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Crop Yields and Soil Responses to Biochar and Humic Acid Based on
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Abstract; This Meta-analysis integrated 102 published domestic and international studies on biochar and
humic acid application from 2019 to 2024. It examined their effects on crop yield and physicochemical-
biological indicators of the 0 ~ 20 cm soil layer across three dimensions: application type (X, ),
application rate (X, ), and application duration ( X;). Results indicated that biochar and humic acid
application significantly increased crop yield, soil pH value, porosity, total nitrogen content, organic
matter content, and alkali-hydrolyzable nitrogen content (P <0.01), while significantly reducing bulk
density, electrical conductivity, available phosphorus content, and urease activity. The BRT model
revealed the contribution order of factors as X, > X; > X,. The most pronounced yield increase occurred at
application rates exceeding 40 t/hm” and application durations exceeding 4 years, with respective yield
increases of 20.43% and 18.4% . Application rates of 0 ~20 t/hm’ significantly increased available
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phosphorus, alkali-hydrolyzable nitrogen, urease content, and catalase activity by 28.29% , 10.01% ,
12.37% , and 2. 69% , respectively. Application rates of 20 ~40 t/hm’ increased pH value (3.77% )
and nitrate nitrogen content (47.85% ) ; application rates exceeding 40 t/hm” significantly reduced bulk
density (8.66% ), while increasing porosity (15.75% ) , total nitrogen content (20.31% ), and organic
matter content (40.51% ). Application duration of O ~ 2 years significantly reduced electrical
conductivity (17.92% ) and ammonium nitrogen (2.70% ), but increased soil organic matter content
(33.60% ), available phosphorus content (26.07% ), nitrate nitrogen content (6. 88% ), and catalase
activity (4.51% ) ; Application duration of 2 ~ 4 years increased soil pH value (16.80% ), porosity
(4.92% ), and urease activity (17.43% ) ; Application periods exceeding 4 years significantly increased
alkali-hydrolyzable nitrogen content (22.89% ) and total nitrogen content (22.49% ) (P <0.05). The
research quantitatively identified optimal application strategies for biochar and humic acid, providing
theoretical foundations for optimizing their agricultural applications and practical guidance for farmland
soil improvement.

Key words: biochar; humic acid; application amount; years of application; yield; soil physicochemical
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AN [RFP S A R TR FL B BE 1 5 i R 30k A6 A e KT
AR , HBG R 4> 9K 12. 21% F1 7. 70% ; Jita fin 2 %f
FLEREE RS2 R B > 40 v/hm® F 5 .20 ~ 40 v/hm’
W2 .0 ~20 /hm* B A%, 43 3G A0 15. 75% (10. 43%
8. 13% 3 Jiti FHAE FR X FLBR S R B 2 ~ 4 4F
.0 ~2 IR Z ., >4 AL, o B 35 B
16.80% 9. 11% F17. 12% (P <0.05) ,

B3tk e it N KT 40 /hm? St FHARRR 2 ~
4 AEHR  FEIEE 20 ~ 40 /hm® % -390 G R 7 A sk
Jof, A AR B L R A R 3 RN (P < 0.05)
(B 5d) , AS[E]FP 2 el (5000 1 398 B 5 38 1) 52 ) %
P B 56 R KT A= o, B8R 43 01 R 32.23% N
7.70% 5Tt i i X HL TR A RZ I R I 0 ~ 20 t/hm?
A I 2 IE ROV, E R 20. 43% 520 ~ 40 t/hm’ il
>40 v/hm % HL 52 38 77 A URO6, 43 S IR 4. 00%
F14.85% (P >0.05) ;i FHAF FRXT HE 3 2% 52 1 2 3
HO~2 AR 2 ~ 4 AR SR 4 R 17.92%
F11.92% (P >0.05)

2.4 HERTEWNHBENZIEIROFT

BRI FE R A1, 2553 A moxf 1 R ek
W B FIERUN (P <0.01) , 855028 W4 [m) th 7= A
FEEM(P <0.05) (& 6a), AESkE AR A
S SE R A AR W e KT J AR IR, L3 R 430 R
18. 10% FN 7. 43% s Jiti I Xk 4 260 1% Tk 9 5% 1) 3% B
A >40 t/hm® fig 5 .0 ~20 t/hm’ K Z .20 ~40 t/hm’
e g A%, YO0 2 A S 20.31% . 15.72%
15. 43% ; i AR R X A & i S i R > 4 4F 0%
F.0 ~ 2 I Z.2 ~ 4 K, R 0
22.50% 14.91% #113.78% .,

e R RIS it fin e K it FH AT BIR 34 %) + 564 L
JoT R e A AR 2 RN (P <0.01) , %534
[l A S 5 (P <0.05) (E 6b) . AR R
FIXT A LI 12 1 52 ) 28 300 A W e KT RS AR PR
AR R 34, 11% 113, 12% it i %A WL &
RN > 40 v/hm® 5 5 .20 ~ 40 /hm* Ik
2.0 ~20 v/hm® F5AIK, 34 05 53901 R 40. 51% 31. 08%



732 B A VIR A I 2025 4F
SA4E 19" —a—— SA4E —a—57 SAHE - +—a—27
2L S 2R L — 43" 2 | 31"
0~24F | 08’ 0~24F |- -318° 0~24E |- - 150°
08 540 thm? —=—17 08 540 thm? —=—66" W 40 yhm? —=—35
= = =
ﬁ 20~40 t/hm? | e 18 ﬁ 20-40 t/hm? a6l ﬁ 20~40 t/hm? - —=—33
0~20 t/ha? —= 91 0~20 t/hm? - —=-201 0~20 t/hm? - = 149
gl . —a 105 gl =356 gl 1807
JERME T —a— 21" JETEmE |- —a— 62 JE I |- — 28
Z0.05 0 0.05 0.10 0.15 0.20 0.25 0 01 02 03 04 20201 0 01 02 03 04
SRS BHMNE AHURE BN AW E BHSIE
(a) (b) (c)
S44E 3 44 SAAE
24l A—m 25 240 |- =2 2l 5
0~24F | 63" 0~24F |- .75 0~24F - — = 6T
iﬂéﬂ( >40 thm? [ —=— 28 ﬂzﬂ( 540 t/hm? — ﬂﬂ;ﬂ( >40 t/hm? =11
ifﬁ 20~40 t/hm? [ ——=——16 ifﬁ 20~40 t/hm? |- -6 ifﬁ 20~40 t/hm? - —=—4
0~20 t/hm? - —=—75 0~20 t/hm? [~ —a— 69 0~20 t/hm? - —=—57
i | 104 i R S eyl — 68
JETHIR - 157 JETERG - —-— 4 JETHIR 4
-0.05 0 0.5 0.10 0.15 0.20 0.25 0.6 04 02 0 02 04 06 02 -0l 0 0.1 0.2
WRA S BN HEASBMNE HEREBHNIE
(d) (e} 0
K6 ArZArant b2l p 52 m
Fig.6 Effects of categorical variables on soil chemical properties
F129. 40% ; it HAFE PR XA LG & 52 i R 3h 0 ~ WZ .2 ~4 R (A8, HEE 5 kA

2R, >4 FIRZ 2 ~ 4 AR AR, S IR 43 0
33. 60% .29.98% F 18. 48%

Bt AR BR KT 4 4R 40, &2 0 30 30k
SRR FERI (P <0.05) , B4 6]t
FEA R EE (P <0.05) (K 6¢) , AR 5
A OB B 0 52 2% IR 6 A R K T AR i, 3
WA 590 K 31. 42% F1 18. 97 % ; Jiti Jil 4 % A5 R s &
TR RN 0 ~ 20 vhm* F 5 .20 ~40 vhm* Ik
2 HBAWE 43 50 Ry 28.29% F1 13. 17% , it il & K
F40 vhm®XF A &% B & & 77 A 708k 6L, B R
9. 06% ; i, 1147 PR XA 2508 & i 52 i R IR 0 ~
QAERRE 2 ~4AERZ >4 ERM(ARE),H
Bl 351 M 26.07% 9. 10% (P <0.05) F15.37%
(P>0.05),

BRIt N 20 ~40 t/hm’ Fjifi FHAERR 2 ~ 4 4E4h,
A W ZE 0 - SRR 2R B i AR I 3 IR AN, 45 A 2R
A V2 [A] A7 7E 3 R (P < 0.05) (&l 6d) .,
AN ] B B 90X Bl A 2 7 S A R e R IR TR B R K T
MW pe AR 22, 67 % F1 8. 94% ; it -2 X ik
fRE &I RH R > 40 vhm &, 0 ~
20 t/hm* K2 20 ~40 t/hm® F ik (A 02 | B 45
K 10.47% .10.01% F1 2.37% (P >0.05) ; Jiti [
AEBR AT R S s RN > 4 AE R 0 ~ 2 4F

22.89% 10.25% 1 4.14% (P >0.05) .

BRI 0 ~20 v/hm*4h, A= ¥ 5% 20 ~40 t/hm’
FO ~2 AFEXS BN A A i A 3 RN (P <
0.05) , Haxp s s = B 3 30 (E 6e) o 45
WV LHA i A 20 ~ 40 t/hm?® F1 > 40 t/hm’ f74E B 35
S (P <0.05) . AFRIFPEE R AR S A S =

MR 2 B AR W e A A A S L R R

10. 44% | J&5 58 1R i 45 H: i 2 BEAIK 39. 02% ; Jiti Jin &

SHEAR S ENEIEI N 20 ~40 /hm*> 1 0 ~

20 v/hm* A5 A A5 A & 2 40 B 47.85% (P <
0.05) F13.76% (P >0.05) , jifi il & K F 40 t/hm*ff
153 I BRI 20. 57 % 5 Jiti FHAF PR OOl 28 8L 1 5
MR A 0 ~2 FEMHESEASTEDES M
6.88% 2 ~4 (S HFRAL 11.49% (P <0.05) ,{H
P IR 35 25 5%

N K F 40 vhm? Fjit FHAEBR 2 ~ 4 42X+
B RS R B IRV (P <0.05) , JEFE R
FUE N 20 ~40 v/hm X H ISR SR E T B
FZHURNE (P <0.05) ;5 >40 t/hm* 1 2 ~ 4 4E40 4%
WV ZH A A7 AE 2 R (P < 0. 05) (I 6f) , H=WH¢
G FA R 0 3% FRAR T R S A& =, 2 5l ik 2>
1.35% F17.92% (P < 0.05) ; it Jin 42 %} 8 25 A 52
RN > 40 vhm? 15 - 84 8 & & B E R



F12H

ARHE S FET Meta BOVEY) )™ b5 b ST A= Wy 2 A0 I L PR v o7 AF 5

733

10. 67% .0 ~20 t/hm’ F1 20 ~ 40 t/hm*{#i 5 + e &5
R 4. 41% (P >0.05) F110.51% (P <
0.05) ; it FHAEBR XM e S A & i R IHA 0 ~ 2 4F
S A S EW 2.70% (P >0.05) 2 ~4 4E{f
A A EIEN 10.05% (P <0.05)
2.5 EHETENTEEVISIRAIE

Bk 20 ~ 40 t/hm’ Z1, 45 WV 26 X6F 4 398 Jig ity 115 44 =
H WU (P <0.05) , 4543 2738 54 W 41 [a) 77

SAAE
244 - —a—9
0~24F - —a— 59

W  >40 t/hm? [
£l

& 20~40 hm? [  ——=—— 10
0~20 t/hm? [~ —8— 54
HYrw - —a— 53
TR - —a—15"
| | L | |
-0.05 0 005 010 015 020 025
FIR B 5k v 1

@)
7

TEREM (P <0.05) (K 7a) , AFFRZEH R 5]
XJ TR BTG A 118 2 1) 2 30 A A ) e R T B B e , L3
BTN 14. 87% F1 4. 85%  Jita fil 2k %o JUR il 5% 4 1)
MR R 0 ~20 t/hm* F &, >40 /hm’IRZ 20 ~
40 vhm® e AR (A 3 ) , 3808 5 5 R 12.37% |
8.56% F12.69% (P >0.05) ; jii, JH 4F B X5 fig e 175
RN 2 ~4 500 .0 ~ 2 ARG, B8 2 5k
17.43% F11 8. 86% .,

SAAE -
2 44F | 9"

0~24F |

m  >40 thm? [
£

i -
& 20~40 t/hm? [~ =
0~20 t/hm? —a—37
- —a—42
JETHEE —a—4
| | i | |
-0.04 —0.02 0.02 004 006 0.08

0
AL SRS A
(b)

IR X A SR R R

Fig.7 Effect of categorical variables on soil enzymes activity
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Fig.9 BRT model predicted variation curves of biochar and humic acid application rates on yield and soil property effect values
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