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Effect of ant colonization on soil organic nitrogen mineralization in the Xishuangbanna

tropical forest
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College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China

Abstract: Ants often act as ecosystem engineers in mediating the soil microbial and physicochemical properties. This thus
can exert a crucial effect on soil organic nitrogen mineralization and its temporal dynamics in tropical forest. The indoor-
aerobic incubation method was used to determine soil organic nitrogen mineralization rates in Mallotus paniculatus
community of Xishuangbanna tropical forest. This study aimed to compare temporal dynamics of soil organic nitrogen
mineralization rates in ant nests and the reference soils. We also revealed the effects of the changes of soil inorganic nitrogen
pool (i.e., NH,-N and NO,-N), microbial hiomass carbon, and chemical properties on the temporal dynamics of organic
nitrogen mineralization rates driven by the ant nesting activities. The results were as follows: (1) Ant colonization had a
significant effect on soil nitrogen mineralization rates (P<0.01). The mean organic nitrogen mineralization rates were 261%

higher in ant nests than in reference soils. (2) The monthly dynamics in soil organic nitrogen mineralization rates showed an
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obvious trend of single peak, which was the largest in June (ant nests: 1.22 mg kg™' d™', reference soils; 0.41 mg kg™
d™") and the smallest in December (ant nests; 0.82 mg kg™ d™', reference soils; 0.18 mg kg™ d™'). (3) Two-way
ANOVAs showed that the factors of month and treatment had significant effects on the concentrations of soil organic nitrogen
mineralization rates, NH,-N, and NO,-N (P<0.05), but no significant interaction of them was observed on NO,-N. (4)
Ant colonization significantly increased the concentrations of soil inorganic nitrogen pool (NH,-N and NO,-N), microbial
biomass carbon, organic matter, hydrolyzable nitrogen, total nitrogen, readily oxidizable organic carbon, but reduced the
value of soil pH. (5) The regression analysis showed that ammonium and nitrate nitrogen had significant effects on soil
organic nitrogen mineralization rates, accounting for 87.89% and 61.84% of the changes in soil organic nitrogen
mineralization rates, respectively. 6) Principal component analysis indicated that ammonium nitrogen, microbial biomass
carbon, and organic matter were the main factors affecting the temporal dynamics of soil nitrogen mineralization rates,
followed by total and nitrate nitrogen, readily oxidizable organic carbon, hydrolyzable nitrogen, and pH. Soil pH was
negatively correlated with soil nitrogen mineralization rates. In short, the ant colonization had a crucial role in regulating the
temporal dynamics in soil organic nitrogen mineralization rates, through affecting ammonium nitrogen, microbial biomass
carbon, and soil organic matter in the Xishuangbanna tropical forest. The results would be helpful to further improve our

understanding of the biological regulation mechanism of soil nitrogen mineralization.
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W IS g R LAY R Ji - RS ) 2 — | REAS R MR A HL R A ) B A Wi e e sh A I R P AR AR
B RGEMFRGI KA A WG R B A R S S F I 2l 50 e 3R T (TR K
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1 #MRERFE

1.1 FEHb AL
TFSE XA T R 2 B 78 SR 20 A Al ) Bl (21°55N,101°16°E) o 75 AU 40 EL A S50 7Y 25 RS fie ) DA
11 ARIKAE 4 HJE T2, K EA R 1557 mm, B2 (5 A% 10 ) KR 5 Bk 87%, 45
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PR 21.5 C o FeARE RN E B4 RS 3k AT 5 2= 4 JCHR 4 I 18] B8 B8 PR 35— 1Y 13318
FE o PRI PEXLRREN )12 5341 4 B AR ZE IR BEAS A AR ik o

SR, 3 TL 4R th T JIBE KR A5O3 2l 5 Bty RO T AR IR JE Jl— FR 9 Ak T A [ R 52 B B 11
KA B ARARBE IS BT B . PRI  ASBIFFEAE v R 27 e 7 SUR 4 A A ) el A0 52 DX O B 3 A T R T30 (4
12 4F) B9 15 il ( Mallotus paniculatus ) BEVEAE AW FEAEML . FEHBIEIR 2 600 m, FIEW)ZIE KL 1—2 em , FiHk
S 60% A, TIR)E TRea s, FE EERF A . B W (M. paniculatus ) B A= KEE 5 ( Clinopodium
chinensis) \ZEAEHL ( Borreria stricta) K384 AWK (Acacia pruinescens) FEM ILFRFTF (Alchornea tiliifolia) % .
1.2 T SEIURE R BEA P B i

BEALZERE 3 S T A& AL (40 mx40 m, [A]FE KT 200 m) . 2019 4£3.6.9 12 A, B0 BEAL
PR 3 AR 3 A AEICERE T (AHEE S m) , RANAH LD o WS B # R 2 A+ 2 (0—5 em 5—10
em) 43 HRAR AL S AR A AR Rl — L2 R ARG IO 1 kg 247 AR, A A B,
AR, S EIBCAIN UK 8 ¥ JECAR v, 7 (] 55 36 28 T A 4°C UKAE L 2= 70 M, TIBPE BT Wang 55 07 ¥4 D
FED AR A R FH A K IR s 2 S A S A AR 1 mol/L KCL 22, B 1 7% 2 sh 4 BT AL
% (BRAN+LUEBBE-AA3 fl[6) ¥/ ; & 5UR F & SRR B R T 2., 1 22 sh /0 IS 5 5 7K A 2R P U 7 1
PIAE 5 pH AL AE 5 B S8 A AT LB R FH v ol T 0 41 10000 2 5 A L SR D s o - 1 4% 1 0 A Ak 12
o FEAR TR 1,

x1 il TENEERER
Table 1 Basic edaphic properties of the sampled soils

e 4 M- = ‘ i
P b bomae | EAHIE e ER e
Month Soil pH carbon/ Soil organic organic carbon/ Total nitrogen/ nitrogen/
(¢/ke) matter/ (¢/ke) (¢/ke) (g/ke) (mg/kg)
3 LYES 3.26+0.05Ba 1.58+0.05Ac 42.33£1.99Ab 9.28+0.41Ab 0.70+0.04Ac 107.61+1.87Ab
E[FE S 3.41+0.04Aa 1.24£0.05Bc 34.96+1.87Bc 7.52+0.15Bc 0.55+0.03Bc 85.85+1.60Bb
6 Iy 8 3.12+0.04Bb 1.90+£0.05Aa 48.71£2.04Aa  10.66+0.34Aa 1.28+0.05Aa 122.1542.2Aa
[T 3.29+0.02Ab 1.62+0.06Ba 41.12+1.53Ba 8.30+0.32Ba 0.93+0.04Ba 96.51+1.72Ba
9 Iy 8 3.23+0.05Aa 1.79£0.04Ab  46.46£2.16Aa  10.340.32Aa 1.03£0.04Ab 117.17£1.95Aa
E[FNE S 3.33+0.04Ab 1.42+0.05Bb 38.70+1.98Bh 8.03+0.32Bb 0.75+0.04Bb 93.1+1.81Ba
12 Iy 8 3.31+0.05Aa 1.56+0.04Ac 41.22+1.98Ab 9.53+0.13Ab 0.65+0.03Ac 101.74£2.17Ab
EHES 3.44+0.03Aa 1.12+0.05Bd 33.95+1.93Bc 7.43£0.10Bc 0.49+0.03Bd 82.83+1.35Bb

ARG FRERIR [ — H AR A H 22 53 .3 (P<0.05)  ANR)/NG TR 30K [A]—Ab BN ) H £y 1238 22 5+ (P<0.05)

1.3 THEAPLAD fhE R E

HHEE LA R = R E R FRE AT N A B S b 4 B B 0—5 em \5—10 cm
SYEIRE)E  REL100 g KT R (i 2 mm 07 ) 25T 500 mL 353500, FH 25 85 1K 835 388 /K& 2 1 e $5K
Y 40% ,7F 25 °C T HdEFR 7 d, DABOS T IERUEY) . BUGFRESRG , IS K& 2 H K1 60%,
W 5E 43 NH,-N NO,-N [ Ve R w ih e, T4 s 3 M2 it O AR R S0OIRAS | 76 25 ClEIR R
FERESR 15 d, BB 3 AR TS 3.6.9.12 15 KR LAY & K&, M8 37 1 R 45 2k 7K 43, 15 3%
ZEEME NH,-N NO;-N By & i, ASCHIP SR8 b R B HLAD s 3 = [ (R RER
NH,-N+NO,-N) - ( 13w 45 NH,-N+NO,-N) | /558 K%k
1.4 BdRib

SEHEAR IS T Excel HILERAS . HIPIR R J5 22 7371 ( Two-way ANOVAs) #HF 58 A 6] F 43 A [] b 2
K HAZ AR FAA A HLER L R A 5200, ) SPSS 23.0 BEATEIR S0 0T, 77 22 0 M B BCHe 46 36 1F A5 1k
FJ5 22551, R A LSD ¥ AT LS [R) B0 8] 7 22 S 1 (408 S 2 MK 0.05) |, 43 38 HLA Tk 3
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Fig.1 Temporal dynamics of soil organic nitrogen mineralization

rate in ant nests and the reference soils

ANR/ING FREFRIR 22 5% 8.3 (P<0.05)

ZIE(0.18 mg kg™ d7') RIKFNEE 257 (P>0.05) , e A A HLAN (L HER A 3] B 2 22 5% (P<0.05)
W R 7 20 MW (32 2) , TR A 0y B AS [ A0 BT + 384 HLA R b 8 R 72 Ak 5 50 ( P<0.05) , & 2

) FE7E B 1 52 BAE T (P<0.05)
2.2 WCRFNAR IR L IO LU & i 1] 3 25

PSR R 5 1 B - RS SR AT E NHL,-N AR A8 (b an &l 2 B, 0SS + 39 NH,-N &R 8%
T HLH (P<0.05) , 3% F B I 4 6 G 8 it vy 098 NHL,-N &5 WO SR BCE 3 NH,-N & B R FRa1 51
I AR AR A 6 H B, 12 A B, i - R R AT S NH,-N S 7E 3 M 12 A ¥ ERA
B (P>0.05) , MiIF B+ HERE IR AT NH,-N S 8U7E 9 A3 HZFARE(P>0.05), e Az
AW EER(P<0.05), [FIAT, WE SEBCE + 2375 NH,-N &35 0 8 0 m , (H 8 4 58 NH,-N 93
PR AR, WIR 220 R (2 2) , 13 NH,-N 32 A 0y kb8 K% 95 % 28 B4 G 55 3 5
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Fig.2 Temporal dynamics of soil inorganic carbon concentrations in ant nests and the reference soils

N/NG FhEFR R LI FRRT 22 5 0.3 (P<0.05) , RIS FhERR BRI 22 5 3% (P<0.05)
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ICHEREEBCEL +HERIRATS NO,-N & R H PRI BRI T AR B (18] 2) o BUR S IEBUR - e 3R RS
NO,-N & HFH (7L 25 NH,-N SR FE SRS B 6 H>9 A>3 A>12 4, BUR SRR+
FEAT NO,-N Frimdire 6 A9 A KR E| B E 25 (P>0.05) , Ml - EH 575 NO,-N S E3 HM9 H%E
FEALE (P>0.05)  WCERANARBCR 1% IR A AUR , NO,-N 5 i 39 88 50 0, AR 8CHE 0 it W] % T L
PP 2T 250 T W (36 2) b B 2 H A #9060 £33 NOL-N 77 4 35540 (P <0.05) , {E W6 2 58 B/ I o 4 38
NO,-N K7 i #5200 (P>0.05) .

£2 FRLE(WESENE) ARRENNAEERNENETLEZHMM T E S

Table 2 ANOVA analyses on the effects of treatment ( ant nests VS reference), month, and their interactions on soil organic nitrogen

mineralization rate

NN NOLN AR LR
KB Source ar Organic nitrogen mineralization rate
F P F P F P
AEHE Treatment 1 386.16 <0.001 34.16 <0.001 254.50 <0.001
H 15> Month 3 123.21 <0.001 45.95 <0.001 73.19 <0.001
AbHEX H 43} TreatmentXmonth 3 2.77 0.007 0.46 0.900 2.15 0.034

2.3 HHEANLAS LER S TOHLAZ M A B C R

KR H Lotk Je 230 HECHLA (NH,-N \NO,-N) 5 + A HLA T b8 R AT B 20 Hr , S0 &
R 2 AR T (18 3) 45 R, 158 NH,-N NO,-N H%F + 304 HLAD 1h 38 277 4k i 5m, +
BEAPLEN 1L H AR NH,-N \NO,-N & 2 i in L 14 i #5 (18 3) (B 43 NH,-N \NO,-N X +HEAHLEH 1k
HR A TTHERFEANR], R 3% NH,-N B 5THk(87.89% ) & T 13 NO,-N HYTTHk3(61.84%) .

S
T 16 14 ¢
fn y=0.0218x*~ 0.1416x y=0.1198x*~ 0.116x + 0.074
g 4 R?=0.8789 12 R?=0.6184 e °
ERER! P<0.01 ‘o Y P<0.05 °
% :
s 1}
2E 0.8
=3 08
& 5 0.6 F
£ 06
g
® 2 04 |
£ 04 :
2
E 02 021
2
gﬁ 0 . . . . . , 0 : . . . ,
5 7 8 9 10 11 12 13 1.5 2.0 2.5 3.0 3.5 4.0
7R, Ammonium nitrogen/(mg/kg) A&, Nitrate nitrogen/(mg/kg)

B3 TEINEEMGNETHLERNXR

Fig.3 Relationship between soil inorganic nitrogen pool and organic nitrogen mineralization rate

2.4 AHLEE AR A AP U 8] AR L R

WFFERI SRS S A W A= W i Bl B A A PE BT S A — E 28 5 (R 1) . HARBURA L, 1
WG S P 1 SR Y AR Y R R S EAC A LB AT PILST AR KR ARUE R IR T % pH (L, BR pH 4P,
ANTFA 1 Z 18] el e v i 25 57 1 2% (P<0.05)

TIHAPRG RS T IERA AL TR IR nT R (] 4) 28— At A ML (s
I TTRRECR R 97.29% HIAT HLAA AL 5 s T % — ARl (U e 2.6% R HLA R LA, IR LA 1k
ARG YR SR AR 2R SR KRR S B AA PR IEASE, 5 pH MG,
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Fig.4 Principal component analysis of soil organic nitrogen mineralization rate and basic chemical properties
ONMR : fi HLZEH L34 % Organic nitrogen mineralization rate; MBC : 3 ZE #2E P i % Microbial biomass carbon; AN : Ammonium nitrogen; SOM ; +-
HEA B Soil organic matter; TN 4% Total nitrogen; NN ; Nitrate nitrogen; ROC: 5 & LA HLHK Readily oxidizable organic carbon; HN : 7K fift %
Hydrolyzable nitrogen ; pH ; 135 pH

3 e

3.1 WMCHENS IR L R B A A R

AHTFE R B, S R 24 s A ML B R X n] E R P O I o s | R B (BT
S ER ) B BB B ARG Bl (CHEME VI ) 16 58 P4 - SRR M A e ik e BRI AR Bk T
T W R R e, T R L e LA™ 5 — T, WS 0 S R D B P ok Y R
R, TR W 1 B AR Py R BB A B s L T 1, TR E - ML A7 I, 0 IR S
I 8l R BGE N SN R AR A A Y S S Z R BETTRIE T A LRI

ICEL AR WO - AT HLRT A B AR N ) ) 254 5 B SR L AR Al i 3 RITE 6 A ek, 12 H e/l
B EEAY A A T A S A AL . XCPTRESE 6 H 0y s i e 1 Y L HEEREE R T VR
WISy FAE AR FR (9 5300, 30 C N FR4T S i AR B, A 0 1 B A R AR A e SR B SR >0 K
4 g A ML AR T 12 A AR SRR A A S AR TR 0 R R W 500, S B B IRA R
A2t o3 SNBCER S SAT ML P 3 16 I ) 2 P 2 S 25 v T AR I, 2 P A S 63 52 - S A
EX7/)NE e R ARk e E R LRI
3.2 MIUSRLEL G| B B AR AR IO U U X R AL B R R

ABIFFEF W], WIS B 8 4 e I TOHL U A S ) S Pl T G e BT S R AR T 4R
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Ty I 3SR B AT A M, IR TCHL R S B BE 0 mT BRI 5 M g A SR SR s PR S
T EEUIM G, 750, WUER SRR IR E S = 6 H i, XJEHh T 6 H AR /K&
B R AE KR R AR AR I £ e W i Y b - A AL o i A AR, SR 3R TEHL
AR, X5k M4 AR, AR O B SRS NH,-N & R 7E AL E
AT S, EIEIHLEER 70% L L X S ETA BRI EE R —800 2 ARHRSE R T BR A
T B A FRAEARIE T, 6 4 58 NO,-N &2 7 Fe A (5 W], 55705 1E H faf (19 NHL,-N A EL , 27 6 F fr 7
NO,-N itk sk , ik, 3 i JCHLEUE EE LA NH,-N JERA77E

T TCHLAENE AT T e AR ) YOS A , AR e A A AR R LR KOF | e 8
LB AR R WA L R AR KB, A LA 1L R BE 3 NH,-N 5 NO,-N & & A
TSR, H AR S EA HIEAMLED L 200 DBk Ee K, 177 I M3 SR L35 3l k2 B s IO & i, AT 2
i HIEEIER . AR AR A LA (L BOR 2 B AR I s K, b i 6 5 /1l %
HIEMXERRS ) (HlA R R g P AT R S T EE PSS A R IEA R, S A S
XA LRI AR B E Y RIECHUR ROk A T A LA, 0 TG Bl Rk % i DA A ML
FERL, $E iU E i v DO B T H A LA e,
3.3 HSCAR AL E R A ESRL AR A o AR X R AR 5 T

WFFE A W SF ST 5l 3 B v . R E W A R AU 2R KRS B LR A
RS 5r i, BRI 398 pH (E, AT F A AL A L 4

T IEGAEE R b S B R Sy, SRR A LA AL R KN O A Y R . F AU b
T A Y i TIRAR N L B A B I E N . SRR L, BCR - SR Y A Y ik S
1 X RIS RO ALY R AR T, AT 4R R o e R AN T A B R AT AR o - 4
HHLERT 1k, Carrillo 25 IA Ky 4 32 5l ¥ 35 2038 1o 42 3 i 4 50k 52w sl Ak W 3% 3, i A b HLAL R B
b BN 4 Jiang 500 BF ST AR e Sl e A i R b S A I [ AR SN TIOR3 FIA [ 2k ) g, [ Fsf
FEIERL G St B R R Wi E E 0P B, AT IR A e, T EISES BRF TS Rtk B R
YA Y RIE INRERS B S S A PR LR

A HUED e b 48 pH R 80N T3 K, W TR S ARG T S 1 198 pH, W S LR b
B X R N Ry s A BN AT I AE A T B (AN HEMESE ) S ALY o AR S BT S
A AR A B, DO 2 pH (A RS Bk L pH (A R T AR AT b, Xl g T—28 - 50A WLk
RERS I UE U PRGBS PR Ze— LAE™Y e« AR ARy i o th 3 B L1 pH (S5 A LA fh ik
FREMAAHR, [HA2EE VN 13 pH TR, R HA PR & &3 m, 3248 £ C N F200 2 A w
A G s, b SR E W ILRE S L Rk, 13 pH (5 LA R 2 A 1 56 R AFAE — 22 1A
FEVE, AT RE S B XN [A] R3S 3h ) SRR S 3R R PR B DA G

HIEETHERSAHR 2AE G RE VAL, A RECE IEEAREN C 5 N Fo&E, FEUL
BB PLA e A 0 2 5 T AR IS, F D RS AT DL o 4 v ISR o IR e R
oM, AR R KA 2R S E A PR SR 50 1 A YE N RE A% o ik W AR R A 7 2 3R 43, I
Y A L R TR U A HLERIE L, A, bR B i A R s AR KR 3 C N
FR4y o U U M AR TS S5 A BRI MR e R R e

4 it

0 IS5 i T SRS 4R A HLA AR R AR T AR S, WS - A LR T R b
T 261% . ST 3 32 20 e LU0 & B (A0 NH,-N) (Gl 0 AR W i e S 385 03 (A3l
Jot) BR324 Aty ZR bR LB S P AR B I (e Sh 2, W SE 4G SRR AT B T B - 3 sl ok Bl 2R AR 1
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