%/mm pH &
(m*-g™")  (dS'm™')  SHHU% S8/ % S8/ % GrH % S8 %

BUE 1.5~2.0 84.3 1.2 25.7 9.36 70.38 1.53 0.73 1. 66

®3 ENEBEBEYRMELAE
Tab.3 Amount of biochar and nitrogen fertilizer

for each treatment

Ak R BB/ % B R/ (kg-hm 7?)
CK 0 110
C1 0 99
c2 2.5 99
c3 5.0 99

1.3 WNEREAHiE

Tl 86 45 R 5 U BE 5 em - 320 5 PR AL 1 5
R YR E RENE AR G mEmAA
AN I R LR S Y R
VRN L e pHAE Y S B IR B U K ik

x4 KEIABEBEMRASERE
Tab.4 Irrigation strategy during different growth

stages of rice

SrEE oyEE SpEE O BCWO AR BB BB
EEWE - -

RISl R & & 4 ]
VEME FBR 50 mm 50 mm 100% 35 mm 40 mm  100% 20 mm

WM 92% 85% 60% 85% 10mm 70%  60%

T emm D K 2GR BE AL, %o Sy KR

SE R A AU R L I S
A S AR E AR R KA
V6P PRI S e 4 0 A i R T R
S KR PR U3 D e A Ei | AL B RE R ]
R OKRR B B BOK RS, AR R R
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0.1 (x=x,)

f(x) =10.9(x —x,)/(x, —x,) +0. 1 (x, <x<x,)
1.0 (v<x,)

(3)

iy 2 A S B
Sflx) =

0.1 (x<w% B x=x,)

0.9(x—x,)/(x, —x,) (x, <x<x,)

1.0 (%, <x<x,)

1.0-0.9(x —x;) /(x, —x,) (x,<x<x,)

(4)
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Tab.5 Threshold of membership function for soil fertility indicators
- A/ FLB H fi Mk AOUREE 2AREL/ 2umEL, 28T/, MSERE g 25 o A
0 D
(grem ™) FE/% f /% HW/(gkg') (grke™') (grke™') (grkg') H/(mgrkgT!) H/(mgekgT!)
X, 1.00 50 6.0 20 6 0.5 0.2 5 20 25
X, 1. 15 52 6.5 35 40 2.0 1.0 25 200 300
x5 1.25 55 7.0
Xy 1.35 60 7.5
1.5 SHHFREER {4 5 R Ak 22 TR

S5 K 77 R R I AR Y P O 22 R o A
ARt Z B SRR — PP G T ik o SR D7 R Y
A, 475 0 gk AR R 45 g AR S 3, 20 30l

X=¢£,£+0 (5)
Y:nyn+8 (6)
Hrh n=Bn+Té+{ (7)
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K 2% B BDRL A GE ICBE, WO IR bR A U A 4R B
( Goodness of fit index, GFI ), #H %f #l & 45 %X
( Comparative fit index, CFI) | IE #1481 & 45 % ( Non-
normed fit index, NFI) i {2l 3 J7 R 1= 22 ( Root mean
square error of approximation, RMSEA ) A5 #E fL AR 2
77 % 2 ( Standardized root mean square residual,
SRMR) , 4 k75 @ i ¥ It x*/7df /N T 3.GFI K T
0.9.CFI X F 0.95, NFT X F 0.9, RMSEA /h F
0.05 .SRMR /NTF 0.09 P fH KT 0.05 i, 158 B 4 7Y
UG BB o A UG 48 B W B G ROR A B,
D) 5 S X AR AT 8 OF T ik R AR S S5 R A
ORI I B A R AR S B
1.6 Sitor#r

fdi J TBM SPSS 25. 0 %% + 398 LAk 4 A F1 K
Rt 7 et A OGBSO H AT Ak B, O LA 34 = bRl 22 R
/o FIH] Origin 2021 2 HOR &, 1 LSD £ 5 Lt
BT AN ) b B ) A 2 57, W 35 PR K- 0 0. 05 SR
FI IBM SPSS 25. 0 A7 38 42 73 H7 i A 2K A 7= ik b H:
M RE R M OC &R, IR FH Word 2019 2 il 38 15 &
i Amos 25. 0 4 1 25 4 J5 FE A AL, B b 1 3 3L Ak
6 bR X K R 7 e e A L 3R A R, W A el 4 T
it A= ) ¢ g KR 7 e Y BIR Sl AL

2 HEREESW
2.1 BEREEEDRI TIZEBELERPZIE
2.1.1  +IESEWAERR

254 A AL R RN 2 AN R 1 (R R OR [R]
bR E) 22 5 8% (P <0.05), F[F) Ar
7, Ul AL 10 % X A 35 FL Bt 2 R 725 i 4 T T S
Jiti AN TR) B i 0 A 0 A 9 A5 R 3 15 31— 2 B
o C2 4b ¥ A HE AL B R B CK L C1 Ak B 43 3]
RN 2.57% F1 2.51% (P <0.05), - 4 &
B CK,Cl 4 #4551 & 2 AR 7.19% A1 5.15%
(P<0.05), C3 4b# + 58 fL B ¢ CK,C1 4b 3
A3 R 5. 86% F1 5.82% (P <0.05), + 1
R CK,Cl &b 24 5 B 2% 0 2> 8.63% FI

7.30% (P <0.05) .
55 15

i
'

LI/ %
B/ (grom™)
5o

1.1

108

P15 b B AL RS R

Fig. 1 Soil porosity and bulk density of each treatment

2.1.2  +HEFRKEE

2% 4b T A 35 K R JE) KR AN 2 ff s,
WD BN 2 B SRR KRE ) R R, C1 b B AL CK
0 K BREAR 1.52% , W A) £ K F 5 E AR
8.52% (P <0.05) . Jifli Jinl A= 4 o fiff £ 3 1) +5 K fig
1R, C2 Kb FR AL CK Ab B35 Kk 8 I 3 42 &
15.09% (P <0.05) ,%¢ C1 4b B+ 385 /K 5 A1 H ]
FrK R W2 42 (P <0.05) 5 Jifi in i 3% 1t A= ) 7k
fif - R K MR — 23R T, C3 Ab B 4 1 K A
CK.C1 b B4 %) B 242 55 4.71% F1 4.96% (P <
0.05), H [A] #5 7k &8 CK ., Cl &b B 43 51 & 2 5
1.97% F15.06% (P <0.05) ,

a
b

|

(¢
(1] (0 (3

300y
R 3 \‘
’
CK

i b
P2 4 Ak 0 4 K SR B ) K %

Fig.2  Soil moisture content and field water capacity of

C 2 (€3

each treatment

2.1.3  FI-4ER

KA SRR RR AN 6 FToR . wl/b B S
IR Ay bR & A s, C1 g CK b B+ 38 pH
HEEFK MSATEMESASTRE EWD, +
BABEREENM(P <0.05), 2% & & A /MR
Bk, 5 CLAHE,C2 Ab B g 4R E T + 3% pH {H .
LRAGRMMAER TR (P <0.05) H 8 FHFEMKT
BSA SR (P <0.05), C3 Ab¥RAE C2 4b¥R i — 2
PETHT L5 pH HM A S & (P <0.05) (A ff Ay 2
AR ERN,ESATREER S (P<0.05),
C2 A1 C1 Ab ¥+ A LT & & 4w 3 i 0 i 2% 1
255,10 C3 Ab ¥R A+ AT HL T & & A A Cl
b R 17.59% 1 15% 45 C2 kb P g B4 v
17.22% 1 11.81% ; + 3% pH {5 (M X R % r =
0.991,P <0.001) &% & & (r=0.902,P =0.001)
i B2IEMHL, @M &5 (r=-0.754,P =
0.019) St s A G I AR BES A E & 5
o A S IR B A R
2.1.4 ZEHNET

KR (2) ~ (4) 50 TH 5345 48 b 19 AL Z 4K
SR B B S5 R nER 7 iR . R HE pH (H I ALTE R
B K, 0,129 HOR2fLBR B, 2 0. 127, R H
L) A A AP LB 2 A 8L R nE 3
FiR o 4% 4b 3 IFL g R 8 MKk €302, CK,
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Tab.6 Soil nutrient indicators for each treatment
S50 CK Cl1 c2 3
pH {8 (7.14 +£0.03)°¢ (7.02 £0.04)¢ (7.20£0.03)"° (7.37 £0.04)*°
HHLEFREL/ (g-kg™") (196.15 £17.63)" (195.02 £0.73)" (196.76 £11.82)°" (230.65 +18.45)*°
SEFRIL/ (g kg™") (7.34+£0.28)" (6.91 £0.48)° (7.95+0.36)" (8.82+0.94)°
R REL/ (g kg™ ") (1.26 £0.08) (1.40 £0.04)" (1.44 +0.08)" (1.61 £0.04)"
SRR/ (g kg ™) (16.83 =1.32)* (18.26 £1.39)* (17.02 £1.65)™ (16.07 £0.86)"
MAE TR/ (mg-kg™") (9.42 £0.08)" (2.06+0.08)° (10.64 £0.41)° (8.89 +£1.29)"
BARFEEIL/ (ng-kg™") (13.24 £0.37)° (10.51 £0.71)" (8.77 £0.11)°¢ (10.31 £1.08)"
e A AT G 5 A Rl /NG F 0 3R R A B 25 7 W 3 (P <0.05)
KT TEBRAEREEEMNERY
Tab.7 Membership degree and weight coefficients of soil fertility indicators
ZH B LB HEFEKE GHES=E pHE 42A&F=7 2sE 2802 MiAsE %8s
CK 0. 100 0.169 0.320 1. 000 0.424 1. 000 1. 000 0. 632 0. 100 0. 100
Cl 0. 100 0.180 0.135 1. 000 0.536 1. 000 1. 000 0. 697 0. 100 0. 100
SR E
2 0.613 0.748 0.343 1. 000 0.370 1. 000 1. 000 0. 641 0. 100 0. 100
c3 0.793 1. 000 0.438 1. 000 0.217 1. 000 1. 000 0.598 0. 100 0. 100
Y 0.118 0.127 0.116 0. 090 0.129 0.120 0.098 0. 080 0.073 0. 049
0.70 I:I frﬁﬁ’ﬁ K (g)
100
0.65 7
) 80}
0.60 -
— 60}
= 055+
= =
&
0.50F 40
045 20t
040 CK 1 2 &) 0 CK 1 ) 3
Aby by
B3 454k B AL T 25 5 1R 5L B4 KRG e S b R
Fig.3 Integrated fertility index (IFI) for each treatment Fig.4 Rice yield and its components
Cl, WA 10% {ff +-HeLr & 08 1 0 A T B, it i A= FRE
R A RO LR A IRy, C3 Ab B 4 AR i 2.2.2 KM EMNRER M ' BRI

MERCRAE T C2 AbBE . MR B v TFL (B %)
GRS AER L — 2 (0.8 ~1) . —9(0.6 ~
0.8).74¢(0.4~0.6) PUZ%(0.2~0.4) . F (0 ~
0.2), A5 CK.Cl AL IEZER IR S 4bF =
9¢,C2 .C3 Ab¥R - IEER G 9T 2= 40

2.2 BARBEYRMNKEFERMBEEZNIIN
2.2.1 KA LA R E R

A b B i K H A BB R K 4 s, CL b
AR CK Ab B K RS ™ 0 3% AR 15.17% (P <
0.05) , 5 FORL KL A AR KO T 8L B & 23 ) 2 3%
Wb 34.83% . 27.97% FI1 12.00% , WA BT
Tl A ) 2 o K RS 7 A — s B AN O, (BT
R F] CKARF Jrp C2 A BB CR AL T €3
AR BRI AR TR P A W R o K R 4 S R T

Sk 38 4 53 BT if Bt 080 20 TE il A ) o 2% AF TR K
Ty~ b BB R XK R R sr ik . S il AR
P P v = o g Bl B 3R 22 I 1 B0 o A G R 8,
AR ERE R Z W BE N B RE R
JFEALIR ZE W « R P <0.05, % £m P <
0.01, 4% 7= s A B B R 6T /K R 7= 2 1Y L 22 5 i AN
] B2 5 Wi AN 6 8 TR o AR X ok a2 R B R Y BTk
A, 25 R X 5 N K BN IR R
FEORLEL TR BT & A SO A 45 50 R, Horp B AR
BOGF 7 Y L S e K T R R 5 45 S0 R AL
FEBCORN T RL 5T 5 X 7K A 0 ) 2 5%t K T B Y
W), AT A S sk 5 e g AR K 3 T 5 o K R
o AR, R 2 WO T A STk R 0.098 5, K
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