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Effects of different habitats on tomato plant growth, fruit quality and soil
characteristics in greenhouse

WANG Siyan', DING Zengwei’, ZHAN Ning', CHENG Xingcui', MA Hua', WU Longguo', CAO Yun’e'
(1.School of Enology & Horticulture, Ningxia University, Yinchuan 750021, China; 2.Xixia District Bureau of Agriculture, Animal Husbandry and Water
Affairs of Yinchuan City, Yinchuan 750021, China)

Abstract: To investigate the effects of different habitats on the growth, fruit quality, and soil characteristics of
greenhouse tomatoes , this study focused on greenhouse tomatoes and established eight treatments, including biochar (T1)
vermicompost (T2), white clover cover (T3), biochar + vermicompost (T4) , biochar + white clover cover (T5) , vermi-
compost + white clover cover (T6) , biochar + vermicompost + white clover cover (T7), and a blank control ( CK). The
study investigated the impact of these different habitats on soil characteristics, bacterial communities, and tomato quality
and yield. The results showed that all treatments improved soil characteristics, with the T7 treatment exhibiting the best
effects. Simultaneously, the T7 treatment significantly enhanced nutrient content, soluble sugar content, soluble solids con-
tent, and yield in tomato plants, while significantly reduced organic acid content. All different habitats optimized the soil
bacterial community structure and increased the relative abundance of the bacterial community. Comprehensive evaluation

results indicated that the T7 treatment was the optimal habitat for greenhouse tomato cultivation. The findings of this study

can provide a supportive foundation for the healthy and
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green development of the tomato production.
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Wk, 2 FECIEFR AR R R | SRR
R TR BT L, A i SR P A AT A
A2 e AR S, pH E AR LA B B 3% 2378 b
HEh LR RS IE R I, TE B 2% 1R T 3 St
HE 3 AF Y 385 AN it AE Y AR L, i A A B A
SR W) Z2 AR 1R RO M o 5 AR RO B,
I 5 R 2 e — BRI T R A
BEAFAUFTRENED . 25 b R it AL S Rk 24
2 P OB R R R AR AR SR
90 W SENIUREE N i e o A L (27 s e T
Jo, SR T 3 S 7 ) T R R R DR,
B NE Ty IR A R O

=) ¢ AT B P 22 £L R 25 4 R A R Y R T
R DL R R e AL M I, FE it A 3 P R
Rk R SR AL PR, 4 0 IR iE M ST L
BTy, JF IR 2R R S 1 T A Rk R
Py I B A W% BF  538 Hh AA BILAR , Bl AR AR B 0
ROV, TS0+ A AL Ll A2 ke 45| S A
N — PRI A PLIERE, BA 4 1 55 70 F R Y
A SR B TR R R A AR T
PRSI, AR R I 2 S A g U A
B T L A A, i - M o 240 TR - Tk A A KX
T, M A2 b AR W PR R A GBI K
B, A=y ¢ P it e 5 A B A F R T 08 e R
SrMOBCRI A SR HE o 1 2 AR S b B
Yy, AMLRERS B o 0 3%, Wl 7K 78 i HLAE A
Az b BT R R B B R A 9 B A SR A
FAUST BRI, 1 A A e T A S A
P e KA A W) Z AR O A
FHERHEEUE SR T XA R 75k T

IR, B0 F A= W | i 61 26 S B VR W) S 4
it R ot - SBR[ = A LA A R
AP AN S HGE . P, ABFE I —
ol ) o+ I 05120+ 8 AR Bl AR 2 5 i 5 A
AP T PO BN T SRR P AR TR LA K
T At ST AN B REE AT AN R AR 558 Tl A AR
KASRFIE T BEAT L85 PFAY | LU 500G 7 it F)
AR AR IR 2%

1 MRSk

1.1 X EE AT 8] B ik BE s A o
WIGTE 77 =B 2 HAik 7=l el (106.3°E, 38.6°

N)NHEAT, BT 4 H 20 HEH,8 H 26 Hfikr,
TS AR AL R pH R 721, A ML & N
56.09 g/kg, R TN 0.60 g/kg, WS H N
3.95 o/kg, A W& R 352. 00 mg/kg, BALHR
41 020.00 mg/kg.,
1.2 R

BT SR o 1S, AR (BB
JRBTE AR A3 K 95% ) H T FE 28 PR MR R
A BRAA F B At 5 e 151 hy AR 2 sl ol 7 B0
AW IR BR 2 w SR AR i ] 38 ok Y51 ip 451 %
AFE SO SRS M SRk
AR PR B AN 1 s
F1 HEHNELER

Table 1 Physicochemical properties of test materials

- AHow B it HEE AN
(%) (%) (%) (%)

e 5] 2% 0.85 2.13 1.20 15.00

LRV 0.31 0.55 0.72 96.00

SRR T 3.21 0.59 5.93 43.12

1.3 RIgigit

AT 2 7 30 30 o A R S 00 T A it
FAOREE , B eSSt 260 3. 00 tv/hm? , MR 48 55 7
JEOU) e 5| FE AR N 44. 98 +/hm” . ASTREG R FH PR
IR BEPLIC A BT vk, ik 8 M Ab 3. CK (A
AEF) CT1 (il 3.00 v/hm® A2 ¥ 7% ), T2 (it 44. 98
vhm® M 5] 25 ) |, T3 (36 G H ), T4 (i 3. 00
t/hm? A= ) B¢ + 44. 98 t/hm? 1 451 3¢ ) | T5 (i 3. 00
vhm® AW ¢+ 78 55 11250 | T6 (i 44. 98 +/hm?
e M| 26+ 2 55 G ) [ T7 (e 3. 00 t/hm A= 9 7 +
44.98 v/hm B 5125+ 8 35 AR ) o R AL BER
3A/NX LN 5 m T 4 m, #/NIX 2 [R] g (]
P&, WETE 80 cm, ME[RIFE 60 cm, FEMEAR 2 17, 17 IR IR
40 cm AEFREIEE 40 cm,, 45 Ab 35 A% iz 15] 28 R0 A ) e
T E A RTVE AL — e A eI BB,
AR5 3R A AR R 0~20 em, F1 4%
FLE AR RS 2 28 10, PP B 25.0 o/m’
F A P 6 2B T 5 A R TR
1.4 #HRRESERNE

e REE . THRMBERIIRE 0~20 ecm )2+
52 4 HEPRAL AR B 5 P BUULEE R AR R R
W FHEY T 4B A RS A I AR R A
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RO 5 R R I EC O U D el 75
R FHAHBAHT L (I 5 U & 1R T H,S0,-
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(Mg AR T S G i AR AR R LA
SRR Wk,

Fe HRE b8 B I R - 7 0 SR S T VA PR
oK FH AT LY 2,320 5 5 A LR 7 1 >R F NaOH i
FEFDIE AR 2 C O iR AR 0 L ik e 5 7%
TV T 4 R T TR R I e

f A 4 v A U P - AN B 2 RE R S HT B 4T
Aot 8 A 25 DR B A BR 2 ) o8 . il ) R
DNA $2 Bl G4 B IR AR R FE [ 41 DNA | ffH
S 7 6 B T (95 1 8 R A R B A |
ain) K DNA BT BRIV EE . 345 19 PCR =41l
FH %35 B ARGE I IRTUAC, RIS DNA 358 58 [ 5 A% 1 4

25.001 5
b a

20,00 abe a
]]1% 15.001 bed bed o bed
% d
4n 10.00-

5.00»H

0 ek

AbF

AR BT IS Wy kA T ik, I 9 e A0k
DS W AT A R R 3 243 6000
TGRS AT E Y
1.5 HESFITE5HH

K H Excel 2019 #4712 35 % 4% 48 it R H
SPSS 24.0 B4 X A48 #E A4 7 5 R 2R 25 430 W S S R
ST (PCA) o 2K JH Origin2024 228, T 845 R
K55 ( Mantel test) ZM AT AR R 5 43 il b oL L 77 i
T IR S V@ AR B R AR DG, R
I/ B 25 5k (LSD) i AT B E MG B0 (P<0. 05)

2 HERE

2.1 AREEETEREALERAZMm

P 1 AT, AN TR] Ak B A 3 UK R AR CK 3
e, b T3 AbHE TS AL FERT T7 4D 43S
KR E T CK; A0 B H IR FH I CK REAIK,
HA AL R ¥ 0 2 25 5, Horp, T3 AL 3N T6 4b
AN AEY CK LB 25, M T1 43 T2 &b
FE T4 40 BE TS b FRA T7 AL PR CK 3 REAR
17.65% ~25.00% . A5 FFRWT it 1A= 9y 5 + ke 151 345 +
B 5 AR 0t AT Ty =X - S S A B A AL
R R ] st S A Akt A ) 2 B b f - g B
JEAREI TR,
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A IS KB AT, CK XTI T 3.00 t/hm? A= 958 s T2 . if 44.98 +/hm® WEI8| 2%, T3 . 4 2% I 2200 T4 it 3.00 v/hm® A= ¥ /5% +44.98
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Fig.1 Effects of different habitats on soil water content and bulk density
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ZE57 3 T6 A 4 S5 B | Al k| IO B BN
NI, 73 B30T 83.819% ,23. 35% ,36. 24% .
TR A AR T1 AR ~ T4 Jb B (W] 3500 8. 35 22

F2 AEEEILEAEEERZIE
Table 2 Effects of different habitats on soil chemical properties

S PRt R SR AN, T4 Kb E A EE MU S RS
TS AbHTC i 255 . T4 b BRE U & R hf R i %
A, H#n T 30.35%,

e oH AL P LHRGE MR A S ST M o St i R
(¢/kg) (g/kg) (mg/kg) (g'kg) (mg/kg) (g'kg) (mg/kg)
CK 7.13+£0.04¢ 97.14+0.32f 1.05+0.01¢g 83.45+0.66f 1.94+0.03f 1527.41+11.77f 1.97+0.01e 250.50+0.67g
T1 7.12+£0.03¢ 114.65+1.54d 1.06+0.01f 92.73+0.46d 2.42+0.07¢ 1964.38+32.32b 2.11+0.02d 311.90+1.55¢e
T2 7.03+0.02d 102.12+0.65¢ 1.09+£0.01e 93.37+0.06d 2.68+0.03b 1 713.93+£13.18e 2.14+0.04d 321.18+1.08d
T3 7.10+£0.03¢ 104.94+1.72¢ 1.30+0.01d 103.52+0.80a 1.96+0.02f 1 925.18+8.69¢ 2.13+0.04d 331.25+1.11¢
T4 7.13£0.04¢ 142.46+1.51b 1.69+0.01b 98.27+0.81c¢ 2.19+£0.07¢ 1990.96+1.36a  2.17+0.03d 291.92+1.64f
TS 7.12+0.02¢ 125.58+0.61¢ 1.57+0.01¢ 100.79+0.46b 2.32+0.04d 1 821.96+£3.94d  2.26+0.06¢ 291.65+1.67f
T6 7.23+0.02b 115.99+1.53d 1.93+0.01a 101.39+1.03b 2.40+0.06cd 1949.90+1.59bc¢  2.43+0.05a 341.28+1.19a
T7 7.33+0.03a 171.02+4.73a 1.29+0.01d 91.58+0.5% 3.10+£0.08a 1 939.72+8.32bc  2.34+0.04b 335.16+1.60b

CK.T1.T2.T3.T4.T5.T6 . T7 WLIE 1 7, [Fl—3Ed 5 A F /NG FhERR 25 B3 (P<0.05),

22 AEAEENTEARSHERBEEENNE
i

22,1 FRAN LEMARE S HEBRG YR
HH e 3 AT, A% Ak T 40 T 7 o X 1 K 98 % , i ]
AN TR A 5T I R R R AR S A o b I )
ARV ML SE DL AS[RAEPRIAIAA B Y Chaol 54X
A Simpson $8 #UC i % 24 5+ ; Shannon 8 ${7E T6
AbFE S T3 AbFZ (B I 25 5 (A b 3L ] 22 S
PIARIAE B K,

#3 AEEENTEARSHENZIG

Table 3 Effects of different habitats on soil bacterial diversity

W Chaol HE Shamon BEC  Simpeon fi8c S
CK 5529.93+155.19a 10.08+0.08abc 0.999+0.003a 98+0a
T1 5 498.37+188.50a 10.08+0.07abc 0.999+0.002a 98+0a
T2 5737.92+519.28a 10.27+0.12abc  0.999+0.004a 98+0a
T3 5510.32+284.52a 10.05+0.09¢ 0.999+0.001a 98+0a
T4 5 633.35+208.50a 10.20+0.13abc 0.998+0.004a 98+0a
T5 5961.76+508.95a 10.27+0.12abec  0.999+0.004a 98+0a
T6 5 673.53+220.02a 10.35+0.09a 0.999+0.002a 98+0a
T7 5 729.25+340.66a 10.15+0.15abc 0.999+0.004a 98+0a

CK.T1,T2.T3.T4.T5.T6 . T7 W& 1 &, F—3HkEEARFE/NEF
BEROR2E 5+ 3 (P<0.05)

222 FRAARINIE@MARB LG A K
&l 2a FIAT AEANPE T K b AR AR B 3 21 A
XFFES1. 00% AR ], A3 1] o8 22 T
I"] ( Proteobacteria ) . it £& I '] ( Actinobacteriota ) . &

Z5HE ] ( Chloroflexi ) FZE B U ] ( Gemmatimonado-
ta) , FEAH X B 2 A0 3k 4 ER O A X F R
79.07% ~86.16% ., 5 CK #HLL, T1~T7 AbFRAS I
I"]( Proteobacteria ) 1 Xt 3= B £41°45 BIr 7+ &1 , 43 00l - 6
25.34% . 13.88% ., 12.31% . 20.30% . 17.62%
16. 63%F1 45.27% , % T7 Ak BRLZC ] (Acti-
nobacteriota) \Z¢Z5 7 | ] ( Chloroflexi ) Al 2 B M T ]
( Gemmatimonadota ) A A XT 3= FE# CK 34 P AR,
SR REAIG 29. 51% (36. 46% ,11. 30% ., TEJE /K-, K
D] 21 A~ 4075 8 (K 2b) , Horbod e = B2 55 e 1 43
FJE uncultured ,S0134_terrestrial _group A28 K [
& ( Nocardioides) , H:H T4 ZbFR uncultured AH X}
FERE, B CKIHE T 0.67%, TS Ab ¥ S0134
terrestrial _ group ZH 7 J& AH X 4= B [ CK Ft &
27.79% , H. T2 AbF MND1 F1 S0134_terrestrial _group
M JBAHN EERAK, CK 2895 R F & ( Nocardio-
ides ) FEXS 2 B v T HAB AR B, 17 T7 Ak R IG
PR AT 2 B AAIR, He CKAIR 77. 62%
2.3 AREENEMEKXRTEST ERNRND

HIZ 4 T, 2 AL SRR AR TR o0 & ek L R
T CK, Horr T7 Ab AR A R A i i B A A
FridhE, 5 CK AL, 3 D EPRHG IR 7331 32.59%
44.00% 36. 43% ; Horp T4 b B MEAR 2 A S5 T7
AEPRTC B 2 5, IX T RS R T 2E G T R
555 G T AN B MSC R (] P A= ) e+ M | i+
4RI BRRE A O TR M IR PRI SR A Py £ B
3y FERIGEHE TR AL B S
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Fig.2 Effects of different habitats on the abundance of dominant species at the phylum level (a) and the genus level (b) of soil bacteria

F4 AEEEXERFES R0
Table 4 Effects of different habitats on plant nutrients

e LR B Bl
(%) (%) (%)
CK 2.24£0.04d 0.75+0.01g 4.20£0.01g
Tl 2.58+0.01c¢ 0.98+0.03b 5.00+0.02d
T2 2.59£0.02¢ 0.92+0.05d 4.70+0.06e
T3 2.24£0.06d 0.82+0.01f 5.03+0.06d
T4 2.96+0.01a 0.86+0.01e 5.30+0.02b
T5 2.24+0.02d 0.91£0.01d 4.60+0.03f
T6 2.81£0.01b 0.95+0.02¢ 5.20+0.05¢
T7 2.97£0.03a 1.0820.03a 5.73+0.06a

CK.T1.T2.T3.T4.T5.T6.T7 WL 1 i, F—5%d /5 AF/NE F
BRREFEE (P<0.05),

24 AEAEEXNEFMRE RO

H e 5 T, 45 A B2 i R S 1 T s T
HR 5 m T CK, o T7 A B A AT VA b S e e
Fb CK A0 73. 1%, T3 4b3 ~T6 &b P i Al 75 1
Wior e E 2R (A BT T M T2 4hH#,
R T7 4bBEA LR & & K, th CK B 3 FE K
18.00% , T3 Kb ¥ ~ T6 AL PR A HLAR & = B &K T
CK, T1 AbFf ~T7 Kb v] 5 1 [ 2 9 5 AR w3
BT CK, Hirp T1 A T2 Ab PR ] 1k e 4 5 5
FART T3 AbFE ~T7 Ab#, T3 Ab PR AT M Y &
TR T6 KPR b3 25 5 TT A B AT EDE )
i fE, b CK 3600 T 69. 819%; T1 AL #LFN T6 4b

BRAEA: R COF RE R, BOCK o R R T
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50. 72%F1 43. 61% ,T1 Rb¥~T7 AbFRAG A C &
B EESR,

x5 FREEWNENRRAZMW

Table 5 Effects of different habitats on tomato quality

TSR APURE R R CEE AETERDE

BT (9 (%) (m/ke)  WIEIE(%)
CK 5.43+0.05d 0.50+0.02a 132.30+23.30b 5.40+0.05e
T1 6.20+0.05¢ 0.51+£0.01a 199.40+34.00a 6.00+0.02d
T2 6.21+0.10c 0.51+£0.02a 172.70+32.10ab 6.00+0.03d
T3 6.77+0.09b 0.45+0.01b 149.60+65.40ab 6.57+0.06¢
T4 6.97+0.13b 0.46+0.02b 184.20+39.80ab 6.87+0.06b
T5 6.96+0.10b 0.45+0.01b 182.00+44.90ab 6.90+0.04b
T6 7.07+0.41b 0.46+0.02b 190.00+16.70a 6.60+0.02¢c
T7 9.40+0.12a 0.41+0.01c 144.60+78.60ab 9.17+0.06a

CK.T1,T2.T3.T4.T5.T6 . T7 W& 1 ., [F—3 5 AFR/NEF
BERR 225 B (P<0.05)
2.5 AREEMNBEHFEHFM

H L 3 AT A [ A B2 5 ™ a2 I 2 0
HEEH | Hor AR 0 o+ i 5 288 + 2 55 11 R 57T (T7 ) b 28
- s, 58 T 67.69 v/hm’, b CK &
10. 21% ; LR A W o + 78 55 11 23 B (TS ) b B
b CK BEWINT 4. 54% ; e Hh, Boph i ] 48 B ¢
(T1) Misl2E(T2) A H AR5 (T3) EY s+
W\ 2% (T4 ) b 451 2 + 55 55 (1 2Rl RE (T6 ) b B, AH 3L
T CK, =4 i B R T 2.59% 3. 54% 1. 70% .
3.60% .3.58%, LibZESR UL A Y e + i 5] 25 + 2
o H E AN PR RE B P R A

70.00 d L c a

f 4 £ —

60.00F ] ]
50.00+
40.00f
30.00+
20.00+
10.00f

0

7 (t/hm?)

CK TI1 T2 T3 T4 T5 T6 T7
S oS

CK.T1,T2,T3.T4 T5.T6 . T7 WK 1 i, REI/NGFBEFRR %
5.3 (P<0.05) ,

3 AEEEWNERENZN

Fig.3 Effects of different habitats on tomato yield

2.6 EHFIH

HIZE 6 AT R R o AR IR 2045 18 AN IR
g2 F Mo 3 B 2 5 A 0 BRI | 5T
BRRAN R TTRRR , % FEE R T 100 Holisr

TURRR KT 5. 009% 19 S 4R BURT S5 A8 4, 51
HR R A 22.33% . 21.83% . 18.24% , 17.92% .
14. 06% , 211 TTHRRILF] 94. 38% , /& LI R R IR A
FHIREER

F6 ARERMFHEE.IHE RRREHE

Table 6 Characteristic value, contribution rate and cumulative
contribution rate of different habitats
el PCI PC2 PC3 PC4  PCS
FEE(E 5.47 3.14 2.85 1.89 117
TR (%) 2233 21.83 18.24 17.92  14.06

BRTTHCR (%) 22.33 44.16 62.40 80.32  94.38
PC1~PC5 /3 HIFRe | EMAES 5 TN,

K FE R AT Xt 8 AR [) A: BE 4 3 FE A
FERESE 3 RN 00 i 0 = s AT VRN AR (R 7))
LEAA5 5y M BRI Sy . T7>T6>T3>T5>T4>
T2>T1>CK,
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Fig.4 Correlation analysis of plant nutrients, tomato yield, tomato fruit quality and environmental factors
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