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Differential seasonal effects of nitrogen addition on nitrification potential and

ammonia-oxidizing microorganisms in soil of subtropical moso bamboo forest
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Abstract: Ammonia oxidation is the rate-limiting step of nitrification and an important indicator for assessing how nitrogen
(N) deposition affects soil N cycling processes. After a five-year N addition experiment, we collected soil samples from a
subtropical Moso bamboo forest during the wet season ( June) and dry season ( December). In conjunction with a
phosphorus (P) addition experiment in vitro, we investigated the effects of N addition on soil nitrification potential and
ammonia-oxidizing microorganisms in different seasons, along with their underlying mechanisms. The results showed that N

addition significantly increased soil ammonium N content and decreased soil P availability in both seasons. Additionally, N
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addition significantly reduced soil pH only in the dry season. N addition had more pronounced effects on nitrification and
ammonia-oxidizing microorganisms in the dry season compared to the wet season. High N addition significantly increased soil
nitrification potential, abundance, and diversity of ammonia-oxidizing archaea ( AOA) , and altered the community structure
of AOA in the dry season. In contrast, N addition only significantly altered the community structure of ammonia-oxidizing
bacteria (AOB) in the wet season. In both seasons, the gene abundance of AOA and AOB, as well as nitrification
potential , were significantly higher in soil with combined N and P additions compared to soil with P additions alone. The
above results indicated that P addition altered the effects of N addition on ammonia-oxidizing microbial activity and
nitrification potential. Moreover, the regression analyses revealed that the nitrification potential was significantly positively
correlated with the abundance of AOA gene in the absence of P addition. However, the nitrification potential was
significantly positively associated with the gene abundance of both AOA and AOB when P was added. It suggests that the
decrease in soil P availability caused by N addition suppressed AOB activity and its role in nitrification potential to some
extent. The study collectively provides a theoretical basis for a better understanding of nitrification and nitrogen cycling

processes in P-poor subtropical soils under climate change.

Key Words:; moso bamboo; ammonia-oxidizing microorganisms ; nitrification; nitrogen addition; season; P availability
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Table 1 Effect of nitrogen addition on soil physic-chemical properties in the bamboo forest in different seasons

AR 7 Wet season T2 Dry season
Soil properties Xt CK A LN 5 HN MR CT KA LN % HN

T IHEEIKE SWC/ % 84.6(4.02)a 77.3(5.72)a 83.3(6.01)a 39.7(4.35)b 37.6(3.77)b 38.9(1.33)b
BB pH 4.74(0.06) a 4.64(0.06)a 4.69(0.03)a 4.85(0.01)a 4.76(0.05)a 4.34(0.16)b
SR TC/ (&/kg) 45.8(0.81)a 49.4(2.15)a 39.0 (1.52)a 44.7(4.41)a 45.8(2.92)a 50.3(3.36)a
M TN/ (g/kg) 3.81(0.06)a 4.02(0.13)a 3.43(0.09) a 3.90(0.22)a 3.95(0.12)a 4.41(0.24)a
S TP/ (o/kg) 1.03(0.11)a 1.03(0.15)a 0.95(0.11)a 0.89(0.11)a 0.98(0.05)a 0.91(0.07)a
AR P DOC/ (mg/kg)  188(22.7)a 143(12.2)b 113(4.39)d 152(1.01)b 136(4.54) ¢ 70.9(7.89) e
B A NH-N/ (me/kg) 14.4(1.03) ¢ 21.6(3.13)b 21.5(3.99)b 27.8(3.06)b 26.5(5.16)b 54.1(6.26)a
fili A% NO3-N/ (mg/kg) 3.75(0.04)d 4.86(0.31)¢ 4.99(0.24) ¢ 6.46(0.17)b 6.09(0.73) b 10.5(1.61)a
F 3 AP/ (mg/kg) 6.77(0.52)a 4.71(0.06)b 5.21(0.44)b 6.80(0.40)a 5.03(0.12)b 5.47(0.21)b

SWC ; 135 /KR Soil water content; pH : FRBSAE pH value; TC ; &85k : Total carbon; TN : B % total nitrogen; TP . S8 Total phosphorus; DOC : FJ i
PEF LK Dissolved organic carbon; AP : £33 Available phosphorus; CT: %} & Control; LN fR%( Low nitrogen; HN : 5 % High nitrogen ; AN [A)/NE S5k
FRAFISE I 722 5% 8.2 (P<0.05)
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Fig.2 Effect of nitrogen and phosphorus additions on the soil nitrification potential and functional genes abundance of ammonia oxidizers
in the bamboo forest in different seasons
AOA : 2 A AL & B ammonia-oxidizing archaea; AOB: % AL 4 B ammonia-oxidizing bacteria; CK; %} # Control ; LN ; it & Low nitrogen; HN; &5 4
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Fig.3 Effect of nitrogen addition on the diversity indices of soil ammonia oxidizers in the bamboo forest in different seasons
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Fig.4 Effects of nitrogen addition on the community composition of soil ammonia oxidizers in the bamboo forest in the wet and dry seasons

PCoAl: F ALk 1 il Principal axis 1;PCoA2: FA8FE 2 Bl Principal axis 2
FETC RS MBI, AR E G AR P T HIER LTS 55 AOA-amoA F1 AOA-amoA F-FE 345 i 3E IEACOC R
(P<0.05) .

F2 TEMAEBEBRMSSAMEYIREREES DEERNEXSHT

Table 2 Correlation analysis of soil properties with nitrification potential and characteristics of ammonia oxidizers

12 Wet season T-Z& Dry season

Tl P HEANE HESHTE T P HEANTE HEANTE

Nitrification amoA FEH amoA F:[H Nitrification amoA JEH amoA F#:H

potential AOA-amoA AOB-amoA potential AOA-amoA AOB-amoA
T LT 1.00 0.65" 0.54 1.00 0.72" -0.10
R (H pH -0.17 -0.71" -0.07 -0.89*" -0.67" -0.13
SR TC 0.10 0.21 0.21 0.20 0.40 -0.25
MATN 0.19 0.16 0.44 0.45 0.64 -0.09
S TP 0.58 0.31 0.32 -0.16 -0.28 -0.39
AT A HLEK DOC -0.68" -0.35 -0.41 -0.95*" -0.61 0.13
BEAA NHS-N 0.25 -0.30 0.23 0.92** 0.75* 0.06
S NO3-N 0.39 0.24 0.12 0.53 0.62 -0.08
AR AP -0.22 -0.11 -0.45 -0.40 -0.65 -0.25

#* . P<0.05; ** ,P<0.01

3 itie
3.1 A R X R e R A A 2T 2

ARTIGE A TR, S o R I A 8 2 - R A TR SR AOA-amo A FEIR 8 S Mk | 3 5 e AT 52
SRR Sk — R INT AR RN R RS I KA = T T 2 NH-N S (RO BRBE N 26.3 mg/kg) .
TRA A e s 48 NH,-N & nl fg 5 2 e 2F 7 BATA A KA 06, T2 #F 1 877 % A0 1
W R BOE RFITUESE T BT IR AR AS AT AR, AR ST R R, B 2 A SR A
AR FE BN 2 A IS s BN 2 AN N B NH-N & 5 N 7.1—7.2 mg/kg, X —Z5 3
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