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Microorganisms domesticated with different green manures
regulate maize growth via plant-soil feedback
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Abstract: [Background] In agricultural ecosystems, the mechanisms of interactions between
soil microorganisms and plants remain unclear. [Objective] To strengthen the understanding of
plant-microorganism interactions and screen out the key microorganisms or microbial groups
that cause different feedback effects. [Methods] The soil in the 0—20 cm layer of the fields
domesticated with leguminous green manure Vicia sativa (V) or cruciferous green manure
Brassica napus (N) and the remnant prairie (R) were collected as inoculants in the greenhouse
for plant-soil feedback (PSF) test. Maize was planted in the substrate containing 10% inoculant
and 90% sterilized soil with the same physical and chemical properties. The sterilized soil
inoculum was set as the control (CK). For each inoculation treatment, two phosphorus levels,
50 mg/kg (high phosphorus, HP) and 5 mg/kg (low phosphorus, LP), were designed. After
maize was harvested, we measured the yield and phosphorus content in the shoots and
sequenced the soil samples to analyze feedback effects of microorganisms on crop growth under
different nutrient supply conditions. [Results] High phosphorus and soil feedback both
promoted the growth of maize. In the case of LP, the aboveground biomass of maize in the V,
N, and R treatments all increased compared with that in the CK. Moreover, the increase in the N
treatment (38%) was significantly higher than that in the V treatment (28%) and R treatment
(16%). The V, N, and R treatments showed no significant difference in maize aboveground
biomass compared with CK under the HP condition. The phosphorus content in the shoots of
maize treated with the three soil inoculants was significantly higher than that of CK in the case
of LP, while it showed no significant difference between treatments in the case of HP. There are
differences in the composition of main species at each treatment phylum level, N treatment
enriched more Proteobacteria and Bacteroidetes. KEGG pathway enrichment analysis showed
that the abundance of functional genes phoB, phoA, phoR, phnA and gIpR involved in
phosphorus activation significantly increased in N treatment. [Conclusion] The soil
microorganisms domesticated with cruciferous green manure could improve the phosphorus
absorption ability and promote the growth of maize cruciferous green manure enriched more
microorganisms and functional genes associated with phosphorus dissolution.

Keywords: plant-soil feedback (PSF); soil nutrients; soil microorganisms; orchard green manure
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2R 145 gkg, WHEA 6930 mgkg, HABE
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1.2 iRt

TE VY 7 R 2% B I P B 2 B T & AT AL ) -
TR AR . T IER A PR . RO
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FIAE R %F BE(CK) o B A A 458 1 70 Ak 28 45 1
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Table 1 The amount of fertilizer applied in each
treatment

TR JIE AL it FH
Element Fertilizer Input (mg/kg)
N Ca(No3), 4H,0 200.0

P KH,PO, 5.0/50.0

K K,S04 200.0

Ca CaCl,-2H,0 41.0

Mg MgSO,-7H,0 4.0

Cu CuS04:5H,0 0.5

B H;BO; 0.1

Zn ZnS0,-7H,0 2.0

Mo Na,Mo0O,4-2H,0 0.1

Mn MnSO-4H,0 3.0
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Average plant total biomass (g/plant)

HP LP
Treatment

1 FELEEXREBEME AF/NE
FAEFRIRAA] B 2 7] 22 7 {8 25 (P<0.05)

Figure 1 Aboveground biomass of maize under
different treatments. Different lowercase letters

indicate significant differences among different soil
inoculants (P<0.05).
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Figure 2 Above ground phosphorus content of
maize under different preceding crop treatments.

Different lowercase letters indicate significant
differences among different soil inoculants (P<0.05).
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Figure 3 Principal coordinate analysis (PCoA) of bacterial community structure based on Bray-Curtis distance.
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Figure 4 Relative abundance of main soil bacteria species (phylum level) under different treatments. Take
the top 10 species in abundance, and the abundances of other species are classified as Others.
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Figure 5 Comparison of relative abundance of soil bacterial genus under different treatments.
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Figure 6 Cluser heat map of dominant OTU of bacteria.
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Figure 7 Co-occurrence network of different processing sensitive OTUs. A: Bacterial collinear network
with different treatments. B: Relative abundances of the main modules in the root microbial network that
contain differences between groups OTU. C: Linear regression relationship between relative abundance of
differential modules and maize biomass. D: Genus-level composition of differential modules.
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Figure 8 Principal coordinate analysis of functional gene structure based on Bray-Curtis distance.
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Figure 9 Clustering heat map of phosphorus metabolism-related functional genes.
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FEPR B 40 T AT LURS I A AL P B8 -k K i e AL
0 30 e 7 A ) R R A A A B
AR R, (KBS B T 45 T AR
KER, (HIEA R T RE st g i [ e B,
AR EIITHEY KEGG &R &
B, FEMRBESAET , IS4 B A 8 rh B Y
MR INREFEE phoB . pstS. phoA. phoR. phnA
Hl pggA BIABXT i R R 1 K T A, &
HITEARBEIAEE T, FOKRAEAR KA w7 b 3 b B
Ko E R HAWIEAA I Re R bk, 2
fifi A I Hb AN AT 4 R A A AR A AR T L
W2 WL Y TC ML T 2

4 Zi

(1) TEARBEKF T, dh ARV 11 1Y 1
B R ER S T ERNEY R, H TR
BHEYIH S 901k 1) 1 SERCAE W) BRI ROR B b
R T, FOKRAERAE LS M- T R Ak
B RAK

(2) LEYIE A ALY CK b3
A s A B 25 5, N AL B A 2
] (Chloroflexi) . ZZIE T ] (Proteobacteria)
FIAFF# 1] (Bacteroidota), V AbFRH & 4 [ RE
W ) (Firmicutes)M12%25 1 | ] (Chloroflexi).

(3) A~ [w] Ak 3 () A0 24 AH OC 2y g 2 A B
AREER, N AR B = N 8 ¥4 G HY
REHEGEEE .
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