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Abstract

In order to reduce the use of chemical fertilizers and improve the quality of lettuce, this study dis-
cussed the effects of biological bacterial fertilizers on the growth and quality of different varieties
of lettuce. In this study, five common lettuce varieties were selected, and biological bacterial ferti-
lizer was added on the basis of conventional planting, and a comprehensive evaluation was made
through sensory taste, plant measurement and nutrient composition analysis. The results showed
that there were obvious differences in the overall taste performance of five lettuce varieties, among
which “Beisansheng No.2” had the highest recognition of taste and appearance. The application of
bacterial fertilizer can significantly promote the growth of most lettuce, increase the weight of each
plant, and especially double the yield of “Beisansheng No.2”. However, the effect on nutritional qual-
ity varies from variety to variety. The content of vitamin C in some varieties decreases, while the
content of fi-carotene and dietary fiber increases. On the whole, “Beisansheng No.2” and “Shooter
No.101” have the best response to bacterial fertilizer, and they are outstanding in yield and com-
prehensive quality. This study shows that biological bacterial fertilizer can be used as an effective
means of green production of lettuce, but its effect depends on the characteristics of varieties, and
the strategy of “biological bacterial fertilizer + reducing chemical fertilizer (nitrogen fertilizer)”
should be followed in production, and suitable varieties should be optimized in practical applica-
tion.
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1. 51§

A3 (Lactuca sativa L. var. ramosa Hort.)& 50 Bt —F A B2 EY), e &RZMNHRRe—, HH
BAGHMAPOEm 22 MR THEk, hTARORRESE, ARKEYE, mEs, REmHR
FIZEY R, CamANTREAREZNG R —. H, BTHEmAKERE. M. £k
P55 . R S AR AL T & 2 BR, RISk B4y B A AN, 5 B AL 2],

EVIBEIE, SORAEDIIEEL REEYIERN3], =38 —J@Ed A AR T B =8 A — & ARSIt 1)
FANEANLE, B T A, BN RAL SRR A RO AT (4] 2 T A S A0l = 5 I3t
AEYD R LR RO 7R, S5 RRAZOM . MR fe . B e AR R S, R R
U, W KR FEREIN[S]. AR EHS AT FC, AEEEROSEE IR NI AEWREIE, REa8 A ROtk
mE M AR T — PR AR S SEESTYRARR, SCERAERKIRG6]. A, A
VI AERR T RERS AR RIS P2, ICRE AR AL T SRBERTYR, S 5IRTTEY KN IBIE
T2 R ol R A3 B 40493 [ 7] TSR S5 PRI 9 3 ) e 1l 1 AR A S B R AR R & A A P B A T A9
1 KT TR E[8]

LRI AR AR b A S 1) 22 A FE AR HEAE R ARE B, AEASHIE 50 JRATTR AN [5] A= S5 i o
ITRE LSRGV, I B IN A IR AL, TR S DR AS K i i8R . S & BRA TR IA Y AL e %
PR SRR E FRIRR AR B, X AR R AFE A RIS ma A e, et AR S AR P FU i AR P B IE . Bk
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BBV SRR R 0 SRR R B
2. MMERZE
2.1. gtk

ARIGIERH S (A, QFESREET . SEgER, ROt =M, Hd “9F 101”7 WH
B TR O RAN R A IR A A, HAR W B g A6 RO R 27 B bl 25 Tl bk 27 B AR S IR IR SR K F
TEWLZE 1o a6 BT P AR 0 T TS o v TR RO R 2 B i SR A TR AT 58 P A S8 R T 9 D R e fit, L E 2
AT R AR AT B (Bacillus subtilis)~ B KR S0 (Bacillus megaterium) K % SE AR B (Bacillus
mucilaginosus).

Table 1. Experimental material

= 1. e

F5 At 44 B AR A
1 b2 5 SN/
2 kg4 5 LR ek
3 bt 8 5 E SN
4 WF 101 NN Ul
5 vKil 117 St

2.2. i&ﬁgﬁﬁq‘l‘ﬁj AN t&l‘\\
ARG T 2023 4£ 8 H E 2023 4F 11 A AL R BN 22 B 4t ARz [ H YR = 37,
2.3. REHFE

2.3.1. BREFMh

FERMCRT 5 AN SR A i A 10 P 8] i 2S00 v, BEATLIEER 15 A2 4E0e . PRSI 0L 588 X 1 200t
Zo HMIEEE . HEL. DUBBAR R AN SN L P 4 N7 AT T PR RIS R G X 4
TR REATAREAC AR B, THER A R A ISR A SRR L .

2.3.2. IBGE

2023 4F 8 H 18 HiEMh, Fifi AR 72 FLEEME . HKE 4 v 1 0, EEKH
FHIE AT T H O = LR ATEE 25 om x 25 om BT e AE, 7 Hh Sl e v vRE T o LT M L A AL
Il 16 kg/hm?. FEANCHERRET 3 IRER, FAEE R 2 B,

TRIG: 43 Ayt R ZHL O B ) -5 o it A 40 1 A A B2 (R AR o o R ZH R4 IE 5 /K IR B, e Al s 1 J et b
RN EAERVIHECE R P EE | RERE; TErE R, B R YR AR
H e A G5 15 d BEKRENA DB AL 500 mL, £F 20 min §# #4535 FE /KM 5K E S min [9].

2.3.3. BFRAIE

TR KA R R AE KR T A48 bR, MR 2 (1 (58 R W YRR S A vt ) (10770
SERE S JETEAIT R 8. Al S 45 d R URERS I 4% AR b, SR 2,6- S Bem i e VA DI 5E L(H)-Bidk
MER SR 11], B SR E RS rh ]l E R 4P 4E[12], &7 EIRENDEMERER[13], g-HHE M ERRA
BB AR B LA TR 141
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234. BIEBE SO
{5/ Excel #fF#31HRIGHIE, 1/ SPSS BAEXHAMEUE AT BRI 5 BEEZER D
Bro

3. BRE S
3.1. FREESFENEEITEN

I FH S J8 R HOE R A [ AR S S R R R S S AT . R 2 B, T IRERE 5 AN AR
PG RIBEN T 019~0.83 Z (0], P ZERHE. “Jb#E 257 MEaREE R, 4083, H
TEREE . FVBRSE a BE AN AP B0 B 7 TR 5, Bonth RIFMLEE SRAE S B8 2 . “9F 1017
He 28 2, SRGRIEEN 0.70. Z PP S 7 R IUEC N R, R H R HURE 32 20T, (HANI & 4F
FEMISTRAR, — R Lm T R&Hg . “AbRE 857 A “ukil 1177 2 AfisI 3 Mg 4, gbE
JEBEE A 0.25 A1 0.24, W o3 @ mHAgg it A3, (RN EFEE AFEENT B8 — 3. EFEEASMILTT TR
FRIAPLE, (HIEES OEBEATEM BN — . “dt4E 457 R FRBERIK, N 020, HLE S, H
TENE R S T A 2 8K, LA R R R & .

Table 2. Sensory evaluation of lettuce varieties
2. EEmMEREITN

mi b M pE il PRSI MBI GaREE a4
ek 2 5 2.07 1.00 1.87 1.73 0.8280 1
k45 1.53 0.33 1.27 1.60 0.1958 5
b 8 5 2.00 0.33 1.33 1.47 0.2521 3
#5101 2.87 0.87 1.93 1.13 0.7015 2
kil 117 2.67 0.33 1.27 1.20 0.2419 4

3.2. YRR AR RMAFESERR R

ANFAESE SRS AR B AR I N B — i S, SO, e A B R R e R i 2
B T AEAC A BT, R — e R AR KA EFHGE 3). fEfRE AT, BR “vkil 1177 4b, B
I Ak B 2 A5 ok R 2E 34 H B MR SB35 KT B NP < 0.01),  “dbBE2 57 . “dbdk4 57 . “dbEAg 5
K ST 1017 (R 20 B3 T 40 29.6% 18.9%- 15.6%F1 15.7%, #5353k B8 2K, 1M “vkil 117”7
PR B — e IndEm 7.8%), HERANEE,

TEREME T TR, AR B ARt 2 R T B 2l Al i R e . Jorp “ S 1017 XA IR
Wi S e R BURK,  RMERE N T 11.34 cm, S HNEEBIREE 30.4%. “db4AE 857 5 “dut 4 57 RIEH 5]
BINT 4.67cm 1 5.67 cm, oI EALEARGRAIEAS N EE ) EEEFEENZE, RE “Jufik2 57
(1 R IR A N 2.67 om, (HH BRI EGEREE, AR FHN, RFZSMELSEE X
PRV PR LA T ) 3 A

A GEREIR, R AR R BORT B R E R S R SRR T . FERE RO T, “AERvE 2 5
“AbE 4 57 0T 1017 AR A BE AR JE i BOR G N, 39 E 3000 36.0% 32.9%AM1 16.1%; 11 “b
A8 57 R YKL 1177 B BURAE RIS, HARRIU it = A . bR AR B AR
A PO M A R P SRR R A, T A A0 R A e P 6T 265K 22 5 R R P R A e A T R R R . BR
b4 4 546, HADYAS SR SRR AR R S B R, b “dblid 2 57 K s A,
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M 303.67 g BEREE 618.67¢, WEL 103.7%; 1 “Jb&E4 857 |

“ETJ‘EF‘ 101” .

“Ukil 1177 g

& AIE R 56.2% 14.0%F1 31.7%, X “Ib4 457 MARERICAEZ K/ DEIE .

Table 3. Difference in plant height and width among varieties under different treatments

3. TRILET&ERMH®ES. RIBES

W

Jelkd 2 5
b4 5
b4 8 5

$1F 101
ki 117

ah A

Xt g
16.33 +0.29b
15.50 + 0.50b
20.17 £ 0.76b
22.33+0.29b
17.17 +0.29a

k= (cm)

T L
21.17 £ 0.76a
18.43+0.31a
23.33+0.76a
25.83 +0.76a
18.50 = 1.50a

FE#E (cm)

Xt g
36.00 + 1.00b
38.67 + 1.15b
38.33+1.53b
37.33 £2.08b
30.67 £ 1.15b

T L
38.67 £ 1.15a
44.33 +£0.58a
43.00 = 1.00a
48.67 +2.08a
35.67+1.53a

EREORA, RV L Bt X AR S 0 2 U A FaAm BAT Wi (K 2 2 (e A, (BN [R) A i et dox 2

P L g 2 A A 2 7

“AEEGE 2 57 fERRE S T O RPR LT I S IR R, i

F 1017 WIFE JR 1 75 THI e B B R 3 o a0 it RR Ukl 1177 F0 “Jb464E 8 57 FEREES bR b (b Al
R B X Y B NE RN REAN R 25, T “ABAE 4 57 R SRE T AR R I B 2 A AR

Table 4. Difference in leaf number and plant weight among varieties under different treatments

F 4. FRILETERMMH AT, BREER

\ 5 HRE(g)
ZHk . —

X e & X & B e
t#E2 5 34.33 + 1.53b 46.67 +2.08a 303.67 + 14.05b 618.67 + 14.57a
45 27.33 +0.58b 36.33 +0.58a 502.33+21.01a 530.67 £ 2.52a
&L 5 32.67+1.53a 34.00 + 1.00a 369.33 + 3.06b 577.00 + 9.64a
$F 101 22.67 +0.58b 26.33 +0.58a 591.00 + 12.53b 673.67+17.01a
kil 117 26.67 +0.58a 27.67+1.15a 300.33 +3.51b 395.67 + 15.14a

3.3. EMEEN A RAE &M & RIEIRRE

W s s, AR, FTE A28 R LH)-Pik g A S R I H % iE R, B A
HIMFAEREER. X2 hlfEd,
) 11.50 mg/100g B4 2 4.35 mg/100g, FEARIEEIE 62.2%; 1M “ S F 1017 MR IR E, EK T 9.8%.

S, A4 B RO A R A AT 4 S R R R IAR R R B CAbdE 4 57 RERIEE
ZESEAL, HA 4 A SRR B IR S Y RIS 5
AT “UKIT 1177 3N 8.6%. 36.9%. 9.2%F1 10.3%, A “Jb54E 8 57 MRT IR & K.

XTHER EL &

“JEME2 B

“IeA 457 BRSO ERURS,  L(H)- PO LR S MR It A I

“jt%ﬁzg%” . “Ej‘qa 1017’

OIMTRE, R L S BUE SR LR IR L A BN, JF HARAEROR M w22 5

(G 6). “dbEA 257 A1 “GHF 1017 T FEILERRIESEWHE LA, 2387 48.5%F1 50.8%;

“ded: 4 57 BE THEEIEIEENT 8%); 1 “ALERAE 8 57 M “UKil 1177 FEPA AL BRIAR 2 BLE 2

B, AL AR T Bl B8 T LA B R

AW NEAE BN Z S A g% DR A R RS R R RN . B AL P25 50T T
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Bk 257 o ek 4 57 R IR 8 BN B-WIE DEER, A BIEIRINT 39.9%. 57.1%F
32.1%, Hip “dbk 4 B2 gHIREONRE. FIN, Uil 1177 ERRTEILG MR bR A S
T 21.7%, SIS HAR SRR S e B, R BEIEXS p-EHE AR R AR B SRR R
FLAR 7 10 B i PRI R 20 2 S T R

Table 5. Contents of L(+)- ascorbic acid and soluble dietary fiber in different varieties under different treatments

5. FRILET &M LHO-IANEREE, ARMERTESSE

Sk L(+)-UHR LB i & (mg/100g) AT VA £ 41 4E(2/100g)
R AL it & XoFHR A
ek 2 5 8.99+0.12a 7.33 +0.04b 0.372+0.011b 0.404 + 0.003a
kE4 5 11.50 + 0.10a 435+0.07b 0.345 + 0.007a 0.356+0.012a
b 8 5 8.47 + 0.06a 5.83+£0.07b 0.358 = 0.006b 0.490 + 0.010a
HF 101 11.20 + 0.24a 10.10+0.11b 0.390 = 0.003b 0.426 + 0.009a
kil 117 7.68+0.21a 5.60 + 0.18b 0.380 =+ 0.004ab 0.419 + 0.002a

Table 6. Contents of nitrate and S-carotene in different varieties under different treatments

6. TRILET X MMHIERE. -2 MNRSE

S THERE: (ug/g) S-HE D& (ug/100g)
it i il XoFHR A

ek 2 5 231+0.10a 3.43 +0.06b 746.00 + 27.77b 1043.12 + 12.63a

kE4 5 1.41+0.01a 1.52+0.02b 950.67 + 8.10b 1493.00 + 3.62a
bR 5 3.45+0.13a 3.44+0.12a 1273.46 + 14.85b 1682.40 £3.51a

5 101 3.33+0.07a 5.02+0.21b 1894.39 £ 9.08a 1844.82 + 10.16a

kil 117 6.51+0.25a 6.64 + 0.06a 1958.40 + 31.85a 1532.90 + 11.32b

4. #ig

WU, BEE SR T7 LRRMIFEEHES, BRSO RUBOR B RIS &, W
VARG 1510 ASEIL R, Wit GEME P ST ZI0R, &S EMIEE, SECh g i %,
ARG S n) UK, 7 R 29 B SR ) P R S [ 16] . Tt AR ) B IS e % 1 33 R AR 0 ) 3
&, EEYEKKE, g rn iocR A EEEM[17].

A SRAE N EAME I KBRS AR, B IR R, 7 HEREE[18], I B A Re s &
Ji R RS A7 H aa s, EEHEF RN RE . AR ERE I B A X L s RN fE T, A P
IR R RSO TR R [19] 0 AT T8 R GEVEAT T AN R A S5 St P R B B ot o2 S 0 AR R IR TS = A
RS, S5 FFE, bR ) 2 S R R T IO, B R EAR SRR R TR AR AR KA R, (ERE IR
an T TR I B A B R R R RS R, MRS IR bR S E IR AR FE R R R T RS R
) AT R R

AR B AR S A K MR R I s R AR, G T bR RIRAARE, XHRTA
WA R AL SGEIR R E « ARBEFR RIS BINLRIAR ST o A 2538 I LA W B A o] DS 5 50 08 R R i
FIREWTE 57.23%, RKEK 60.47% [20], 23 EZE0HE = H T HEAEY L, GEME N PR Ak AR Kot
2, PRI R, IR RS A RAE J1[21]. ST, AFESH SRR RFR A 2 S R, filhn “ bk
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257 fERARE BSCHL 7RI, T b 4 57 KRR B G XM ZE AR AT RE R T AN R A
MR I FR RO DL 50 8 B R B RE D I [ A B AE e . X R, AR IR A 3 7= R 3R
WG PR, HAE A P A i R 75 2 RS M T

A AT E R, BEACIESRTE 2D -85 SRR S 4T 4E & E A, 5 ST L(+)-
PURMBR(AEA 2 O & =M TR, H 91K T B WP RE 2h A 8 o X —BLG ] BEmG R 4 — PRI 2R 1Y)
T AL T 0 R A A YR B AR M T (2 S R P R AR R [22], (R HEIA PRI (AR A R T
AL 7 R EMBRAEANEIR /7, WREST S V4R R C ARGER IR AT iA SRR, RN, SeEMIREEm
BEVIERIL, A ARAEPIKFEATFE R/ UUAL, AT A8 5 B0 R SRR MR 9 I BT A IR B i
FEM B S Tabs, HARR W RS FAEH R LIRA R0 b SRR RE /1A ¢, AR N H R IE I
BREVEARREFID IR TE, SEBUHBRIL R R S NEER S EOM. BT R, XML ES
R SRR B ) v KT B 0 S VR TR R AN LR, AT A I — 5 T AT B T AR S R R I R R
R SOE 2RI PRI AR, 3 SO IR R B A BT AL AR R R E WG 5 — D7 T AT e B T R AT Bt AR
B RE PR TR I Al > FR R, A IR LU BIHLEL T RMRE TR AR R, 75 R e P A X
FERIIR R I [23].

T oBIEM,  “dbiid 2 57 1 “SF 1017 A EIE R R ER M. “dbid2 57 H
FOOT B e R g AT BRAR B RO OCBEE IR B, BA TV, O & ILR
eI, HUOR “HF 1017, HRBETAEKRES S0P pEACGE 2L RIR TR N, BpkE st
T RERI, ONEENRAE S A br PRI, FAER C iR/, ST 258 RMEn
R SHE B

gr b, AR T A S B RO LA B R O PR, T DA e R e AR S AR R AR ROk S, (R
XoF i S PRI 2 22 4 H LA SRR SR ) o FESEBRR R, FR AR AR PR R L A AL R -
BB A, LSBT B S E SR AR b RO . ARYE GB2762-2022 (S @ & EZbnilE 5 Fis gL
VIBRED) iSRRI A R E S, Aot A A SRR 58 5 B EOR AR, EH BT
PERTESERRA = R TR . el BT 5 24y, @R AR IR FIR, & 2 PR
SRR, SRR AL A SR, R ST B BhAh, RE Y IR YT U
W, RS ER Eh FEAEARAR N BB A S A, T E CRBS = B R AR AL E IR it . R R SRR i, R
VGRS AW IR — PRGN L AT 3HE— 2B IR AN 7T, MRIBEAR A R, R 2R0E B A A A i

77 1%
E&ME

BRI A AR P 28 Al s T8 i 36 S 007 A B e 2 2 X B3 (T3348671).
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