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Effects of water table lowering and mowing on soil ammonia oxidizers and denitrifiers in alpine wetlands

SUN Yi—fei'?, SHEN Ju-pei'*, ZHANG Cui—jing'? SUN Shu-cun®, HE Ji-zheng'?

(1.State Key Laboratory of Urban and Regional Ecology, Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.School of Life Sciences, Nanjing University,
Nanjing 210023, China)

Abstract; Wetlands serve as the main sources and sinks of greenhouse gases. Understanding nitrogen cycling in wetlands would greatly help
in the assessment of their response and feedback to global climate change. To investigate the effect of water table lowering and mowing on
soil nitrification and denitrification in wetlands, a simulated water table lowering via digging drainage ditches at different depths and mowing
experiment was set up in the Zoige peatland in the eastern Qinghai—Tibetan Plateau in 2013. The abundances of ammonia—oxidizing ar—
chaea, ammonia—oxidizing bacteria, and denitrifying groups were detected using a real-time PCR approach. Results based on the samples
taken in July 2014 showed soil moisture decreased significantly with water table lowering. Both water table lowering and mowing significant—
ly decreased soil heterotrophic respiration.The abundances of ammonia oxidizers and denitrifiers did not change under the treatments of wa—

ter table lowering and mowing, whereas the ratio of abundance of AOA -amoA to AOB—amoA was significantly influenced by both mowing
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and interaction of mowing and water table lowering.Mowing significantly increased the relative abundance of the AOB-amoA gene but had

no influence on that of the AOA—amoA gene, suggesting that the predominant role of AOB in ammonia oxidation.The abundance of nirS gene

was higher than that of the nirK gene, indicating that the nirS gene was more sensitive to water table lowering and mowing. With the decline

of water table, mowing promoted AOB—driven ammonia oxidation, while higher abundance of denitrifiers mitigated the accumulation of ni—

trate originated from ammonia oxidation, resulting in low soil nitrate content.

Keywords: water table lowering; ammonia—oxidizing bacteria( AOB); ammonia—oxidizing archaea( AOA ); denitrifiers; Zoige peatland
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Table 1 Primer sequences and reaction conditions used for PCR

HArAE R Elk7) J¥5(5'-3") SN A
AOA-amoA CrenamoA23f ATGGTCTGGCTWAGACG 95°C/1 min; 35 cycles of 95 C/30 s;55 °C/30 5,72 C/30 s
CrenamoA616r® GCCATCCATCTGTATGTCCA
AOB-amoA amoA-1F GGGGTTTCTACTGGTGGT 95 °C/1 min, 35 cycles of 95 C/30 s,60 °C/30 s,72 C/30 s
amoA-2R®! CCCCTCKGSAAAGCCTTGTTC
nirS cd3aF GTSAACGTSAAGGARACSGG 94 °C/2 min;5 cycles of 94 °C/1 min,58 °C/1 min(-1 “Cleycle),
R3cd™ GASTTCGGRTGSGTCTTGA 72 °C/30 5330 cycles of 94 °C/30 5,53 °C/1 min, 72 C/30 s
nirk FlaCu ATCATGGTSCTGCCGCG 95 °C/3 min; 6 cycles of 95 °C/30 5,63 “C/30 s(-1 “Cleycle),
R3Cu®" GCCTCGATCAGRTTGTGGTT 72 °C/30 5330 cycles of 95 C/30 5,58 °C/30 5,72 C/30 s

FHIEM: . a7 % (Response ratio) BRI RSBl N KA T B RRAR, 138 Sk ST B Ak 3
SRR e W s 78 95% M B E X E T, F (CK) Py , FEIR K AL BRI o KA T e 2 08
PE S5F EHRNEIN EERUEY IO E 5w, i T 8 pHAE,  HI[F— KA X FI B 1558 pH
PHEAN TSR BEXS S E P 5220, (B S G T X R A 5 KA R 55 M B %) R S R
) RS :ai‘%ﬁ :E%E"J?CEYEPH ﬁﬁ?‘&%}é“%ﬁ%ﬂ‘ ﬁﬁ&i@i%
B, FEGOK AL B Al . KA T -5 K1) 44 J 2 5
2.1 HEPUKAL TS X234 T 8k M RFNGL & W M) T S - ST A o A B R R v, TR AL
R RN EjNE) =352 HAE AR R AR A o AR AN vk

BRI AL T RS AES b oY AR R S R WA & 2 . Spearman
TEPER R e 2 A3 3. AS R mAE], BIEEK O MM T R R3S KRS LRI B IR A S

% 2 AEM TR TX R E Y FER S MEWEYE

Table 2 Effects of mowing across different water table on soil chemical index and microbial activities

bR AMEpHAH(H,0)  HHESKE%  HHEMR/WL COgld” RHMHEHYMg NO-N-kg'-h”  HS%U/mg-kg' &R /mg ke

CK 6.58+0.05a 146.33+28.31a 151.73+60.58a 0.67+0.18a 39.61+9.66a 20.67+1.56a
M 6.86+0.04b 136.31+8.71ab 89.17+49.99b 0.51+0.38a 40.10+11.77a 12.24+5.24bc
S 7.24+0.15¢ 113.48+9.79b¢ 73.65+28.85bc 0.52+0.34a 36.02+12.36a 12.43+3.48bc

SM 7.11+0.07d 111.51%19.76¢ 37.26+44.83bc 0.42+0.40a 59.64+51.83a 12.07+3.67bc
H 7.56+0.05¢ 94.94+11.22¢ 82.21+30.86bc 0.66+0.40a 38.33+10.22a 8.45+2.46¢

HM 7.37£0.03f 98.82+6.21c 20.59+6.50c 0.48+0.15a 40.29+15.41a 16.15+5.38ab

T FIE (n=6) 5 19/ NG T RN R 2R 2R 22 5338 S% 0 25185 2% AL B 23531y - KO B MLIE 3 /KA T A8 5 S oK AN AIE s SM
IKAL T XED s H BORALT AN E]; HM KA RIE 5
Note: Lowercase letters(n=6) different indicate significant differences at 5% level between selected soil properties ; CK: control ; M : mowing ; S : shallow

water table ; SM : interaction between shallow water table and mowing; H : high water table; HM : interaction between high water table and mowing.

&R 3 KA TS XU BIX TR R A AR WA R T E R

Table 3 Two—way ANOVA(P value ) on physico chemical properties and microbial activities across all the treatments

AhE EHEpHE(H,0)  HHES/KE/% FHEFI /WL COye g d? LS Ymg NO;--N-kg'-h? &R /mg-kg! SR/ mg kg

D <0.001%** <0.001*** 0.007%** 0.75 0.79 0.08
M <0.001%** 0.68 0.006%** 0.32 0.47 0.82
DxM 0.063 0.7 0.76 0.96 0.65 0.004%*

T #(P<0.05),##(P<0.01) ,*##(P<0.001 ) 43 51|38 75 X Wl S Fis AN [7] Ab 34 7] 22 57 i 285 D BEDIAK A7 T AL 3 5 MU X1 s DXMASEHDLK A3 e 5 X381
Mz HAEA
Note; Significance level; #*P<0.05, **P<0.01 , ***P<0.001 ; D, water table lowing—down; M : mowing; D x M :interaction between water table lowing—down

and mowing;
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Figure 2 Effects of mowing on abundances of functional genes across different treatments
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AOA :the abundance of AOA—amoA gene, AOB :relative abundance of AOB—amoA gene,nirK : relative abundance of nirK gene, nirS : relative abundance

of nirS gene, AOA/AOB :ratio of the abundance of AOA—amoA and AOB-amoA genes , nirK/nirS : ratio of the abundance of nirK and nirS genes,ammonia oxi—
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Figure 3 Response ratio(RR) of relative abundance of functional genes to mowing(a) and water table lowing—dwon(b)
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