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Effect of Nitrogen Deposition on Soil Microbial Community Structure Determined
with the PLFA Method

Liu Caixia Jiao Ruzhen Dong Yuhong Sun Qiwu Liu Shaowen
(State Key Laboratory of Tree Genetics and Breeding Key Laboratory of Tree Breeding and Cultivation of State

Forestry Administration — Research Institute of Forestry, CAF  Beijing 100091)

Abstract:  [Objective] Soil microbial community is a sensitive indicator of changes in soil quality and soil ecosystem.
The changes in soil microbe community structure in response to simulated nitrogen deposition were investigated by
phospholipids fatty acids (PLFA) biomarkers. This study can be accurate to understand the effects of short-term nitrogen
deposition on soil ecosystem, and hence predict the change of soil properties and plant growth. This study aims at
providing microbial parameters and indicators for the sustainable management of artificial forest under nitrogen saturation
condition, and would have guiding significance for the real-time control and governance of nitrogen deposition. [Method ]
In May 2013, we established 30 plots of 1 m x 1 m in a hectare of young Chinese fir forest, at the Shanxia forest farm in
Fenyi, Jiangxi Province. Nitrogen loadings were designed at 5 levels such as NO, N1, N2, N3 and N4 at the doses of 0,
20, 40, 60 and 80 kg N * hm " *a~ ", respectively, with 2 nitrogen forms of NH,” N (I) and NO; N (II) . Afier one year
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treatment, soil samples were collected with a soil drill. The fatty acid phospholipid was extracted with potassium
hydroxide-methyl methanol solution, and assayed by Agilent 6850N with nineteen alkyl acid as internal standard. PLFA
pattern was analyzed with the Sherlock MIS4.5 system, before the fatty acid content was converted into the number of
nmol*g ™" dry soil. [Result] A total of 72 PLFAs were detected, and among them the characteristic fatty acids were 36
kinds. The analysis on type and content of the characteristic fatty acids indicated that prokaryotic microorganism was the
predominant group in the plot soil treated with all nitrogen treatments. In different nitrogen treatment plots, the range of
soil microbial biomass with characteristics of total PLFAs content was 20 — 44 nmol*g '. In deposition of ammonium
nitrogen, the amount of total PLFAs, Gram-positive bacterial PLFAs and Gram-negative bacterial PLFAs in the soil were
higher compared with control group. The bacterial PLFAs, fungal PLFAs, actinomycete PLFAs and protozoa PLFAs had a
same trend under the treatments of ammonium nitrogen. The NH, -N N4 was the optimal concentration for the growth of
microorganisms. In the NH,”-N N2 treatment, the PLFAs of soil microorganisms had the highest quantity and diversity.
However, along with the increased rates of nitrate nitrogen deposition, the amount of total PLFAs, Gram-positive bacterial
PLFAs and Gram-negative bacterial PLFAs showed a trend that they first increased and then decreased, with the peaks
occurred at the NO, " -N N2 treatment. Bacterial PLFAs had a same trend as actinomycete PLFAs. Moreover, the PLFAs
in the NO, "N N4 treatment had the highest diversity, while the microbial fatty acids in NO, "N N2 treatment had the
highest content. According to the Canonical Correlations, ammonium nitrogen in soil was positively correlated with the
bacteria and actinomycetes, while nitrate nitrogen and soil moisture were most significantly correlated with bacterial.

[Conclusion] When the nitrogen deposition amount was less than 80 kg N « hm * a~'

, both ammonium nitrogen and
nitrate nitrogen treatments could promote the growth of microorganisms, but the growth rate was different. The nitrogen
treatments of the highest ammonium nitrogen concentration and the medium nitrate nitrogen were more conducive to the
total soil microorganism growth, whereas treatments with the medium ammonium nitrogen and the highest nitrate nitrogen
were more conducive to increase soil microbial diversity. Ammonium nitrogen in soil was correlated with the bacteria and
actinomycetes, while the nitrate nitrogen and soil moisture is most significantly correlated with bacterial.
Key words: nitrogen deposition; phospholipid fatty acids; soil microbe; microbial diversity
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Tab.1 The properties of different nitrogen deposition soil

Treatment AAnilounl of nltroi;en 7 pH Moisture (% ) Ammonium ?onlenl/ Nitrate corilenl/
deposition/ (kg*hm ~>a~") (mgekg™") (mgekg™")
NO 0 4.353£0.133 2 0.296 1 £0.053 24.233 +2.587 4.216 5 £1.178
N1 20 4.403 £0.277 5 0.356 8 +0. 031 25.311 £5. 321 4.902 1 £1.379
NH,” N N2 40 4.377 £0.015 3 0.3154 £0.025 23.847 £0. 407 4.479 3 £1.555
N3 60 4.347 £0.212 2 0.304 6 £0.013 18. 822 +4.390 7.232 3 +1.328
N4 80 4.400 £0.260 0 0.308 7 +£0.033 22.725 +4.873 5.480 2 +2.203
NO 0 4.360 £0.108 2 0.297 3 £0.017 27.861 £6.674 3.982 9 +0.589
N1 20 4.410 £0.1825 0.337 5 +£0.034 24.989 +5.127 6.776 5 +1.112
NO; N N2 40 4.343 £0.138 7 0.348 5 £0. 040 30.777 £2.029 7.227 3 £2.159
N3 60 4.453 £0.083 3 0.340 2 £0.038 24.444 +4.813 4.799 5 £0. 966
N4 80 4.317 £0.032 1 0.3357 +£0.023 25.381 £5.017 6.842 0 +1.202

L4 HgE st PLFA AE i@ 2B bsac 4 7T B
S e H S PR S A A ) 2R R A R A R
ICHIPE B P& B . IR PLEA 3 oy B S0 5 JI5 fs
BRAE s 52 AL hR A » AT LI A 5 4 T BT S K
2l WM J 2 B IR R G A5 R T RE K 2 A
Pho 22 R € AW AR K eI I R (Jain
et al, 1997; Joergensen et al, 2005; Sakamoto et al.,
2004) o g g5 R h PLEAs &5 & 10 by g i 5 2 i
X P A5 (2010) J5 3k ¥ I8 105 12 e 55 e A v T b i
4 (nmol) , PF 2 5000 F

H }» Response .
N=—"—"—x19: 0=
19: OResponse % I

BREGR
FEAL T Bl x FAME

A4, N R lg 7 % & & (nmol+g "' DW) , Response
AW bR A W N A, 19:0 5 A AR c19: 0 (ng e
pL™"), FAME Jy fig U5 B2 ' Bs B IR i i (g

mol ), W REAR BT WL, BE 5T i PR go
e85 5 B R 7 1R B s A ] Excel 3E47 #0408 41 4b
Hi, Sigma Plot 347 /d, SPSS19. 0 #AF 34T B A &
TN AT (BT a=0.05) LAERE(S) 8
A1 (J) F1 % FE P 45 50 B [Shannon-Wiener 5 %

(H) F1 Simpson #5451 (D) 1 LA Je i R4k 4 3G 43 47 -
2 HRESH

2.1 FALEEX RIERCEY R AR b
Hh B T I 07 TR ) 2H i n] DL R T b BT ) A R 1 AR
W) BN 45 7 (Bardgett et al., 1996) o {f F £ 3 )\ 1
e v 5 I ol TR 2K A A A 1) T A A R OA Dl 4
WAEM R A R (T4, 2008) o AW 5T LA I 5
72 Ffr PLEA, Horpw] o W H A A6 ) 96 B 1) e 4iE PLFA
36 Bl (R 3), CHEKE N 11 ~20, IG5 AI AN
NGRS S I E 7N A3 L

WP 1 BT, A () S A R i b DA IR i fs 18
R LREMEY R Y &Y 20 ~ 44
nmoleg ™' o YUMFHAF M, L 3h PLFA BB & T
Xof FERE b, FLIE 257 000 R 2 (0 384 I 2 30+ S 8 0 5 9
/b d5 S G N R A f A NH, N N4 Ak 3 1) 45 K
1B, o T R Ak B 75, 45% o YT PR AS AU, g
PLFA S [A) R v 10 HEORE b, HLBE 5 A 2 D0 B
Y384 52 B HR 2 390 S e b 1 #a # 7 NOS N N2 4k
PRIA B 35 KA 5 T 0 RAR PR 47.37% o A [A) B 0T %
WPE TN 9525 PG YTk B A 2 G M B 3 5 PLFA &
o A FAAH [ (H AR A s /DN



158

IS A 51 %

®2 RIEMEYH PLFA"
Tab.2 PLFA characterizing microbes

T A ) 25 M Microbial group

ik JIg B 15 2 A5 i Phospholipids fatty acid signatures

41 4 Bacteria

U148 4l 18 Aerobes

TR 4l 14 Anaerobes
% K PHME T Gram—positive bacteria

2% G M R Gram-negative bacteria

H. 1 Fungi

JH L # Actinomycetes

JE A Eh W) Protozoa

B A5 DAS B 55 H b AT ) v R B A A R g T R (4 15:0,i15:0,a15:0,16:0,i16:0,16:1605,16:1w9,
16:107t,17:0,i17:0,a17:0,cy17:0,18:1w5,18:1w7,18:1w7t,i19:0,a 19:0 Fll cy19:0 %) . Saturated or
mono unsaturated fatty acid with a ester chain linked to glycerol (e. g. 15:0,i15:0,al15:0,16:0,i16:0,16:
1w5,16:109,16:1w7t,17:0,i17:0,al7:0, cyl7:0,18:1w5,18:1w7,18:1w7t,i19:0,a 19:0 and cyl9:
0 etc.) .

i15: 0,al5: 0,15: 0,il6: 0,16: 109,16: 1w7t,il7: 0,al7: 0,17: 0

cyl7: 0,c¢y19: 0

& % Bl 3 BE G W7 R (iso — , anteiso —) o Containing a variety of branched fatty acids (iso — , anteiso —) -
SR LM (R IE0FE . RN BRI F24%) o Containing a variety of hydroxy fatty acids (mono
fatty acids, cyclic fatty acids etc. ) .

THBERBEETIER W 18:109,18:206,18:3w6,18:3w3) o Containing a unique phospholipid fatty
acid (e.g. 18:1w9,18:2w6,18:3w6,18:3w3 etc. ).

10Mel6:0,10Mel7:0,10Mel8:0 %5 (etc. )

20:3w6,20:4w6

@ira,cy Al Me 29 3 37 5+ | 5 B4 7 25 0 BB 0 S R 05 1R 5 00 ¢ 1t 40 391 2 7 IR I 3~ L 28, 4% 1) 9 s Al Je 48 A MY i o 15 a, cy and Me

refer to iso, anteiso, cyclopropyl andmethyl branching fatty acids, respectively; w, ¢ and t refer to the aliphatic end, cis configuration and trans

configuration, respectively. | [i] The same below.

£3 SNBETIIEMEVSERREEHBRREIN'

Tab. 3 Analysis of PLFA biomarkers in soil of different treatments nmoleg ™!
T4 I I 17 7R 44 (e NH,” N NO; N
Peak name Microbial types NO N1 N2 N3 N4 NO N1 N2 N3 N4
12:00 Ba 0.022 3 0.0530 0.0316 0.0246 0.0454 0.0309 0.0484 0.0295 0.0271 0.0284
14:00 Ba 0.2321 0.3851 0.3065 0.2519 0.4297 0.3353 0.3962 0.4306 0.3876 0.3449
15:1wbe Ba 0.040 9 0.0725 0.0606 0.0415 0.0717 0.0606 0.0670 0.0702 0.0754 0.0638
15:00 Ba 0.209 4 0.3256 0.2939 0.2352 0.3797 0.2998 0.3371 0.4172 0.3930 0.3261
19:0 iso Ba 0.0556 0.0617 0.0546 0.0506 0.0729 0.0525 0.0754 0.0972 0.0731 0.0608
19:0 anteiso Ba — — — — — 0.134 2 — — — —
20:00 Ba 0.0919 0.1330 0.1315 0.0976 0.2406 0.1419 0.2306 0.2972 0.1677 0.1573
17:0 iso 30H Gn 0.063 8 0.0599 0.0259 0.0448 0.0675 0.0548 0.0725 0.1080 0.0696 0.0437
16:0 iso Gp 1.303 1 1.8728 1.7904 1.4540 2.1417 1.8043 1.8261 2.6340 2.2336 1.96838
15:0 iso Gp 1.890 1 2.9145 2.8154 2.3036 3.5092 3.0712 3.3903 4.7602 3.8893 3.3054
15:0 anteiso Gp 0.828 1 1.196 6 1.0713 0.9088 1.2597 1.1556 1.3017 1.7061 1.4438 1.2949
12:0 30H Gp — — — — 0.0127 0.0036 0.0029 0.0088 0.0047 —
11:0 30H Gp — 0.020 9 — — — 0.008 8 0.0162 — — —
15:0 30H Ae/Gp — — — — — — — 0.644 6 — 0.504 1
14:0 iso Ae 0.1180 0.2001 0.1605 0.1403 0.1937 0.1662 0.1855 0.2030 0.1811 0.1760
17:0 iso Ae/Gp 1.054 2 1.2084 1.1890 1.0895 1.2929 1.1471 1.3528 1.5859 1.5005 1.2625
18:0 iso Gp 0.143 4 0.1517 0.1336 0.1373 0.1622 0.1283 0.1701 0.2005 0.1794 0.1456
17:0 anteiso Gp 0.510 7 0.6421 0.5958 0.5224 0.6774 0.6279 0.6729 0.9322 0.7977 0.689 4
16:0 anteiso Gp 0.0253 0.0428 0.0357 0.0369 0.0416 — 0.0478 0.0559 0.0582 0.0390
19:0 cyclo w8¢ Gn 1.956 6 3.0907 2.8213 2.4495 3.7504 3.3132 3.1703 5.6545 4.6012 3.4463
17:1 w8e Gn 0.104 4 0.1487 0.1498 0.1232 0.1899 0.1390 0.1689 0.2134 0.2142 0.1609
17:0 cyclo Gn 0.3140 0.5067 0.4293 0.4013 0.6125 0.4935 0.5029 0.6678 0.6238 0.5400
15:0 iso 30H Gn — 0.0379 0.0327 — 0.0482 0.0389 0.0410 0.0556 0.0393 0.0387
13:0 iso F1 0.012 4 0.0260 0.0156 0.0140 0.0222 0.0129 0.0330 0.0203 0.0194 0.0187
16:1 wSc Me/Gn 0.3930 0.6502 0.4926 0.4050 0.7037 0.6329 0.7088 0.9284 0.7965 0.6394
14:1 wSc Ps 0.0270 0.0469 0.036 8 0.0444 0.0357 0.0395 0.0418 0.0414 0.0334 0.0335
16:00 Ps 3.575 4 5.6551 4.8478 3.8734 7.3418 5.2320 6.2550 7.6671 6.9392 5.5617
17:00 Ar 0.149 5 0.2519 0.2100 0.1612 0.2999 0.2155 0.2637 0.2774 0.3002 0.2511
18:1 w7¢ 11 — methyl Ce 0. 166 4 0.2524 0.1991 0.1910 0.3007 0.2434 0.2849 0.4337 0.3717 0.2652
18:00 Hy 0.8358 1.1807 1.0757 0.8795 1.3346 1.1124 1.3282 1.5435 1.6641 1.2297
18:3 wée (6,9,12) Fu 0.061 7 0.0826 0.0741 0.0794 0.0962 0.0732 0.0971 0.1273 0.0964 0.0812
18:1 w9c Fu 1.448 1 2.1788 2.1789 1.5963 2.7184 2.0750 2.6649 3.1413 3.8964 2.3629
17:0 10 — methyl Ac 0.218 6 0.3294 0.3269 0.2611 0.4025 0.3062 0.3299 0.4889 0.4107 0.3509
18:0 10 — methyl, TBSA Ac — 1.1838 1.1213 — 1.196 7 1.1573 0.7712 1.5897 1.4784 1.4527
20:4 w6,9,12,15¢ Pr 0.194 8 0.3865 0.2649 0.1983 0.3762 0.2692 0.4349 0.4223 0.4200 0.309 8
20:2 w6,9¢ Pr — — 0.039 3 — — — — — 0.065 7 —

(DBa: 4 Bacteria; Ae ¥E4 41 Aerobes; Gp: %5 2% [GBH M & Gram—positwe bacteria; Gn: ¥5 2% [GBH P Gram-negative bacteria; F1: 3 F1 5 J& / #: 2%
[ B % B : Flavbacterium balustinum/ Gram-negative bacterial ; Me : F ¢ 4 4k, 1# : Methane-oxidizing bacteria; Ps : i 5. iy # 1 : Pseudomonadaceae ; Ar: 45 #f
1% J& : Arthrobacter; Ce : £ 4 % J& : Cellulomonas ; Hy : F¢ #fi# &0 #T 14 : Hydrogenobacter; Fu: H.1# Fungi; Ac: 2L 14 Actinomycetes ; Pr: Jfi £ 54 Protoza.
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Tab.4 Diversity indices of PLFA in soil of

different nitrogen deposition

3 25 1)
NO 48 3.1374  0.810 4 0.942 0
N1 50 3.1637 0.8087 0.941 7
NH,” N N2 70 3.500 5 0.823 9 0.960 5
N3 48 3.1302 0.8086 0.9415
N4 52 3.279 3 0.829 9 0.934 4
NO 51 3.1402  0.798 7 0.940 9
N1 51 3.1450 0.7999 0.939 4
NO; N N2 52 3.1497  0.797 1 0.938 2
N3 53 3.1459 0.792 4 0.939 6
N4 72 3.6824 0.8610 0.967 1

N T 2B WU B I 6 A ) R AR
(R 52 W, AE ] SPSS JEAT dit B PEAR OG> Hr e U AUER
PR 5% 7 e (0 by AE AL AR VAR BE VA S5 M A ) R
PRfEfC AR B W S ron, f U5 V #E4T Bartlett
() x* K05, #3 5 41H0 6 R 8. il Sig. i H) 07 13
By fEa =0. 05N, Hi 2 A dit 7B AT 5% 28 H002 A e 35
(1,2 A A OC R HI N 1o

#5 ANTEHEXZAEMBEZHRE
Tab.5 Canonical correlation coefficient and

significant test

2l Group Wilk’s  Chi-Sq DF Sig. r
1 0. 000 0. 000 30. 000 0. 000 1. 000
2 0.000 112.277 20. 000 0. 000 1.000
3 0. 084 7.442 12. 000 0. 827 0. 895
4 0.422 2.587 6. 000 0. 859 0. 697
5 0. 820 0.596 2. 000 0.742 0. 424

% 6 W 413 55 A& & 1) R H. U, =
0.425 x N yi[% & +1.030 x pH ff - 0. 446 x /K& -
0.006 x ¥ AR & -0.202 x ARG =, U, 1%
Bsgm R o pH AH M & KE. U, =0.129 x N it
FefE +0.222 x pH {fi — 0. 158 x &K & +1.027 x &
; i —-0.559 x AR &, U, 3R 8
3 o R T NTHAEWRE VR S A DR ) M AR
v, 014 x AR & - 14.440 x HESH +
0.001 x FLJ & 5 +0. 759 x AW & &, V, 1 1 %A
KR FRHABE;V, =0.659 x BhAEY) i +9.435 x 4
W -0 175 x LR & & - 1.774 x & THE & =,
BV, ) 322 DK Ok 40 1
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Tab.6 Correlation coefficients between canonical
variables U and standardized variables X
+ Factor U, U, U, U, Us
N TR &
Amount of nitrogen 0. 425 0.129  0.742 0. 626
deposition

-0.020

pH 1.030 0.222 -0.346 -0.039 -0.138

BKE

Moisture

SEHE
BEREE 006 1,027 -0.149  0.135 0,198
Ammonium content

-0.446 -0.158 0.601 -1.169 0.215

AR E &
Nitrate content

-0.202 -0.559 0.194 -0.650 1.039

*7 ARNTEV 5RAMELTE Y HEXRERY
Tab.7 Correlation coefficients between canonical
variables V and standardized variables Y
7 Type Vi v Vs vy Vs

TR

Total microorganism

7.014  0.659 14.512 15.193 9.586

9

. - 14. 440
Bacteria content

9.435 -55.460 -59.189 -5.503
U
Fungi content

Tk R

Actinomycetes content

0.001 -0.175 -3.020 -3.836 -2.291

0.759 -1.774 -0.558 -1.716 -1.062

3 i
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A8 5 15 o

AR 4 70 P A OG BT BT A B A RO Al
FRFI IS WA 2 S A O S S o A AR



%6 M

XK B AR N PLFA J7 95 20 A7 S0 B 0) - S 0k 2 ) 4 v 45 40 1) 52 161

AT A B P 5 0 B
4 g

ASHIE G b 00 B B T L s SR R
ORI AR KRB T R E E TR B R
BB AU R AL BT (e M An R ARG . BEE BULRE
RIS 0 s R R TR A R A AR AR A R
Yrxs S A A = e 2R AR A 3 B i R AL B
I 0 T 2D o SR R R B R AR A T
Hy BT B AR L 8 A7 HL ST B89 I (Van Diepen
et al., 2010) , 5 8+ 3 pH {4 F k¥ (Turner et al.,
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R X TN BT 45 R — 2 (Wallenstein
et al., 2004) .
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