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Effects of various long-term fertilization regimes on soil microbial functional

diversity in tomato rhizosphere soil

ZHANG Enping, TIAN Yueyue, LI Meng,SHI Mao,JIANG Yuhan,REN Rubing,ZHANG Shuhong”
College of Horticulture , Shenyang Agricultural University , Shenyang 110866, China

Abstract: The effects of long-term fertilization on the functional diversity of the soil microbial community in tomato
rhizosphere were studied. The goal of study was to provide scientific basis and theoretical guidance for the regulation of
ecological processes in the tomato rhizosphere. In this study, soil was sampled from a protected vegetable field that had been
fertilized for 29 years in Shenyang Agricultural University, and 11 treatments were chosen, including a no fertilization
control (CK) , and fields receiving nitrogen (N), phosphate (P), potassium (K), nitrogen phosphate ( NP), nitrogen
phosphate potassium ( NPK) fertilizers, and their combined application with organic manure (MN, MK, MP, MNP, and
MNPK, respectively). Biolog ECO-plate methods were used to analyze the soil microbial community functional diversity.
The results showed that 1) organic manure significantly increased the content of soil organic matter, available P, available

K, and available N, the application of N fertilizer decreased the pH of rhizosphere soil, and the difference in soil physical
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and chemical properties was significant. 2) The application of organic manure enhanced the ability of soil microbes in the
tomato rhizosphere soil to utilize and improve the functional diversity of the microbial community. Among them, soil
microbial use of carbon sources and microbial activity of the MNP treatment were the highest and greatest, respectively.
Specific performances were as follows: (D long-term fertilization changed the soil microbial use of carbon sources. The total
utilization of six kinds of carbon sources was higher than that of single chemical fertilizers, and that of MNP was the
greatest. (2 In the six carbon sources, the utilization rate of amino acids was the highest, and the utilization rate of phenolic
acid was the lowest. @ Results of principal component analysis showed that there were 12 kinds of carbon sources with large
contributions to PC1 and eight for PC2 out of 31 kinds of carbon sources. @ Shannon index, richness index, and the
dominance index of fertilizer treatments were higher than those without fertilization, but the uniformity decreased. The
Shannon index and abundance index of MNP were significantly higher than that of other treatments. Based on all the results,

we concluded that MNP fertilization was the best and could result in higher rhizosphere soil microbial functional diversity.

Key Words: long-term fertilization; rhizosphere soil ; microbial community; functional diversity; Biolog
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1.1 a4

A - 3 B A BH AR M R 2 X R —— R i A T SR A /N X 3 /0N DXl A 30 T 48 A B o kT
X(41°31'N,123°24'E) , J& TAC IR 0008 KB e, T 1988 4R Tt 1< 10 88 e A it T 156, 1997 4%
At N RS EA T, BRI B )+ 4 (0—20 em) JRIRARALYEIR . A HLT 24.3 o/ kg Bl A 86.41
mg/ kg ; HALHE 70.80 mg/kg; BT 56.14 mg/kg;pH A 6.75, R DL IEA P & 54 33.6 ¢/kg; A (N)
9.20 g/kg; W (P,04)6.27 g/kg; &A1 (K,0)4.23 g/kg, ZSLE 2016 4E B ARG AYBE S N , Sh Al 46
9 5, AWFFEAE B S A 7 it AT 0 1) St e SR R E R AT SRR 11 N b BT LIS AT Y
CK X} HA AL F 5359y . N K P \NP NPK MN MK MP MNP MNPK, M Gt inA AL, N P K 435
FORE B B, RAEERENLIX AR, 3 REL, /MXEFR 1.5 m®, BA/NCHAL 0.8 m PRI TCIK K
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Table 1 Organic manure (M) and NP K treatments and fertilize quantity

b 538/ (kg/ith) IR/ (g/3h) W BERRES/ (g/ ) BRERE/ (g/ith)
Treatments Horse manure Urea Calcium superphosphate Potassium sulfate
CK 0 0 0 0
N 0 97.8 0 0
p 0 0 720 0
K 0 0 0 53.79
NP 0 97.8 720 0
NPK 0 97.8 720 53.79
MN 11.25 97.8 0 0
MP 11.25 0 720 0
MK 11.25 0 0 53.79
MNP 11.25 97.8 720 0
MNPK 11.25 97.8 720 53.79

N: & nitrogen fertilizers ; K : 1Al | potassium fertilizers; P : B Al , phosphate fertilizers; NP ; Z @ AL, nitrogen + phosphate fertilizers ; NPK ; % # £
AT, nitrogen + phosphate + potassium fertilizers ; MN ; 45 /L AL B Jifi &L AT , organic manure + nitrogen fertilizers ; MK ; 45 AL AT Bt jiti 4 AT, organic manure +
potassium fertilizers ; MP ; A H/LACECJiE B AT , organic manure + potassium fertilizers; MNP . 45 HLE Bt jifi 20 % I, organic manure + potassium fertilizers ;
MNPK . A #/LAE B jiti 2847 AL , organic manure + potassium fertilizers ; CK : AN HEAE , no fertilization control

1.2 HRBR IR SR AR

2016 4 7 H 25 H # A BLA R i A pk I S P IR RS gD AR R A s, AR BRI AR R
1 3 BIAR B + o TS RS I 0, — &5 53 T TARBRGAE YR DI RE AR MR RO AE | HER A3 T IR it PR AT
T=4%C; 53— M5 , T T B M B i I
1.3 WE ik
1.3.1 SRR B I E

WORT 4338 2ok 2 mm G, T RS BRALPE BT RO 2 . BT pH THIE T35 pH (B, K 16 2.5 1 B TR
PR R (AN ) I A BIL BT B B B RO D L R A a5 SRR T L (495 (0.5 mol/L
NaHCO,#2 £ ) I 7 B & 5 5 KHOGRE TS (NH,OAC 24 ) I E S8 0H & f
1.3.2  THIEMAYRe 2 HEPE B

K H] Biolog-ECO TVl i EAT I A= W DI REZ HEME I3 HT o FRIR S g i f A 8 T i B K BT ST v,
A 45 mL B K 0.85% £ BEEL K 3501 489% 30 min J&, % 3RS FORIEAT 2 R 10 [0 FE . B BRIl
PR B BRI 150 wl, EREEE BECO EHUN S , 76 37°C TR 7540 e 2555 57 168 h, £ 24 h
FI BIOLOG H Bhise4Cke E 7E 590 nm R Xt OB HE TN
1.3.3  Hflekb ot

AWCD ( average well color development) : Biolog-ECO f> V- i) B FLFE- S W YGAE , 7R 3504 Wi V& ik 5
PR EARRE D) .

AWCD = 3 (C, - R) /n

2, CONBTINSE 19 31 ABRIEFLIOGAE ; R ﬂvXﬂ‘jﬁ?Lfﬁj“éﬁ;n NRIEECH (n=31)
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2.1 RIS TRt A X AR s - SR A i B4 52 )

23 29 AFRYEELEREAT , AN TRIE AL AL BE A T AR P 1 8 pH XA 3525 5 W IR CK 9 pH fERROKR 28 7.37,
XF pH MY R EPERTLAHZ R N > P > K, #1382 ATLUE Y, 53R BLBT A 260, 280l 8 0 25 5 0
FRAENE A NS T B e, B TG, APUBINESS SRRV, B N P K ACX AR 1A P
A5 G W (HE S T AL R CK AR, Zead R A5 AL , B N AR BEAL, BirA Ak 3 A4 Al e 4
RO FHSCER  EH R TR AL 6T B CK, 25 A 3] 2 5 B 8, e 5 R IR 2,

2 KHREHEEAL BT iR R+ L BT R 200

Table 2 Effect on soil physical and chemical characters under long-term different fertilization treatments

e AHLBT R AL AL
Treatment pH Organic matter/ Available N/ Available P/ Available K/
(g/kg) (mg/kg) (mg/kg) (mg/kg)
CK 7.37+0.10a 26.10+2.10d 73.21+0.54i 39.10+0.10j 41.01+0.54;)
N 5.52+0.15¢ef 28.69+2.15d 70.39+0.15j 30.6+0.28k 34.33+0.23k
6.57+0.21b 31.68+6.65d 53.12+0.27k 45.66+0.37i 133.69+0.52¢
6.34+0.05bc 29.88+4.51d 89.51+0.16h 159.30+0.54d 48.59+0.34i
NP 5.60+0.22d 30.08+2.82d 90.95+0.37g 135.40+0.35f 50.67+0.24h
NPK 5.65+0.07e 28.69+2.39d 96.40+0.20f 138.56+0.45¢ 104.13+0.28g
MN 6.04+0.03d 51.80+3.84ab 130.14+0.20d 64.78+0.38h 125.99x1.76f
MK 6.58+0.21b 59.96x1.58a 109.67+0.25¢ 112.44+0.15g 270.24x1.21a
MP 6.16+0.07cd 52.59+1.03ab 172.36+0.17¢ 176.54+0.48¢ 146.44+0.99¢
MNP 5.39+0.13f 46.02+2.99b¢ 186.59+0.35a 203.39+0.85a 139.65+1.00d
MNPK 5.31£0.11f 44.23+3.16¢ 183.31+1.01b 191.40+0.53b 219.72+0.61b

[ — 3] b AT AR R 7 R RS 45 R 28 5 ANtk 3 (P<0.05)

2.2 KWPARRENiEAL AL RS F AR B 135 A0 5 AWCD {45317

B AR FE (AWCD ) f2 ZRAE 1S GIAE PR ER X IS P e U5 1) FH 58 55 A 48 A, AWCD {ELER K, 2% BH X e
PEFI A i B i S AR PR . S5 IR RS RERR 24 h 2 AWCD {E, 53] AWCD BT [a] 22 1L 4 2l
S, WE 1 ATLUE SRR AL BE e A AWCD {5 B 77 A ] 5 2 T4 v, BIDAS [) Ak B0 sl A= 400 A i R
FI L B WGOR . &AL BRAE 0—24 h N T3EAY AWCD (S AB] B 24/ T 0.1, 8 BB TR A R B i 2k 4
HETE I 24—96 h N WSR3 Mot g K i R 34 B E MDTa PR RE R . 5595 120 h J5 , AWCD {ELRf 3 5% B ] 11 2
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KK TZE, XRIH AWCD 7 120 h BT« $3,587 40, SR 120 h (IO CIEHEAT 20 BT e 5 52 H S 52 s

—e—CK —o—N —K —{—P —X— NP —&— NPK
—X— MN —+— MK —4&— MP —O—MNP —0— MNPK

PRI
Average well color development

0 24 48 72 96 72 120 168
43 WF ] Incubation time/h

1 KEAEEESLEFHSAHRETLE
Fig.1 AWCD of the soil microbial community in long—term different fertilization treatments
N &, nitrogen fertilizers ; K; £ AL, potassium fertilizers; P i, phosphate fertilizers ; NP : Z B AL, nitrogen + phosphate fertilizers ; NPK ; Z{ B 47
HE, nitrogen + phosphate + potassium fertilizers ; MN : & HLAE BC i ZUIE , organic manure + nitrogen fertilizers ; MK ; & HLAE EC 4T AL , organic manure +
potassium fertilizers; MP ; A HUAE B HEBEAL , organic manure + potassium fertilizers ; MNP ; 8 HLHEBC i Z BEAL , organic manure + potassium fertilizers ;
MNPK ; A HUIE D it A B IE | organic manure + potassium fertilizers ; CK ; /I, no fertilization control

FEREA R R e R [R)Ab BE AR WU VE 1) AWCD FEFERR B 25 5%, DL 120 h b AWCD M, B
MNP > MK > MN > MNPK > MP > N > NPK > K > NP > P > CK, {1F 0.266—1.155 Z[a], MNP &bFi i &, 0%
PRI ; CK ARSI, 1 MR 55 . Ok E | i A P AR B T Hi TTH LR AL B
2.3 R HIAS ) it A Ak B - SRR AR A U R AR AE

AN R AL P AR B SRR MR 6 ZRBRIF SR FRR BE () 20 BT ol 0, 1E 6 il b, 0 R 28 ik R
Hfe 1t YRR IR A BB Bk, KU BRI SR A WS HER S RIS B> R . i ife
IR A2 R P8 500 127 DR A it A %) e B 0 B S0 it IS el 72 1 = b ek R B R BE o Bt AILAE A B 1y
AT 6 2R IR A AR B T A AL AR AL R L MNP P 3 B . MNPK NP K &b P 4 e fi A= ¥y %
R WIZETRIR A A FHBE 7 5 s MNP b - SEARA 1y ok 173 19 28 R B8 45 W I e U 00 ) P BE 7 25 v s MIP Ab 3L
SR W SR R IR 4 ) B 45 5 s MK NPK &b B - S350 A o %) 2 B T80 28 0 3R 0 2 e U 1) A1) )
AIE 7785750 3 MIN A - S 6 A 0 %ot B B 1 286 0 e IS DAL 1 R FH 6 0 e v 5 P AL B 1) R A0 2 o o 48 T S Wk DR
(A I BE T35 8 5 N A3 ) - 3000 xS R S RO S s i R BE s . (181 2)

2.4 SRR ARE Y R b

FIHREFE 120 h B9 AWCD {5, X5 0t I - S5 G 2B W ) H B0 — B A e P A T 32 o040, 7 31
TR 6 A WA, BT 22 5Tl RIA E] 76.013% , HA S —F A4 (PCL) FIRFIERR R 12.76, 7 2% 5Tk
R 41.16% , 55 . F WA (PC2) RHEAR Jy 3.40, 22 0THkR R 10.97%, HAx 3—6 s 77 25 sTiik R 1y
/NF 10%, BEEL PC1 1 PC2 AT AN [R] it AT A BT e imi A B = 398 ol A i 5 AR) P15 0., A [ i A Ak H ) i 58
FIHBESTE PC o 22 R B3, CK N K {7 T PC1 ¥, PC2 1 vy , 33X L6 kb FRAR B - 58 9 Sl A 40 %o sk T ) )
FH77 R LB ; P MNPK 37 T PC1 i, PC2 TF 3, MK i T PC2 1E 3 ; I HAZ PC2 b 19 B IE S M 45
K3 MN £ F PC1 1E%;, PC2 s, B HZ PC1 b FERRIFFZ MK ; MNP 7T PC1 1E %, PC2 IF %, [F]
if3Z PC1 A1 PC2 b FRERIFA M (E 3) .

25500 31 PP IEAE PC1 PC2 b Ay (EL, AT {088 2 22 7 X6 Bz e U X = B PR 52 T 27 . e 3R
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Fig.2 The overall utilization of six kinds of carbon sources in different treatments
N: &L, nitrogen fertilizers ; K : il , potassium fertilizers; P BT, phosphate fertilizers; NP ; Z B I, nitrogen + phosphate fertilizers ; NPK . 2 B 7
JI, nitrogen + phosphate + potassium fertilizers ; MN . A HLAEBCTiti &AL , organic manure + nitrogen fertilizers ; MK ; A HLALECH 47 AL , organic manure +
potassium fertilizers ; MP . 45 HLARBC i B AL , organic manure + potassium fertilizers ; MNP . 7 A/LAE B its 205 AL , organic manure + potassium fertilizers ;
MNPK . A HUAE B it 854 A, organic manure + potassium fertilizers ; CK ; ANl , no fertilization control
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Fig.3 The principal component analysis (PCA ) of soil microbial biomass carbon metabolism in different treatments
N: &, nitrogen fertilizers; K : F7 AL, potassium fertilizers; P ; A, phosphate fertilizers; NP ; Z BN nitrogen + phosphate fertilizers ; NPK; R
A, nitrogen + phosphate + potassium fertilizers ; MN LA HLAC B i Z A ,organic manure + nitrogen fertilizers ; MK ; A #/L A fic i 21 A ,organic manure +
potassium fertilizers ; MP . 45 HLARBCiE B AL , organic manure + potassium fertilizers ; MNP . 7 A/LAE B jits 085 AL , organic manure + potassium fertilizers ;
MNPK . A ALAE AL jiti 2 B 47 | organic manure + potassium fertilizers ; CK : ANJifi It , no fertilization control

AL e [ >0.4 3, %8 PCT STHRORABRIEAT 12 B, EEALFRREZE 4 Bl ZHEMR 3 Fh RIRZE 2 Fh, TR 1
Foft B2 2 s X PC2 STBRER A 8 il RBLALFRHEE 1 Fh JRIRIE 4 B, G W) 2 Fh BRI 1 Ff,

http ; //www.ecologica.cn



14 34 SR S RIS TRIIE HE T 78 30 AR P - S ol A W D) BE 22 HEAE A 5T 7

*3 AREREFMELE PC1 #1 PC2 LRI FE

Table 3 Correlation analysis of different carbon source utilization with PC1 and PC2

WIFEF 2 (Carbon source) PCl PC2
#52% Carbohydrate D,L-a-Hil D, L-a-Glycerol 0.749 —
D-2FZLHE A EE D-Galactonic Acid y-Lactone 0.648 —
TN - 1-BEFREE Glucose- 1-Phosphate 0.635 —
D-AHE D-Xylose — 0.732
N-Z. I 3E-D-# %% N-Acetyl-D-Glucosamine 0.504 —
RIEMIE Amino acid L-ZFEN AR L-Phenylalanine 0.696 —
L-22Z i L-Serine 0.436 —
L-RABENERR L-Asparagine 0.474 —
FRRZE Carboxylic acid D-# % MR D-Glucosaminic Acid 0.794 —
a- T HR a-Ketobutyric Acid — 0.770
KEEFR Ttaconic Acid — 0.706
D-2EFUERERR D-Galacturonic Acid 0.474 0.539
D3RR D-Malic Acid — 0.543
RE WL Ploymer HFHE Glycogen — 0.660
a-FF A a-Cyclodextrin — 0.463
3R Phenolic acid 2-F2F#H R 2-Hydroxy Benzoic Acid 0.704 —
4-FREFEF R 4-Hydroxy Benzoic Acid — 0.490
JieZE Amine K L3 Phenylethyl-amine 0.760 —
JE&E M Putrescine 0.434 —

Zif LRSrHr  #E PCL b MN MNP A3+ IR D, L-a-H il D-2FZU0E N e 82505 1-BE e £k N-
CBESE-D-H e | L- AR EE N IR L- 2228 | L- KA BENGIR  D-#i A R | 2- % R IR 2R S e Al D-2f
FUBERE R 1Y R I RE S %58 . 7E PC2 |, P NPK NP MK MNP AbBE -+ A Y f D-ABE a- T EER A MR
D-PFLBERERR | D-F R IR B a-PR=UBIRG A1 4- B R YRR R T RE /00, (3R 3)

2.5 RIS [ it A Ak 2R 01%) 35 9 AR B R0 W I AR R B i

FIFHEEFE 120 h /Y 31 FERIE G AWCD {H, XA [a] it AT A 8 14 35 7 AR P - S s A W0 ol e 2 R 1 B A R
B(H), F& BERE(S) AR (E) MU EERRE(D) TR 0, 5 R Ak 4 B, R IRATAT
DAF it AE e A A R A e A HE 25 T B R ORI S H8 5503 = T AN A A Ak 3 AR R A L 51 R R

R4 TREMELLET LEREY SHMEIEH

Table 4 Diversity indexes of soil bacteria in different fertilization treatments

Qb B FRIGE ER9L T B BER 4L R EL
Treatment Shannon index (H) Abundance index(S) Melntosh index(E) Simpson index (D)
CK 2.38+0.07f 10.33x1.53f 1.02+0.04a 0.88+0.02d

N 3.15+0.06d 24.00+2.65d 0.99:0.02ab 0.95+0.01bc
K 2.89+0.02e 19.000e 0.98+0.01b 0.930c
P 3.23+0.03bc 25.67+3.21bed 1.00+0.03ab 0.95:0ab
NP 3.28+0.02ab 27.67+0.58abe 0.99+0.01b 0.960ab
NPK 3.19+0.02¢d 25.33+0.58¢d 0.99:0.01ab 0.99:0ab
MN 3.25+0.04be 27.33+1.53abe 0.98:0b 0.98+0a
MK 3.30+0.03ab 28.33+1.53abe 0.98+0.01b 0.99:+0a
MP 3.25+0.3bc 26.67+2.08abed 0.99:0.02ab 0.99+0a
MNP 3.33+0.02a 29.67+0.58a 0.98:0b 0.98:+0a
MNPK 3.28+0.01ab 28.67+0.58ab 0.98+0.01b 0.98+0a

[6] — 3] b HAT AR R 7 BRI 45 2R 28 5 A ik 35 (P<0.05)

http ; //www.ecologica.cn



8 S % 38 &

50, Pt S S8 5 1 A AR s - B A 0 1 o SR L R 38 o - S Al 2 Ay 1 e VR R T R T R T B L 1 e
P S BBER ST BREE SO MR R ) B2 AT AL Acb B A = o 2 8 80 ol s T R T S Ak B, G A 5
(RIS AR A A8 ) 7E 2 R A HUIC - 3cA B3 25 5% . K NP NPK MN HI MNP &b 3 i)
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