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Screening of the best ratio of ‘attapulgite—organic matrix’ bacterial fertilizer
carrier and its growth—promotion effect on alfalfa
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Abstract: This experiment explored the feasibility of attapulgite plus an organic matrix as a carrier of bacterial
fertilizer and the optimal amount of bacterial liquid to be added when making bacterial fertilizer. Different amounts of
attapulgite (5%, 7.5%, 10%; F,, F, and F,, respectively) were added to an organic matrix as the carrier for
bacterial fertilizer, and then different quantities of bacterial liquid (25%, 27.5%, 30%) were added to make solid
bacterial fertilizer. The shelf life of bacterial fertilizer was evaluated and the growth-promotion effect of the bacterial
fertilizer was verified by measuring plant traits of alfalfa (Medicago sativa) in a pot experiment, for the various

attapulgite and bacterial liquid addition treatments. It was found that 180 days after preparation, the effective viable
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count of all the different bacterial fertilizer carrier formulations was more than 2>X10° cfu-g ', and the number of
miscellaneous bacteria was less than 3X 10° cfurg '. The number of alfalfa nodules was the highest (62. 7 per pot;
317.8% higher than control plants with no bacterial fertilizer added) under the treatment combination F,+30%
bacterial liquid. The above-ground and below-ground biomass and chlorophyll content of alfalfa under the treatment
comprising F,+25% bacterial liquid were increased by 46.5%, 86.2% and 54.9% , respectively, while the total
root length, total root surface area, root tip number and root bifurcation number were increased by 87.7%,
108.4%, 96.2% and 252.0%, respectively, compared with the control plants. However, when data were
analyzed by multivariate membership function, the treatment comprising F,+25% bacterial liquid was found to have
the best effect on the growth of alfalfa.

Key words: attapulgite; bacterial fertilizer carrier; alfalfa; plant growth-promoting characteristics
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1.1.2 R A R HIE ARt A AL T A LIRS ) R 4 19 30 o 2B, 42 R — a2 B 1) A AL IES 9 o 4y
P (% 2) il o o7 1S 2 A

A LR U5 T H R RAT R B R A RA R, &KFER9.26% ,pH R 7. 87, ML & i 48. 14% , & A
TN 3.28 g-kg LRI E N 1. 28 g-kg L R BEE N 2,69 g-kg s M ARG B H R I L 22 AR B RO R YE
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1 HiXEHK
Table 1 Strains for test

45 Code Btk Strain ZF FHi%) Host plant {2 4= #54E Growth promoting characteristic
LY HOIR 2R B Bacillus mycoides R 23 Polygonum viviparum B, 7 W HE ) A= 1 2 Phosphorus dissolving, secreting auxin
LM3 TR B B Pseudomonas simiae EFFEHF Festuca kirilowii VA AL, 20 WL A= K K Phosphorus dissolving, nitrogen
fixation, secreting auxin

LM2 SO 5 ZE AT B Bacillus mojavensis  SEFMAC Lycium ruthenicum &4, 40 A 4 4 1K 2 Nitrogen fixation, secreting auxin
1.2 X7 x2 HR#HMEERS
1.2.1 &R ARWE K RN 5 ETXHEET BT Table 2 Formulation of bactericide carrier
I B | N N e = b T
K 1545 PR FE 4015 , 45 UL AT K R " i

e . o o Treatment Carrier
i HR — b J32 2 T 1 I, A A AR A R DR R R T L B
F, A HLIE Organic fertilizer

N \ A T L L s n
i AETHR . LL100 g BV BT T UK Dy R F, A HLAE +5% MM 4 Organic fertilizer+5% attapulgite

KA 3 BCF R (3R 3) ., F, HHUIE+7.5% M #E Organic fertilizer—+7. 5% attapulgite
1.2.2 AR B A0 M T o By R CEMEYLR F, HHLIEA+10% 1T #%E Organic fertilizer+10% attapulgite

FE A AW CHHBE el R0 I e ) AT ALk (0.5
mol- L' NaHCO, ¥ ) | 4= 8 (& F AL §1E fi — i 7 ®3 HEWMAE
W WS A3 Y66 BE T F Ik ) TR (Il R B — I 7 TR Ui 43 Table 3 Water absorbing capability of carriers ( % )

SR ) A B BRI E . R I T4 Repeat Fam
BB T 2 A B A L R AR (£, Treatment 1 2 3 Mean
1.2.3 B HIE U B AR LY (\LM3 . LM2 Fy 30 27 28 28a
3 502 B R T LB MRS 92 4 (Sfk Al 5. 0 g B Fe % . 7 260

F, 29 27 28 28a

BB 5.0 g B A 10.0 g.1000. 0 mL 4% /K )
H1, 160 remin ', 28 “CH IF 24 h, fif i bR 70 20 2R K ) —— — :

e 2] bl gt e g v VRN TR AT B2 225 6 8 (P<0.05) , F .
J SR AT TR PR AT 5 LI o 2 Note: Different lowercase letters in the same column represent significant
J Tld:l: TI)E JZ B E,‘J %’ T%T ﬁi 63\ jEJ']J ?ﬁ ﬁ: F LB i% ?&F pre ':F' differences among different treatments (P<Z0.05), the same below.

F, 26 28 27 27a

R4 BEERESOW

Table 4 Analysis of nutrient composition of carriers

fib € 7 AR Xl AR
Treatment Total nitrogen Total phosphorus Available phosphorus Total potassium Available potassium
(g-kg M) (g-kg ") (mg-kg ) (g-kg (g-kg ")
F, 3.28+£0. 26a 2.69+£0.17a 446.48=+0. 55a 1.1840.01a 1.7640.09a
F, 2.91+0.13a 2.64+0.02a 411.80+41.95a 1.2140.02a 1.8840.01a
F, 2.99+£0.33a 3.05£0.02a 388.88+34.55a 1.1940.01a 1.82+0.01a
F, 2.75+0.03a 3.15+0. 36a 433.99+15.01a 1.1540.03a 1.8440.01a

180 remin .28 ‘CHi % 24 h 5, BF SFP I PR R HE 1: 1 1 86 FP T LB R 55 32391 160 r-min .28 ‘CIR & 15 3% 48
b, 0 9 T RS B2 10° cfu-mL T & T

H6 L2 o R I R AL A T 2 b 4 AR 250 g /NS . BB 0 TV 1 O
25.0%0.27.50 M 30.020) , S 14 M5 SR TSR 2 J5 e A BHAZ i S BB 1, KR B 72 BRHAS (1 70 A B AL
SLAATL FEAME A L RS YU BE R B8 A PR HIEAT . I 0 S G 28 °CF B 15
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d,ZJE 8 RRAAE .
1.2.4 PGSR E LB R IR XA A T 3 N A #EAT 45 5% 5 T 30.60.,90,120,150,180 d R H]
i P MR R % T — YA R TR [ B G A R 5 A SRR RS

RS T 3R 2 (R — &40 1.0 g A 0 10. 0 g E/KBRIREE 0.5 ¢ R IR 5. 0 g 1% d NP L0 K 3. 3
mL H&EZFR 0.1 g 3h8 18. 0 g Z81# /K 1000 mL) X i A7 F 2 i T A9 R ML #E 47 85 5% 5 F 30.60.90.120,150,180 d R
FH R B SV B 500k 45 0 — YR 2% TR B
1.3 et £ 2 R F 0
1.3.1 ftiltEy Bk K N LA E T P — 5 (M. sativa cv. Zhongmu No. 1), i H i 4 lb K24 500 24 B
Pt
1.3.2 Tk THBCH T HNA AR R EE LS BB E N 377157, E104°07" iy TR #EH
ARG 5 b AMEC I B B X, B3 1300 m, 4R F- # 10. 8 °CL AR B R /K i 156. 6 mm, 78 & i 3038 mm, 4
Y H B E2725. 5 h, BRI 160 d 24 i+ pH 8. 01, &2 N 0.25 g kg ', &8N 1.69 g-kg ', &N
0.98 g-kg ',
1.3.3  ZHIEit T 202348 10 A 76 H Ry R 2 48 i A K = AR, R 24 °C B BE 45 % OB IR 6000
Ix B8] 16 hs B M 24 °C 8 BE 4550 (IF[A] 8 ho BEFEMLHE H /N — B 226 B & Fh 1, 1 20% 9 NaClO K 2 min
Ao ZEARK e S B Rl (30KE- 2 D XS R TR AT 1 kg TR R (L HAR 11,6 cm JE4E 8. 8 em & &
15. 8 em) W, R4l B A4 60 d A A7, I A8 4 THUFE b o 46 b 10K TR T2 15 46 46 B 48 b 1 HEAT FE AR W IE /o8 112.5
kg-hm . LA 16 AL, B 3R E L (£5).

*£5 AwaE

Table 5 Experimental treatments

fii] #X Abbreviation Kb 3 Treatment & X Abbreviation Kb 3 Treatment

F,+0 F,+ 0¥ F,+0 bacterial solution F,+0 F,+ 0 F,=+0 bacterial solution

F,+25% F,+25% Wi F,+25% bacterial solution F,+25% F,+25% @i F,+25% bacterial solution
F,+27.5% F,+27.5% W F,+27. 5% bacterial solution F,+27.5% F,+27.5% W F,+27. 5% bacterial solution
F,+30% F,+30% B F,+30% bacterial solution F,+30% F,+30% B F,+30% bacterial solution
F,+0 F,+ 0 F,+0 bacterial solution F,+0 F,+ 0¥ F,+0 bacterial solution

F,+25% F,+25% @i F,~+25% bacterial solution F,+25% F,+25% Wi F,+25% bacterial solution
F,+27.5% F,+27.5% W& F,+27. 5% bacterial solution F,+27.5% F,+27.5% W F,+27. 5% bacterial solution
F,+30% F,+30% B F,+30% bacterial solution F,+30% F,+30% B F,+30% bacterial solution

1.3.4  W5E 8 bR S5k T A BE ML I 6 Bk L I - 9 B AL S5 0 I B B O AR R . KA AL B AR R M E
T HR A Ay T R L B A A E AP RME TR A i . SR A LA2400 scanner B AR & 49 4 AL (Epson
Expression 1000 XL, /7 & ) & B AR 5 AR 22 180 AL ALER R B AE FR AR 0 W5 4 A BRAE KR 09 AR 430 B, R
8 e HH0 I R A S AR B PRI B SR S BRI I E g A R AR

Chla=13. 95D¢; — 6. 68Dy

Chlb = 24. 96D, — 7. 32D ;

M2k Z B & = Chla + Chib
K Chla fRERM 4R a il & i CRIOARER T4 2 b 1% i 3 Dy {UE 665 nm T IIOGAE 5 Doy f3R 649 nm T Y 1
pJAIERS
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AT

K SPSS 26. 0 8 A #4748 it 4 #7 L >R BB &R J7 22 40 1 (One-way ANOVA) #F 17 1 3% P & 5, R
Duncan’s # 5 % 2% 6 647 5B J7 22439 5 5% JH Origin 2022 $E47 2 B 58040 A0 B0 . JFIASERY K102 SR T bR 50 %o 4%
Qb B SR A 1 A5 TR AR HEAT 25 A PR

1.4

2 GERE5SH

2.1 HiestRipeal

2.1.1 ARV B AE A SO0 AU AL IR T A AT TR A ) TR R TR e G R AR (B 1) . BE T
JIE A 50 B o) ) A, AN [R] b 38 v ) A 20000 TR RO 43 B2 2 LTI R R A # . VAF 0~30 d, M BRI it o 25 %6
BB F LAAL LA A 3 20000 A 5t BT 3 YRR I i 27, 590 B F RN EF A 06 B T R F,
FE, 8 TR BRI & Ry 3020 I FL A RO AR T BB, 60~180 d i), & &b LA R0 T U (K 2
Se LR RIS TR S . N TR A BT AR R AE 180 d B, A7 8503E B A R F 2 10° efu-g ' o Y B A =
2500 IF 4 B A 80T T SR e, M R RS N Dl 27596 F1.30 % B, FL A B A 0T T AU

=F -F «F ~F,

. 1101 . 1.0 i , , 1.0 X , ,
£ 105 25%# 1 25% bacterial solution 10,8 27.5%# i 27.5% bacterial solution .5 30%1# i 30% bacterial solution
=) . O D
o
£ 100 10.0 10.0
8~
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Fig. 1 Change of effective viable bacteria count of different treatments
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A [7) Ak 2R AE 2% T K08 Ak

el 52 A AR 2B 1 T 790 2SR T AR T FE AR A7 6 > F 22 5 2% TR B0 AR T 3¢

10° cfu-g "o 7E 0~30 d i, A 7] Ak 34 7 AE 2% 7 B i 0 4 (P 2) o 78 30~180 d I, A ] Ak 341 B I 2% 1 450 52 2% 12
BB YA 180 d Iy, B VRS ity 2506 I T, A B 2R B B /b L RS IR 27. 506 I, F Ak B A TR K i
A BRSNSy 30040 I, F Ak B 2% B R R /D, (ELAS ] b B BRI 4% T RO R 5 3 10° efu- g, A IR 5 TR IE A

VEdRfE

=F -F +F «F,
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o
3 er 6F 6
g~ 5 5k 5F
e
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e
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Fig.2 The change of miscellaneous bacteria count under different treatments
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2.2 ZHABLER
2.2.1  AS[A] Ab B B AR X 58 46 A AR 201 IR Y 5

A TR) 23 A R BRT RIS o R SR T R R
HRm (18 3) . AR — 2R B TR0 T AL B 5
16 18 VR 5 BRI N B AL BE R B R, LA
25% FN27. 5% B AL R BRI 30 %0 B VAL BE A
P A AH R BRI I R LA B A A R
Hem, S5 F AR A B 25 5 (BR O WA m) s F,+25%
PRI VA A B A8 B A bR R AR, O 3309 em BETE TR NN
X REAL R & T 70.4%

AN TR AR AN [R) TR VS n 6 58 46 1 A A
Py s ) 5 W) 52 AN [ A e e (IR AA) o 6 AR TR) A TR TR T
I T AR AR S TR E e AR Y
R I R 27. 5% B, FL AR F L F, FF, Ab F 2%
E M F AR T 21.3% .3.4% #1181.2%
TEFAT AFERZERAREZES FAHT,
27.5% MWW 5 30% Wz M A W& %5 7 F+
27.5% B WEWAL BT S0 H A L A iR
T X R AR BRI T 58. 3% .

3 OB WX 0 bacterial solution

3 25%F# ¥ 25% bacterial solution
B 27.5%F W 27.5% bacterial solution
H 30%7# 7 30% bacterial solution
35| Aa p,

w
(=]
T
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Ba Ab Ab
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Aab Ac

Ch| Be g

¥ %1 Plant height (cm)
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Fig.3 Effect of different treatments on plant height of alfalfa
AR KGR 3 7R 7 TR — A A 3R S ] BT IR0 Ak B ) 22 5
# (P<C0.05) , ARV T 378 £ [R] — T B2 A BT AS [7) 48 10 40 2t
Z [\ % 5 % % (P<<0.05) , T [d . The capital letters represent the
significant differences (P<C0.05) among different bacterial solution
concentrations treated with the same carrier, and the lowercase letters
represent the significant differences (P<C0.05) among different carrier

treated with the same bacterial solution concentration, the same below.

ASTR) 2 U AR R B R I X SR A B s b R A W 5 (R 4B) . A8 25% BRI T F A F S 6 1
T T A E RS, F, F A F A 535 1740, 1% .62. 5% F164. 4% . 7EAH R 2R BT, K 6] B8 0 Ad 3
ZRIAAHEREZES . EF,H25% MERAAEET R E T T A & im0t AP & T 86. 2% ¢

[ 07# % 0 bacterial solution

B 27.5%FH i 27.5% bacterial solution

3 25%# 1 25% bacterial solution W 30% [ 30% bacterial solution

3.5 1.8
T:\ A Aa Aa T:\ 1.6F B
g 3.0r Aa_ L g
) 5 5 Aa Ag A2 ABa 50 1.4 Ab
o 2T . | B
[EH & Aal Ba k4 Bb  ABaAa Engg 1.2 il
igZ-O- Egl.O—Cb
HERF e LE 08)
= Bb -
=3 H3 06
e 1.0r o
§)05 %ﬂ 0.4
j% : E 0.2F
0 0
F, F, F, F F,

4 FRLAEFEENEZEEENENZN

Fig. 4 Effect of different treatments on biomass of alfalfa

2.2.2  [a] AR BRI AS 5E A AE AR R SRR R

Ay
42 Treatment

TEF, 4250 WAL BT AR E# SR B R R m AR

HRASBOAR 73 SR8 I 22 5 F,+ 0 AR BT SRR AR B K5 F, 427 500 WIRAL B R IR A UM £ (K 6) o

2.2.3  A[E] Ak B R E X 5 AL A AR R R

15250 BRI T, AL B F Ak B 58 48 E 75 1

GRS RMEIHEN S E(P<0.05) ;B F,+25% W & F,+30% HRZ A, i I 25% .27. 5% F1 30 % A G
IMEW AR M SRS EARIEEN . F+25% BT T S B 164 % & 8505, b 38. 44 mg-

L BTCHs i x BRAL PR & 1 54. 90 (K 5) .
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F6 ARLEEENELEBFRRZLSHZN
Table 6 Effect of different treatments on root morphology of alfalfa

fib # SR SRR E R SRR LRI g R 3B 22 SR

Treatment Total root length Total root surface Total root volume Root tip Root bifurcation Root crossing
(ecm) area (cm”) (cm®) number number number

F,+0 368. 50+ 18. 50bed 89.95£7.51c 2.07£0. 39¢d 430.00=£30. 99b 356. 33+23. 38c 42.0044. 04c
F,+25% 252.86+26. 99defl 36.97+3.61d 0.3840. 02d 241.33=+11. 10de 522.00+19. 01bc 86.33+4. 41abc
F,+27.5%  256.94+19. 61def 34.20-+£2.39d 0.3640. 02d 365.67-£11. 35bc 551. 33£30. 60be 100. 67413. 69abc
F,+30% 283.73£63. 0dcde 39.66+8.61d 0.4440.09d 228.67+14. 66del 578.67+£164.66bc  122.00419. 86ab
F,+0 474.50£43.47b 122.68417.03b 2.73£0.37c 399. 00-£23. 86b 416.33£17. 52bc 70. 33£16. 46bc
F,+25% 691.52+80. 19a 187.42410. 63a 5.66+0.47b 843.67+£23.55a 1254.33+78.61a 125.6746. 17ab
F,+27.5%  386.25+6.37bc 123.294+16. 46b 1.394-0. 40cd 448.00£47.90b 751.33469. 87b 152.67412.67a
F,+30% 206.67£51. 73efg 34.17+£9. 29d 0.4540. 14d 244.00£61. 52de 561.67174. 94bc 93.67-£34. 92abc
F,+0 169. 384-28. 07efg 25.03+4.35d 7.97+1.38a 213.00+25. 70def 385.00+£77.53bc 67.67+14. 45bc
F,+25% 340. 30+44. 85cd 67.31£17.73c 1.2240. 63cd 299. 00 37. 40cd 737.00+289. 66b 147.00467. 51a
F,+27.5%  160.21+5.62[g 23.63=£1.06d 0.2840. 02d 175.33411. 33ef 386.33+6.49bc 81. 67+ 3. 28abc
F,+30% 138.5748. 28fg 21.00-£1.43d 0.2540.02d 163.67425. 31ef 326.67+45.48c 66. 33£10. 71bc
F,+0 208. 294+ 33. 02efg 28.71£4.67d 9.14+1.49a 222.67+£41. 86def 386. 00£89. 18bc 66. 67£22. 02bc
F,+25% 101. 0046. 65g 15.9340. 59d 0.2040.01d 131.0047. 23f 210. 33+22. 33¢ 28.67+2.19¢
F,+27.5%  155.34-+23.19fg 24.41+4.76d 0.3140.08d 190. 33427. 02ef 423.00=£90. 07bc 71.33+11.67bc
F,+30% 206. 66+ 14. 55elg 28.96+2.48d 0.3240. 04d 243.33£26. 08de 461. 33+82. 49bc 102. 334 11. 89abc

T B /NG B 3R AN [ b B2 i) 22 5 425 (P<<0. 05) 6

Note: The different lowercase letters in the same column represent the significant differences among different treatments (P<<0. 05).

2.2.4  /NTA)Ab BB AR SR A6 B 7E AR AR 4R B0 R ) MY 25 485 900 M5 Bt 25 TR VRS N B 1) 18 I T 48 22 SRR A N
N 30% I AR RES B Z (FLBRAM) s 76 F,H30% HALBE AR RES B £, b 62. 74+ 4 BTG Us i 4k B
PR T 317.8% (K 6) .

3 OFF K 0 bacterial solution
3 25% 1 25% bacterial solution 2598 #0 Number of nodules (No.-pot™")

45 EE 27.5%) 27.5% bacterial solution
W 30%7 ) 30% bacterial solution D O S 357 303 427
T/\ 40 Aa E
— Aa
& 357 5 Bo Bal Ac, 8 By %
E 3o} E b Cb Co Ba He LEFF oo 310 573 62.7
IE = ca D 2 ™ %5
418 25 <8 Pl
W & "5
i 20t ESpl @5 31.0 39.0 34.0
N — el [=3 2
T2 15f K8
o, o
2 10fF =
o ]
= | F.t 150 320 32.0 50.7
o S
0 1 1 1 1
F, F, F, F, 0 25 27.5 30
4b# Treatment I WK J¥ Bacterial solution (%)
Es5 AEAEEENELTEEHRESENTMN Ee ARAEEEBWMELEERALEBHEHZMN
Fig. 5 Effect of different treatments on chlorophyll content Fig. 6 Effect of different treatments on root nodule
of alfalfa numbers of alfalfa
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