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Abstract: In sustainable agriculture, seeking eco-friendly methods to promote plant growth and improve
crop productivity is a priority. Humic acid (HA) and plant growth promoting rhizobacteria (PGPR) are
among the most effective methods that utilize natural biologically-active substances. The aim of the present

study was to analyze the effect of the presence of HA on potato (Solanum tuberosum L.) inoculation with
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PGPR (Bacillus megatorium and Bacillus subtilis) when compared to control and recommended doses of
NPK. Seed tubers treated by humic acid (200, 400 and 600 kg/ha) and PGPR, separately or in combination,

and NPK (50% and 100%) were planted into soil and untreated soil. Treatments were assessed for plant

growth, classified tuber yields, quality, and mineral contents of potato tubers. There were highly significant

increases in potato growth, tuber yields, and quality in PGPR and HA inoculated crops. Tuber size, weight,

specific gravity, dry matter, starch, protein, and mineral contents (except Cu) were improved with PGPR

treatments and further increased when administered with humic acids. Inoculation with PGPR mixed culture

and 400 kg/ha HA increased total potato tuber yield by about 140% while conventional single treatment of

100% NPK fertilizer only led to an increase in potato production of 111% when compared to the control.

The results demonstrated that this integrated approach has the potential to accelerate the transformation

from conventional to sustainable potato production.

Key words: biostimulation; humic acid; PGPR; potato; sustainable agriculture
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FERA) 2 1T 1) B R 106 DA S P9 A 5 B S 35 1
KT SHAHEAER, Olivares SR & EL,
HS J2 e TR 7 5G4k N 2, /& PGPR & H 3
RIS, TR A Rhv] fE 2 — MRAF 0 R
Olivares 551 55 — WA & & g, @AY & ] fili
ARV A HLAY) Z 18] A AR 2 — 2032 4
AW H B & AN ZF AT 1R OSU-142 (N,
[l E ) A M3 (PHIWE) 2 Mk, 5 HS (HA:
H RLAE RS ) S eI A a6 K R
B EIVEI T BE P SRR IR RN SR AU

1 MRI57EE

1.1 I

H A3 36 T 2010 4EF1 2011 4R 75 + H H 4 4%
PHFERDE I X BTRRPIRE X (b4 38° 46" , K&
42° 30", WK 1722 m) — MR T,
IZH R AR B R BEVE %, KIS S K
B 562.6 mm (1958—2017 4F ) , FEAETERT,;
AESERIRR 9.3 °C, 1 AR 2.5 °C, 7 HF
PR 21.9 °C; AR PR BE O 63.8%. R HF
FERAMRAE R AT T 00, S T PE
(1), 2010 4. 2011 FFAEMAEK T (5—10 H )
RBEK 518 165.6 mm Al 140.6 mm, KA
YIE N 181.5 mm; 2010 4. 2011 4444371
A 17.7 F116.6 °C, KIEXMER 17.7 °C.

I, 7RI ke LA, &R
Ryan S57E ( T3E SAHY) 50 7 5256 2= Tl ) iR
1 J5 VR EAT LR PR AR BT A3 AT . IR I MR
(HE£2.0cm, & 15 cm) MikEgHh 3 NAE DL
EL O R A TR, A ORBEAH: 0 ~
30 cmo K¢ HHERE A IR — AR AT B
M. HETHERE 30 cm ( < 2 mm #3473 ) e+
M., SR (EC) . pH. 2% (N) . ¥
FHRWECP) . AP AR (K) . A%E (Mn) .
Bt (Zn) . Bk (Fe) i (Cu) S4abs, W& 2.
1.2 KR 5t HE

RIS AR B A RL, SR HIBENL G 2 X ik i,
w3 ANEE, AL B 18 NI HA 1 PGPR

HE K ITCHUIELERE, 535120 : ANiiH HA. PGPR FlJG
HUAE (%1 B8, 100+50+50 kg/ha N, P, K JIE B} (NPK
50%) , 200+100+100 kg/ha N, P, K It #} (NPK
100%) , B K ZF # AT B (Bacillus megatorium) strain
M3 (M3), Hf B ZF 18 #F B (Bacillus subtilis) strain
OSU-142 (OSU), PGPR {i& & K% 3# (M3 F1 OSU &
M30SU), 200 kg/ha HA (HA200) , 400 kg/ha HA
(HA400) , 600 kg/ha HA (HA600) , M3+200 kg/ha
HA (M3H200) , M3+400 kg/ha HA (M3H400) ,
M3+600 kg/ha HA (M3H600) , OSU+200 kg/ha HA
(OSUH200),0SU+400 kg/ha HA(OSUH400),
OSU+600 kg/ha HA (OSUH600) , M3+OSU+
200 kg/ha HA (M30SUH200) , M3+OSU+400 kg/ha
HA (M30SUH400) , M3+0OSU+600 kg/ha HA
(M30SUH600) .
1.2.1 mEAE

T R T AR I 50% 1 100% HE 7E 5
AN, P Al K (200% kg N/ha MR ERER, 21%;
100 kg P,O5/ha A H L BERRSS, 45%; 100 kg K,0/ha
HBERREH, 50% ) , BT 2 FiICHUEHEH & (NPK
50% Fil NPK 100% ) . %+ i N, P. K JE
I A 24 1 SR o A
1.2.2 BHE®R

S A HA (XA B 42 L) 1 Agro-
Lig ( L H I Altintar £ %7 23 " 47 ) F/E HA &b
PR, K Agro-Lig ( & J& A R 85%. & A MLk
75%. pH 3.5 ~ 5.5, s AIKGF 22%. fif 0.5%. &k
0.5%. £ 0.5%. %5 3.0%. %M 0.3%. % 0.02%.
41 0.0003%. Ef 0.07%. %K 0.02%. B 0.03%.
il 0.01%. %Y 0.0002%, ¥JLATIEit) Hils T 3 Fh
HA JfI & (200. 400 F11 600 kg/ha ) , AR IE 25
Jiti FH o
1.2.3 PGPR Btk 3% 5= & 1

i Cakmakgi 25411 Orhan 2521 . B AT
A RKFEE (TAA PR, ACC- B B I VE AT
FERRIED A IERL ) 19 PGPR 43 & #k (N, [# &
il B 2 AT B B Bk OSU-142 FIBEBR 8 19 v B R 3
AT R A AR M3 ) H b AT [ R sl R AR R
PR, HET, XEERERGORAATE T L
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A R B AR R OR 27 TR B st A6 58 TR R
MRE IR . 2 PREARRY A AR B bR, KIDIER
A8 15% HMMEFRRG (NB) H, AR
K -80 °C, EEFRENE (NA) EE: ML H %
Mo HERADEEBELL RS A NB B 500 mL B,
1E 28 CHYEREHRIR (150 % /43580 ) EEATA %A

VIR SRIERE B R R K A K R B 2 e R MR
1% 10° CFU/mL; KARBRIEAE B [ B R ZEAAF
M3 . R ZEAIAF R OSU-142 Fil PGPR™ s A4 ( B
FEF AT B G RZE AT 1 ) 1 B3R5 10% A
WOR AR FREERZE, 50 30 min J5, HEFIR
T AT

#1SERYE: TEHEMHRFFX 2010 £, 2011 FEMERKFSELEN R FHEMKITE (LTA: 1958—2017 )
Tab.1 Climate data: Monthly means of climate variables for the crop seasons of 2010, 2011, and long-term average
(LTA: 1958—2017) in Ahlat, Turkey

A FEHRU (°C) FEMi 5 (mm) AR EE (%)

2010 2011 LTA 2010 2011 LTA 2010 2011 LTA
E; | 114 112 13.1 106.2 90.0 70.2 65.8 69.1 65.0
AH 183 17.6 189 28.0 15.6 28.7 50.4 52.1 55.6
tH 22.8 223 21.5 1.8 32 8.3 37.3 413 49.4
AH 22.5 22.0 228 0.6 1.6 5.7 35.6 40.4 47.7
iv;! 193 17.2 17.6 2.4 32 8.1 43.1 46.3 51.1
+H 123 9.3 12.0 26.6 27.0 60.5 62.6 63.6 63.7
ERZE(MT) T 177 16.6 17.7 165.6 140.6 181.5 49.1 52.1 55.4
4R (M/T) 10.9 8.6 9.3 399.0 566.6 562.6 59.6 56.4 63.8

W sM: TIE; T Al

* 2 BT HEREARE ST RB IR
Tab.2 Physical and chemical properties of soil of the
experimental site used for the field trial

Ei=1a BUH
Fit (%) 47.20
Y (%) 36.80
W (%) 16.00
H5% (dS/m) 1.16
pH (13 :Kk=1:2) 7.48
CaCo; (%) 6.80
AHLE (%) 1.59
AR (%) 2.83
2% (gkg) 0.15
FEIA B (mg/kg) 7.95
Ha (mg/kg) 196.00
AL (mg/kg) 3.30
HEeE (mg/kg) 1.44
HRk (mg/kg) 5.85
A3 (mg/kg ) 0.59
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PR R ICAEREAR S EL 15 ~ 25 em IS LA .
e, TRAS AT, MR IER N & R
L (50 ~ 60 g) FIF IR 10 em 9 1rfr, #k
¥ 30 cm, 17#E 70 cm, ERNSREARKSE, R
P b DX HEAZ (9 RS IR T2 A B, R
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ke, R, KHRZEANTHR 32 (< 35 mm:
A AR 2 35 ~ 50 mm: EIEEHIE
FidhE; > 5omm: TOLA) , IHEBOFKRE. x>
35 mm [P ZEIAT Y E AL SRS BT, LA
Biff e R FHAD Tk TR S S kil . i T
AR ST ) 5 22T RO RN i SR R R e, I
IR EE N Ty AR AT B L
1.4.1 &R o7

g ZEIER. 58 (mm) . KJE (mm)
IR (g/em’) B LI BLE IR .

PR A : LV=L/W x 100,

A, LV OWPREERRBUE, LABRERKE, W
HPEETEE

RIS EUE T E R, BE (< 109) .
MR (110 ~ 129) . BT (130 ~ 149) |
KB (150 ~ 169) . KL (170 ~ 199) &
P E AT R 5 kg AFEN, RIISAE
i/ KEREIE.
1.4.2 & Far

WP, . AL Y ioc R
(P. K. Ca, Mg. Fe. Zn. Cu fl Mn) K& &kt
A S B BT o VERS RN BT >R F Esendal
P E g s AR YR E Rk, JFRdd
Pk 6.25 HBHREL, WWHEEHRWKE; vYksE
BRI E, EHORE M HNO, : HCIO, (R
6 = 2) HORHISEIER MU T R R 48 Ethos Easy ik
ITIRBER A SR (RS & 55 2
A HE6IEAL (ICAP 6000 41, ICP SGitify ) ik
175307 o
1.5 BB

K F SAS BR AR A (9 B8 AT Oy 22 43 B
(ANOVA) , RJG1E P < 0.05 /KK Duncan’ s
Z B (DMRT) WIAME R 82T ., 3
EAERPHIH .

2 &R

2.1 EKFREF~S
HH [A] B0 45 5L 26 BH, PGPR Ml HA &b FE %} 44

BARRKBCEE = I B E . 50 AR
it NPK Ml Hb, PGPR il HA &b B X} o5 4% 38 2 457
B R AR ZE 7 i iy 52 WL 3, 3PP PGPR (2
HFFE#FE ) A1 PGPR IBAH ( B R ZEUAF B M3
ARG B A OSU-142) J5, B8 EAK. B
P RAERIA BER S, 5 HA B ROR
—EE . S5 HA RIS HA 1 PGPR AR BEAHLL,
PGPR IR & P LE 50— M 88 A 2. M3OSUH400
Wb PR RR e . REEFERROR, 43 63.2 cm
F1132.8 g, 43 51 b &F BEHG AN 71.7% A1 118.8%;
100% NPK AbEH i Hpk 1 25 B0R Bk B ZE 80 £ |
I 52 1434 (£3) .

PGPR Fll HA Ab BT 2 8 B B 25 5™ & Al 43
Ky RA B, HS5 R —mAatk, BE
i R TP R (£3) o R EGE
HE, SAEAE, M30SUH400. M30OSUH600
FI OSUH600 72 4 i B 8% 18 P 25 5™ it e 3 280
AEBE, rRIERE T 140.3%. 140.3% 1 135.0%;
T4 FLAHE A7 1 NPK 100% &b PV fifi Th 45 S He 25
ARG 111%. N2 A, SEMLL,
HUjifi PGPR Al HA W3 FRAK 7 SR AR/ MW
Przs =i, HA200 Ak PR 1 o5 4% 8 P 2K 77 5 i ik
(1.1 t/ha) , BX T T 50%; 1 M3H400
AR TR H600 Ab BE A S8 B2 R f i, 8
3.6 t/ha, BEAh, HAG600 AbHL7E 7 i 4% S5 i i
Pyt (233 tha) W EAILRE, 5
%F BT NPK100% A0 BEAH E, /6 8™ 50 51 2
F 4 R099.1% Ml 34.7%; 55 b, M3OSUH400.
M30SUH400 F1 HA600 4bBE & 4 i 17 Tk A
Py ZE P, 4N 56.0. 50.1 Fil 50.8 t/ha;
M30SU F1 H400 43, 35 FRAK 1 v dh DR B 1
Pk g,

22 RERRRTYREE

PEZER/INRAR 2 B8 5 de 0 2 1) 0 3L 5 o
FRIE, R AB R mMERN EER R, R
3B KR, PGPR Fll HA A BG4 5 Yy B
ZR/NHIEAR M 3% (£ 4) . PGPR 1 HA 4
PRI &G 0 T P2 RN, Hirh M3OSUH400 #1
M3OSUH600 4b 2 i R Fe 4, 4l R EEK

85



L)
y ) 4

R

R

2024 56 6 H

(435K 83.5 1 83.3 mm) ; [[K, M30OSUH400
B E. TYRMEN S EkE, 25N

7% 3 HA 0 PGPR £LIEXS D0 EE KR E 28I/
Tab.3 The effects of HA and PGPR treatments on potato growth and tuber yield

1.081 g/em’, 20.0% Fl 14.2%; i OSUH600 &b ¥
PEHRE R, N 114% (K4) .

WL/ & (t/ha)

w0 TR e N T hny e T
(cm) TR PR (g) i H M
(<35mm) (35~50mm) (>50mm)

PO 36.8k 2.51 9.9hi 60.7j 2.2gh 11.7hg 14.21 28.3k
NPK50% 57.6¢ 4.5b 11.1ef 80.0h 3.2bc 12.7g 25.7h 41.5h
NPK100% 60.5b 5.2a 14.3a 100.3¢ 2.7ef 17.3¢c 40.0e 59.9¢
M3 42.6j 3.0h 9.8i 82.6gh 2.1h 7.5 28.6g 38.2i
OSuU 44 4ij 3.3gh 10.5hg 95.7f 2.2gh 11.0h 39.8¢ 52.6f
M30SU 44.6ij 3.4efg 10.6fg 106.9d 2.1h 9.2i 42.8d 54.7¢
HA200 47.0h 3.3gh 11.3¢ 66.51 1.1j 14.2f 16.8k 32.1j
HA400 50.6fg 3.7def 11.9¢d 80.4h 1.71 19.8b 19.3j 40.7h
HAG600 53.8d 4.5b 12.3¢ 85.5g 3.6a 23.3a 22.9i 49.7g
M3H200 44.8i 3.4efg 11.3¢ 100.0e 3.3b 9.51 35.2f 48.0g
M3H400 48.8gh 3.7def 13.7b 95.5f 3.6a 16.9¢ 35.5f 56.0de
M3H600 56.7¢c 3.8de 13.6b 95.7f 2.8de 14.5¢f 38.4¢ 57.3d
OSUH200 51.3ef 3.6efg 12.0cd 107.3d 2.7ef 12.8g 42.6d 58.0cd
OSUH400 52.7de 4.0cd 13.5b 117.3¢c 2.5gh 15.7de 46.2¢c 64.4b
OSUH600 61.4ab 4.6b 13.2b 115.7¢c 2.9de 12.8g 50.8b 66.5a
M3OSUH200 52.6de 3.7de 11.9¢d 115.2¢ 2.1h 16.6cd 44.1d 62.8b
M3OSUH400 63.2a 4.6b 11.4de 132.8a 3.0cd 9.001 56.0a 68.0a
M3OSUH600 61.7ab 4.3bc 12.4¢c 124.7b 2.7ef 14.9ef 50.1b 68.0a

{E: P < 0.05 (FZIAR TR FRIMEZE 7K 0.05 B BEKE) . FHE.

3R 4 HA 70 PGPR 0327 D 0 F IR ZE R AL IR L 1 FRAV S M)
Tab.4 The effects of HA and PGPR treatments on certain physical and chemical quality properties of potato tubers

4 PREERN PEELIR b TR W EIR
% (mm) K (mm) fabME TR (g/em’) (%) (%) (%)
Xif e 49.1j 61.8¢ 125.9 LIz 1.0671 16.91 11.4k 7.4i

NPK50% 56.2h 70.3d 125.1 KRG 1.069k 17.3k 11.8 8.8gh
NPK100% 57.0gh 79.9abc 140.2 A 1.078d 19.2¢d 13.2¢f 9.7¢
M3 56.3h 70.0d 124.3 e A 3 7 1.071i 17.8i 12.2i 9.0f
osu 58.5fgh 78.1abc 133.5 o [ 1.075g 18.6g 12.9¢ 9.8¢
M30SU 60.3def 79.5abc 131.8 LA 1.076f 18.9f 13.1f 10.1d
HA200 49.7ij 63.0e 126.8 Fami e 1.069k 17.4j 11.9j 8.7h

HA400 51.6i 64.3¢ 124.6 JEM B 1.073h 18.2h 12.5h 8.9fg
HA600 51.8i 64.4¢ 1243 FEMRIEE 1.077de 18.9ef 13 2ef 9.7¢
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=44
e PR hs R TR W AR
% (mm) K (mm) FabRiE 2N (g/em’) (%) (%) (%)

M3H200 67.7a 75.0cd 110.8 SR 1.073h 18.2h 12.5h 9.8¢
M3H400 62.4bcd 76.1c 122.0 EMETE  1.075g 18.6g 12.9g 10.7¢
M3H600 62.9bc 77.1bc 122.6 MR 1.078d 19.2¢d 13.4d 11.0b
OSUH200 59.7ef 78.1abc 130.8 A 1.075g 18.6g 12.9g 10.7¢
OSUH400 61.3cde 82.3ab 134.3 A 1.076f 18.9ef 13.5¢d 11.0b
OSUH600 60.2def 79.3abc 131.7 B 1.079¢ 19.3¢ 13.6¢ 11.4a
M30SUH200 63.9b 77.9abc 121.9 R 1.077de 19.1de 13.3de 10.7¢
M30SUH400 59.7ef 83.5a 140.1 1A 1.081a 20.0a 14.2a 11.0b
M30SUH600 59.0efg 83.3a 141.5 W% 1.080b 19.6b 13.8b 11.1b

AR AE I AR 6 B, PGPR Al HA &b
MR EIEN YR OT RS BT, H55
—AREPRAR LG, WA N T P Y
S (CufRgh) (%K5) . FHFEHL, PGPRIEAE
JH LB — i FH AT 548 A 00 % S 1 ) B A 8
M3OSUH600 4 ¥ (¥ P. K. Mg. Fe. Zn. Mn

Draber, ORI R T 82.1%. 51.1%.
79.2%. 90.2%. 69.4% F1 91.6%; M3H600 A& B
B Ca Fitliim. 7 —J7rH, SAALK, HA A
PGPR 2L P PR T SR E I ZEP Cu & =
(£ 5) ; NPK100% F11 NPK50% ALFRf) Cu & &

o
IR o

#% 5 HA 1 PGPR 203E xS D $eZHRZ ch R LA 1A 53 B ST

Tab.5 The effects of HA and PGPR treatments on certain mineral compositions in potato tubers g/kg

b P K Ca Mg Fe Zn Cu Mn
PORi 1.62j 17.60h 0.73j 1.06k 60.85k 11.94k 4.50b 6.201
NPK50% 1.91i 18.91g 0.88i 1.34i 64.45k 16.32fg 4.67a 7.08h
NPK100% 2.76¢ 22.52¢ 1.25d 1.70c 98.35d 16.25fg 4.73a 9.34cd
M3 2.47f 19.43fg 1.09f 1.32i 76.291 14.60ij 3.94d 7.16h
OSU 2.37gh 20.25¢ef 0.97h 1.44h 91.26f 15.54gh 3.70h 7.68fgh
M30SU 2.65de 22.37¢ 0.97h 1.68d 99.91d 17.02ef 3.40h 8.44ef
HA200 1.92i 17.60h 0.891 1.30j 71.40j 15.20hi 4.19¢ 7.39gh
HA400 2.36h 21.03de 1.10f 1.351 81.40¢g 14.41j 3.87de 7.98efg
HA600 2.68cde 22.52¢ 1.17e 1.65¢ 91.16f 13.99j 3.58g 8.36ef
M3H200 2.69cd 19.97f 1.28¢ 1.44h 78.81h 15.78gh 3.80e 7.30gh
M3H400 2.76¢ 21.03de 1.31c 1.52¢g 92.97f 16.95ef 3.69f 8.75de
M3H600 2.85b 21.78cd 1.66a 1.53g 104.68¢ 17.84d 3.53g 9.51c
OSUH200 2.45fg 21.70cd 1.02g 1.51g 95.69¢ 16.99ef 3.57g 8.58¢
OSUH400 2.52f 22.05¢ 1.19¢ 1.59f 104.27¢ 18.25¢d 3.38h 9.54¢
OSUH600 2.6le 24.53b 1.31c 1.58f 109.99¢ 18.92bc 3.31hi 10.68b
M30OSUH200 2.76¢ 23.85b 1.07f 1.73¢ 103.01c 17.72de 3.25§j 9.61c
M30OSUH400 2.86b 25.90a 1.18e 1.79b 112.02b 19.27b 3.24jj 11.64a
M30OSUH600 2.95a 26.60a 1.54b 1.90a 115.73a 20.23a 3.16j 11.88a
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3 ¥hig e 2K 55 FE A BE 73 B4 1 22.8% Fil 28.6%, R

EARE FM T, UEB 7 AP AR bR 0 A 1A
(PGPR) ¥ B2F A A 1 I B R ZF MO I LA & HA
P ER R AR R RE L BURI R W 235 A E
WM ARFITRAL, X 2 P bR EA AR -3- 4
M (TAA) Fl 1- LR PILE -1- FRIRIE (ACC) it
RABFRIREST, AT LA E R e, JF B Z R
R R L TR SR AR B AT AT ia RE . SCHRIRGE T
I AN [5] 4 6 Ja 4 A (R JEAS [R) ARL ) A A RN 3 0 W
WO — B AT AT SRS X BB ST HE W /N |
I 20 5 Azospirillum ., Pseudomonas. Providencia
H Anabaena; . FHAEFH 3% F1 K W) Bacillus .
Paenibacillus . Pseudomonas Fll Rhodobacter; W FH
1£ 5 i B Herbaspirillum 1 Gluconacetobacter;
WA AE 7] H 2% 19 Bacillus Fll Enterobacter; W
1 K #6 b W Pseudomonas F1 Chryseobacterium;
N A 58 B Trichoderma; )% I 76 1 32
W) Azotobacter. Azospirillum K Paenibacillus;
N AE £ K B B Herbaspirillum . Trichoderma.
Pseudomonas Fl Bacillus; A b 76 K & F
Azospirillum, 5T Ty 1) PGPR SCHR 1 245
Pseudomonas. Bacillus F1 Azosprillum ¥.— $% Fli
FH T 5 N R P (i L TAA 7= B AR B s
AHGEFR, ZEAUATR B HA fE D EE R LY
FR, 3 S A R R R A G L PR RR
G WM o A RS AR TR R AR T, T) I %o
TRRERAHS . JEFRATAR RN, BIE AN IR, EBA R
TiZHE RS HA 25 EdE.

AR, Hfh PGPR (ZFAFFEFRE ) A
PGPR IR &5 5% ( BRI A M3 FlRG 5 25 f A
P OSU-142) Xf 88 B . SRR 225740 &
AW, 5 HA Boin] 2k —2 8eE
DMK, MRARERS SR, BREAR
JitiF HA BT 00T, A% PGPR & b A4 AL B Hh 0
RPWELER, HYRMERAMLL, PGPRIESH
Bl (M30OSU) MIRCRTELF . 4R BIE & 1# FR 8%
FARK ., BRI RAG A BERGE, R
FEXT L S T 76.1%, BREZERBILS T 93.3%,
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2T, TER A S S T 11.8%.
14.9% 1 36.5%, =2 P. K. Mg. Fe fll Zn %
Fer BRIy PR 63.6%. 27.1%. 58.5%. 64.2%
1 42.5%, X5 Orhan S HRELS R —B, AL
B, FEAPAERKSET, 2 MR EAREg (OSU-
142+M3) IREHFE, BERS TEATH &
(74.9% ) AR N (60%) . Fe (64.4%) .
Ca (64%) Fl Mn (117.0%) W&, SeRimmt
Pt oe 2R W, [ R % IR H A URR (1) PGPR ¢
PE, e AT i B A AE AR Sl A IR S A B
W, DA A B 2R BRAEME . L, BRI
7E 1) PGPR W HE V] e S B M M 22 AR K. 1R
B RRAL B AT, X SR A 5 2 P i S A A
A R AT 8 AT A AR 14 R ST A AR B AR 5
W, JfFH5H—MA L, vTiEaSEEY K
M 2k 3%, Bacillus. Brevibacillus. Acinetobacter Fll
Micrococcus TEH A 54 F IR A, 254K R
SEYR. BMSRER T mIIEROR, i3
BRI BIRGE, D PGPR EH &S EHW AR
Ft N, P, K. Ca. Mg. Fe. Cu, Mn fil Zn % &
BRI, HAAERRE, HPXT PGPR bRl
SR RO R AN . MR RR T K
HA AR 12108, R4S Tl
T C. N AR AR = R 2%, k&
AR T E M R AR AR K . Xu %0 Suh S50
REY, MHAFWKER HA, 3SR g
WA . AR . R EE AR NS
ANFEFEERRE, REE RN ER, A0
SRR T RMEE R . HAG00 Ab B X o8 g
BRAAC . BRZERRASR S A R, AR
v i B AR (SXT AT
B 50%) o [MIFE, SRR MhEEE R0, HA
B4 EE A R SR b i B 2R
HA200 &b 2 (1 9E 75 5 B P2 5 i Ik, HA600 &b
P RS PR i b . R R G
1 H Rl RE S S R AR AR KRR Y s
FEMRNRA G, BT EIRICR A FIK S FH R
iR, SBOUEEFE S, Selim A, TEH
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R AEAFEY FIR A it B 5 AL B 4 4L,
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LY RSN RS Skt O 21 £ A 8 2 O
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B I R0 LA SO™ AR R 7K 1 TAA, AT
PR R AP FIR A B A K.

AL, HS 875 AR R R m AR g g,
R AR AW &, B IAEY K. Olivares
SEHRIE T HS F PGPR 3 [\ SAEM I A8 00 5l
R, AR A . BRI A SCE BRI I
HS Hl PGPR &5 i i it 4 R S EADL G RES
H AR 2 A D7 AT REFR 20 I AT N i / [
AT TAA A KPR TG P . Canellas 454
H, AEF HA RAAREE HA WM, Hot
GBI, - H Herbaspirillum seropedicae 1 DA
TEARAN™E TAA MY E . Chi EHRIE, HERIASTH
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JE AR Ky AR RSCRS T AR A A P G
TAA Fl7Re 2 A KPR AR 2K i A P
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YK RLF . fHeH AR
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ey m R o s B K, PRS0 71.7%,

P2 R N 118.8%, Tl B ZE w4
294.3%, PR R 140.3%, PREERKH
35.1%, HREEWEBI 1.31%, RETYE. EH
FE A B B 5 18.3%. 24.6% Fil 48.6%.
W=, H5xFEA, M30SUHG600 4k P X} 42
X P, K. Mg, Fe. Zn, Mn & 3£ 40 & &
WA, R T 82.1%. 51.1%. 79.3%.
90.2%. 69.4% i1 91.6%.,

L2 WIRIE T PGPR Fl HA % A A /£ 9
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AR EAEARIZE . IR RN IR B R, AWFRSS
H 5 FiR#FE LA M Schoebitz 25 U RFFT 45 5 — 5L,
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50%, MRTEBEM T 43%.
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