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Effects of the addition of medium and trace elements and their combinations
on the growth promoting properties of microbial inoculants

FU Weigang, YAO Tuo
(Key Laboratory of Grassland Ecosystem of Ministry of Education / College of Pratacultural Science,
Gansu Agricultural University, Lanzhou 730070, Gansu, China)
Abstract: This study was conducted to screen the nutrient elements that can enhance the effective viable count and growth
promoting properties of microbial inoculants. By adding different types and concentrations of media and trace elements and
their combinations to the microbial inoculants, we explored the optimal amendment amount of different elements and their
effects on the effective viable bacterial counts of the inoculants, nitrogen-fixing enzyme activity, phosphorus solubilizing
capacity, and secretory indoleacetic acid (IAA). The results showed that when molybdenum (Mo), boron (B), manganese
(Mn), and magnesium (Mg) were added at 100, 100, 5, and 10 mg-L_l, the effective viable bacteria counts of the microbial
inoculants were increased by 23.53%, 77.65%, 81.88%, and 148.71%, respectively. The orthogonal test showed that the best
combination was A_;ByCoD.; (Mo 50 mg-L ™', Mn 5 mg-L™', Mg 10 mg-L"', and B 50 mg-L "), with boron playing a leading

role. The addition of a single element or different combination of elements had different effects on the nitrogenase activity,
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phosphorus solubilization ability, and IAA secretion ability of the microbial inoculants. The comprehensive evaluation
showed that the rankings of the overall ability to influence the growth promoting properties of the microbial inoculants were
as follows: among the single-element treatments, the addition of 5 mg-Lf1 Mn was the best performer, and among the
treatments with a combination of elements added, the best performer was the combination of A5 (Mo 100 mg~L71, B 150

mg~L71, Mn 5 mg-Lfl, and Mg 5 mg-Lfl). In summer, the results of this study can be used to improve the formulation of

microbial inoculants.

Keywords: microbial inoculants; B; Mo; Mn; Mg; viable bacteria count; growth promoting properties
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Table 1 Medium and trace element mixture add concentration
gradient setting

IR B
Concentration
gradient/(mg-L 1)

0, 20, 50, 100, 200

bt E2S
Type Name

(NH,)sMo070,4-4H,0

W ITR MnSO,-H,0 0,5, 10, 20, 50
Trace element
H;BO; 0, 10, 50, 100, 200
HEILER MgSO,-7H,0 0,5, 10, 20, 50

Medium element

TRRRTE B 22 85 T /KA 9t IR, 8 T 180 r-min ' 28 °C
H I B8 IR 4% 3 35 7%, I 7€ A [5) 1) (8] ODggq 18, 1 #5
ODy0 5% 15 FRI VA B8 A 358 A Sy e e v i 2
1.2.2 4 oo 20 ik 45 J 56 UF K A [R) A B B 77 B 2
T B 2O
B 1.2 IR E R R AR E R ME R A, 8
T 52 A A0S T B 1.2.1 HR R O e g5 B, [R] B
Ik I 52 AN [ IS 18] () ODyggo B4R T8 AN [F] 7T 2 e AR Vs
J& X A2 B 71 OD B I 82 M o A R0 B 20 2 255
5 % #7 i GB 20287 — 20064 4% i 1 4= g 7)) 7,
MR 3 IREH .
1.2.3 4 Fhoo 4 & XHE A B 771 ODgoo B 521
AR 4 2 3 KF Ly3Y) IER % (3% 2), LU
BB ERAVEER B IR N 4 AR R, LA 0 KRR
MAE A EE & E 3 AN K3 9 NMH & 1T RS
WA, EARE G MR it OD fH i = 1 3 N4
E AT 5 2 5T .
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Table 2 Orthogonal experimental design

ES 7K Factor level
Factor -1 0 1
A: (NH;)gM070,,-4H,0 50 100 150
B: MnSO,-H,0 1 5 9
C: MgS0O,-7H,0 5 10 15
D: H;BO, 50 100 150
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B 10 mg L), A L o I 5 R 0 Uk B8 R m 4 A
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Figure 1 Effects of the addition of four elements on the microbial inoculant ODygy,

A. By C. D BRI W, HRAIBE TC 2 R R O ik

Figure A, B, C and D show the content screening of elements Mo, B, Mn, and Mg, respectively.

S, BB 8 h SN 50 mg- L AR VR BN ) VK OD
(BT U6 T W, 2435 3200 [)5d 16 h I, 73410 100 mg- L™
T 750 OD {38 v F H Ak B, R AR (B 1B).

5 RSN B, 4R S IN S 1 77 OD {8 38 3 M I
WREF &, mRE TR @ 10). JRmKEN
0~20 mg-L ' i, K37 0~ 16 h [a] 1 F [f) OD {H 3% ¥
FreE, R mmE N smel | A &S, HAea
HAE T RE N 445 24 h J5, OD BT T
B s BE SR IA)AE K 2 40 h I, AL 3 A ] B % =, (5
m s mg L s TR, Bk s mg L fE
NEAERINE. R, FHARNE (& 1D) KRR S
h i, 5% Kb ER 1) OD fE 35 R A 0, B % 5% 77 B 1)
(1 AE Ko, 2% 4k B 77 6 OD {8 34 7T 44 MR A%, Ho#a %
— 3, Hrh RN E A 10 mg L [ 7 OD 18 & &
DAL I 32 9% A2 B AT ) 226
22 AMTEFEERIIERARLEREFBN
3 B UM ZE

4 Fh ot & 4y 0 LB AR AR O 2R IS . B

OD fH ¥R I A T+ G AR & (3R 3). K%
%2 24 h I & B TR 5 35 22 R (P> 0.05), B393R 2 48 h
IR N 5 mg L 4 BB 77 OD i &5 B3 & 72 h,
Smg- L EhALTE 1 7 OD M8 %% & T HAb b 31 (P <
0.05); H5 IR A ZEK %5 84 h I, RN 7 . R TR
B 7 OD (3 T CK, i 7 5 mg L 451
AbFE B, B ST CKO(P < 0.05); 485 77 16 (6] 42
K% 108 h i, BRI N T A FOEE 0 B ), LR b R
i) OD 18 ¥ 5. 3% & T CK (P < 0.05), H Al WL, @
5mg-L 47 OD R AR -

5 CK A, %NS mg L™ 04 0] 52 242
FIA R0% (P < 0.05), 7A1 100 mg' L™ 1945, 100
mg-L~ BIBH A 10 mg L™ F4E 5 B 77 1O R0 B 5
43 A B CK 38 in T 23.53%- 77.65%. 81.88% (P >
0.05), 5 A A i i 25 R — 2 (E 2).
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Table 3 The influence of four elements on the microbial inoculant ODg,, under optimal amendment conditions

B} i)

T 0 (CK) 100 mg'L ' H;BO; 100 mg-L ™' (NH,)sMo,0s, 5mg-L"' MnSO, 10 mg-L ' MgSO,
0 2.112 + 0.004Fa 2.107 + 0.004Fa 2.113 + 0.006Fa 2.107 £ 0.005FGa  2.120 + 0.005Ea
12 2.682+0.003Abc  2.664 % 0.008Ac 2.706 + 0.009Aa 2.724 + 0.006Aa 2.686 + 0.001Ab
24 2.567 + 0.004Ba 2.573 +0.025Ba 2.578 +0.010Ba 2.600 = 0.023Ba 2.562 + 0.002Ba
36 2.474+0.001Cb 2.454 + 0.004Cc 2.475+0.010Cb 2.496 = 0.001Ca 2.475 + 0.001BCb
48 2.427+0.008Cbc  2.406 = 0.004CDc 2.442 + 0.009CDab 2.468 = 0.005Da 2.420 +0.012Cbc
60 2.366+0.009Dab  2.352+0.024Db 2.376 + 0.006Dab 2.406 = 0.013Da 2.381+0.001Cab
72 2.241 + 0.014Eb 2.244 + 0.035Eb 2.244 + 0.008Eb 2.317 +0.027Ea 2.248 + 0.000Db
84 2.055 + 0.009Gb 2.105 + 0.046Fab 2.074 + 0.005Fb 2.184 + 0.043Fa 2.096 + 0.014Eb
96 1.849 + 0.030Hb 2.018 +0.034Ga 1.920 + 0.047Gab 2.073 0.043Ga 1.998 + 0.082Fab

108 1.886 + 0.370Hb 2.061 +0.413Ga 1.975 + 0.569Gab 2.098 + 0.040Ga 1.980 + 0.057Fab

R FUA [ R 5 B R A R AR BEAE AN RN (8] 22 57 2. 35 (P < 0.05), AT ASRNE - RER A [RIIN (6] A [R) AL 2R A) 22 57 42 35 (P < 0.05); FE&IRL

Different capital letters within the same column indicate significant differences for the same treatment among different times at the 0.05 level, and

different lowercase letters within the same row indicate significant differences for the same treatment among different times at the 0.05 level; This is

applicable for the following tables as well.

25 r
[T
sg o) :
£t
& 3 s ab ab
gos
HmEs b
=ZFEX
= o< 10k
ez b
g 8
= Q
a8 5T
0

CK Mo Mn Mg B

JLE AL FE Element treatment

2 B—rh, WEXRTREENBSFRKHNF M
Figure 2 Effects of single medium and trace elements on the
effective viable number of microbial inoculants

CKERKRBMPFHETER: MoREHITE: MnfREH T
F: MgfREEEx®: BAEKMxTR, THEE.

CK indicates that no trace element is added; Mo stands for
molybdenum; Mn stands for manganese; Mg stands for magnesium; B
stands for boron. This is applicable for the following figure as well.

— B S &R BRI &, BRIk IS T R Atk
() s o JiE S Bl gk AT IR A2 R B (R 4) KT E O i
(F 5)o KA R B HI KT, 520 B 577 369 56 1) DXL 3% P
D>C> A >B, 4 M Z A B 71 OD {H 52 Wi 54
F (P <0.01). Ft, 255 W20 M AT 2 70 #r, e
AT I MR TT R B AEA SN A BCoD_, Bl
50mg'L ' 4H.5mgL " % 10mg-L ' BH50mg L Hl.

Phak AL B Aps As B Ag 3 N A AT ¥ R0 K
B, Ag AL . B 5 B — IR, MAS RN A 5
B 5 (1) OD H N 2.540, ¢ 1E A8 45 R FEAR T 3.52%,
i 22 285 AL v Fe 52 Ja L A

24 AMTEREAESNRERTNREFEN
A

TN 4 Fh ot 2 35 v] B b R B AR R TE M, S
CK AHEL, A 0Bl & F08E fa, B 7 A [ 260 i i 1 2
T CK (P <0.05), ¥ 0 4E X B 7] [l 60 B 5 14 3¢
CK 7] $&5 25.55% (P> 0.05) (Kl 3A). 24 Fit R4
AJh, 5 CKMLE, A& Ay A BT Ag X 3 77 [ & B
W R R ER (P> 0.05) (B 3A). B— LK
L afoomHA M, A R N — oo 2 0 [
RBEE R OB T R A A Ase

5 CKAHEL, W05 — o 53 & 76 3 5 5 1 77 4
W IAA 2 A [E (1 3B), WRINAR AT 552 12 T 3 71
I3 TAA HIRE 7 (P < 0.05), 7 JIBH A0 4% DU 5t 1 771 43
W IAA H T3l (P> 0.05). 4 4F tEHE G K
W, HE Ag 7T T B 7 70 W TAA HIBE ). 3 Fh
TCRAETAELEE, Ag BENT A F1 A5 .

5 CK M L, 5 — il & 76 22 7 I 0 B 1A A
MUBE TG 2 255 52 g, e, VS 0 B R 86 0T B 7 VA AR A
BLEE I RE 0 B — 2 A HIE A (P> 0.05), T &L
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Table 4 Results of orthogonal test and range analysis

F5  (NHy)¢Mo;0, MnSO, MgSO, H;BO,

Number ' (A) ® (© (@ OPw
A 1 -1 0 1 2.484
A, 1 0 1 -1 2.517
A, 1 1 -1 0 2.391
Ay 0 -1 1 0 2.452
As 0 0 -1 1 2.517
Ag 0 1 0 -1 2.540
A, -1 -1 -1 -1 2.497
Ag -1 0 0 0 2.514
Ay -1 1 1 1 2.508
K, 2.506 2.478 2.468 2.518
K, 2.503 2.516 2.513 2.452
K5 2.464 2.480 2492  2.503
R 0.042 0.032 0.045 0.066

e .
ajtzl({ij\sﬂﬁjidf;?ym(?rrger D>C>A>B
BT

Optimal level A-1BoCoD

KNERERA—AKFRIARRZ A, i=1,2,3: RANE, HHIT
FRERRKMBREREL R RAME: R0, -1, PRRF2EL
RIS KPS .

K; is the sum of test indexes at the same level of all factors, i =1, 2, 3; R

is the range, calculated by subtracting the minimum K; value from the
maximum K; value of each factor; “0, —1, 1” in the table indicate the

horizontal numbers in the orthogonal test design shown in Table 2.

xS REDMEGR

Table 5 Results of variance analysis

TiH SEITRISS)  HHIEE() 177 (MS)

Sum of Degree of Mean F P
Item
squares freedom square
A 0.010 2 0.005 10.342  ***
B 0.008 2 0.004 8.637 *x*
C 0.009 2 0.004 9.252  ¥**
D 0.021 2 0.011 22.090 F**
Error 0.009 18 0.000

R*=0.848, HHIGR =0.781; ***FR{P<0.01.
R =0.848, adjusted R = 0.781; ***, P <0.01.

TIN5 B A WL GE 715 CK ATHE T 11.50% (K 3C).
YAFITCEHEE, 5 CKAML, HE Ay /TR T H
7 fil A HLBE 9 B8 7, B CK AT & T+ 142.46% (P <

0.05), Ag 1 A, 7 & 3% 521 (P > 0.05) (K] 3C). H—
TG Z A HE () RH BE,  nRR G ak 0E B E AR T B
3FPLH A IRIA LG, A fefl . HhAh, D& RN pH &
B, B ABREEYE, pH AT 3~4, 51 7% A L
A 1 J0 035 A (| 30).

5 CK AHEL, W08 — o 20, 4R 88 v] 128 4 1R
ANE T R Re 70, HohdsmilsE e B2 (P <
0.05), ¥ in 2H W 470 ] 1 B 509 o BIL B I e ) (P <
0.05) (K 3D). 4 ML EMH GG, A& A Fl Ag 7] &
EIRTLE A AL RE 11 (P <0.05). BE—InR 54
HAIEEEE, Ag R B . AL, W B pH &
DL, B R, F s ingE T R S A pH
ZET (P<0.05) HAtk# (K 3D). AR, pH 5 #
FIH I TE AL B8 71 2 8L, 2 GO v, B pH BRI,
T TC AL I RE 7 85

25 4MTRERHAESTRERIMEEFENLE
=Raa

W B bR AL A AL B S AT BCE TR, [ AU AR
#HE AL B9 B N 27.437%, JC BB Ax HE 40 i AL A
10.607%, 1AA #r #E 1k (19 AL 9 30.803%, A #L#% b
AL I BLE N 31.15% (3R 6). HH, ¥ A ML RE
R R R A L At P R AN R o L v, U BH A AN R Ak B
W WIS TR G R R A 5 B A P RE
B 22 5 O, AR T A A R, X PEAN 4
N b Al

CRE AMBEA IR IR, 5 CK AL,
AU — R o= A S G, XA EE R
M NER > As> Ag> Tl > 5 > 55 > A, Horp
B Jn RN, AE RN As & 7).

3 g

3.1 B—nHERESRKMYREEF ODELE
HUEE B AR

L R TR A N AEWAE KB T T
WMAEMKEKES 0 EENE L. AFRFSER
T R T RN AR R AN E, B R R
TG Z et S 5] B 0 1 S A ) A S S
AN BE (0 rh s B e SR A N 2 e 2R TR R A B IR
VA P IS R i 3E TR PR G 5, (B BIE — e R e L RUR
TFa6 g5 E =R B I, Horb, S8 Bl B AR
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< 2
= 30 } b =
# & e g bed i &
o S 25 ¢ q < 5
.\Z‘ 20 o d ‘ B :;,’
o =
= § 15} bl f%
=}
% 10 £
g s 2
: 5
< 0 o
CK B Mo Mn Mg A, A, A, CK B Mo Mn Mg A, Ay A
= B o 70 . L COpH 7
O 10 + 2 =) a Inorganic phosphorus
E a & 60 | 16
50 2 b d be b b bed cod
> =
s 8 b S 50 | {5
Iy 2 8
-~ O ﬂﬂﬂﬂ =
Pl be be 413 40 14
®35 o # 2 =
N2 ¢ =5 30| 13 7
S 4t c :H_ <
5.2 : g 20 2
Q
= g 10 1
=l 2
= 0 g 0 0
CK B Mo Mn Mg A, A, A, = CK B Mo Mn Mg A, A, A,
JLZALHE Element treatment JLZALFE Element treatment
3 TEITERESA S I RERTEE TR0
Figure 3 Effects of different elements and their combinations on growth-promoting properties of microbial inoculants
ElH Ay Asy AgRAR 4 EZRB P WA S 2. HES5. A6 6.
A,, As, and Ag in the figure represent combination 2, combination 5, and combination 6 shown in the orthogonal test in Table 4.
Ro6 ZUNEHNESNER
Table 6 Weight analysis results of each process
B RE| (EPSS TS 5 B HEd B
Item Information entropy value e Information utility value d Weight/%
JCHL% & Inorganic phosphorus content 0.931 0.069 10.607
[ % i PE Nitrogen fixing enzyme activity 0.822 0.178 27.437
IAA i TAA content 0.800 0.200 30.803
A WL & Organic phosphorus content 0.798 0.202 31.153
4 FhIC 2R BE 4> WA 1004 1004 5 1 10 mg L BF Xt 3.2 B—nHERHEAESFMIPRERFIREN
WA R i o A, A RARFERTES  BERNENE

H I 35 TS N 2 A R AT A B (A8 R R IR, Bl R
BRI A AE K 22 96 h, & AL P OD A 34 & T CK.
I I B T UK B, IS 4 Bt 3R 3 R T 1 R
ARG A, N ERN—E'EE R TRE,
FIFR B IR 0T B, A B A R B bR T DLUEE L
A K, TR FE B BOE L XS 2R R AT
B R Py 2 R Y A R N R P 1 RIT 4
RBRAL, HA ik EAAAE %= 7, HEE T &A
[F) 5 A 4 %o o6 2R )R FE RO R e ) AN TR

A AE A K B L IR AR I AR 45 L 85 Bl
S G 5 T M L B A 4 T, R % e ) A B
PR R i R0 0 T R 6 5
JLER, (EARBE 5 F A KR, R 2 M
T 1 DA R MR 96 12 e et A oh R 3 2 | A Y
B A2 [ U ) 2H R R 1, G ARG B AL BT BT LR
T+ H BE (Saccharum sinensis) & P 1) [ 20 O [ 50 B
WP A AT AR AR 2E FAT B (Bacillus licheniformis)
PG e Y AR S R B, 4 A R 4 B
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xR7 FAEITERHEBENREEFRESS
FMHLREHR
Table 7 Comprehensive ranking of the effects of different
elements and their combinations on the growth-promoting
properties of microbial inoculants

b3 SRV He4
Treatment Comprehensive evaluation Ranking

CK 0.241 7

B 0.474 4
Mo 0.322 5
Mn 0.601 1
Mg 0.241 6

A, 0.126 8

As 0.587 2

Ag 0.511 3

JI1 100+ 100, 5 F1 10 mg L BB 45 % A EE I 35 ]
R T 2R B 77 B0 T RS 1, L 100 mge L B
RABREEE, HIROVEMNHE, M4FoRAS
Ja JC B R AR AL . 32 B DR AT BE DN 1) RN 4 FF T
O PR B N R AR, S BRI AR
I35 . 2) WA 2 1 RN AR R B [ 0 20 ) i
JGE, AT RN R A B 7 ] 204N B 2R 6 7R G
=, GRS T AR ) A I AR A BE 1 A
B 77, DRI [ U RE A BT AR T LI RO e
3) B BE BR SR AR N AR W I I SO AR R m AR, O
TN AT AR g A B 7 A G0 P A RO A, B
S Y. Ak, BTAEE AR I, R 1%
BRI ANA XA =L ERERH, Kk
77 4 400 1) 2ol A 0 1 A K R AR Y, ZE AR A v, Y
AR AGE, REFEAMEERT. METE LS
= B, ArRe AR T RGNS AE A, 5 80 R
— B R 1 AR K B T 32 2 52, R b A 2 4H HR g 2
B Ay A UM A TR, ] N PTG B B A1k

MR RRH, B OBRIEATEAKERSE
W2 AR, EEMEKEER RSN
TP s g s R0, B R RN B Tl
IR TP IAA B TAA FIRS /7 T7E MY m
IEARAC = TAA TR 135 37 2 A KB, A R & @ 5 1
Tt 7 /N ZE AT B (Bacillus pumilus) 53 W TAA 5%
W AN [A] o ASHE 58 R B, SR FNZH B Ag ¥ I m] $8 5 571
g TAA Be 77, HF R TR R E A & A i N5

AT T P TAA B TR E MR CE I £, &
BB o b IAARE 22, BRAR AL & Ag HOVR ] 42 3
TR R R R T 10 R 2 5] W -3- 2 T i 5
WE-3- TR &A% BRIV 2.1, 4R TAA A

KRBT TR, A R B 58 97 . LM
PR AT EL A B AR R L LR WA
T 5 At 8k A R £ 58 LA PR L 3% S A DA R FE AR
b 5T B R 77 S 4 K VA B T I TR R AR PR AR
R N 7 A b R RS SR § - ST =
BRI VA BE B 0 & ANMEL S s T, A G
As FI Ag I T 700 V4 TG LB i /7 B % 32 71 H pH %
A, T VAN T 4H BB R VA C WL B S 0 B 2
HpH B EF 5, HRWHR—JTTRMAE A, I
J5 TG R, R B R RE R VR AL 4G A R
A JEHF T HLER AT H' T & 8 7, B Lo o v
Y TC AL 0 VA AR B 0 B R . A LB VA K
SEWEARAE D, 5 S VA B IR 4 4 WA RR I L A%
T4 T L Bl TR TG 4 5 WL Bl 5 Ak 9 WL, A
R A K R s s AR B 96 b ¥R 28— rh i
B 7 20 1 70 B VA A HLBE AR 0 TE S8 R, T A A
R T & B & 5 B HURE I RS ) B 35 0,
H R AR T B A ARG, JLRh I 2 HARE F
TR T A LR X B R 45 b i Ca”'L A S R B T
KA AR, M K B R 45 R PO, R
SR, B TR T 2 LA VR NS T B R o B bk
X Ca™ IR A RE 7 43 3, AN T A5 VA B AR 018 R, B
R R T R A

4 4

P A5 B RS AR S B &R 85 4 9N 100, 100
5 A1 10 mg- L I, A5 T F B 205 B L 5o
el 710 P [T 220 I 3 2 S 1 R 0 RN 4y VA AEL D B 3R
BA—w e /ER .

AFn R IEZTHEFEHRM, HE As -
M. %% 89 1000 1504 5. 5 mg-L ") T 42 FF B 70 g
W RE 71, 41L& Ag (BH BT, 45 B8 100, 50 . 9 . 10
mg L") 7 4% T 1 7 45 W TAA BE 7 R VA TC LB B
77, P 2E G 25050 TR 7R ] 26 1 TG 5 S T

AT R R, RAEFABIME—TTEREN
Smg-L ' 4RI W R4 A As (BH 100 mg L
B 150 mg'L '\ 4% Smg'L ' & SmgL ) Ak,
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