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Effects of Microbial Fertilizers on Growth and Yield of Maize under
the Conditions of Nitrogen and Phosphorus Reduction

in Black Soil of Northeast China
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3. Institute of Genetics and Physiology, Hebei Academy of Agriculture and
Forestry Sciences, Shijiazhuang 050051, China)

Abstract: In the black soil of Jilin, Northeast China, a two—year field trials were conducted to evaluate the ef-
fect of 15 commercial microbial fertilizers on maize growth and yield under the conditions of 50% nitrogen applica-
tion(as low N) and no phosphorus application(as low P), respectively. The results showed that low N reduced maize
grain yield by 3.6% to 5.5% in 2018 and 2019, respectively, and low P reduced maize grain yield by 0.6% to 4.1%,
respectively. Under low N, 33% of the microbial fertilizers increased grain yield by the degree of 15.7% to 35.5%
(25.6% in average). Under low P, 26.7% of the tested microbial fertilizers increased grain yield by the degree of
9.7% to 21.5%(15.6% in average). The effect of bio—organic fertilizer was significantly better than that of bacterial
inoculants. Bio—organic fertilizer contains Streptomyces, Bacillus mucilaginous, Bacillus subtilis, Bacillus polymyxa,
and Trichoderma had good effect in increasing grain yield.
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Table 1 Tested microbial fertilizers information
G 5 BRIk R PRSI 2 F g FifE (kg/hm’) A5 200G TR (cfu) N.P K% & it
Number — Type of microbial Strain species and main functions Dosage Viable count Content of N, P, K and
fertilizer other components
BF1 YA HLE T R AT TR S R RRER A R TEHIL 525 =2.01Llg AL =40% ; & H R =
W A | AR SRV E PR AR T s LR 10% ; KT BR=10% ; H fl it
ZEAFF I A WURICHLEE S 2B JLE
BF2 YL Hili B ZEFAT TR < 7 2B 35 R LA 1920 =0.212/g N+P0:+K.0=8% ; 7 HLJFi=
WP IAA 0 e R AR B 40% ; BHFE=2%
BI3 WAL LT T A HE R TR - BER TR S506 1A HLBE 2460 =0.21¢/g
. HHLF=40%
HETAA AR
BF4 EREpIN ERRE ZE AT TR 3000 >1.2421g RIRTE
BF5 AR B ZEFUAT AT 5 VR P S 2F AR 1T (0 T AL 525 =1.012/g EN iR
W S
BF6 AP B ZEFRT AT 5 A S FUFT 3 - 2 B 2 460 =5.012/g AW =8% ; A Wl =
30% ; A IEIR=4% ; LK 1=
12%; iR TT R
BF7 A=A UL A2 R R 1920 =5.012/g R =6% ; 15 HLIFT=30%;
ML F1=8%; 'h i Ju R 5=
6% ; BIER=4%
BF8 YA UL A IR (R E) 2 460 RbRTE A =5-5-5; A WL =
20%; TH:=28% ; W TG E
BF9 AU B R ZF AT B 2R 2 2 AT T ( 2 460 =0.21¢/g HHLF=40%

SR R BT R BN R PR A
TR O TR | (8] S0 AR 0 1 R AR 2R
KA AR TR RE TR L RERRER 55 5 R 10 )8 80
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ZER1  Continued 1
ST BUEMIEEIZER [ SRR Sl FHE (kg/hm?) A7 80 TR (cfu) N.P K& &t
Number  Type of microbial Strain species and main functions Dosage Viable count Content of N, P, K and
fertilizer other components
BF10 AR i TE Y AT < AR By PO s RS 2 525 2100127y BOEICER EAR R
FUAT T LM A KR T4
BFI1 AT TR 2 AT B/ 2 AT B 249 L/hm®  5.012/g RARTE
(BREN-& L)
BF12 BT RV 2F AT 7R 15L/hm*  2.0{4/mL bRk
BF13 RSy il TR VR ZE 2 FAT TR /A o 2 FEUAT 6 =10014/g RIRTE
BF14 HAHH PN ZE ZEFUAT IR - 2 7 AR LB 0.6 =20014/g RFRTE
BF15  H—TiH] JECRAE 2 AT B 7.5 Lhm*  =5{L/mlL Abrik:
1.2 REigT KAF I H B B O LI, A 3 E R T

R 2018 ~ 2019 76 7 M4 0P A4A EL g
R £ HE17(124°7'33'" E 43°20715"" N, 4K 131 m),
L3 AR b i TR N i e U R W e e ¥y}
B LR P WL 2. 2018 F12019 4F &

A3 94 594.4 mm F1613.5 mm, FEERET~8 H
By, 5 H b2 a) B8 RO PR B R, & 2N T
22.4 mm, JEH T . 2019 4FEFEFHLR 5 2018 4F 5t
AFARL, B 2T 2018 4F

F2 R HEAREH(O ~ 20 cm)
Table 2 Basic chemical properties of the 0-20 cm soil in the experimental field
+ )2 2 A AL HHP HHK pHIE T3 5% (ms/m) B A AR
(cm) (g/kg) (g/kg) (mg/kg) (mg/kg) pH value Soil electric (mg/kg) (mg/kg)
Soil depth Total N Organic Matter ~ Available P Available K conduction NH,'-N NO;-N
0~20 1.85 24.7 86.8 178 5.4 12.5 1.445 7.185
= = = Daily precipitation in 2018
0 Daily precipitation in 2019
120
g
EE o
= &
5 5
< £
# T e
= 3
a
50 ‘ J}
0 | | I|| : I.|I.|il.| iyl .I | .| ; ‘Jill\[hl”lh.l’lll. )|. | Ill
4/30 5/30 6/29 me 828 27
H# Date

& 1
Fig.1

IR X B, X AL AL B, &1 X A6
AR P . it I A P A oAy R IRt X B3 A i
Jiti X H R A 3 I FH R 240 kg/hm?,
NEH A 85 kg/hm’, AL 14 67.5 kg/hm?, BT FHIE

RIS EREFHNERKELE

Daily rainfall in maize growth period
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HRUEAL—3. B AR R FHRE T — A,
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TRA BRI AFEAL, A FEIE 334 FUIE
Jiti DX RN A it (X 4515 15 A2k Wy AL b BT 14
ANt A R 25 3 6 B (CK), 75 A0 46 145 Bt
HEALF(NFT), /NXTEFR 16 m?, 7 81X, 2K 4 K, &
MREFR3RER . BRSPS 958 R AAK) , Pl
5 70 000 Bi/hm?,

201844 J 30 HAEFI, i THEFP I RAHFFEL T
5 BIERE RS 56 2 RAEE 12 RIEFTHEE 52019
AESH 1 HEERD, -T2 2 R, AERLIE 73 A
JE 2 0 71 55, BE1-BF 10 2 [ 1 AR S% 7 7
2 KRR S 128 1: 3 U BIR A R R
BF11-BF15 & AR sk FIAL KL, R R A 7
2 MR AR S Al RS e A R (R 1)
1.3 MEIEIRSHE

FLml AR A 4 A R T, A0 ~
20 em B2+, 5 GUBRERE SRS F AAAXT, &
BRFGFE 229, DR BEDLRY R0t 0.1 mm 0, FHF £
HEFLRhERAC M B 5

P AL T8 AR SRR B A NX B AL
TEHURE AR 4 Bk, I 52k 125 5 SR J5 DA ZE TR AR T, A
O3 T Ja MR B A4S 38 A BTG, 5% f5 7 85°C
MERE b 2 e R

M TR =R T IR X B X075+ 5¢ 42 R FF I x
Px0.5;

REARVEIRI 22 43 5 7E VSRR 5 B RFFIE,

WiE 25 d 24, BT ) . Ve(h 8 A B, i s
45 d 2247, BRI RI(HE R 73 d 24y, Bl 22
AT

FEa RN AE - 7E RO(H 1 145 d A2 4y, B AR
BCAIVCERBEAS /N R R B 247, A HERE A 25 FF
B RGEEEL, D T T8 R R R R RR
1.4 HELESHW

X F Microsoft office Excel 2016 3478045 ) 4
WP K ] Excel Fl PowerPoint 7 [, 5% Ffl IBM SPSS
Statistics 21.0 1T/ 22537 .

2 HPRE

2.1 RBEEHE TR AR AR R
211 ERAKZ AHEftER
POAEEIE o M4 SR T A1 (6 3), 5 CK A EE, 2018
AEfE W) AE L BF3  BF4 , BFS 1 BF7 40 3 () K 7E
PN EE 34 A T I (BF4) W B A F 1k v A |- 35
T B 0L B s BFO 1 BF11 T4 B4 3 5 K 5 7
B %) b T SRR = A S s BF6 A B
Pt 22 391 Rk = AR T I LR B A BN, B2
ARBRAESE T KT b R G T A
AR B35 0 Ak B 5 NFT % JR K S — 3, BFI,
BF8.BF10.BF12.BF13.BF14,BF15 4t 3 X% A ] i
) FEORAARI TC BB R ARG, Fod, BFS (351
e 2E, U E R L BFLIRZ .
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Table 3 Effects of microbial fertilizers on plant height, biomass and leaf area in nitrogen fertilization reduction area

ARV IR (em) ANIFA B I AT (g) ANTE A B I T A (em?)
Ay qb 3 Plant height at different growth stages Dry matter accumulation Leaf area at different
Year Treatment at different growth stages growth stages
V5 V8 R1 V5 V8 R1 V5 V8
2018 BF1 38.8b 154 cdef 231 ed 2.0 bed 27.5 abed 110 be - 3775 abe
BF2 42.3 ab 166 abed 231 cd 2.2 abed 31.1 ab* 108 be - 3 470 abe
BF3 48.1 a* 177 a* 248 a* 3.1 a* 34.3 a* 119 abe - 4229 a
BF4 47.9 a* 171 ab* 246 ab* 2.9 ab* 33.0 ab* 126 ab* - 3983 ab
BFS 46.3 ab 171 ab* 241 abc* 2.9 abe* 34.1 a* 115 abe - 3992 ab
BF6 44.1 ab 161 bedef 244 abc* 2.5 abed 33.6 a* 119 abe - 3 898 abc
BF7 45.7 ab 162 bedef 244 abc* 2.9 ab* 30.8 abe 127 ab* - 3937 abe
BF8 39.6 b 151 ef 225d 2.1 bed 27.5 abed 112 abe - 3189 be
BF9 42.3 ab 163 bede 239 abed 2.4 abed 32.4 ab* 135 a* - 3741 abe
BF10 39.8b 157 cdef 237 abed 1.8 ed 29.1 abed 109 be - 3470 abe
BF11 44.7 ab 167 abc* 240 abc* 2.4 abed 29.5 abed 111 abe - 3778 abe
BF12 42.7 ab 158 cdef 239 abed 2.0 bed 26.0 bed 108 be - 3 480 abe
BF13 40.6 ab 156 cdef 233 abed 1.7d 28.1 abed 105 be - 3506 abc
BF14 42.5 ab 150 £ 232 bed 1.2 bed 23.4d 106 be - 3022¢
BF15 43.2 ab 163 bedef 230 cd 2.0 bed 26.0 bed 108 be - 3376 abc




148 £ Ok B oE 29 %

%%k 3 Continued 3

AN [ A I SR 5 (cm) ANFEVEF I BT (g) N[V I S TR (m®)
Ay qb 3 Plant height at different growth stages Dy matter accumulation Leaf area at different
Year Treatment at different growth stages growth stages
V5 V8 R1 V5 V8 R1 V5 V8
2018 CK 39.7b 152 def 224d 1.8d 23.7 ed 100 ¢ - 3373 abe
NFT 48.9 a* 166 abed 237 abed 2.6 a* 333 a* 129 ab* - 4000 ab
2019 BF1 37.0 bed 121 abed 257 abed 1.8 abedef 28.4 cde 93 ef 179 abede 2332 abed
BF2 38.0 abed 122 abed 258 abed 1.6 bedef 27.6 de 108 bed 195 abede 2216 abede
BF3 43.8 a* 132 a* 269 ab* 2.4 a* 37.3 abe* 119 ab* 248 ab* 2 523ab*
BF4 44.3 a* 130 ab* 258 abed 2.4 ab* 38.5 ab* 121 ab* 246 abc* 2 569 ab*
BF5 43.1 ab* 127 abe 259 abed 2.0 abede* 34.63 abed 104 cde 233 abed 2573 ab*
BF6 42.3 abe* 135 a* 258 abed 2.2 abe* 37.3 abe* 117 abe* 243 abc* 2736 a*
BE7 44.4 a* 135 a* 259 abed 2.3 abc* 36.5 abed 120 ab* 239 abc* 2471 abe
BF8 358 cd 106 d 243 d 1.3 ef 223 e 92 ef 150 e 1562 f
BF9 42.0 abe 130 ab* 265 abc* 2.2 abc* 38.1 ab* 119 ab 244 abc* 2 625 ab*
BF10 39.2 abed 112 cd 253 abed 1.7 abedef 22.6e 104 cde 198 abede 1 858 def
BF11 39.3 abed 110d 254 abed 1.4 def 234e 97 def 169 cde 1705 ef
BF12 38.8 abed 112 ¢d 259 abed 1.6 cdef 29.0 bede 99 def 175 abede 2217 abede
BF13 38.2 abed 116 bed 253 bed 1.4 def 228 e 100 def 171 bede 2 071 bedef
BF14 37.0 bed 110d 258 abed 1.3 ef 222e 101 def 153 ¢ 1548 f
BF15 36.3 cd 112 cd 250 cd L.1f 237 88 f 134 e 1696 ef
CK 34.7d 114 cd 249 cd 1.2f 27.5 de 95 def 160 de 1 958 cdef
NFT 43.1 ab* 133 a* 271 a* 2.1 abed* 40.7 a* 127 a* 251 a* 2 654 ab*

T 5 CK AR " B A b B R /INE 5 BER7R TR 0.05 K22 53 35, - "R AR R . .

Note: Comparing with CK, the numbers represent significant growth promotion in boldface with *. Different letters represent significant difference

at the 0.05 level. “ - ” represents data not shown. The same below.

2019 453 M 45 3R BH (3% 3), 5 CK AL AR 1L, ik
Y AE KL BF3  BF4 , BF6 Fl BFO % /78 K 1) # A4~
o 34 B R R e R SR
TR 0 s BF7 AL A AN B S0 e L s 351
YA AR U O R 0 v o A BFS
Qb FRAN I8 2 A B R b T S R A A
1 A A A 2R B 3 A A AR RN NFT /K — 2,
BF1.BF2.BF8.BF10.BF11.BF12 . BF13.BF4 BF15
A B AS [ B30 1) 6 RAT R Y2 TG 3 3 A A R,
W BT BES AR e 22 o

CEGTPRARLE oM A H CK AR B, St A= 9
NEEHH A 409% 2 30 1 AR 1 B I AR R sOR , Hor
BF3 . BF4 BF5 .BF7 AbBRFHAEACR R E . WIAETF-4,
BF3.BF4 . BF9 4b#U7E 3> £ KA B Ji W N A2 A= 50
T, JU G FOR R = At 1 3R EE 4R A 3R
b AR R BF6 . BFT &b FRAR AF 2% AN I T Rif
=, 2019 4F S AP AE AR B B4 T 2018 4F
212 ERFEREZEMREE

AHEE NFT AbH, 350t U 509% 5544 T, S —4FI8

75 3.6% , 55 AR 5.5%(F 4)., 2018 4F, 5 CK 4b
FHAH L, BF3 . BF4 . BF6 .BF7 .BF9 BF12 kb FHAY F K
FEA N, 5 NFT A HL I 22 5, B =SB LA
25.0% ~ 35.5% . WA ARk BF3  BF7 b #ii it 2
ERER R b R i A LL$E S BF4 . BF6.BF9
A1 BF12 &b B 3 4 2F AR 542 = 7= i BF 1A BF'S
Qb3 b 2 A RO EIORT R EE R AT R R
1%, FEOBCRAEEIOR 7= 1 LA AR PR BRI 7E
FAEWIE X, BT AT (2 o AT Ak BT S 38 68 i oK
R, P I — MR A T K = i 1) B B .
2019 4E 45 5 5 CK A [t , BF3,BF4,BF6 . BF7,
BFO b HH ) FOK 7 it W 21N, 5 NFT B TC 25 7,
HaP= 2R R 15.7% ~23.5% . BF3BF9 Ab B o £ ¥
TR .y e e i A AR R 5 BR4 U BR6 BT Ak
PSS SUEUN (B ER DAL /Y= e e o = (o859 ] R
T At 2 3 7 ) IO Ak B ) T K T R i 4 3
i, PERH 3% — R AR K rh A B AR
PAE P i 45 R LG o A sk A
40% 7% B 14 0 F oK 7 5 A RO Foh BF3 (B4,
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BF6 .BF7 .BFO AL HAERUR R E . WA, BF3
BF4 .BF6 . BF7 1 BF9 4B [t CK 43 31|48 7= 23.5% ~
35.5% .19.9% ~29.7% .16% ~ 25% .15.7% ~ 34.5% .

19.6% ~ 31.4% , 5 IE WML AP O R E 25 ™
{BY/SUIE S0P S R R AG IR RV 7t Y (DR I

x4 RALEMERREW LRI E R ER =B R0

Table 4  Effects of microbial fertilizers on yield and yield components in nitrogen fertilization reduction area

0y b B oo JRIEAPE T A (%) L RGN A (%) LLEIRI3 FERECRY) TRLE
Year Treat (kg/ hm?) Yield increase under Yield reduction rate (4 hm?) Grain number (2)
ment Yield reduced fertilizer input compared to NFT Ear number per ear 100—grain weight
2018 BF1 10 375 be 8.4 - 47 619 b* 559 a* 34.3 a*
BF2 11 693 abe 22.1 - 65873 a 479 cd 32.4 ab*
BF3 12974 a* 355 0.2 69 048 a 516 abe* 32.0 ab*
BF4 12 414 ab* 29.7 4.5 69 048 a 491 abed 32.1 ab*
BFS5 11161 abe 16.6 - 69 048 a 438 d 32.4 ab*
BF6 11965 ab* 25.0 7.9 63492 a 489 bed 33.8 ab*
BF7 12 876 a* 34.5 0.9 65873 a 514 abe* 33.4 ab*
BF8 4556d -524 - 21429 c* 551 ab* 34.0 ab*
BF9 12 584 ab* 314 3.2 65873 a 507 abed 33.1 ab*
BF10 11623 abe 21.4 - 65079 a 490 bed 32.1 ab*
BF11 11375 abe 18.8 - 68254 a 464 cd 31.6 b*
BF12 12343 ab* 28.9 5.0 66 667 a 506 abed 32.1 ab*
BF13 11016 abe 15.1 - 61111a 481 cd 33.0 ab*
BF14 11369 abe 18.8 - 61 111a 503 abed 32.5 ab*
BF15 11554 abe 20.7 - 64286 a 472 cd 33.4 ab*
CK 9573 ¢ - - 65187 a 439d 293¢
NFT 12997 a* 35.8 - 65873 a 526 abe* 33.0 ab*
2019 BF1 10 633 cd 42 - 55 556 bed 454 d 39.0 cdefg*
BF2 11 000 bed 7.8 - 52 469 cd 477 ed 37.8 defgh
BF3 12 600 a* 235 1.8 61 728 abc 535 abe 41.2 abe*
BF4 12 233 ab* 19.9 4.7 61 111 abe 516 abed 40.6 abed*
BFS 10333 ed 1.3 - 62 963 abc 476 cd 37.7 defgh
BF6 11 833 abc* 16.0 7.8 60 494 abe 504 abed 39.2¢def*
BF7 11 800 abc* 15.7 8.0 61 111 abe 501 abed 39.3 cdef*
BF8 6633 ¢ -35.0 - 44445d 486 cd 42.5 ab*
BF9 12200 ab* 19.6 49 61 111 abe 563 ab* 39.9 bede*
BF10 9467d =72 - 54321 cd 478 cd 37.5 efgh
BF11 10867 bed 6.5 - 68519 a 491 bed 36.2 gh
BF12 10467 cd 2.6 - 67 284 ab 522 abed 37.9 defgh
BF13 10500 cd 2.9 - 67 284 ab 448 d 36.5 fgh
BF14 9733d -4.6 - 64 197 abe 455d 38.3 cdefgh
BF15 10000 d -2.0 - 67901 a 456 d 374 efgh
CK 10200 d 0.0 - 61 728 abc 474 cd 359h
NFT 12 833 a* 25.8 0.0 66 667 ab 568 a* 42.7 a*

213 BMASKHT EHAIRSE LR 5 >R

R GE VTR B A DA AU AR EE T K3
73R 20.95% , = T B B R AR B 9.99% (] 2), Ab
P ] 22 50 235 (P<0.01) 0 Ui FHAE B IRl ite X A= )
AL K= A A RO B B4 T — R 2 A
PAFIALRE

2.2 BEPERIE X R AE Y BRI RR
221 ERKEZ I LIFRTFHR AT @AR

WIAE At S AT 0136 5), 201 8 AE AL FRAE
P B R = JC B 3 22 5 5 CK AR BRAR L, BF3 .
BF4 F1 BF9 &b 34 i 25 i 7 5 PR o R0 3 /1 B 1 14 b
EB T R 2 BT R BF11 A 345 252 v 0k
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Fig.2 Comparison of the effects between the bio—organic fertilizers and microbial inocula

on maize yield increment in nitrogen fertilization reduction area
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Table 5  Effects of microbial fertilizers on plant height, biomass and leaf area in non—phosphorus area

ANIEVEF I IR (em) ANTE A B I AT (g) ANV EFF I R (em?)
AE{ly hb PR Plant height at different growth stages Maize dry matter accumulation Leaf area at different
Year Treatment at different growth stages growth stages
V5 V8 Rl \B V8 R1 V5 V8
2018 BF1 38.1 ab 152 ab 232.0 ab 1.8 abed 28.5 bede 106 cdef* - 3454 abc
BF2 39.0 ab 157 ab 230.0 ab 1.9 abed 27.3 cde 102 def* - 3792 ab
BF3 43.4 a* 166 a 239.0 ab 2.5 a* 36.0 ab* 122 abce* - 4124 ab
BF4 42.2 a* 164 ab 234.0 ab 2.4 ab* 32.9 abed* 114 abede* - 3813 ab
BFS 37.8 ab 148 ab 237.0 ab 1.7 abed 24.9 de 111 bede* - 3321 abe
BF6 37.7 ab 149 ab 240.0 ab 1.6 bed 27.2 cde 113 abede™* - 3 191 abe
BF7 43.7 a* 160 ab 242.0 ab 2.4 abc* 30.7 abede 117 abed* - 4295a
BF8 36.7 ab 141 b 231.0 ab 1.4 cd 238 e 106 cdef* - 3405 abe
BF9 43.0 a* 167 a 248.0 a 2.3 abe* 38.1 a* 127 ab* - 4188 ab
BF10 38.0 ab 146 ab 227.0b 1.7 bed 28.0 cde 93 {g - 3245 abe
BF11 43.7 a* 154 ab 235.0 ab 2.1 abe* 31.1 abede 104 def* - 3567 abe
BF12 38.2 ab 150 ab 230.0 ab 1.7 abed 26.6 cde 105 def* - 3 336 abe
BF13 39.8 ab 151 ab 229.0 ab 1.8 abed 27.7 cde 97 efg - 3229 abe
BF14 39.7 ab 150 ab 233.0 ab 1.7 bed 25.1 de 100 defg - 3461 abc
BF15 39.0 ab 147 ab 227.0b 1.5¢cd 25.5 cde 104 def* - 3082 be
CK 334b 146 ab 2250b 1.1d 240e 85 g - 2539 be
NFT 48.9 a* 166 a 237.0b 2.6 a* 33.3 abce* 1 290 a* - 4 000 ab
2019 BF1 35.1 bed 107 cde 252.0 ab 1.2 bede 21.7 def 108 abed 135 cdefg 1538 de
BF2 37.0 abed 107 cde 246.0 ab 1.4 bed 25.2 cdef 88 cd 160 bedef 1545 de
BF3 37.9 abed 125 ab* 267.0 ab 1.7 ab* 36.8 ab* 110 ab* 176 bede* 2 168 abe*
BF4 40.9 ab* 123 ab* 266.0 ab 1.7 ab* 30.9 abede* 118 ab* 209 ab* 2265 ab*
BF5 39.6 abe 119 abce* 264.0 ab 1.7 ab* 31.7 abed* 100 bed 195 be* 2 034 bed
BF6 37.9 abed 120 abc* 265.0 ab 1.6 abe 30.6 abede* 112 abe 177 bede* 2010 bed
BF7 35.2 bed 122 abc* 269.0 a 1.4 bed 32.4 abc* 112 abe 140 cdefg 1966 bed
BF8 28.0 e 97 e 260.0 ab 0.7e 17.0f 102 bed 87 ¢ 1282e
BF9 39.6 abc 128 ab* 266.0 ab 1.7 ab* 35.3 abe* 127 a* 191 bed* 2 172 abc*
BF10 32.9 de 106 cde 260.0 ab 1.0 cde 21.2 ef 102 abed 139 cdefg 1516 de
BF11 38.1 abed 116 bed 264.3 ab 1.3 bede 27.2 bedef 102 bed 150 bedef 1785 bede
BF12 35.8 bed 102 de 257.0 ab 1.0 cde 20.7 ef 97 bed 113 fg 1436 de
BF13 34.3 cde 101 de 252.3 ab 1.0 cde 19.2f 90 cd 134 defg 1573 cde
BF14 34.1 cde 97e 254.7 ab 1.0 cde 18.5¢ 92 cd 120 efg 1258
BF15 33.8 cde 97e 2413 Db 0.9 de 16.8 86d 111 fg 1350 e
CK 34.0 cde 103 de 250.0 ab 1.1 cde 199 f 91 cd 112 fg 1 545 de

NFT 43.1 a* 133 a* 2710 a 2.1 a* 40.7 a* 127 a* 251 a* 2654 a*
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222 ERFEREFFAREAE

AHEE NFT AR B, AT 20T, 55 — 408"
0.6% , 55 " AFJl ™ 4.19%(3 6). 2018 4, T A AL B 1)
TR B i3 22 5%, A L CK Zb 3R, BF3 . BF4 . BF6
BF9 Fl BF11 b PR A4 7™ 1 i 3 38 I 5 NFT &b FEAH
2 B PRI R 17.9% ~ 21.5% , BF3 Fl BF4 b3 32 52
T AR OK ORI R A 7 i, BF6 Ab P S
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P NEONER A/ T =R VLA NER TAE: R oo/ S FRal A Ve o
BEM.

F#6 WEILREIERXMAEMERIN EX B R BRI

Table 6  Effects of microbial fertilizers on yield and yield components in non—phosphorus area

Gy i B el R U™ (%) LLEIRIT3 TR Ok R (g)
Year Treatment (kg/ hm?) (%) Yield reduction (f8/hm’) Grain number 100~-grain
Yield Yield growth rate rate Ear number per ear weight
2018 BF1 11290 ab 44 - 55303d 526 ab 34.0 ab*
BF2 12 067 ab 11.6 - 6336 abc 490 b 34.0 ab*
BF3 13133 a* 21.5 1.0 61 364 abc 553 a 34.0 ab*
BF4 12970 a* 19.9 -0.2 64 394 ab 516 ab 34.2 ab*
BF5 12297 ab 13.7 - 62 121 abe 530 ab 32.7 be
BF6 12 837 a* 18.7 -1.2 65909 a* 518 ab 33.0 be
BF7 12 367 ab 14.4 - 59 848 be 542 ab 33.4 abe
BF8 4133 ¢ -61.8 - 18939 e 542 ab 353 a*
BF9 12 747 a* 17.9 -1.9 62 121 abe 539 ab 33.4 abe
BF10 12 523 ab 15.8 - 60 606 he 533 ab 34.0 ab*
BF11 12923 a* 19.5 -0.6 63 636 abc 529 ab 33.6 abe
BF12 12 023 ab 11.2 - 61 364 abc 512 ab 33.5 abe
BF13 12217 ab 13.0 - 61 364 abc 534 ab 32.7 be
BF14 11833 ab 9.4 - 61 364 abc 515 ab 32.8 be
BF15 11733 ab 8.5 - 59 091 ed 517 ab 33.8 abe
CK 10813 b 0.0 - 59 848 be 499 ab 318 ¢
NFT 12997 a* 20.2 - 65 873 a* 526 ab 329 be
2019 BF1 10 833 ef -1.8 - 62 346 abc 499 he 373 ¢
BF2 11233 def 1.8 - 55556 de 488 be 39.0 cdefg
BF3 12 400 ab* 12.4 -34 62 963 abc 567 a* 42.2 ab*
BF4 12 233 abe* 10.9 -4.7 60 494 bed 543 ab 41.6 abed*
BF5 11133 ef 0.9 - 58 642 cd 499 be 38.9 defg
BF6 11 800 bede 7.0 - 61 111 bed 526 ab 39.5 bedefg
BE7 11 367 cdef 3.0 - 66 049 ab 500 be 41.2 abede*
BF8 8633 ¢ -21.8 - 51852e 510 abe 41.8 abed*
BF9 12 500 ab* 13.3 -2.6 65 432 ab 519 ab 41.5 abed*
BF10 10 800 ef 2.1 - 61 728 be 497 be 378 ¢
BF11 12 100 abed* 9.7 =5.7 66 050 ab 512 abe 40.7 abedef*
BF12 11067 ef 0.3 - 68519 a 423d 38.1fg
BF13 10633 f -3.6 - 62 963 abc 492 be 38.6 efg
BF14 11067 ef 0.3 - 64 815 abe 452 be 38.8 defg
BF15 11067 ef 0.3 - 58 642 cd 489 be 377¢
CK 11033 ef 0.0 - 66 050 ab 492 be 374 ¢
NET 12 833 a* 16.3% 0.0 66 667 ab 568 a* 42.7 a*
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Fig.3 Comparison between the effects of bio—organic fertilizers and microbial inocula

on maize yield increment in non—phosphorus area
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