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Effect of Bacterial Bran Extract and Garden Experimental

Formula on the Growth of Hydroponic Lettuce
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(1.Ningxia Polytechnic, Yinchuan 750021, China; 2. Yinchuan University of Energy, Yinchuan 750100, China )

Abstract: To enhance the utilization of bacterial bran, explore application value of bacterial bran extract as a liquid
fertilizer on vegetables to reduce chemical fertilizer usage in vegetable production, furtherly, preparing the extract by
disinfecting the bran and using it in conjunction with a Japanese garden trial formula as a liquid fertilizer for hydroponic lettuce
cultivation. In this study, a 3-factor 3-level 1,(3") orthogonal experimental design was employed, with three factors: type of
bacterial bran(A), concentration of the extract(B), and dosage of the garden trial formula(C). Common edible mushrooms from
Ningxia, including Ganoderma lucidum, Lentinus edodes, and Pleurotus eryngii, were selected. The extract was prepared
using the boiling method, and the effects of the bacterial bran extract and the garden trial formula as nutrient solutions on the
growth of hydroponic lettuce were studied. The results indicated that the primary factor affecting lettuce yield was the type of
bacterial bran(A), followed by the dosage of the garden trial formula(C), and then the concentration of the extract(B). The
extracts from Ganoderma lucidum, Lentinus edodes, and Pleurotus eryngii significantly enhanced the yield and chlorophyll
content of hydroponic lettuce. Among these, the extract from Lentinus edodes showed the best performance. The optimal
combination treatment was A,B,C,, which involved adding 3% of the Lentinus edodes extract to the 1/8 dose of the garden trial
formula. This resulted in a 204.71% of increase in the yield of hydroponic lettuce and a 230.02% of increase in total chlorophyll
content. The extract from Lentinus edodes, when combined with the garden trial formula, could serve as a reliable and effective
liquid fertilizer for soilless cultivation hydroponics.
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Tab.1 Factors and levels of orthogonal test

[N & Factor
KV BRERRE(A) BRI (B)  RERE A (C)

Level Type of bacte-  Extract concentra-  Garden experimen-

rial bran(A) tion(B) tal formula dose(C)
1 RZ(A) 1%(B,) 1/8(Cy)
2 FaE(A,) 2%(B,) 1/4(C,)
3 ARHE(A,) 3%(B;) 1/2(Cy)
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Tab.2 Scheme of orthogonal test

Ab B N b e W KA
Treatment Error Level combination
T1 1(RZE) 1(1%) 1(1/8) 1 AB,C,
T2 H(RZ) 2(2%) 2(1/4) 2 AB,C,
T3 L(RZ) 3(3%) 3(1/2) 3 AB,C,
T4 2(F4) 1(1%) 2(1/4) 3 A,B,C,
T5 2(F48) 2(2%) 3(1/2) 1 A,B,C,
T6 207 1) 3(3%) 1(1/8) 2 A,B,C,
T7 3(KRH) 1(1%) 3(1/2) 2 A4B,C,
TS 3(AH) 2(2%) 1(1/8) 3 A,B,C,
T9 3(KRH) 3(3%) 2(1/4) 1 A,B,C,

LI A bl e 7 1/2 50 & R % IR (CK) L %
B B B Ty 3R (1/8.1/4.1/2) Fehl TR
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W5 0.06% 85 0.31% HH 0.03% A HLIK 2.47%,
pH {H h 4.43; 7 2k BB = 42 W & & 0.07% .
0.39% 4 0.02% A HLIE 2.61% , pH A N 3.69; K
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ML 3.56% ,pH {H N 4.65. R 56 2% F JC + & 85 K
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B e 3 U IR .
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Tab.3 Analysis of fresh and dry weight of lettuce aboveground and underground g/ b

1 S B o195 °F A A o 5 1 B 3 5T
Item Aboveground fresh weight Aboveground dry weight Underground fresh weight Underground fresh weight
T1 16.54dBC 0.90aA 3.95abA 0.23bB

T2 7.83eC 0.44aA 2.40bA 0.18bB

T3 28.13aA 0.66aA 5.03abA 0.33bB

T4 27.43abA 0.69aA 4.65abA 0.30bB

TS5 25.72abA 1.02aA 6.63aA 0.28bB

T6 23.70abcAB 0.66aA 6.24aA 0.59aA

T7 16.94cdB 0.53aA 4.98abA 0.28bB

T8 28.18aA 0.76aA 4.43abA 0.30bB

T9 20.90bedAB 1.06aA 5.50abA 0.32bB

R, 8.12 0.12 2.05 0.15

R, 3.94 0.09 1.10 0.16

R¢ 4.88 0.05 1.36 0.11

Ry 11.76 0.45 0.82 0.07

TE RO ANFRICE F/NG T hE 53] Fe 3 A ) b B 0] 22 S 4 2% (P<<0.01) Ak % (P<<0.05) .

F4F,

Note: R was an extreme difference. Uppercase and lowercase letters indicated extremely significant(P<C0.01) and significant(P<C0.05) dif-

ferences among different treatments, respectively. The same as Tab.4.
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Fig.1 Analysis of three factors aboveground fresh weight
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Aboveground fresh weight
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A[AVING FRER IR AN [A] Ab 2 R] 22 57 42 35 (P<<0.05) , B 4.5.6 [F]

Different lowercase letters indicated significant differences among
different treatments(P<<0.05). The same as Fig. 4, 5, and 6

B2 AEANEESM EEHEERE S
Fig.2 Analysis of aboveground fresh weight under

different treatments

22 HBEREMEEHFKZSENZ
MEATT LR, T6 AT 28K a b &
MEELERMENYE NS R R, RN
186.07.70.35.256.42.53.89 mg/g, T6 AL 5 T4
T FEM MR R EF R LW EZER, 5 T1,
T2.T3.T5.T7.T94kbHHH 2 F M % (P<<0.01).
BAFEEASE PR EETLTREZER
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Tab.4 Analysis of chlorophyll and carotenoid content in lettuce

HENESESW
mg/g

it | iR a i i M2 K b 2 K ESGE N SR
Ttem Chlorophyll a content Chlorophyll b content Total chlorophyll content Carotenoid content
T1 111.41bcBC 28.72bcB 140.13beBC 42.21aA

T2 106.2beBC 36.79bcB 142.99beBC 41.16aA

T3 112.02beBC 33.74bcB 145.76bcBC 40.20aA

T4 155.18abAB 46.67abAB 201.85abAB 52.46aA

T5 109.07beBC 26.39bcB 135.46beBC 39.56aA

T6 186.07aA 70.35aA 256.42aA 53.89aA

T7 78.16¢C 19.48¢B 97.64cC 38.41aA

T8 147.59abABC 41.76bcAB 189.35abABC 48.99aA

T9 103.84beBC 30.91bcB 134.75beBC 39.83aA

R, 40.24 17.09 57.33 7.45

Ry 19.06 13.38 32.44 1.41

R 48.61 20.41 69.02 8.97

Ry 30.16 13.53 42.21 6.68
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Fig.3 Analysis of three factor chlorophyll content
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Fig.4 Analysis of chlorophyll content under

different treatments
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Fig.5 Analysis of root activity under different treatments Fig.6 Analysis of nitrate reductase under

different treatments

il 12 30 L (NR) J2: AH 4 2 [R) Ak 114 5% 5 il
ME 6T LLFE 1, T6Ab P NRIGE &, T2 b 24 EFEESSFHEBRERKEELERXRES
A NR G Ik, T6 5 T2 4b BH[A] NR 1% 4 2 5 M
i (P<C0.05) , [ T2 4b ¥4, Ho A 4% &b B [A] NR K85 A2 32 11 A48 b 8] (9 AH OGP 43 B dn 3% 5
TR EER, FiR o

x5 KEBEFRIIANERENEIESH

Tab.5 Correlation analysis of 11 indexes of hydroponic lettuce

$54%  Index X, X, X, X, X- X, X, Xq X, Xyo Xy,
X, 1.00
X, 0.56 1.00
X, 0.77" 0.68" 1.00
X, 0.56 0.22 0.71° 1.00
X, 0.63" 0.24 0.48 0.76" 1.00
X, 0.45 0.07 0.39 0.82" 0.96" 1.00
X, -0.18 0.07 -0.14 -0.57 -0.68" -0.82" 1.00
Xy 0.58 0.19 0.45 0.79" 1.00° 098"  -0.73°  1.00
X, 0.62° 0.23 0.45 0.68" 0.96" 0.90"  -0.67°  0.957  1.00
X0 0.19 -0.20 0.04 0.38 0.52 0.58 ~0.54 0.54 0.49 1.00
X, -0.14 -0.09 0.23 0.47 0.08 0.15 0.15 0.10 001  -0.24 1.0

T *3RR AR h 2 (] 35 2 35 A R K- (P<C0.05) , #3748 dk 2 (] iA A S 35 AH & K - (P<C0.01)
Note: * indicated a significant correlation level among variables(P<<0.05), and * * indicated an extremely significant correlation level
among variables(P<<0.01).

I T PR AR RAL K G A 360 LLANRARAE D FEE 0T & S A 10 3 IE A G (P<<0.01) , 54k K a
PR AR I A3 0 O M b T (X)) M BRSO S RIS N RS R B A OC(P<C0.05),
T (Xy) | Hb R A R (X)) MR T R (X)) . 5 NRGEPELRFAAHC
e am it (X)) MEEDTREX) MgFaly R4 45 43 1 R E A L 25 DTk R M R T
MAE R bR E (X)) MRS E(X) JE BORE6) AT 3N FRIEME R T 1, B, 2 BT A
W NESEX) WAEE N (X)) NREME 3T 8100072 &4 g E 80 2
(X)) AR CPE S BT 25 SR W], b b 6 o it S5 b ) 56.056 % , # 4L 50% , #iF 34~ E L 4r 1Y BTy 2
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Tab.6 Contribution rate and cumulative contribution rate of principal components

F sy

Principal com~

Eigenvalues

e

Contribution rate

Cumulative con- ||Principal com-

ES) E &

Cumulative con-

FFAE

Eigenvalues

TR/ %

Contribution rate

ponent tribution rate ponent tribution rate
F1 6.166 56.056 56.056 F3 1.367 12.430 87.382
F2 2.079 18.896 74.952

PAAEAS 32 B 43 9T X 7 1 R AF AFL o T 4 A48 3
O3 RVRFIEAEL 22 FI Y L4 S AR T L 25 A
25, B F (%5 A48 4 ) =0.641 5F,+0.216 5F,+
0.142 2F,;c WNFRTATLLE W, E 00461450
i B KR R N T6>T4>T8>T5>T9>T3>

T1>T7>T2>CK, T6 A B A ZE & 15 e, M
1.461, T4 PR Z , CK G 70 el o 94 Ak #RAS 41
¥y T CK, 28 7 [l il i 7 ) 2 b b 3R
[Fi) TRT AR 152 8 VX AR SR Y RN N T R S R
YEH o

R7 EHAANEEES

Tab.7 Principal component analysis comprehensive score

e
LAy

ZAR1RI)

Tréfrimﬂem F, F, F, Comprehensive 22?{ Trﬁtlmﬂent F, F, F, Comprehensive EZﬁ(
score score
T1 -0.425 0.612 0.503 -0.069 7 T6 2.003  -0.394 1.841 1.461 1
T2 -0.388 -2.092 -0.819 -0.818 9 T7 -0.755 0.283 0.888 -0.297 8
T3 0.110 0.139  -0.646 0.009 6 T8 0.676  -0.358 -1.104 0.199 3
T4 0.737  -0.092 -0.672 0.357 2 T9 -0.044 0.847  -0.671 0.060 5
TS -0.168 1.664 -0.411 0.194 4 CK -1.745 -0.608 1.092 -1.096 10

3 #Ziw5itib

AW GE R FHIE 2280 BT, I BT B R R 26
(A) W (B) e By H & (C) 3P FE
M2 EF(D) o 22 el AL, 25 0 B 250
11.76, Fobk 22 L PR 28 A CRBRE RN 28 ) L C (il 12U e 77 7
i) BORHR R ) 1 2538 K, R R Z [l 17
A2 HAER, B2 =Wy A ACEBER2E) >C
(PE i e 7 7 4 ) >BOR BE RO ) . A BIF 58 45 R
TR A s WA AE S W, W & R
P8 VR v B 1) B i 155 el sk S O ) & CookF AR
37T a ey, Co7KOP AR 38 7 d e AR el 3 e Oy ) 4
XA 37 I 5 T R B TRORR Al T 7 R Y 5
e B 2, 2% B AR b 28 R el 3k i ) S VR A T
ZHAEH AT IR R M.

A2 3 B 1434 T, i A B Y e 4l &
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