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Table 1 Different treatment combinations of Bacillus Floridans gz4-1 and straw application

HHB /g Base fertilizer

HEM W /mL Root irrigation solution

Ab B
Treatment N P K 5 Straw  H,0 PO Pl P2 P3 P4
CK 0. 44 0.4 0.6 200
Jo 0. 44 0. 46 200 200 200 200 200
J1 0. 44 0. 46 8 200 200 200 200 200
1.3 MEHLRSHZE 1.3.2 AZIEAc B AE bR BORE IS 37 BB A
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Table 2 Changes of root morphological indexes of tartary buckwheat seedlings with combined application

of Bacillus Floridans gz4-1 and straw under low phosphorus stress

VLB 7 6 T i/ g MRET Bk /g
Treatment Root fresh mass Root dry mass
CK 0.67+0.05 a 0.06840.001 a

Jo PO 0.1240.05 de 0.02540. 006 ¢
P1 0.26-+0.04 cd 0.02840.001 ¢

P2 0.42+0.02 b 0.03640.001 b

P3 0.0840.02 e 0.02640.001 ¢

P4 0.0740.04 e 0.02440.001 ¢

J1 PO 0.1240.03 de 0.0324+0.012 b
P1 0.37740.02 be 0.0584+0.014 a

P2 0.59740.08 a 0.064740.002 a

P3 0.1440.08 de 0.02940.007 ¢

P4 0.16=+0.05 de 0.0334+0.009 b

FMRK/cm AR F M/ mm? R /%
Taproot length Root surface area  Root to shoot ratio
20.6741.36 ab 1813.93+81.89 d 0.30 b
11.20+1.76 b 684.10+17.83 ¢ 0.37 b
19.70+4.62 ab 1027.97430. 40 e 0.34 b
23.1743.60 a 2088.53+56.96 ¢ 0.29 b
17.03+1. 05 abc 1075.80+69. 23 e 0.21b
14.70+1.51 be 624. 80452, 78 f 0.23 b
16.53+2. 31 abc 973.80439.26 ¢ 0.18 b
21.43+3.12 ab 3217.73+62.85 a 0.61 a
21.83740.64 ab 2476.50+55.77 b 0.29 b
18.47+2. 04 abc 2016.47+52.18 cd 0.18 b
16.40+2. 22 abc 1918.67440. 11 cd 0.20 b

e CKLIEH it NP LVK B 5 JO. ANt f% FF AL 5 J1. Bt fs FF AL R . N [R) e B 7R B AR WK R PO. O cfu »
mL !, FNEHE N AR R R H AT BN Duncan’s £ 5 B4 IR L W] 51 40

cfu s mL1,P3.10% cfu*» mL~',P4, 10 cfu *
it 5 R[] 5 B 2 7R b 3 ] 22 536 B 3K (P<<0. 05) , T,

mL~!,P1. 10" cfu » mL~',P2. 105

Note:CK. Normal application of N, P, K fertilizer; JO. No straw treatment; J1. Straw treatment. The bacterial suspensions of different

concentrations were P0. 0 cfu * mL~!,P1. 10" cfu *

“

mL~1,P2.10° cfu «

mL~1,P3.10% cfu » mL~',P4.10'° cfu » mL~!'. The data in the

table are “mean= standard error”. The letters in the table are Duncan’s multiple comparison. different letters after the data within the

same columns indicate significant differences between treatments (P<Z0.05), the same below.

2.1.2 SNERG B LIRS G A HFESA
HLTEJO T . IR 4 2 2 e 5 R &
POAE P2 W IR B A K4 T (P1.P3.P4)

Y 8 AKX B (P <C0. 05) , 156 BH Jit Jon fi7e 1l o VK
Xt BRAE A PF T S SR 4 LA RO AR R 5 7R
J1ZAET R 2B KA 1L Jo Besf . 78 P2
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ZETHCAE J1P3 T Ik B WA L 10 W T R e T Skl 2%
RS FRENTARKESASAMEERM. &5 B
AL P2 P3 Vi FE B ORI W B 38 T 5 4l i 2R e
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Table 3 Changes of morphological indexes of aboveground parts of tartary buckwheat seedlings with combined

application of Bacillus Floridans gz4-1 and straw under low phosphorus stress

Ak 7 M /mm Wi /cm B BRI /g BT Bt /g (527 T
Treatment Stem diameter Plant height Fresh mass Dry mass Stem segments

CK 2.75+0.07 a 14.94+0.6 b 2.02240.236 a 0.26540.001 a 6+0.60 a

JO PO 1.5140.06 ¢ 13.54+0.3 b 0.37140.102 ¢ 0.059+0.015 d 5+0.30 ab

P1 1.9240. 21 be 11.84+0.6 b 0.692+0.128 ¢ 0.09040. 001 cd 3+0.30 b

P2 2.394£0.21 ab 18.0+£2.3 ab 1.2284+0.525 be 0.16040. 000 be 640.70 ab

P3 1.89+0. 37 be 12.6+1.9b 0.648+0.238 ¢ 0.087+0.021 cd 74+1.20 a

P4 1.9440. 14 be 13.0+3.3 b 0.63040.159 ¢ 0.07040. 022 cd 6+1.20 ab

J1 PO 2.01%+0.09 be 14.0+2.1b 0.55640.087 ¢ 0.12940. 037 cd 6+0.70 ab

P1 2.234+0.27 ab 13.5+1.7b 0.50540. 180 ¢ 0.11940.018 cd 5+0.70 ab

P2 2.72+0.08 a 15.94+1.9 ab 1.835+0. 296 ab 0.25740.072 a 64+0.60 a

P3 1.8940. 10 be 21.4+2.1a 1.0114+0.292 ¢ 0.12940.028 cd 8+0.70 a

P4 2.24+0.18 ab 17.34+1.1 ab 1.099+0. 255 be 0.13440.029 cd 740.30 a
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EBETEFRDHERRZFT AWM

400 1) R RN b 3 A A KA TR L AR R R
BT TR WK S BT A BILTT L R 2 )
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Fig.1 Changes of root activity of tartary buckwheat
seedlings with combined application
of Bacillus Floridans gz4-1 and straw

under low phosphorus stress

70 B1J1
2.5¢ a
vH
2820t i
Z:g‘ c L ;
S 1.5V [-
§ g [
# .= - e
@'z 10} =l =
A0 = [
W& g - =
B2 o5t Ef g
0 1 1 1 [ L [
CK PO P2 P3

fiE B B VR BE/ (cfu  mL™")

Phosphorus bacteria concentration

B2 TEFAFE g1 SHEFEEE
REMETEFHIEREABRSENTL
Fig.2 Changes of phosphorus content in roots of
tartary buckwheat seedlings with combined
application of Bacillus Floridans gz4-1 and

straw under low phosphorus stress
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Fig.3 Changes of acid phosphatase activity in roots
of tartary buckwheat seedling with combined
application of Bacillus Floridans gz4-1

and straw under low phosphorus stress
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Effects of Combined Application of Phosphate-Solubilizing Bacteria with
Straw Application on Growth and Development of Tartary
Buckwheat Seedlings under Low Phosphorus Stress

HAO Yani', PEI Hongbin'?*, GAO Zhenfeng’ and WANG Li'

(1. College of Life Sciences, Shanxi Normal University, Linfen Shanxi 041004,China; 2. College of Modern Arts and Sciences,
Shanxi Normal University, Linfen Shanxi 041004, China; 3. Research Institute of Agricultural Products Storage and

Preservation, Shanxi Agricultural University (Shanxi Academy of Agricultural Sciences) , Taiyuan 030031, China)

Abstract In order to understand the effect of combined application of Bacillus Floridans gz4-1 and
straw on the growth and development of tartary buckwheat seedlings, taking ‘Diqing’ tartary buck-
wheat as material in 2019, using normal fertilization as control (CK), two factors combined treatment
of straw [0 g » kg ' soil (JO), 4 g+ kg ' soil (J1)] and bacterial liquid concentration [0 (P0), 10"
(P1),10°(P2),10%(P3),10" (P4)cfu » mLL™' ] were set in this paper. A pot experiment was conducted
to investigate the effects of combined application of Bacillus Floridans gz4-1 and straw on root and
shoot morphology and physiological characteristics of tartary buckwheat seedlings. The results showed
that: (1) The combined application of Bacillus Floridans gz4-1 and straw promoted the root surface ar-
ea and root shoot ratio of tartaric buckwheat root fresh mass, dry mass, taproot length and root shoot
ratio. The taproot length of seedlings was the highest under JOP2 treatment, which significantly in-
creased by 12. 1% compared with CK. The root surface area and root shoot ratio were both the highest
under J1P1 treatment, which significantly increased by 115. 6% and 103. 3% compared with CK. (2)
The combined application of Bacillus Floridans gz4-1 and straw promoted the stem diameter, plant
height, fresh mass, dry mass and node number of tartary buckwheat seedlings. the plant height and
node number were the highest under the treatment of J1P3, which were 43. 6% and 33. 3% higher
than CK. (3) With the increase of bacterial solution concentration, root activity and root P content of
tartary buckwheat seedlings increased firstly and then decreased, and reached the highest value under
P2 concentration. Under low phosphorus cultivation (JO) condition, root acid phosphatase activity de-
creased, and under condition of straw returning to field (J1), root acid phosphatase activity reached
the peak value under P2 concentration. That Bacillus Floridans gz4-1 and straw could improve root ac-
tivity, root physiological function by changing the buckwheat seedling morphology and root architec-
ture, finally, its effect on the buckwheat seedling growth was improved. Comprehensively, under
treatment of 10° cfu * mL ™' (P2) bacteria liquid concentrations, combined application of straw had the
greatest growth-promoting effect on tartary buckwheat seedlings.

Key words Tartary buckwheat; Bacillus Floridans gz4-1; Low phosphorus stress; Straw; Phosphor-

us absorption
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