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Effects of microbial agents on nutrient and bacterial community
diversity in rhizosphere soil of eggplant cultivated in facilities
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Abstract: [Background] Continuous cropping and excessive application of chemical fertilizers of
eggplant in greenhouse cause a series of soil quality problems such as imbalance of soil nutrients, decrease
of microbial diversity and serious soil-borne diseases. The application of microbial agents can improve soil
environmental quality. [Objective] To investigate the effect of microbial agents application on the soil
nutrients and bacterial community diversity of eggplant planting soil. [Methods] In the Dahe Experimental
Station of Hebei Academy of Agricultural and Forestry Sciences, the microbial agents containing
Trichoderma harzianum and Bacillus megaterium were used as fertilizers for eggplant planting in
greenhouse. The soil nutrient were detected by traditional chemical methods. The number of culturable
microorganisms in soil was measured by dilution plate method and the bacterial diversity and community
distribution in rhizosphere were determined by high-throughput sequencing on PCR-amplified 16S rRNA
gene V3-V4 fragments. [Results] Compared with control group, microbial agents treatment increased the
nutrients of rhizosphere soil in eggplant flowering and seedling-pulling stages. The total nitrogen,
alkali-hydrolyzed nitrogen, available phosphorus and available potassium in the soil of microbial agents
treatment at seedling-pulling stage increased by 13.85%, 21.07%, 31.51% and 55.94% respectively
compared with that of control. Application of microbial agents changed the quantity and composition of
culturable microorganisms in soil. Microbial agents increased the number of bacteria, fungi, actinomycetes
and the proportion of bacteria and actinomycetes in the total microbial number. The Shannon index was
higher and the Simpson index was lower in microbial agents treatment than that in control group.
However, ACE index and Chaol index had no significant difference between microbial agents treatment
and control. The results indicated that microbial agents can increase the diversity of soil microbial
communities, and have no significant impact on microbial community richness. Analysis of microbial
communities of soil treated with microbial agents or not showed that microbial agents treatment increased
the content of Xanthomonadales, Rhodospirillales, Sphingobacteriales, Bacillales, Cytophagales,
Pseudomonadale and decreased the content of Burholderiales and Flavobacteriales in soil. The application
of microbial agents could promote the vegetative growth of eggplant and increase the yield of eggplant by
18.52%. [Conclusion] As a new type of environmental protection fertilizer, microbial agents can improve
soil nutrition, increase the number of culturable microorganisms and improve soil microbial diversity. The
results provided a scientific basis for the rational application of microbial agents.

Keywords: Microbial agents, Eggplant, Soil nutrient, Culturable microorganisms, Bacterial diversity
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Table 1 Effects of microbial agents on soil nutrient contents in different growth stages of eggplant
b3 AL g i AR B pH

Treatment Organic matter (g/kg) Total N (g/kg) Alkalide N (mg/kg) Available P (mg/kg) Available K (mg/kg)

P 7-FP 24.62+0.89 2.4740.17 201.78+20.68 154.18+10.43 451.60+48.21* 7.2140.23
Microbial agent-FP

X} HE-FP 25.83£1.43 2.3440.12 198.12+15.27 143.68+14.87 269.00+£39.25 7.26+0.18
Control-FP

I 7I-PP 25.43+0.67 2.63+0.18* 226.14+16.46* 157.07+£15.64* 352.90+29.40* 7.2440.18
Microbial agent-PP

X} HE-PP 24.89+1.12 2.31£0.15 186.77+18.33 119.44422.45 226.30+£36.57 7.3440.14
Control-PP

TE: WR-FP: JFAEMIBRIAL B XFAR-FP: JFAEWIXS B BE5RI-PP. S BUBIE AL 2 s X RE-PP . FUBUUIX AR [A]—31] >
PR [A) A T B G R b BRI BEORH Ho A7 A f 2 2% 5 (P<0.05).
Note: Microbial agent-FP: Microbial agent treatment in flowering period; Control-FP: Control in flowering period; Microbial

agent-PP: Microbial agent treatment in pulling period; Control-PP: Control in pulling period; * in the same column indicates that
there is a significant difference between the bacterial treatment and the conventional control for the same growth period (P<0.05).

R 2 TERAMEYETM G FREDIEAIERBEY R R

Table 2 Effects of micriobial agents on the culturable microbial indicators of eggplant rhizosphere soil

ST WUEM BB AU Bacteria FLI Fungus JELA Actinomyces

Treatment Microbial K F 451 B 1] B il
amot;nt Number Proportion (%) Number Proportion (%)  Number Proportion (%)
(x10"CFUIG) (107 cRUYg) (x10° CFU/g) (x10° CFU/g)

F#77)-FP 87.02 80.3+4.8*  92.27 184+0.6*  0.04 67.0+7.8%  7.69

Microbial agent-FP

% HE-FP 16.25 14.4£0.5 88.62 10.7£0.8 0.06 18.4+16 1132

Control-FP

F#77)-PP 7.69 6.4+0.6 83.22 4.640.4% 0.01 12.9+06*  16.77

Microbial agent-PP

% H3-PP 5.98 5.240.8 86.95 3.30.7 0.01 7.8£0.7 13.04

Control-PP

W EF-FP: JFAEM R AL WIE-FP. JFAEIANT IR RE50-PP. R AL XHE-PP. RIRUINTIE; *FOR W —4 E
R AR RO R MO AT 35 2 57 (P<0.05).
Note: Microbial agent-FP: microbial agent treatment in flowering period; Control-FP: Control in flowering period; Microbial agent-PP:

Microbial agent treatment in pulling period; Control-PP: Control in pulling period; * in the same column indicates that there is a significant
difference between the bacterial treatment and the conventional control for the same growth period (P<0.05).
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Table 3 Effects of different treatments on soil microbial diversity index

Ab3 ACE 5% Chaol 54X FE RIS FARIREL
Treatment ACE index Chaol index Simpson index Shannon index
3% Microbial agent 6 059.72+223.94 5676.54+175.84 0.005£0.000 2* 6.63+0.10
X H& Control 5 863.37+£202.63 5 876.06+255.83 0.007£0.000 3 6.47+0.10

1 [Rl—F o A 2R B A BRI B AT FLAEAE B 25 57 (P<0.05).

Note: * in the same column indicates that there is a significant difference between treatment and control (P<0.05).
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Figure 1 Cluster analysis of OTUs between different
treatments
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A Microbial agents
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Figure 2 Changes of soil bacterial communities and content in microbial agents treatment (A) and control
treatment (B)
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factors and bacterial community diversity
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Jit P AT A b s v mT B SR AN L R . B
MR, 0 Hr A R R A 1 o5 B el A P i i
PO B, it P e 0 T 5 AT LA 8w A 7
TR o b, BRI & b, (Rl
Y2 MRS, LI Y PR B R
Sl AL E R S T RAFREART . A RE S
ARSI, A P i) + SR e i Ak P RE A e

Table 4 Effects of different fertilization treatments on nutritional growth and yield index of eggplant

AbE s LA MR R A i
Treatment Plant height (cm) Leaf area (cm?) Chlorophyll content (g) Yield
TFAER A THAE# A TFAER A (kg/hm?)
Flowering period Picking period  Flowering period Picking period  Flowering period Picking period
il 51.01+5.57 92.33+4.62* 165.23+14.84 185.42425.12*  55.81+2.11* 48.94+1.89* 2 833.46+89.66*
Microbial agent
papilst 55.67+3.21 84.33+2.08 162.95+18.24 152.44+18.23  51.81+2.11 43.21+2.32 2 390.83+83.28

Control

1 [Rl—F Hp A 2R B A BRI B AT FLAEAE B 25 57 (P<0.05).

Note: * in the same column indicates that there is a significant difference between treatment and control (P<0.05).
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- SE A . R G Y S R, 42
5 2 B RIS T o TR W BB B, AR AR
AR Ry LR SRR HAB RS 2
B, ZREAH . KREEEE S MY TER X E
FE 5 GURTRZS (], AR - SR U W RS R
M, BRRS R BBE Y AW E . SRS
RGEHilE . (R K 2 R,

FEXF T Al 85 FR UE YR UL, R A 1llumina
MiSeq AN T3 W) Z A #E T4 A e 8
Sy A M R e - SR W ER R G e B, AR
ST T AR PR R A FRATT BEAR PR S R M Y
Shannon. Simpson. Chaol F1 ACE #5 %55 Z k1
Bhn ., RIAEY RN EIEE AR ENEES
B, BERERS T HIEMAEY 2, HAo
DR W3] T AR 2583 gk — 2B A
o3RS RE T WL B B 8L B
6 MKV EMAEYMERN 2SS, KRR+
e i S AR M RN IR ACHR R . N H OKAF 41
B 281 7] b 35RO B A T E D A ORI, PR b 3
FEHRT 1% B 17 4, Hd 15 ~HAM
W], fAE AL PR HE A ET 5 AL H by
4 SHB GRS i HAE R H R B,
AR W R A B R R T MR E
(Bacillales) . £F 4% ™ B H (Cytophagales) . i .
It 5 H (Pseudomonadales) it H. 7], XS p# H A L
A iim N E, ABFFHAEY R TR B R
& T 4471 H (Bacillales), % H s+ 5
() 15 0 AT fg 55 A 5 e R R S A K iR 2 AT B A
Ko RDA SR, RIS I S5 E
PFEEEEMX, &5 LENER . AVUR. A4
RO, AR, A R R R,

Tl A T 3R it FH T 8 5 R AR KR i AR
LA B0 A 52, A 0 TRt FH - R AR S A
KA A R ARk R RS AN R, AR
B e B2 e B Sk B B AT BB BT AR
AR THFESR A3 A D TR R i 5% o0 LA
TR, M A E SRR AT AR K B, 5

FeoriB WL AL FEX AR O T AR B T
RS Dcas IR A5 3R et H R B SR OLR 1Y
AR, T Tl A AR A — A B 0 B SR IR
S
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