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Interactions between genotypic number and nitrogen addition on soil microbial

communities in the population of Leymus chinensis

XIN Xiaojing, LIU Lei, SHEN Junfang, ZHAO Nianxi®, GAO Yubao
College of Life Science, Nankai University, Tianjin 300071, China

Abstract: Humans continue to transform the global nitrogen cycle at a record pace, through an increased combustion of
fossil fuels, growing demand for nitrogen in agriculture and industry, and pervasive inefficiencies in its use, all of which
has large impact on the health and processes in terrestrial and aquatic ecosystems worldwide. Studies on the effect of
nitrogen addition on plant community showed that as the nitrogen input increases the biodiversity losses. Loss of biodiversity
and increase in nitrogen inputs are two of the most crucial anthropogenic factors driving ecosystem processes. Both of them
have received considerable attention in previous studies; however, information about their interactive effects on ecosystem
function has been scarce. In particular, knowledge of how they interactively influence soil microbial communities and
functions has been incomplete.Soil microbial communities can be affected directly by variations in the type, complexity, and
amount of organic matter input to soils or indirectly via changes in the soil environment (e.g., soil moisture, temperature,
and pH). Changes in any of these factors can influence physical and metabolic niche diversity in the soil, and therefore,
may affect microbial diversity or composition. In recent years, the growing research has shown that genotypic diversity of

dominant species has similar ecological effects as that of interspecific diversity in smaller species and relatively fragile
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ecosystems. Different genotypes vary in a multitude of traits including, but not limited to, growth rates, secondary
metabolism, and physiological processes. Moreover, such variations have been shown to influence associated species (such
as other plants, herbivores, soil microorganisms). Although only a few studies have tested the effects of genetic diversity on
soil microbial communities, a few studies have shown that gene diversity in Populus may affect soil microbial communities
and soil processes in ways similar to species diversity.Not only the number of species but also the density of the same species
or genotypes decreased because of severe degradation in some areas of typical steppes of northern China. Atmospheric
nitrogen deposition played an important role on plant diversity and soil microbial communities in the process of grassland
degradation. Nitrogen addition has been proved to lead to a large reduction in species richness and loss of perennial grasses
in mature communities of Inner Mongolia grasslands, and it was found that it reduces microbial diversity (e.g., functional
diversity) in a semi—arid temperate steppe. In the present study, the effects of genotype number of Leymus chinensis,
nitrogen addition, and their interactions on the content and community structure of soil microbial communities were tested.
The results are as follows. (1) Nitrogen addition had significant effects (P < 0.05) on bacterial phospholipid fatty acid
(PLFA) content, Shannon-Wiener diversity index, and Simpson dominance index. (2) The number of Leymus chinensis
genotypes had no significant effect on observed variables (P > 0.05) , but the interaction between the genotype number and
nitrogen addition had a significant effect on bacterial PLFA content and fungal to bacterial ratios (P < 0.05). These results
provided the scientific data for the effects of nitrogen deposition and decrease in population size of important species on soil
microbial community, and the exploration of community dynamics in a typical steppe of northern China in the context of

global change.

Key Words: genotypic number; nitrogen addition; microbial communities; Leymus chinensis
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BHNEZ —, W Zavaleta FELENN AR JE W F 5 A Yy OR3P X HEAT T 8 3 4R M BT AU DT S 30, 405 SR R L A(UT
AR A8 S5 6 X AL i 2808020 5% 1 5 Schmid 5560 — 57 JEUAE T AL DL 08N 1) S 6 R B0, U 5 ke -3 B
1 RS ELESH R Re & 2R AR B

Wt 25 TV AL 2 R A A | 398 B ) 2 R bk B LT BB S AR % A AR A6 — D T T AN
TR (R i A S A DL Y | 52 2 P R i AR [ T 2 5 it T Bl R 5 o0 — O T, L)
PR At b A= Wik AR ZR R B LA B MR L B TR] (Aol A ) 28 e ] A S M 2 o 1 SRR 05 A 8 TR
pH 45 DT[] 4252 )+ SRR W REVE ™ o AR FEW RN D ARG RS R G, Y AL A 2
FEPERIL R S N DR ZREVEAR Y AR S T RE B 2RSS, A 55 55 /0 B R RS A AR AL i R RE AR L, 2236 K
AL TR RESE o b 3SR Gk 7= o BN b, 358 R (W 2 ek i S 5 0 e A AR R
TR R AT -3 e 7 A 5 e R BIE S DU I IS A2 Schweitzer S5 A58 & 3R, B A% ( Populus ) &
PRl R o, - 48 Bl A A 0 i AL L S B 8 A ST R g R P 22 R P R A - O R U 5 1 T R R
HR,
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VERIWRGE I FE AT 2 g RA A (RTRE T G BB R ) (s o Ly AR R EGR A O
AWFFEUESE R AN T BOHE 7% I RE T 5 (Leymus chinensis ) F R (Stipa grandis ) 55 2 4F 42 R F 8O [
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FRAE R NS R AR 2 —  HA SR GE N PESRERE AL D3 Ah, FRAE R ZERUOR B SE
T A BT, H AR SR R TR I TP RE R BRI ME I A AT A B, A [ R R AR S R g IR
[AAFAE AL (A5 AR AR S0 L T AR 5 B G A i e S e 3 4545 ) | ELX R oAb LA st A% 3l >
Z BN 2H & S RS R I A 7 KL KT T 905 A AE TE 2800, , % T 2800 S 3222 sk 1) 2 25 0L T4 i
Z I A A E AR 2 BRI ARG DA T2 X S A A 2 O A ST G2 A A [ S R R A A 1 S
FRHE 3 B AR R TR 78 N TR S50 PO R B A H ARSI L R e AT 28 AR FI O 2
T AE W RETE A U EEA R . DUITE KRR AT S A 5 1, 31T £ 5 (Leymus chinensis ) Fh#E
BEDR R 2 REPEAE DR PN Sty il S R e Jot L SRR W 2 M Dy T BV . FRATTE ARG TR LU R IRl (1) o5
PR RUES H G A+ A MR T B 2 I S B AR SR AR S R 0 5 (2) AN I aner s e - SR A MR TR 1 B i
FEPE ; (3) B BE DA B ER E RIS I8 52 A FH 2 75 s il L e B e v i) 2L S 54

1 #EFFEE

1.1 SEEephk

ARSI BT FH AR08 2010 45T PN 52 iy B AT e i on] E04 10t 70 05 Jird Y SRR 4 14 S w3k | R FH ISSR 43 T
IL(AG),T HI(CA) (A B ANFIZERBIEAR ™ g5 . TEARRZAF T 535, B LR, 8 i AR ZE o %
S SR Al — LR B KB, 2014 4E 6 A 19 B, FIIFH X B E B BEDEF TS0 56
1.2 SERTTE

ARSI R W R 2 =K P REHLSE B 1, LR — /I, & TR (NO) MIREUA in (NL) K & /iR
JNONH) ZAK I R R e R R H ARG BAIE R AL (G IR ( G2) e PUFE R B ( G4) =Fp LA
RO H 04, JEMIEE o FRALBR A SCIGFIRE . 7F ELAS 19em BYBRI LA 2.5kg AYRD £+ H1 509 PN 52 iy LRI AE
JE DX S e D A A a5 S i - 4 B A i B A 4 AR SR R RR A BE L AR SIS L 9 R R AL R A
BEFR RS INAE T | B AR PASLIR R (G 1) 9 2, HHSL R UL A (G2) 5 7, USEL IR A & (G4) 3 75, 3L 17 4,3 Fb
RININALEL L 51 2% BRI & a0 36 1, BEaR K2R B3R A0 43 BEGE — L BRARZE 1 DL LR 70 4 5 3F
Frpric BT A E R 15em, HU R AR KN 10em i B3R F 508 4 B, XA 1 NSt A04
BEFHIAAE

®1 FHARFAAEERASHK

Table 1 Genotype combinations in the present study

FROIE A H e IS B Ry

Number of Leymus chinensi genotypes Genotype combinations

HLEER T Mono-genotype Y18; Y24; Y1—8; 3/8; 3/25; 4/6; Y24; Y1—8; 3/1

W3R B2 4 Combination of 2 genotypes Y18,Y24; Y1—8,3/8; 3/25,4/6; Y24,Y1—8; 3/1,Y1—8

PUEE R BIZH 45 Combination of 4 genotypes Y1—S8, 3/25, 3/8, Y24; 3/9, Y18, 3—32, 4/6; Y18, YI—S8, Y24, 3/8
ANISE R G o5 B

Zoat — B AR 2014 45 8 1 13 H X SE IR T 2 IS InAb 28, JE A (NO) ARZUA i (NL)
FE AN (NH) S48 452543 5 0 mL 10 mL .30 mL 0.0125 mol/L NH,NO, & , #%424F 52 J&H8E, &)
o7 Pt SRR A3 0.6.42 .19.24 ¢ N/m*/a, i RARES HRST EHE K455 i VERsh ; AL it 4 16
W, SEEIAME], R R RITE (10 = 2) % 2247, B Wt NH, NO, % W A1, JCHAWE F2 00, o 1R 25 2%
B TG e R RN P A5 e 5 BT A ML AR TR DA S RN, 2014 4F 11 H 28 H YR ERE AL
07 1) R VR AR R 4, S R B AR 1 mm 0, B BAEP IR RAR R 5 T -80°C WK R IR A7, H T L3 E M i
NERE T2 (PLFA, Phospholipid Fatty Acid) 2E#ARiC 3 .

AHFFE K T RE i 7T ( Phospholipid Fatty Acid, PLFA) ¥R A1 S AL 1k %) 47 + 3084 ¥ PLFA A4 Wb
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TOHEIC, R AT B 5 4371 ( Agilent 7890GC 5975MSD) #E4T PLFA A= IkRic 48 85 B s> % €, —
Cop Z M4 B (1 PLEA A bR dE A7 & 13 IR AE 0 217 Hodh  RAEAN A (90 11401150, 16
lo7c.al6:0.i16:0 cyl7:0.i17:0.17:0 18 lw7c; F2AF B} 18:206,9¢ .18 1097
1.3 HdEawr

PLFA AEYbrid & A AR .

PLFA (nmol/gDW )= (PPLFAXSXV) +( POSTDXDXRXWxM)

A, PPLFA F1 POSTD 53 5l &6 S AR AEY) BT () WA T AR, S A N AR R E ) BT 0V B2 (ng/ L) , D A B
B, R NN BUREL, V AR S B ERFR (L) , W N T (g DW) , M HAHREE) PLEA FIARR 31 i de

PLFA AEYIbRid A 522240

TR BN 2 FEEFE B ( Shannon-Wiener diversity index) "' ;

H=~ % plep,
S AR (Simpson dominance index ) P
D=1-3p

A, p, 5 i B PLEA AEYIBRICTERE i b AR 55 5 40 1

HERE S PR BRI B B —Rp e PLFA ARIC 1 50 A 01 AEFF B TRRFR T34 5 (] 19 Jaccard's A
PERE, I T AR UE R B UPGMA JREIET Gt i rPR I 2 119 PLEA AR W05 10 SO SRAE A0 T
HFRIRSP N PLEA LEWIFRIC RIS

I TASBIFSE v 4% ik B ) o N5 DRI >R TR 6 2R MRS L ( Miixed model ) XU PR 2R J A Sk A6 30 = ik [ Y
B AL N0 A8 BHAE X+ 5 U Re v 40 UM 4549 (PLFA &\ 3 , Shannon-Wiener 22 FEPEH8 4L .
Simpson L 40 PLFA EYIbRic &, EL# PLFA EWIbRic & &, ELEE/ 4078 L) LSS 45 3] /9 28 B ks
ICMPRE R FENE |, 5 Rk DB AR AS I [ 7 1~ %300 2R 20 Ar o ks I 1 52 58 BT T W 35 52 0
RS | E— 20T TR BN M, R FH LR 2R 5 229 MT (one—way ANOVA ) Duncan K6 56 38 A6 I AH [=] 14 2075
(R ) ST RV H (CRANIN) J& 75 X2 B F- BB 00 2 5 TR A2 B — PR 3R 3 5 il 1Y) 28
i, PR R 2 5 25381 (one—way ANOVA) Z 5 FLH Duncan #6596 514G A [] b PR 75 X 122 4% 1 )
PpEma 2 LA REEE e AR SPSS21.0 Sk, 1R HEAT GE TS 36 22 iy 0 B R4 T e 45 LA A2 12570 A1 Al
T 22551k

2 HREHS

2.1 A[FAFET 54 Y PLFA AEYbRicfhs

X} C,,—C,, PLFA AWniciff 141t , 245 8] 41 FAEYbRIL, BAHE G H A3 81 5 —15 FF PLFA A= 9%5
e, H AP AR E A N DU LR T A (NLG4 ) AbBEZH B — 3 A i rP A U 2 19 PLEA A= ¥0bmic fse /b, 1 G 8008 Jn i
PRIFUZH A (NOG2) ZbFRZH [ — o E S b G I B 1Y PLFA ZEWIFRIC I 2 . A ATA] PLEA A= 0b5ic b 90 1E i
e, HA R PLEA A 9FRic, 160 F1 18.0, 75K T 45 et b gids i 2, Hirr 16,0 7EJC AU i H
IR (NOGT) ARSI LI Y (NLG1) FITCE A I 3 R 20 5 (NOG2 ) 18— B4 i o R B R I 2], 177 18
0 FEARAR N2 FL N BIZH & (NLG2 Fl NLG4) £ —AFE S AR A R, A 8 F PLEA A WbRic AU — N HE i
TR E] (% 2) .

XA AR FAS B /Y PLEA A WIFRiC AR BGHEAT 70 A, A BLEL PLEA A WFRICFI R 7328 PLFA A ¥)h5id
TEALBRIE] TG i 5 25 5% M40 B PLFA AEW0ARiC AL PLFA A= 4ric fEAb B ] 22 2 B 2 (P < 0.05) , 4ilH
PLFA A=W bric F 28 5500 i 1 1 7E JC 200 Jon 0 3k PR R4 5 (NOG4 ) Ab 3L, 8 35 35 T v 2008 o B ik [R) 7Y
(NHG1) FMR AN £ B I A (NLG2 I NLG4A) ZbBRZH ; T B PLFA AEWIARICTE = AN BAL RLH 8,
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F2 51 TEERPENSBEIR PLFA £MFRIEFER AEER
Table 2 The type and classification of PLFA biomarkers detected in 51 soil samples

PLFA NOG4 NLG4 NHG4 NOG2  NLG2 NHG2 NOG1 NLG1 NHG1 E’;ik cmiﬁ on
1140 110 110 11 11110 00000 11101 111001101 010111011 101101111 34 i)
i15:0 000 000 000 11100 00000 00000 000001111 000000000 000000000 7 |
16:107¢ 110 100 111 10111 10010 11111 101001011 011111001 101101011 34 k)
al6;0 000 110 000 00000 01101 00000 111100111 100000000 000000000 13 k]
1160 111 000 000 11110 00000 00000 000000001 111100000 000000000 12 i)
eyl7:0 111 000 000 00001 00000 00000 000000000 111100000 000000000 8 1A
i17.0 000 000 000 10110 00000 00000 000100001 000000000 000000000 5 |
17:0 011 100 000 00000 10000 00000 001000000 001101001 100111001 14 ik
18:1w7¢ 000 000 111 00000 00000 11111 000000000 000000000 000000000 8 k)
18:206,9¢ 000 000 110 11001 10001 11101 111111111 100111110 111111111 35 T
18:109c 010 110 111 01000 01010 11111 100000000 000000000 011101111 2 HH
140 000 o011 010 11000 01011 00000 100001000 000001000 100100010 14 Ko
al4;0 000 100 000 00011 00000 00000 001001010 011001000 000000011 11 S
9Mel4 0 000 000 110 10000 00000 00000 000000000 000000000 000001000 4 Aok
150 111 110 011 00011 11101 11111 000000000 111111111 111011111 35 Koy
11Mel6: 1wSc 000 000 000 00000 00000 00010 000010000 000000000 000000000 2 Fes
10Mel16:0 000 000 000 00000 00100 00010 010000110 000000000 000000000 5 e
160 111 111 111 01110 11111 11111 111011111 110011111 1111111 46 S
10Mel7; 1a7c 010 000 000 01000 00000 00000 000000000 000100001 000001000 5 e
9Mel7:0 000 000 000 00000 00000 01101 000000000 000000000 000000000 3 Kook
18:306,9,12¢ 110 000 000 00101 00000 00000 000000000 000000000 000000000 4 E N
18:303,6,9¢ 000 000 000 00010 00000 00000 000000000 000000000 000000000 1 P
18:104,7 000 000 000 00000 00000 00000 000000000 000000000 000001000 1 K%
18: 109t 110 100 111 11011 11100 01111 101111110 111011111 011000110 36 Kok
18 lw5t 000 000 000 00000 00000 00000 000000000 001100000 000000000 2 Aok
18:1w5c 110 101 010 11111 00110 01000 001111011 110000101 000000000 23 Kook
18: lo8c 000 000 000 00000 00000 00000 000000100 000000000 000000000 1 Fes
18:1wl2¢ 000 100 000 10000 00000 00000 100000000 000001000 000001000 5 Fes
18:lollc 000 000 000 00000 00000 00010 000000010 000100000 000101000 5 IS
18:1010c 000 000 000 00001 00010 00000 001000000 000000000 000000000 3 Kok
18: 1010t 000 010 000 00000 10000 00000 000000000 000000010 000000010 4 Kook
18:0 111 111 101 11111 11111 1011 111111111 1111 11111111 49 For%k
19:1w10 000 000 000 00100 00000 00000 000000000 000000000 000000000 1 Kok
10Me19:0 000 000 001 00000 00000 00000 000000000 000000000 000000000 1 Kook
i19:0 100 110 101 10010 10111 00010 011101110 111111111 010101001 31 Kok
20:406,9,12,15t 000 111 11 10110 10111 10110 100000011 001000011 111000111 28 Kook
20:3w6,9,12 000 000 000 00000 01000 00000 000000000 000011111 000000000 6 Kook
20:2w6,9¢ 000 000 000 00000 00000 00000 000000000 001000000 000000000 1 P
20: 1w9¢ 001 000 000 00000 00000 00000 000000000 000000000 000000000 1 Kook
20:307,10,13 000 000 000 00000 00000 00000 000000000 001000000 000000000 1 FES
20:0 000 000 010 10000 00000 01001 000011000 000010000 000000000 7 Kok

NONL Al NH 2 BIZ/R RGN MR IAE AN, G4 .62 Al G1 43 HIFIR UKL H R A FiFE R BILH A FASE R | 170 235 27 FERE ity R/ o 46l
SUTZNRMITTR ; 5 I8 — R i RS0 5 60 1 i R 5 S — 51
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Table 3 The effects of different treatments on the amount of microbial PLFA biomarkers( mean = SE)

75t Variables NOG4 NLG4 NHG4 NOG2 NLG2 NHG2 NOGI NLGI NHGI

O

PLFA ilm*ﬂ’lﬂ = 10.33£7.76 9.67+2.60 11.670.67 12.00+0.89 8.80+0.37 10.80+0.58 10.00+0.80 11.000.55 9.56+0.87

PLFA biomarkers sum

SRR

Bacterial 4.00+0.58a 2.001.15he 3.00£0.00abe ~ 3.80£0.58ab  1.20+0.20c 2.80£0.20abe  2.89+0.54abe  2.78+0.52 ahc 2.0020.37he

PLFA biomarkers

AR

/‘\IEIEHJ/W? ﬂ, 0.33+0.33¢ 0.67+0.33hc 1.67+0.33a 0.80£0.37bc ~ 0.800.20bc 1.8020.20a 1.11£0.11ab 0.67£0.17hc 1.7820.15a

Fungal PLFA biomarkers

KARAYrbRic

Uncategorized 6.00+1.00 7.00£1.15 7.00£0.58 7.40+0.68 6.80£0.37 6.20£0.86 6.00+0.60 7.56+0.41 5.78+0.60

PLFA biomarkers

TR FRRREF AL E (P > 0.05)

2.2 N[ AR BEXS - SRR MR T AR S AR ) 5

AR A4 R B, BRI RV H  E AL AT BAE RIS PLRA AEWARic FIE & PLFA
HEWhRIC S 0 W R RS IS A PLFA AEWkRic & & BEYS Shannon-Wiener 5 %8 . Simpson 1
FEFRHCRA W3 e, BRI F2 3000 .35 5 OIS TR R B H 22 BAE IR A0 PLFA AEWbric & & B
i/ A EAT R (2 4) o X238 HAR W 5 W R 2 B (40 PLEA AR bR i & 5 F LR/ 48 T
Lo it — 2D HEAT T BN o B, 25 2R s AR SR B g 2( G2) IR T AR EAS I 2. 35 AR T 40T PLFA
AWl &, HAB SR T ARAI B P PLEA A= W0hR 10 5 5 1Y 0 35 52 W0 5 10 28078 0k 5 5 PAT A R e e [A)
RIZH & HA/ A0 X B B &5 AETERHR A6 (B 1A) . JERBIN(NO) Z& 0T, ik R B A H A 38 o 8 25
SO L/ AR LG, B Y (GL) S50 BB/ AN L 35 R T 2 IR B R R L/ A L (8T 1B)
XA 52 AN TN RE el 1) 4728 g A 7 22 J LU AT, 45 SR B8 7S < Shannon-Wiener Z2FE P45 Z0H1 Simpson L #JE £
LA ] A 3 X o JCR AN (NO) Ak 2R 35 5 TR A A I (NL) AL #R2H | B fh 22 5 32 SR BLE T AU
FILPIAL(NOGT ) 4 4 2 v TR AR U 4 & (NLGA) 4l (% 4, K 2)

F4 FEERBYE KANRELZEERNRETEMENEENZ N

Table 4 The effects of genotype number, nitrogen addition and their interactions on the responses of microbial community

- FREH A R RV H < EIR
s Genotype number (G) Nitrogen addition (N) G xN
Variables
F(2,47) P F(2,47) P F(4,47) P
PLFA AEWbRic St
. . . .83 . 3

PLFA biomarkers content (nmol/g DW) 0.379 0687 0.177 0-838 1186 0-331
U PLFA ZEWbRic

0.447 0.643 3.518 0.03 2.606 0.04
Bacterial PLFA biomarkers ( nmol/g DW) o ?
L PLFA A#bRic

1. .204 1.21 . . .54
Fungal PLFA biomarkers (nmol/g DW) 63 0.20 3 0.307 0.777 0.346

e pm
LR/ AR I . . 1.178 0.319 2.658 0.083 5.238 0.002
Fungal to bacterial ratio
_ghaheR

G EE'V\]*_H& . 1.157 0.324 3.759 0.032 1.477 0.226
Shannon-Wiener diversity index
Sl A e
FRRARE 1.188 0315 4353 0.019 1.096 0.371

Simpson dominance index

P <0.05FREFLH

2.3 RABAEYHEE A IERT S
Fe T HERUEY) PLEA AEMIARICHE 1 500 GEit (K 2) JR#E4T Jaccard” s M R BOHI (Kdims ) , JF & T
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Fig.1 The biomass of bacterial PLFA biomarkers and fungal to bacterial ratio under different treatments
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i
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