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Abstract: To investigate the effects of biochar-based microbial fertilizer on soil and apple [ Malus
domestica (Suckow) Borkh.] trees in orchards, a field randomized block experiment was conducted in
the orchard of Xudikou Village, Fengxian County, Xuzhou City, Jiangsu Province, and the differences in
soil physicochemical properties and biological characteristics, as well as flower number per branch, new
shoot growth, fruit yield, and fruit quality of apple trees, were compared under four treatments, namely
no fertilization (CK), conventional fertilizer ( CF), 30% reduction of fertilizer combined with biochar
(CF_;,+BC), and 30% reduction of fertilizer combined with biochar-based microbial fertilizer ( CF_,,+
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BMF) , and the Pearson correlations between the relevant indexes of apple trees and soil were analyzed.
The results show that, overall, compared with the CK and CF groups, soil organic matter content, total
nitrogen content, total phosphorus content, total potassium content, alkali-hydrolyzable nitrogen content,
available phosphorus content, available potassium content, sucrase activity, urease activity, and alkaline
phosphatase activity significantly increase (P<0.05) in the CF_,,+BC and CF_,,+BMF groups, and the
flower number per branch, new shoot growth, fruit yield, and most fruit quality indexes of apple trees
also significantly increase. Moreover, the increments in indexes of soil and apple trees are greater in the
CF_;,+BMF group, and the alkali-hydrolyzable nitrogen content, available phosphorus content, available
potassium content, sucrase activity, urease activity, alkaline phosphatase activity of soil, as well as the
flower number per branch, new shoot growth, fruit coloration index, vitamin C content, and soluble sugar
content of apple trees in this group are all significantly higher than those in the CF_;,+BC group. The
correlation analysis result shows that fruit yield has significant positive correlations with soil organic matter
content, sucrase activity, and urease activity, fruit soluble sugar content has significant positive
correlations with soil total nitrogen content, alkali-hydrolyzable nitrogen content, available phosphorus
content, urease activity, and alkaline phosphatase activity, while correlations between the other fruit
quality indexes and soil indexes are mostly non-significant. In conclusion, under the condition of 30%
reduction of fertilizer, both biochar and biochar-based microbial fertilizer application can significantly
improve orchard soil fertility, increase flower number and new shoot growth of apple trees, thereby
enhance fruit yield and quality, achieving the goal of reducing fertilizer input and increasing efficiency.

Key words: biochar-based microbial fertilizer; fertilizer reduction; soil fertility; apple tree; fruit yield;
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o B EAR 1~5 em MBS, AE A2 3~5 mm
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Table 1 Effects of different fertilization treatments on soil physicochemical properties and biological characteristics in the test orchard (X+SD)"
MR AP DR ey ol lien
kb pHIEL  FE/(g-em™)  (pS-em™) (g-kg') (g-kg') (g-kg) (g-kg")
Treatment?) pH value Bulk density Electric Organic matter Total nitrogen Total phosphorus  Total potassium
conductivity content content content content
CK 7.46+0.06b 1.24+0.09a 182.55+5.49a 27.39+5.44h 1.12+0.17¢ 0.73+0.11¢ 17.79+0.87¢
CF 7.55+0.09ab 1.20+0.10a 157.55+5.19¢ 26.22+4.73b 1.71+0.18b 1.17+0.13b 21.44+0.51b
CF_3,+BC 7.60+0.06a 1.19+0.08a 168.63+3.91b 41.59+3.61a 1.98+0.12a 1.27+0.13ab 21.08+0.61ab
CF_;,+BMF 7.60+0.03a 1.18+0.06a 169.75+3.88b 42.33+4.53a 2.08+0.14a 1.39+0.12a 23.37+0.62a
s /—-‘/\E_ Tl AL L \*J— AE./ s o o B - 7 74 i S 4 2/
) AR i AR i HAE i SR e/ WG Eﬁzm&%?ﬁi@@n .j:i
b3 (mg - kg™") (mg - kg™") (mg - kg™') (mg- g -d) (mg-g' -d) (mg- g -d™")
Treatment? Alkali-hydrolyzable  Available phosphorus  Available potassium 6" 8 .. "8 °C Alkaline
. Sucrase activity Urease activity ..
nitrogen content content content phosphatase activity
CK 111.35+6.78d 109.68+8.95¢ 416.72+6.64¢ 11.91+0.67¢ 0.65+0.03d 3.44+0.09d
CF 128.04+5.61¢ 121.09+6.63bc 498.62+4.13b 12.08+0.91¢ 0.66+0.02¢ 3.90+0.05¢
CF_;,+BC 142.71+£7.81b 129.93+5.62b 504.63+7.66b 14.90+0.70b 0.70+0.03b 4.33+0.18b
CF_;,+BMF 166.57+5.85a 150.34+8.77a 540.39+6.91a 17.62+1.33a 0.72+0.04a 4.80+0.15a

D @5 d R 8] INE b R E AN [RI AL B ] 22 5 . 25 ( P<0.05) Different lowercases in the same column indicate the significant differences (P<0.05)

between different treatments.
2 CK: ANiifl No fertilization; CF HHAEENE Conventional fertilizer

; CF_3+BC: JEBHE A 30% Mt A: 1

e

7% 30% reduction of fertilizer combined

with biochar; CF_;)+BMF AR 309% B i ¢ Fe i A WA 30% reduction of fertilizer combined with biochar-based microbial fertilizer.

%2 AEIMEARAIEN SR B T LA B AN A K R ARG (X2SD) Y
Table 2 Effects of different fertilization treatments on flower number
per branch and new shoot growth of apple trees (X+SD)"

b EE> HRFF R BREA K A/ em
Treatment? Flower number per branch New shoot growth
CK 27.0+3.1¢ 19.49+1.09¢
CF 29.3+2.2be 23.26+2.39h
CF_;,+BC 31.1+0.4b 23.58+1.87b
CF_3;+BMF 48.8+2.1a 30.66+1.85a

D R8O T /N S B 3 R FE AN [R) Ak B JR] 25 5 45 3 (P <0.05)
Different lowercases in the same column indicate the significant
differences ( P<0.05) between different treatments.

2 CK: AJitifit No fertilization; CF; AL Conventional fertilizer;
CF_3+BC: MR i 30% B jifi 2 ¥ & 30% reduction of fertilizer
combined with biochar; CF_y,+BMF. AN & 30% Bijits i 3 i A=
YA 30% reduction of fertilizer combined with biochar-based
microbial fertilizer.

®3 AEMELENERNRL=2MRBRMZM0(XLSD) Y

Oes MR 4R C o IR ERIEY &
AHE R 22 RIAR R A CF 4L SR SE T i
Wi 2 E T CK 41; CF_,,+BC 4 H1 CF_,, +BMF
MR R G O R Tk Y S A
AYAPERE S Y R E S T CK 4R CF 41, CF_, +
BMF AR T4 R C Frath &5 T CK 4/ CF
41,1 CF_,,+BC AL 2K C Er s fl CF_y,+BC
ZHFN CF_y,+BMF 41 (] E R & 2 5 CK 41A1 CF 4
2SR, 3 H, CF_,+BMF 20 il S 5277 4
FEOIRB R iR C SRR A R
T CF_y+BC 4, H RSE AR AR C S
FIAT VM 1 0 8 T CF_y +BC 41,

Table 3 Effects of different fertilization treatments on fruit yield and quality of apple trees (X+SD)"

RS Fruit quality

S =3 ) o 5% e 3 N
biszig %J\hﬁ:%/ #eAEF CHE AVEERE Y SR AR S R AT E IR &
Treatment?’ (Fl o l; AR % R/ (kg - em™?) (mg + kgil) (g* kg:l) (g-kg™) (g* kgil)

Tt yielc Coloration index Hardness Vitamin C Soluble solid Soluble sugar Titratable acid

content content content content

CK 33.97+3.16b  86.23+1.62¢c 8.06+0.32b 16.21+1.36b 0.983+0.029b 0.772+0.021d 0.079+0.017a
CF 33.30+3.36b  86.55+1.31c 8.11+0.08b 15.26+1.63b 1.012+0.028b 0.872+0.026¢ 0.109+0.018a
CF_;,+BC 41.40+1.79a 88.30+0.91b 8.54+0.18a 17.16+1.19b 1.130+0.019a 1.002+0.024b 0.089+0.014a
CF_3+BMF  44.16+3.23a 90.98+0.75a 8.59+0.10a 24.81+1.33a 1.106+0.005a 1.062+0.032a 0.081+0.013a

D[] g1 R ) /NG b s 78 R TR A BE ] 22 53 5 2 ( P<0.05 ) Different lowercases in the same column indicate the significant differences ( P<0.05)

between different treatments.

2 CK: ANHiHl No fertilization; CF; # MIE/ifiAC Conventional fertilizer;

CF_;,+BC: AE L 309 BE it A= 4 7% 30% reduction of fertilizer combined

with biochar; CF_3,+BMF: XM 309% Bt i i AE I 30% reduction of fertilizer combined with biochar-based microbial fertilizer.
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2.3 ERKSLEIERENEXES

Xof A3 SR I SR AR AT AR S o A (M
TAAL B [ A I 22 5 MOR X
SERAFEARHEAT ARG 2T ) AR (3R 4) o R
P B BT AR R SR SR AEAE R C S ENTAT
PR i 5 R R bR A) X TG B R O, A AR K
5 S A A R A O A A S R AT R
(P<0.05) , RS 5 R e A L& iR A

®4 ERKETEIERENEXES Y

T PERIR RS R 5 2 A G, RISE AR ES +
SRR B A A AT RO DRI R A
WG A B 0 2 TR OG5 RO RS P S M A 3 T A O
(P<0.01) . HSCHERE S 0 A HILTCS R DR A S
P AR R T B3 IR AR G, SRR PR E B
S AL R B A, R
By R e U R U A
R A R A T T O P 22 Y 35 TR ARG

Table 4 Correlation analysis between fruit tree indexes and soil indexes'!

SERFE bR 5 IS FRIAIE R B0 Correlation coefficient with soil indexes
Apple tree

index pH EC Wom wrN Wrp Wk WAN Wap WK Asue Are Aprp
n 0.620 -0.094  0.702 0.684 0.703 0.797 0.917 0.945 0.751 0.923 0.847 0.875
l 0.775 -0.336  0.714 0.830 0.854 0.926 0.967 = 0.982 % 0.894 0912 0.878 0.942
Y 0.783 0.013  0.985=  0.796 0.748 0.687 0.913 0.899 0.725 0974 0984 =  0.919
R 0.750 -0.079  0.875 0.792 0.781 0.803 0.969 *  0.977 % 0.796  0.994 %% 0.960 %  0.950 *
FH 0.867 -0.118  0.991 #=* 0.867 0.817 0.724 0.909 0.882 0.780  0.938 0.983 =  0.930
Wy, 0.532 0.082  0.724 0.594 0.600 0.686 0.872 0.902 0.644  0.925 0.835 0.826
W 0.904 -0.219  0.961 = 0.884 0.825 0.687 0.832 0.790 0.767  0.838 0.925 0.875
W, 0.948 -0.350 0918 0.960 *  0.937 0.883 0.971 % 0.950% 0.920 0.934 0.980 =  0.989 *
W, 0.182 -0.884 -0.435 0.165 0.228 0.232 -0.166 -0.189 0.234  -0.421 -0.313 -0.127

D n. PR IFAESR Flower number per branch; [. A New shoot growth; Y. HA P 5 Fruit yield; R: A B A FEE Fruit coloration index;
FH; S0 Fruit hardness; wy,.: Rt # C F & Vitamin C content in fruit; w,, : S350 % P B JE 9 & & Soluble solid content in fruit;
W SRS i Soluble sugar content in fruit; w,, : SR 2 B2 & 12 Titratable acid content in fruit. pH: pH {8 pH value; EC. RS

Electric conductivity; wqy : A ML Organic matter content; wqy : 4% 7 & Total nitrogen content; wqp ;

41 % 1 Total phosphorus content;

Wk : S Total potassium content; w ,y : i A e Alkali-hydrolyzable nitrogen content; w ,p : A R & i Available phosphorus content;
wyy : P Available potassium content; Ag,,: B EE NG P Sucrase activity; Ay, : WREETGPE Urease activity; App: B8CPE B B2 B 06 M

Alkaline phosphatase activity. * ; P<0.05; #* . P<0.01.
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