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Abstract: [ Objective ] To reveal the effect of nitrogen (N) and phosphorus (P) additions on soil aggregate carbon
in subtropical evergreen broad-leaved forests. Understanding these effects is crucial for comprehending the stability
of soil organic carbon (SOC) and the carbon cycle within these ecosystems. [ Methods] A series of N and P addition
test platforms were established in an evergreen broad-leaved forest for a duration of six years, including control,

100 kg/Chm?*+a) of N, 50 kg/(hm?+a) of P, and a combination of 100 kg/Chm?+a) of N plus 50 kg/Chm?+a) of P.
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The response of soil organic carbon across different particle sizes to nitrogen deposition and phosphorus addition
was assessed through particle size grading analysis, phosphorus component analysis, and evaluation of the
molecular structures of organic carbon. [ Results] The addition of nitrogen significantly increased the SOC mass
fraction in macro-aggregates ( =2 mm) as well as in clay and silt particles ( <C0.053 mm). It also significantly
reduced the degree of soil organic carbon decomposition (SD) in both macro-aggregates ( =2 mm) and small
aggregates (0.25~2 mm). The combined application of nitrogen and phosphorus (N+P) led to a significant
increase in the mass fraction of polysaccharides, alcohols, and phenols in macro-aggregates ( =2 mm). Additionally,
it significantly decreased the SD in small aggregates (0.25~2 mm) and increased the mass fraction of resin (Resin-P)
in labile phosphorus across various particle sizes, except in micro-aggregates (0.25~0.053 mm). Redundancy analysis
indicated that NaOHs-Pi and residual phosphorus were the principal drivers influencing the molecular structure of

aggregates larger than and smaller than 2 mm, respectively. [ Conclusion] Nitrogen deposition enhances the

accumulation of recalcitrant phosphorus, thereby improving the chemical stability of soil organic carbon.

Keywords: nitrogen and phosphorus additions; soil aggregates; molecular structures of organic carbon;

phosphorus components
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Fig. 1 Infrared spectrogram of soil at different particle sizes under nitrogen and phosphorus additions
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Table 3 ANOVA results (F-value) for effects of nitrogen
and phosphorus additions and their interactions on

molecular structures of organic carbon in soil aggregates

o A LR . . NXP i
HEAE /mm e N @ P n
C-AR 1.020™ 0.005™  0.850™
C-AL 0.480"™ 0.384™  0.542"
>2
C-PO 2.395™ 9.696"  0.671"
C-HY 5.732° 4963  1.182"
C-AR 6.757°  11.7547  1.218"
C-AL 19.152"  39.31™  0.266™
0.25~2
C-PO 13.176"  11.168"  0.298™
C-HY 4.557" 74117 0.312®
C-AR 0.146™ 1.669™  0.962"
C-AL 0.086™ 1.720%  0.792™
0.053~0.25
C-PO 0.516™ 1.074™  1.296™
C-HY 0.487" 1.299%  1.609™
C-AR 0.421™ 2.789™  0.248™
C-AL 0.469™ 1.497™  0.000™
<20.053
C-PO 0.081™ 2.275"  0.122"
C-HY 3.067™ 3.051™  0.222"

T *FR p<C0. 055 %% 77 p<<0. 015 +**F 75 p=<<0. 001;3ns % 7%
$>0.05. Fl.

ANTR] NP S0 Ak B X 5 S R AR [A) R A%+ 45
F 5 & SD A 135 52 W, T 4 SS9 52 i R 77 7 I 3%
225 (B 4D, 78 RARME (2 mm) N3 i & f
i SD; 76 /)y i B 4K (0.25~2 mm) Hr, N+P Fl N 7%
Y E AL SD.
22 EBANMARMETEAREBAES NN

ANTR] NP S i Ak 35X R A R AR A A R AR
B R P A5y i m i FEEARF (R, KR
AR (>2 mm) o, NP R0 T 482 & 5 o il 75
B 19 B E (Resin-P) #1 NaHCO,-Pi. H 4 5 43 il
A® (NaOH-Pi. NaOH-Po) 1 ¥t 4 i & # h
1) NaOHs-Pi #l HCI-P J5t & 730 80 P s fn &k 5 82 = &
O3 fi 75 #E P 19 NaHCO,-Po.  7E /) [ % & (0.25~
2 mm) W, NP IR & & BEAK 5 5 ff 25 0 b
NaHCO4-Po [ # 4> 50 F0 M 4 ff 45 B b 59 ok &
W (Residual-P) 5 i 73 %5, 7 5k 35 42 5 Resin-P Jit i 43
. TEMIABIKC0.053~0.25 mm)H, PER IR &3 5
+ 18 5 A R AR T Y Resin-P Al NaHCO,-Pi J 45 5
A3 1 25 B A9 NaOH-Pi i &40 80 7256 HH R (<
0.053 mm) H1, N+ P s I i 35 38 &5 5 40 i A5l v 19
Resin-P 5 NaHCO,-Pi, " % 5 73 fiff 25 85 Hh 1) NaOH-
Pi 1 ME 23 i 2505 B9 NaOHs-Pi Ji & 2080 N s hn i
AR 5 43 i S8 vh NaHCO,-Po i #7304k .
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Fig. 4 Soil organic carbon decomposition (SD) and structural stability (SS) of different particle sizes
*4 FAEANEFETEFAREHEAS
Table 4 Phosphorus components of soil aggregates of different particle sizes mg/kg
FLAE/mm T3Py CK N+P N P
Resin-P 5.6540.38¢ 34.73+4.06a 5.54+1.23c 14.214+2.56b
NaHCO,-Pi 0.424-0.05b 1.59+0.42a 0.3940.01b 1.2940.29a
NaHCO,-Po 21.05+2.08b 21.62+2.92b 22.954+1.97b 31.38+1.92a
NaOH-Pi 5.8140.24b 16.474+2.05a 5.3240.76b 12.9744.36ab
>2 NaOH-Po 167.28+22.18b 361.78416.80a 165.14+4.13b 258.10451.33b
NaOHs-Pi 0.834-0.04c¢ 1.9840.19a 1.04+0.13bc 1.35+0.09b
NaOHs-Po 39.50+5.15b 47.41410.28ab 51.894-2.96a 45.97+5.39ab
HCI-P 6.104-0.38b 10.15+0.45a 5.994-0.28b 10.4740.43a
Residual-P 84.74+5.68a 101.04+4.36a 92.01+7.61a 99.34+2.36a
Resin-P 4.63+0.51b 8.25+0.51a 2.4240.24c¢ 4.36+0.48b
NaHCO,-Pi 0.24+0.04b 0.814+0.11a 0.15+0.01b 0.63%+0.18a
NaHCO,-Po 10.574+2.23a 4.414+0.50b 6.9441.88ab 11.71+1.73a
NaOH-Pi 2.7240.31b 3.864-0.36ab 1.97+0.27b 5.4140.99a
0.25~2 NaOH-Po 86.25+7.74ab 75.57+7.36ab 62.29+1.79b 110.364+24.39a
NaOHs-Pi 0.43+0.05a 0.43+0.06a 0.3340.06a 0.5040.03a
NaOHs-Po 18.31+1.37a 9.99+1.14a 16.50+3.29a 15.33+3.32a
HCI-P 2.814+0.36ab 2.37+0.33b 2.3240.31b 3.8240.56a
Residual-P 37.64+1.28a 21.04+1.82b 33.10+2.44ab 26.43+7.14ab
Resin-P 0.22+0.04b 0.67+0.02ab 0.57+0.32ab 0.86+0.14a
NaHCO,-Pi 0.034+0.01c 0.12+0.01ab 0.05+0.02bc 0.134+0.04a
NaHCO;-Po 1.34+0.47ab 0.72+0.02b 1.17+0.43ab 2.584+0.82a
NaOH-Pi 0.32+0.06b 0.74+0.08ab 0.51+0.23b 1.05+0.10a
0.053~0.25 NaOH-Po 9.264+2.32a 14.05+0.71a 18.92+11.48a 20.03+3.16a
NaOHs-Pi 0.064+0.01a 0.08+0a 0.114+0.05a 0.084+0.01a
NaOHs-Po 2.6740.72a 2.924+0.29a 6.57+3.51a 2.7140.56a
HCI-P 0.5140.09a 0.44=+0.04a 0.45+0.23a 0.66+0.02a
Residual-P 4.8440.88a 4.11+0.21a 9.18+4.33a 5.24+0.42a
Resin-P 0.0540.01b 0.24+0.08a 0.06+0.01b 0.11£0.02ab
NaHCO;-Pi 0.014=0b 0.03+£0.01a 0.01+0b 0.02=+0ab
NaHCO;-Po 0.2840.07ab 0.14+0.03bc 0.1140.02¢ 0.32+0.04a
NaOH-Pi 0.044-0.01b 0.13+0.04a 0.06+0ab 0.12+0.02a
<20.053 NaOH-Po 1.73+0.25a 2.61+0.85a 2.0840.42a 2.484-0.02a
NaOHs-Pi 0.0140b 0.02+0a 0.01+0ab 0.01+0ab
NaOHs-Po 0.3940.11a 0.53+0.23a 0.59+0.10a 0.3140.02a
HCI-P 0.0940.01a 0.10£0.02a 0.07%+0.01a 0.10#+0.01a
Residual-P 0.7740.14a 0.75+0.22a 1.02+0.11a 0.70+0.12a

1 : Resin-P A #4 IR 8 ; NaHCO,-Pi A ik i &0 84 - TC WL ; NaHCO,-Po A Bk R %084 -4 AL ; NaOH-Pi ok & S AL 8- TTHLBE s NaOH-Po b & A Ak 4l -

A BB ; NaOHs-Pi k2 S8 A0 B8 75 10 - JEHLI ; NaOHs-Po SRy 208 AL A IIE 75 13 - HLBS s HCL-P S SRR 0% s Residual-P M8 X0 . T I,
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F1 75 22 70 B (3R 5) m] AL A8 K R AR (>2 mm)
N VRN R 35 U6 5 4 25 Bt 19 Resin-P A
53 75 W 19 NaOHs-Pi; P s in & 35 5% W &) 4y i
S8R Resin-P 45 5 3 i 5 85 9 NaOH-P X
53 1% A5 8% P Y NaOHs-Pi A HCL-P s N P ¥ il 22 B4
JHA2 35 52 00 5 o3 il 2595 71 B9 Resin-P \NaHCO,-P.
x5 EMAMEREZEEANTEARECBASZWHBT

EZ5H(FE)

Table5 ANOVA (F-value) for effects of nitrogen and
phosphorus additions and their interactions on

phosphorus components in soil aggregates

KiAg/mm  BEEPHLr NEM PEHM NXPHM

Resin-P 16.899"  57.769™  17.271"

NaHCO,-P1 0.293"  16.249™ 0.413"
NaHCO;-Po  3.027™ 3.965™ 6.661"

NaOH-Pi 0.379™  14.041" 0.664™

>2 NaOH-Po 3.010™  24.126™ 3.269™
NaOHs-Pi 11.275"  33.803™ 2.944™
NaOHs-Po  1.125™ 0.023™ 0.705™

HCI-P 0.315™  118.705™ 0.073™

Residual-P 0.702™ 4.870™ 0.270™

Resin-P 3.484™  37.976""  45.838™"

NaHCO4-Pi 0.196™  22.709™ 1.451™
NaHCO;-Po 10.156 0.164™ 1.144™

NaOH-P1 4.135™  16.4147 0.503™

0.25~2 NaOH-Po  4.847™ 1.963™ 0.165™
NaOHs-P1 2.622™ 3.032™ 0.073™

NaOHs-Po  2.049™ 3.605™ 0.499™

HCI-P 5.819 1.756™ 1.435™

Residual-P 1.594™ 8.746 0.012™

Resin-P 0.200™ 4.475™ 2.340™

NaHCO;-Pi  0.002™  13.656™ 0.422™
NaHCO;-Po  3.829™ 0.573™ 2.664™

NaOH-Pi 0.196™  12.820" 3.532™

0.053~0.25 NaOH-Po  0.092™ 0.235™ 1.656™
NaOHs-Pi  0.839™ o™ 0.823™

NaOHs-Po  1.268™ 0.983™ 1.028™

HCI-P 1.190™ 0.367™ 0.420™

Residual-P 0.521™ 1.104™ 1.518™

Resin-P 2.776™ 7.431 1.567™

NaHCO4-Pi  2.259™  13.9757 0.631™
NaHCO;-Po 15.313" 0.589™ 0.062™

NaOH-Pi 0.261™  12.493" 0.037™

<20.053 NaOH-Po  0.240™ 1.705™ 0.057™

NaOHs-P1 3.535™ 4.369™ 0.090™

NaOHs-Po  2.307™ 0.249™ 0.005™

HCI-P 0.408™ 1.760™ 0.164™

Residual-P 0.859™ 1.182™ 0.433™

16 /N B AR (0.25~2 mm) N %8 3 52 i
S oy ik A5 ® P 9 NaHCO,-Po Fil XE 73 i 25 8% v i1

HCI-P; P U I 2 2 5% W0 By 53 ff 25 8% tH 1) Resin-P 1
NaHCO,-Pi., 1145 5 43 fif 2 8% 19 NaOH-Pi FlHE 53
i 25 W5 v B9 Residual-P 3 N P #0128 BAE ] &35 521
5y oy f A5 W P 1Y) Resin-Po 78 13 A1 544 (0.053~0.25
mm) {1, P U I 2 5 0 5 4 i A B i NaHCO.,-
PiFl 4 ) 43 i A5 W v ) NaOH-Pi. 76 6 8 kL
(<20.053 mm) N Ui 35 52 0 5 o3 ff S Wb i
NaHCO,-Po; P B il i 35 52 W0 5) 53 ff A5 8% 1 (1 Resin-
P .NaHCO,-Pi 1% 43 fif 2585 o ) NaOH-Pi.,
23 AANETEARGHLUZES FEEMBEES

ks

ENGIE TR U ok B S N I o i 1S S NI EI
AN TRVRL AR 1 i B FE TR AN — B TR A0 i (JE 5) R BT,
HERBAREK2 mmod, R P AR5 C 4
Gy AR S0 81.21% M 6.4% 5 Horp |, XE 43 i 7S 85 b
NaOHs-Pi. H 4§ 5 43 it & %% 0 1 NaOH-Po f
NaOH-Pi /& 1 58 P 4 43 19 & 229K 3 A, ff B 2 o
B A 57.9%.9.2% A 71% . FE /N H E K (0.25~
2mm) ', EHEP A SR C Ul R W
86.39% 1 7.71% ; Hovfr | X 43 i A5 B P B9 Residual-
P 5 43 % 25 W T i NaHCO4-Po F1 1 25 5 43 fife 25
H Y NaOH-Po S + 3 P 4140 T 20K 8l [N 7, il B¢
BE oy 5 R 62.4% . 18.7% F 4.8% . A i A F &
(0.053~0.25 mm) H, -4 P 4 53 fif B 13 C 4 A8
5 9099.02% A1 0.6%; o HE o A B
Residual-P F1 5 43 fift 25 9% o i NaHCO,-Po f& 1- 3
P45y = K 3 N, R R 43 i ol 98.4%
0.4% ., TEFE BB (<C0.053 mm)Hr, 145 P 41 43 il ¢
HHEC A AR 1 91.37% F15.97% s Hov Mo i 45
B P 1 Residual-P, HCI-P. % 4 f# 25 ®
NaHCO,-Pi F ¥ 53 fif 25 #% rf 1) NaOHs-Po /2 +
P21 53 19 2 Z UK Bl D, A B B 43 591 Ry 81.6 90 4.7 %
4.5% F13.9%
RIS o
30 AENETEAREHLZES FEUXRBER

i & Wi iz

A TE 35 43 B8 (NP R H 4l A ) x e 1k 2%
PEAR = A 5 B B RS (3R 2) o HER B 2 Y
i) 2 ) TE VR 45 A RN T RE ) EEE R, R AR
R A, AN [A) 450 BUIR IR I i 3 e Ak . AR
WF 5T 245 & B, N+ P U b 35 38 5 2 B AT 20 A
e 85 SR U 43 B TR) B R TR TR B, 3R N P B
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Fig. 5
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Redundancy analysis of molecular structures and phosphorus components in soil aggregates of different particle sizes
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