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Effects of biochar-earthworm in situ on rhizosphere microorganisms
and fruit metabolism of facility tomatoes
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Abstract; To resolve the problems with excessive application of chemical fertilizers, resulting in poor quality
and yield of facility tomatoes, different soil improvement measures were adopted. The experiment used ¢ Fenyan
No. 1’ tomato as the test material, and included blank control (CK), biochar (B), earthworm in situ (V) and
biochar + earthworm in situ (BV) to study the changes in the physical and chemical properties of the root zone soil
and soil rhizosphere microorganisms during the growth and development of tomatoes as well as the differences in
fruit yield and quality during the fruiting period of tomatoes. The differences in metabolite composition of fruits un-
der different treatments were analyzed. The results showed that BV treatment significantly increased soil available
nitrogen, available phosphorus, and available potassium contents when compared with CK by 174%, 7.44% , and
45% respectively. BV treatment significantly increased sucrase activity by 62.02% and V treatment significantly in-
creased urease by 39.72% compared with CK. BV treatment significantly increased the Simpson index of soil bacte-

ria, and V treatment significantly increased the Ace and Chaol index of soil fungi. B treatment significantly
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changed the relative abundance of soil bacteria, with Proteobacteria increasing the most, reaching 45.48% , Ac-

idobacteria and The Bacillus Monospora phylum decreased the mostby 14.90% and 25.70% respectively. For soil

fungi, the relative abundance of Ascomycota in treatment B was the highest, increasing by 15.90%, and the V

treatment had the highest relative abundance of Oychytrids with 7.24% and Rhododendron increased second, reac-

hing 3.11%. At the same time, each treatment significantly improved fruit yield and quality. BV treatment had the

best tomato yield and quality effects, as shown by its highest biomass, fruit yield, soluble solids, Ve, and organic

acid content. Based on the analysis of the fruit differential metabolites, the tomato fruits obtained in the V treatment

had the largest variety of differential metabolites, the greatest difference, and the largest number of differential met-

abolic pathwayscompared with the control group.

Keywords: facility tomato; biochar; in situ earthworms; soil microorganisms; differential metabolites
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Table 1 Physicochemical properties of tested materials

R A 2 woomelk EC

Materiall  N/% P/% K/% C/% P /(mS-em™)
e

Eﬁ.ﬁhlx 0.83 2.11 1.3 14 821 3.67

Vermicompost

e

0.32 056 0.76 95 11.02 2.45
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Table 2 Changes of soil physical and chemical properties

b3 o EC A/ (mg - kg™) MW/ (mg - kg™") HAH/ (mg - kg™")
Treatment /(mS + em™) Available nitrogen Available phosphorus Available potassium
CK 7.39+0.01b 0.81+0.03d 3.55+0.41c 326.23+19.91bc 280.26+6.96¢
B 7.47£0.01a 1.15+£0.01b 8.03+0.92ab 321.52+7.12¢ 351.32+3.48b
BV 7.44+0.01ab 1.56+0.04a 9.71x1.22a 350.51+2.63ab 406.58+9.49a
A% 7.27£0.03¢ 1.05£0.02¢ 5.41£0.65bc 363.34+6.46a 356.58+4.56b

T FFAR R NG R R R A BN 22 5 .35 (P<0.05) . T I,

Note; Different lowercase letters in the same column indicate significant difference between treatments ( P<0.05). The same below.
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Table 3 Soil enzyme activities at full fruit stage

AN MR LLOAeN
Ik Urease Alkaline
Qb . Catalase Sucrase
/(mg - g . . phosphatase
Treatment . /(mL - g /(mg-g _1
-dh ) o /(mg - g
+ 20min~ ") -d7) 4
-d7h)
CK 59.25+0.74c  2.95+0.02b  23.54+0.06d  2.39+0.02a
B 67.16+2.12b  2.94+0.02b  25.38+0.05b  2.59+0.09a
BV 62.35+0.66c  2.98+0.0la  38.14+0.22a  2.38+0.08a
v 82.79+£0.83a 2.99+0.01a 24.80+0.18c  2.34+0.10a
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H13.44% .,

XF ITSTRNA FER ) 1TS1 X k4T T, 12

BRACTT i ATEAS RIS )P 55, N 12 S REAS gk
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1) OTU M 272 A, 29 BB 17.85% , CK 4b 3
AR OTU $tHix 2, H 244 1>, 291 16.01%; BV
LEEMAT OTU £ H iV, 8 148 4>, 2915 9.71% ; b
BB AV R 1Y OTU 053500 150 A~F1 228 4>, 43
W24 SR 0 9.84% F1 14.96% .,
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BET 50%, EHEEZ MR E0P, Shannon #8500
BEZS B AL LS T Simpson 84U, #E15
218% ,B BV ALBH Ace .Chaol T8%UH Fr AR, HIFAR
KB EKFE, VA EH S T Ace Chaol F5%%,
SRR 9% .6.8% . 2T A5 AE A 55 R T A
HBTE 98% Ji Ay, FLTA 45 HEAS 78 i (1) V- Y (AR
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Table 4 Alpha diversity analysis of rhizosphere soil microorganisms in different treatments
pUBL] BRI FARREL Ace T8 Chaol $8%k B/ %
Treatment Shannon index Simpson index Ace index Chaol index Coverage
CK 6.80+0.10a 0.0020+0.0004b 4141.36+185.09a 4143.13+£205.58a 97.95+0.11a
NS B 6.83+0.12a 0.0029+0.0004ab 4075.90+£159.78a 4099.41+£121.97a 98.07+0.25a
Bacteria BV 6.92+0.21a 0.0030+0.0003a 4057.22+£227.48a 4068.67+£66.98a 98.38+0.37a
A% 6.80+0.09a 0.0028+0.0003ab 4195.82+206.51a 4166.55+121.64a 98.47+0.27a
CK 4.16+0.10a 0.0300+0.0028c 447.85+33.52ab 455.93+44.99ab 99.97+0.01a
HH B 3.32+0.57a 0.0956+0.0152a 384.55+45.16b 389.17+32.90b 99.97+£0.01a
Fungus BV 3.66+0.61a 0.0763+0.0269ab 408.83+21.51b 416.10+13.79ab 99.97+0.01a
A% 3.92+0.35a 0.0501+0.0242bc 488.28+29.39a 487.09+60.72a 99.97+0.02a
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Fig.4 Analysis of soil microbial community structure in different treatments ( phylum level )
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Table 5 Relative abundance information of primary functional metabolic pathways
in soil bacterial communities in different treatments
. W R s AR ,
4 T Py P2
QbR ML Environmental Genetic NFBH AR ﬁ*}[‘%ﬁ KOHRIER
Cellular . . . . Human . Organismal o
Treatment information information . Metabolism Unclassified
processes . R diseases systems
processing processing
CK 0.0383+£0.0004a  0.1428+0.0005a  0.1580+0.0004a  0.0087+0.0000b  0.5156+0.0005ab  0.0079+0.0010a  0.1287+0.0002ab
B 0.0406+£0.0005a  0.1437+0.0012a  0.1555+0.0006a  0.0093+0.0001a  0.5125+0.0003b 0.0078+0.0000a  0.1306+0.0002a
BV 0.0383+£0.0010a  0.1428+0.0008a  0.1575+0.0007a  0.0086+0.0001b  0.5170+0.0013a 0.0079+0.0001a  0.1280+0.0005b
V 0.0381+£0.0012a  0.1426+0.0023a  0.1579+0.0015a  0.0087+0.0001b  0.5164+0.0016a 0.0079+0.0001a  0.1284+0.0010b

2.3 AEAEXE AE K E AR R RN

Fe A AR A A R R R AR AL AN ] 6a TR,
t1~t3 43 AR 3% Tt 2 MG 2l v e 4 e T
TEAEIA . e AR IR i AR o A b it AR W i Ak
R B AU YRR S 7 R A, KT CK, H2E P
HZ A B M| R SR B VAR
st 301 2 e T Al A B s SR 13 BT V4
FERE(31.03 cm) , 1717 A 497 ¢ F ke 5] o 552 6 5 Ak B 1)
BV L EmE & T AR (H R0 e R A
BT A R AL FE B 2, i ZERLIR B
g 6b R A RIS I 2R 22 18 1
it FHAS A AR BRSO 7 A 25 L5 CK #0 A T T, (H 2
ARG B 22 5 B AR 2R T B K )
JEM I Fh AR AL PR V A B RIE R 7.23 em, HIE] 6a
b SR, 454 B X T it AR AR R 15 1) 5 ) LR 2R
e | 77 A SR 3 T v 7 A R v AR

Fe AR I A AL AN 6¢ T, Bl R AR
A TR G W A8 R, %A I I 28 ek i 451 b R Ab
BRI i+ b 05 Fp AL B BV 4URT V2 8 2
TFAEYAALFR) B 4180 CK X8R 3 WM v 44k
FHIH- T AR K (516.98 em?) |, t1 PR CK Ab 2 )
HEe/N(207.06 em®) o AT A AR ER S
Bl 6d Fi7R, 76 t1 ~13 B3, i v g i 2 35

AR B RE— 2, 5w BUAS TR 9 52 it
AR E B A7 AR 2 T A AL B, BY 4
VX T CK RULE LR, JF BA B #2501, B
HAE 3 A BRI R S5 (50.87 mg - g7 ),V
UE U B RN R A (4013 mg - g7,
M 6c .d T AR Bl L4 38 15 i,
FACFAF TG TRV R 2R o i,
24 FEEIERREHREFEM M
PRSI 7 AR AR I T | B T A AR S
W 6 Fiyn Ak A TR+ e i g
A S W B K SIS 0, BV 2H 0 3t b 8 i e
T T H A4 AR, 43 B R 569.98 ¢ I
78.60 g, % CK ALF A4 T+ T 55.44% 1 54.27% .,
V AL TE M | R T R B E T CK L 4
LS T 21.96% #112.27% , B 40 F1 CK A4 #h F 3%
it TRREBELEEZES ., X TH R, BV 4REA
Fe KB EEBT R AT A, 20 19.99 ¢ F12.87 ¢,
55 CK ALFRAY AR TL T 45.38% M147.18% , 551 -6
NI 2, B 2H M S o RN 0T R CKAH LE A
TRIAZTE, A BT T 40.58% 11 36.41% . 545 4k 3
R T F AR S i R TR BVSB>V, 45l
B CK $27125.42% 19.16% .18.00% , Ferb BV Ab 3k
BEIKF,
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Fig.1 Venn diagram of OTU distribution of soil microorganisms in different treatments
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Fig.6  Growth status of tomato plants at different stages
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Table 6 Dry and fresh weight and fruit yield of the upper and lower parts of tomato plants in full fruit stage

b - ARt A/ T AR B/ g o b AR+ B/ SN v
fbm L T e g T e T i LT i g T R g R (ke - 667m2)
Aboveground Underground Aboveground Underground N
Treatment . . Fruit yield
fresh mass fresh mass dry mass dry mass
CK 366.69+3.87c 13.75+0.54b 50.95+0.59¢ 1.95+0.17b 4149.52+25.73b
B 353.21+4.57¢ 19.33+0.62a 49.04+0.28¢ 2.66+0.06a 4944.86+77.12ab
BV 569.98+5.27a 19.99+0.37a 78.60+1.01a 2.87+0.03a 5204.38+508.72a
\i 447.23+4.98b 13.83+0.66b 57.21+2.13b 1.93+0.07b 4896.76+126.68ab
x71 BROABMRIAR
Table 7 Tomato fruit quality at full fruit stage
b A Y % Ve ATV % HHLER/ % EERE:/ (mg « kg™")
Treatment Soluble solids /(mg - 100g™") Soluble sugar Organic acid Nitrate
CK 3.13+0.570c 26.96+1.52a 3.58+0.10b 0.51+0.02b 21.18+0.59a
B 3.63+0.21b 27.66+1.59a 3.96+0.03ab 0.58+0.02a 19.43+0.5b
BV 4.03+0.15a 29.40+0.92a 3.64+0.21ab 0.61+0.02a 19.01+0.11b
\ 3.83+0.21ab 26.61x1.81a 4.03+0.02a 0.58+0.02a 20.11+0.45ab
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252 BAEREEFARMY VIP AL AL
B2 S AR EREAS op i) TR S H AR AT
FEI L BEER VIP {H AT 30 AR P21 T 434, an &l
9a 7N, KB T CK ki3, V ZbBEH THYMOQUI-
NONE ( & HL A& Bl ) &1k & W B % T F¥; Kynurenine
(RIREAMR) . Vasicinone ( M fE. i ) . Phenobarbital
(AU Z) RKikg W F TR, HT M vip (E421k
T 2.1385 ~2.3376; [A] i} & 3 Butyramide ( Tt
Jie ) vIP {HHEF R AETT 30, (A28 T EF B EMT
VY. Quercetin ( # 2 2 ) . Tuberonic acid glu-
coside ( £ W4 R ] % #E1F ) . Beta — Micropteroxanthin |
Kaempferol ( 111 23 [} ) #1 PGF2a ethanolamidePGF2a
( LB ) 5 A A AR R B3 LT Impe-
rialine (P4 DI &) | (1S,2R,4R,8S) -p—Menthane-2,8,
9—triol 2—glucoside ,Quercetin 3—-0—glucoside (#ft f7 % 3
—O-F ) \23—Acetoxysoladulcidine 23 ( ZBEA L
R ) . (25S) — Sbeta — spirostan — 3beta —ol Fil Disco-
dermolide ( [B] JZ 745 N R ) 6 FhAC I 4) 2 3k i ol 2%
T, A Tomatoside A ( ZF i B A) | Spermine ( f§
Jfi) \Camelliaside B(ZEAE B) 55 14 iRk
W3 ETE R VIP (ISR 2.1161 ~4.0167,

it B A CK AbFErh VIP BT 30 fRiH) i 2
S (& 9b) KB, HHXFT CK 4b38 | B A vIP {ET
30 BRI R Digalacturonate ( X024 FLAHE R LR )
— AR i B TR, L VIP (62,0927, HE
A FE A 13 Fh E R 25 5k B K
3, T PS(18 1 1(92)/18 = 2(9Z,127)) PE-
NMe (18 : 1(11Z)/20 : 3(5Z,87,11Z) ) .D-Glycerate
2—phosphate . PE(18 : 1(11Z)/18 : 3(6Z,92,12Z)) .
PE-NMe( 18 : 0/18 : 2(9Z,12Z) ) .DL-2—Amino—-3—
phosphonopropionic acid 4, H: VIP {8 47 Fl 2471.9988
~3.0855 ; HoAx LRI 8 Rk 21 i K

it BY Al CK b3 vIP (BT 30 AR 2%
(B 9¢) BIL, M F CK 4bHE, BV b FILA 15
A LR, 15 R 8, b Quercetin (i
KR B R R SRR B K P
i~ 2.2027, 18—Carboxy—dinor—LTE4 ,7—Hydroxybu-
tylidenephthalide 7—( 6 —malonylglucoside ) ,DL—2—-A-
mino—3—phosphonopropionic acid iX 3 Ff [ J#E4CiH4)
FIk I8 B i 2K T, L VIP (B 4 Dl 2.1825,
3.3101,2.0006, 10-hydroxy —2E—decenoic acid ,Desmo-
sflavone ,D—Glycerate 2—phosphate , Ergothioneine %5 7
i A2 5 B R B 8 25K L VIP (B
o 1.8605~2.9084  F4x 4 Fiv iR ALHIYIAR L) 3

A TR JEACE Y, PA (18 = 3(9Z,127,15Z)/
22 : 1(13Z) ) Butyramide ( T BEHZ ) BiFP T R
Fk R RAER WK, I VIP 63500 1.8021
1.797 , L—Histidinol ( L-Z1 24 F& ) . Isorhamnetin 3 -glu-
coside PHFN T PRI 15T 90 2 3k 1 3k B B &8 35 7K,
VIP {54354 2.8312,2.0932, Methylimidazole acetal-
dehyde ( H JEBK ¢ 2 1% ) | Gibberellin A38 glucosyl
ester( IR % 2 A38 i & MR ) A1 Diplodiatoxin ( XAl
BER )X 3 PR RIS AR IR B W K, vIP
43514 1.8156.2.8333 .2.2552, Hi4y 8 Fh LGt
Pk AR IR B 8 2 KF
253 BABREEFRBHRBERSH N
P2 AT 25 Ak RO 2 it 22 S A A4 2 AL
ARWFFEHET CK vs VAT F] Y 84 4> 22 AL ™)
EEIFERG R T 55 CHHE (& 10a) , Hrf
JE 22 AR B AT 1 45 (P<0.001) , N A
RRAR S, FEh A W 25 22 AR PR A 5 4k (P<
0.01) , 43 3 A &k t(RNA A4 & B o i 1 8 i e
WG I e R A B - IR AU,
AT AN A2 SARIEE B (P<0.05) , 43 Ry T
BRI AR RN RN — AR A |
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ZHRERGEE D, P 1 R T —%0r 2K
SR BAC T B gy R s i, b 1 AR T
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SRR b 3 SRR AR AR 3
A ARG PRI R W5 02 AR IRARE
1 2R BARE 1 ZRmK AL S W AR 1 2% Hofth 22 5k
MR, s RS Rk 22 R AT
AREF IR EFR

FET CK vs B KRB 19 30 22 AR W) =
BEIFTERER 1T 34 S % (18 10b) . Hh R
.35 22 AU B AT 2 45 (P<0.001) , 53531 o It
tRNA A=Wy il B iz 8 5 B I 8 22 S A0 e
3 25 (P<0.01) 70l RN RN | SRR — R
RRACH RN B E YA B 22 e AU E A 8 A%
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Fig.10 KEGG enrichment histogram of differential metabolites in each treatment
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