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Effects of Different Biochar Additions on Soil Physicochemical Properties and Tobacco
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Abstract: [ Objective] The effects of different biochar additions on the physical and chemical properties of
yellow loam soil, tobacco growth, yield. and output value were analysed in the Chongqing mountainous
region to provide technical support for the application of biochar in soil conservation and tobacco production.

[ Methods] Flue-cured tobacco K326 was used as the experimental material. In 2022—2023, a completely
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random design was adopted for the tobacco field, and seven treatments of biochar addition were established
based on the conventional film ridge cultivation and fertilisation methods. The seven biochar treatments were
as follows: zero biochar addition (CK), 750 (T5,), 1 500 (T14)» 3 000 (Ts0) 5 4 500 (Ts00)5 6 000 (Tyo) s
and 7 500 kg/hm?*(T;y) of biochar. During the study period, soil physical and chemical properties, tobacco
agronomic traits, ground and aboveground dry matter, and yield and output values were measured. [ Results |
(D The application of biochar increased the soil porosity and capillary water capacity. The total porosity and
capillary water capacity of soil treated with T, and Ts, were significantly higher than those treated with CK
in the second year of the experiment. @ Compared with the CK treatment, biochar addition significantly
increased the contents of available nitrogen, available phosphorus, and available potassium in the 0—20 cm
soil profile, and Ts0» Ti0s and Tsp treatments significantly increased the organic matter content and pH
value in the 0—20 cm soil profile, which could effectively alleviate soil acidification. @ Compared with the
CK treatment, the Tsps Ty, and Ty treatments significantly promoted the growth and biomass
accumulation of tobacco and significantly increased the yield and output value of tobacco leaves. Considering
the input-output ratio, the T,y treatment was optimal for improving the physical and chemical properties of
soil, tobacco yield, and output value. [ Conclusion] Adding suitable amounts of biochar to tobacco field soil
can improve the physical and chemical properties of soil, increase soil cultivability, promote the growth,
development, and dry matter accumulation of tobacco plants, and increase the yield and output value of
tobacco leaves.

Keywords: biochar; physical and chemical properties of soil; agronomic traits; yield; Chongqing mountains region
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Table 1 Physicochemical properties of yellow loamy soil
3 S
H \ . - O/ % HfH 2R/ P,O;/% K, 0/%
Wb/ % Wb/ % VL % 0 o U °
BE 46.32 44.11 9.57 5.18 0.13 0.06 1.96
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16 500 ¥k/hm®* 2247 . 7 A0 53 550 R 8 i A 4 o« A8
FI IR 0 kg/hm?® (CK) , 750 kg/hm? (T5,) 51 500 kg/hm®
(Ti0) 53 000 kg/hm?® (Ty0)»4 500 kg/hm?* (Ts) s
6 000 kg/hm?* (Tu) Fl 7 500 kg/hm* (Tse0), ALk
W MR R 2 A L e RHAE 3 A iR BT 5] %
it F R E I 2 /N R E BE LR A Wk 2 AR
5 0—20 ecm HIEPHZE TR A R R AE 4
Aha i EwEE, 78 4 AN A58 BUR B R A% T 1R
1.3 MEHBRREFE
1.3.1 EgEmuAr M EHEY R 150 d 5
KA LIRS ZE S /N 020 em #FJE T TT R
R JFOIR A T IE B RKE T I B AL
FIFFAE 0—20 em #F 2 RE L8, ME pH H AL
T AAE A A B ACE L A S . BN BIX 3 IR
B,

BEFEK R R W A2 5 A BT & ok H Ak
Tt RS R AR 0 22 s pH(ECR A pH I A2 s il A
AR KCL R4 20 5 5 A8 R ) NH, OAc =i,
KU BE 0 E 5 B AL SR B NaHCO, = 4@, 41 86 5t
Pl 875 D 2 5+ 8 S AL B B AR L S A
HLIE R L E N 2.65 g/cm’,

1.3.2 HHRRLZHKAE EHDLEHENY3IANER
INX PR AR R AR 5~7 B AR L PR B
e 2RI A 97 B (YC/T142—2010) Y45, 3 AE
PRFE MR Bk A AR ] (B2 3% 5 30 ) VR T (BB A5 75
e MR AR 2R, FE ke 2B LA 30
B B R TR A v g R TR = d R X
B M55 < 0,634 50207

1.3.3 HmAdmEale AR 0 7E MR A K
PETAG 0T R0 (5] T0 S >R 2 R AR R o, 1 Ak B g S /N IR
4 3 R FARH L0 R R R B R R S AR L2

M3 34, 25d 105 C AT 15 min J5 . fE 60 ‘C N4k
Sppt B AEE L o IR E L RIS T A,
1.3.4 #Emet SR Z2FRKAS IR MEMHFR
W s e BEGR B6 /N X Bl B FE G B A R R L 4%
(GB2635—92) 5 MH br i 3517 70 9, 31 7 &l 5 /)
DX b A LA A A 7 R R . AR R S
X VE ) 7= f 1) BTk R = (AW s i Ak B R R
Xof Rk B 7 E ) /A ) S TN Ak B a5 A ) R S X
YED) =8 1) 51 Bk R = (IR AR W o S in Ak 38 7= (i —
Xof HEA 3D /A= W) B s T Ak B R
1.4 HiEAIE

K] Excel 2021 B SPSS(25.0) # A % # i #4748
0T R B K 2 (one-way ANOVA) Fl LSD % #E47
T5 25y M 22 B LA, A B0 AN [A] A B R £ p<<0.05 1
B E MK, R Origin 2021 #EAT1ER] .

2 RS

2.1 EWmaimst HiEWEERARMm

AN TR AE W) B s okt A S AL B B N B A R K B Y
FWAE 1 s, BE 1A ELfE 2022 4,5 CK &b
PR LU A8 o AN [7) A 0 ¢ 5 I Ak BER X - 9 L Bt B R B A
FRK BB R B %, 78 2023 4, T AW
He B BRI 2 Too » Tooo AL BRI H3EFLERE 5 CK 4b
PR B EMEER, 5 CKARBEM L, Tu s Tooo &b
RO+ EALBREE Sy B4R = T 6.5 F1 5.6 % . fH T
Tsoo 40 H[H] TG & 3 22 52 Tsos Tuoo» Tooo» Tooo ZbFE 5
CK AP Z M 22 55 A8 E . Tioos Tooo PR BB +F
KEE R FE T CK A, 8 CK AL #4334 I T
111% R0 11.8% . [RIEE Tooo s Tsoo 20 B F 45 H5 K B TG
BEXEFS CKABS Ts T Tao» Taoo £EFE 22 0] B
B KB TC W 255
2.2 YA LEAEERNZMm

AW S B 2 48 Ak 2E 1 A S e R
T HEYEEPE T N[ A W B TS N R B R A LT
pH {E il 2 20 ORI s & 2 TR,
Bl W AR ok RE 0 B R AL & L2 a



208 7K R E

544

li] AN TR AR g i S Ak FEAGH HL R S R B E T
CK. 2022 445 A3 HIE A HLBTE CK 4wl $& & T
2.9%,14.6%,18.1%,30.9%.63.9% ,74.9% ;2023 4F
Sy T 13.3%,15.4%,63.3%,92.0%,111.9% ,
121.7% ., AW H S S eatik 850 L L HE AW
BRI IS 2, PR & R R, 5
CK A EE .2 a 8] Ty » Tooo 1 Tooo Ab IS g 2425 T +
5 pH A .2022 44y 4L & T 5.3%.6.2% F1 6.6 % ,
2023 4Ep AR T T 6.6%0,8.2% A1 8.8% ., i Hifth b
LA pH 5 CK BRI E R H 225, AWk
BME (pH H R 9) . 4 500~7 000 kg/hm? %8 hi i fE %
AxAe I pH (H, AR R M. B o B
S NI A W A E A T 2 B R b A AN A A R
ROER S, B AR, 2 a IR,
Tso— Tooo AL FRY 1 F 45 T HFE LR S A S &, K

a a a a a
a b b

60
50 H
40
30 H
20 H

10

F AL /%

CK TSO TlDU T200 T300 T400 TSOU

W Tooo A BE X + S A A & B AU R e b, 5
CK # b, 2022 4. 2023 @ Tsoo A0 38 53 50 38 im0 1
93.1% M 91.5% , [AIMF, Too— T AL FR Y i FH 4R T T
BEZ ok 2w & B L 5 CK A E, 3905 300wl 1 &
WA T 27.8%,55.0%, 73. 2%, 110.0%,
112.6% F1 123. 7%, 2023 4E 4y B B4 fm T 12. 8%,
26.6%,81.4%,83.0%,89.9% F1 97.2% . W&
Tkt 2 AR A B, 5 CK A [k, 2022
A Toy—Taoo Ab B 4= HE SR A 40 9 8 m T 22.1%,
39.5%.77.5% ,82.6 % ,95.6 % 1 135.0% , 2023 4E 43 1]
HINT 1.8%,4.1%,9.5%,12.1%,14.2% 1 16.4%
TR 25 AR SE , IS N A: W) ok RE A% W A AU i - g
IR, BB AW A U i 3 £ - AR 4
%f%%%'riiﬁu TE A AL 38, T A0 R 4 SEAY S A
R SR | TACRICRR A 0 e R K

40, bEEFHAZTMA 20224 2023

a
a a 2 ab a ab ab 2 p

30 i@ T

a b

20 H

BERFKE%

10 H

ou

CK TSO TIOO T2OD T300 T400 TSOD

H:OEH CK. Ts0s Tioos T200s Ta00s Taoos Tsoos ARG 7 AAEHE, 43 5 MBI A 5 :0,750,1 500,3 000,4 500),6 000,7 500 kg/hm?;

ORIF /NG B R AN R Ab L] A 22 53 4825 (p<<0.05) . F Il

B1 FAEEWRHEMS LEABREMEERFKENZIT

Fig.1

Effects of different biochar addition treatments on soil porosity and capillary water capacity
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Table 2 Effects of different biochar addition treatments on soil chemical properties

Ay Ak B AHLT/ (g« kg™ pH & AE/(mg « kg ') HWAHE/ (mg » kg 1) HEH/(mg - kg D
CK 36.3+3.2¢ 5.140.2" 10.741.7¢ 43.84+0.3" 335.8+1.4%
Tso 39.2+2.3¢ 5.240.4" 11.34+0.7¢ 55.940.6¢ 410.1£1.2°
Tioo 41.6+8.2" 5.240.3" 12.54+1.7¢ 67.9+1.34 468.445.0°

2022 Ta00 42,949.1% 5.31+0.6" 13.940.5" 75.9+1.2¢ 596.1+0.7¢
Ts00 47.5+£7.1° 5.440.1° 14.240.8" 91.9+0.1° 613.34+0.7¢
Tioo 59.5+6.1° 5.540.2° 16.14-0.1° 93.14+1.5" 656.9418.2"
Ts00 63.5+5.8" 5.5+0.2° 20.7£0.9° 97.9+2.6° 789.1+4.4°
CK 28.6+E4.9° 5.1+0.02" 8.0£0.28 15.741.3¢ 642.2+9.4"
Tso 32.4+4.6¢ 5.1£0.02" 9.740.2 17.74£0.4¢ 653.6£9.0°
Thoo 33.0+4.2¢ 5.240.07" 10.440.1¢ 19.841.8" 668.5+5.1¢

2023 Ta00 46.744.8° 5.3+0.07" 12.9+0.2¢ 28.4+1.6° 703.144.9°
Ts00 54.9+3.2" 5.5+0.11° 13.840.2¢ 28.7+£2.0° 719.9+5.8"
Taoo 60.6+4.9* 5.54+0.08" 14.540.1" 29.7+2.5° 733.8+4.7°
Ts00 63.4+4.7° 5.6+0.03° 15.440.3° 30.9+1.2° 747.3+£8.1°

TE R PR A 2 1 SD;s 8 — AN [/ /NG T hEARFRAS [ Ak B H] #4922 57 .25 (p<<0.05) . F[H].
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Table 3 Effects of different biochar addition treatments on agronomic traits of flue-cured tobacco at different growth stages

2022 4 2023 4F

R AL PR /cm ZEHl/cm %Cj;[il/ﬁiﬂ B /cm Z£[l/em %ﬁi&ﬁ)ﬂ
CK 26.1+6.2" 7.740.9° 954.4+157.7 12.640.7° 4.740.3 432.1429.9%
T 28.840.2% 8.040.4* 906.2+227.2" 11.6£0.4¢ 5.24£0.1" 359.7425.8°
Thoo 28.845.7% 8.040.6° 1015.94182.4>  16.040.7" 5.640.1% 416.54123.4°

Eik T 29.343.2* 7.740.1° 1059.1+61.1° 19.140.6" 6.8£0.2" 496.3+14.5"
Ti00 32.343.2° 8.340.4° 1117.0£52.6° 19.245.1® 6.441.1% 603.54121.7®
Tioo 36.7+6.2° 8.640.3° 1291.34£134.9°  20.044.0® 6.54 1.4 657.5+65.5°
Tsoo 34.244.8° 7.940.3° 1236.44348.7°  23.3%1.4° 7.041.1° 642.0£25.7°
CK 99.447.2°¢ 9.841.1° 1199.5455.8 73.8+£12.7° 8.940.8¢ 359.7+25.8"
Tso 105.7+5.6° 10.6+0.7" 1236.44+118.6"  87.54+15.5" 9.3+0.3"° 432.14£29.9*"
Tioo 105.544.9° 9.8+0.4" 1279.3+81.8" 92.9+8.8" 9.0+0.1" 416.5+123.4"

[ 51 317 Ta00 105.047.4¢ 10.2+0.1° 1319.6+112.2° 97.2+2.5% 9.5+0.4" 496.3+14.5"
Ts00 113.7£3.7" 10.440.4° 1368.24+114.4*  102.14£10.5  9.00% 603.5+121.7°
Tioo 127.94+3.8¢ 10.0£0.6° 1441.44210.8*  103.6+5.1° 9.940.1® 614.0-127.0°
To0 124.943.8° 10.540.7° 1321.74102.7*  109.1+4.6° 10.040.2° 611.7+17.2°
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56.6%,100.5% ,117.7% ,132.4 % Fll 143.8% ., HH,

T o0 » Too &b B X 45 JH H 1 7 P i 00 B 22480 3R I K
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TR MR AR B CK AR B2 SRS T 80.6 %,
90.9%,93.5% F1 80.6% » [A] BF Tuoo s Taoo » Taoo s Tsoo
Ab B R] ) 22 558 5 3 CKORI Ty T oo A0 B 0] G B8 35
%5,
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Fig.2 Effects of different biochar addition treatments on biomass of flue-cured tobacco in tube-growing stage
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Fig.3 Effects of different biochar addition treatments on biomass of flue-cured tobacco in dome stage
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Table 4 Effects of different biochar addition treatments on yield and output value of tobacco leaves
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H A/ % et/ % (kg » hm %) Tk R/ % (J& + hm ) TR/ %

CK 47.0+1.3" 88.0+5.8¢ 1.893.0+212.3¢ 0.00 53 655.0£238.1¢ 0.00
Ts 49.44+2.1" 90.5+6.3" 1984.54196.7< 4.61 55 501.54362.4¢ 3.33
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