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Effects and Mechanisms of Phoebe bournei Litter Input on Soil Priming Effect
Based on Organ and Carbon to Nitrogen Ratio Differences
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Abstract: [Objective] Litter quality is a key factor regulating the intensity and direction of the soil priming effect.
However, it remains unclear whether inputs of litter from different organs of the same plant or litter with different
carbon to nitrogen ratios (C/N) from the same organ differentially impact soil priming effect, as well as the
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underlying mechanisms. [ Method] To address this gap, *3C-labeled seedlings of Phoebe bournei were used as
study materials. Through fertilized and non-fertilized treatments, leaf, stem, and root tissues with low and high C/N
ratios were obtained to investigate the effects of litter inputs with different C/N ratios on soil priming. Soil microbial
biomass, enzyme activity, and soil available nitrogen contents (NH4*-N and NO3-N) were measured concurrently to
elucidate the underlying mechanisms. [Result] After 180 days of incubation, the addition of high and low C/N
ratio leaf litter and low C/N ratio root litter inhibited the mineralization of soil organic carbon (SOC) by about
11.09%, 9.05% and 8.07%, respectively, inducing a significant negative priming effect. However, the other
treatments did not cause significant priming effects. The influence of different C/N ratios in the same organ of
Phoebe bournei on soil priming effect was primarily observed within the first 8 days of incubation, with high C/N
ratio litter inducing a stronger negative priming effect than low C/N ratio litter. The reason is that high C/N ratio
litter input caused microbial nitrogen (N) immobilization, reducing soil available N content, which led to N limitation
and suppressed microbial activity, thereby decreasing SOC decomposition. In the later stages of incubation, the
effects of different C/N ratio litter on soil microbial biomass carbon and carbon metabolism-related enzyme activities
were not significant, so the influence of C/N ratio on soil priming gradually diminished. Among different plant
organs, leaf litter induced a stronger negative priming effect than root litter. Specifically, the negative priming effect
induced by leaf addition weakened over time, while root addition continuously induced a negative priming effect.
Stem addition caused a priming effect that fluctuated between positive and negative, but the cumulative effect offset,
resulting in no significant change in SOC decomposition. [ Conclusion] The impact of Phoebe bournei litter input
on soil priming effect varied significantly among organs, whereas the influence of litter C/N ratio on soil priming
effect was mainly concentrated in the early stages of litter decomposition. The main mechanism by which leaf litter
induced a negative priming effect was through reducing soil available nitrogen, which inhibited microbial activity,
thereby decreasing SOC decomposition. In contrast, the negative priming effect induced by low C/N ratio roots was
because their high lignin content and low bioavailability, causing C limitation for microorganisms during
decomposition, leading to reduced SOC decomposition.

Key words: Priming effect; Litter quality; Carbon to nitrogen ratio; Soil organic carbon mineralization; Phoebe
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mg-kg? A1 2.71+0.11 mg-kg™; WAV EE KA S &5 5~ 469.36£34.19 mg-kgt Al
157.85+13.12 mg-kg™l; 3% pH A 5.15+0.02, 3w HARESE: -25.78%o0.
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FE, NI 25 C, FEN CO MR EEIMIE KBRS, FHARFFTE 785.71£19.64 mg'm™ 2.
FRCHT, K 10 g HH NaCOs fll 2 g Na '3COs i T 250 mL B 7/KHF, WARA 1L 1
mol-L™* HCI [ Migs g Shi KK, &4k A&, SHEY &M AR 1K,
FUCESARC 3 d, HEhrid 15 K, 3 #ILFRIC 45 WK, Arichf KRS 8 AN 0O, Fric AT
B ZH AR F it A ZE RN A e A AH o it P 2L T b e ] e 0 R R B R A RE (R IR 50
mg-plant®, /K 60 mg-plant®) , FFREEEEN 16.5 mg-plantt. &RKEALE E A AR
T 10 mL EEFKP, WAL, RHEAEMINSEE LS TR FCgRE, WER. 2.
M, Peid s 60 CHET. BFEE, WE4iR (TC) .« &% (TN) . CIN . 88C. 4RIk
REEE GR D o WK LR, WEEEY CIN LLTE 14~31, HEACEARRIK T S48 51
CIN b, &3 [ AER— & EHEAR C/N A HE ) 525 H 1.
* 1 MR ERER. 2. HEAKSFER T

Table 1 Effects of fertilization on the basic chemical properties of roots, stems and leaves of Phoebe bournei

wE Ib ¥ B A WA dUgER VNG
Organ Treatment C/(gkg?) N/ (g-kg?) C/N ratio Cellulose/ (g'kg™)  Lignin/ (g'kg™)
Ui e A 454.0+35c  21.93t0.9b  20.85+0.92c 1.84%0.10ab 183.3+1.6ab
Root it A 4541+3.6c  30.80+l.1a  14.82+0.56d 1.53%0.13b 193.4+9.8a
E e AE 492.6+4.1a 15.80+0.7c  31.43+1.46a 1.93+0.17a 182.8+2.5ab
Stem it A 488.3+2.2a  21.74+10b  22.65+1.02c 1.96+0.04a 181.6+2.5ab
i At AR 474.9+2.3b 17.80+1.4c  27.24+1.82b 1.91+0.09ab 168.6+7.4b
Leaf it A 468.5+2.1b 24.24¥06b  19.37+0.49¢c 1.70+0.03ab 182.8+3.9ab

W B PR NG FERERORAS R AL B[R 776 35 22 5+ (P <0.05) . Note: Different lowercase letters in the same column
indicate there are significant differences among different treatments (P <0.05).(@Unfertilized, @Fertilized.
1.3 ¥Rt
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B IR EKE T R HIEFAKER 60%. XA RAGIMMEEDAL, HARRIEME . &1
B IR TN 20 mL 1 mol-L™t NaOH &I /NI, IR 3387 42 1) CO, o FERETR
M2 1. 3. 5. 8. 11. 16, 21. 28. 35. 45. 55, 70. 85. 105. 125. 150. 180 K #
NaOH & 531 4 N To 32 A DARSHETS 5t CO, Wlic. B ) NaOH ¥ WU s i
CHIRIER) SrCl, » BLAEK SrCOs UtiE, FiiJa A BRAE 7. ] 0.5 mol-L™ (5 HCI i
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CO; ) 553C 4.
R S B BABOR S T R T -
PEi= (CO2-Cp) i- (CO2-Co) i 4)
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THIALEE R R SOC W ki) CO2 IHEL, 1 (CO2-Co) iR 5 | BRI RIS A& Ak
ROk H LR CO2 BIHF. PET FRon AN 577 W] SRARBOR ., mg-kg e
1.5 TIEAGRHEEEE S ST

THEFREE 8. 28, 70, 125 Fl 180 RHATHEIRPEEURE, &R KIURE R E LA R #2048
br: LIERCEM AR (MBC) « HIERUZEMAEDER (MBN) « FVEYISKIERAEYE
Vg (BC-MBC) . HIEHMA (NOs-N Al NH-N 2 F1) &a, L&+ B4 4 pE
ity F4ER[E. B-1, 4-N-ZBREMEPETEEE (NAG) . My (LB S Ak Ml i35 1 DL &
A S EAM §°C 4. 3% MBC A1 MBN fIIE RS E&ER, mAY 5, i
0.5 mol » L't ] K, SO, WEHTIRSE, BICHMEAIRY . Tk, BOE, FIHSENRS T
X (Shimadzu TOC, Kyoto, HA) #47WllE. MBC F1 MBN [¥1H5 4 5l BRI 7
IR Co N HIZEMH R DU 2% 0.45 A1 054, THIELA4AR (TN) &&. BC-MBC
PLR 83C i e & HT4X (Elementar Variocube, #EE) Hka & [FIfr & F %1 (Isoprime
100 Isotope Ratio Mass Spectrometer, f&[E)D B¢ OCGH T . 3% NO3 ~ -N 1 NH, * -N
1) 2 SeH 2 mol-Lt ) KCI iR 4, T8 H 4 B sl Wik 2 A (SmartChem?200,
AMS, BEARHFD FATME . 138 p-HEWEEBE . LF4ERBE. B-1, 4-N- L P9EHEH % 05 E il
Ty S A B AT ) SE A B 9 1, SR U A S o v 5z 22
1.6 HIBSZIToH

K FH SPSS 26.0 B A HR#EAT Go it 0 M. 15 FH I BT 22 i o MR TS A
PP CIN b SRAERS 8] R HAZ HAE ST -3 CO HE. VR 5 33k CO HERL.
PR VI AL MBC. MBN. 3C-MBC. 384 8B M HIERHE L. %
F R 7R3 (Pearson) AH OG4BTk Sl i 22 S5 RVE YD . LI AE TR AR A Ok .l e 1tk
(5] R BEATLARARAR B PEAl 5 ANBRIR MRS H P9 5 FR AR 0T L IR0 RS 52 M) ) A B AR AL
& /i F Origin pro 2024.

2 4% B

21 A RRALEZEYN LIERT CO, 5AEIKIE CO HEBIF M

P la AT, A, 22, REINE 3E CO, EAHER H)A 893.6. 839.4 Al 796.3
mg-kgl, BRI 32.07%. 24.05%. 17.67%. A[F C/N Ebxft3% CO, BRI
TC R

JHTEDAN AR B N AE LH AT RL AbER 1) 38R R CO.-C HEME B T X, Hp
ML REZER . LHERIEN CO.-C HEltE £ IEYIRIFM 2.40 f5~4.11 % (K 10 . ¥
EOW R ZHENRmWEE, HRBVMOK N i (3410%) . 2% (2342%) . i
(22.34%) . 1 C/N LLXHETEIH AL I S AN B 2
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H: ANRKEFRRR IR COHMTEAR FALE F/ERFEZ R (P <0.05) , ANEVNGFRERREENIR CO K
AFELLEFEEREZER (P <0.05) . HENFEARMER, n=4. LH: & C/N LLiH; LL: f& C/N Lrt; SH: &
CIN LhZ5; SL: fi C/IN LhZ5; RH: & C/N itf; RL: fi C/IN it CK: XFHRAL, ***, **F0*03 5K K T4 Zdghs
E P <0.001. P <0.01 #1 P < 0.05 4 T A REFHM; ns FoRHFXNZIERI# M A S, TE. Note: Different capital
letters indicate soil-derived CO, emissions were significantly different under different treatments (P <0.05). Different lowercase
letters indicate litter-derived CO, emissions were significantly different under different treatments (P <0.05). Values represent the
means = SE, n=4.LH and LL represent high and low C/N ratio leaves; SH and SL represent high and low C/N ratio stems; RH
and RL represent high and low C/N ratio roots; CK: control treatment. ***, ** and * represent the factor has significant effect on

the index at P <0.001, P <0.01 and P<0.05, respectively. ns represents no significant effect. The same below. (DLitter, @Soil.

B 1 R[EAbER ] 3 B CO, HEEE (a) K b3S TEEYIE CO, Hit (b

Fig. 1 Dynamics of soil cumulative CO, emissions (a) and soil- and litter-derived CO, emissions (b) under different treatments
22  TERRRLATEMIXT IR A R A S0

FiFR A, A8 E . CIN ELAI a0 358 AR ORS8N Bl A AR A 30 B 2 3 s e (&
2a) o BACFRBOR RN ARWEINE A HRE I (AT 28 o) B UK N, B
JEIBHTIR G ARV VE AN INAE 5 77 30 N 2 3R BN SR RN s ZE TR TE P AR AS TR o B SR 300
IEAZE . 5t 180 d Hy L3 RABUK AN S, # (LH A1 LL) A C/N EEARE N5 & 17
BORBON, BARGRREE /> N-74.87. -66.85. -54.92mg-kg?t, {# SOC [IH 1k 7 il AR 11.09%-
9.05%7F1 8.07%. ZEYHVEYIALTEE T IE AN AHAL, X SOC Mo 5o . Hap kb
AR H B S (PR R

BB EN S, LIERRMR SR E R, Ha2 456 DRI
FE, WA 0~8 dy 9~28 d. 29~70 d. 71~125 d. 126~180 d ) 5 M ERHEAT 0T, 45
BRKY, AR B BRRESRANZ A E . CIN ELEREE & . R (0~8 d) AR
[N 5535 A2 P TEY) CIN LS, 1 5 4:B Bx CIN ELEemi A 838 (& 2b~FK 26) . H B
PAAABOR BN R 3
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W
FETE B il 2 2R OR IR UM 5 0 Z )i 25 5 7E P <0.05 T P <0.01 /K~ L2 . FEIBE LA E/NS 7 B R AL 2]
HFIEREZER (P<0.05) . F[. Note:* and ** on the columns represent that the differences between the priming effect and
0 were significant at P <0.05 and P<0.01, respectively. Different lowercase letters in the columns indicate that there are significant
differences among the treatments at P< 0.05. The same below.
Bl 2 3597 180 d LI RFBUBURBIENAS () BAKA FERFER M) BARBUR AL (b~P)
Fig. 2 Dynamics of soil cumulative priming effect over 180 days of incubation (a), and the cumulative priming effect during
different sampling periods (b-f)
23  FERALEEYN TRMEMEYENEYUERZN
IR iilal 3% MBC & ERA LI EEEEKES (K 30 . HESERERE
%, BMEIN: v (334.0 mgkg) m T (314.1 mgkgt) AR (2975 mgkg?) o &
% BC-MBC &FERFEUMHfE: H (5543 mg-kgh) &FAR (42.24 mg-kg™) FIZE (42.05
mg-kg®) . C/N Lbx}+3% MBC 5 BC-MBC ¥ L EE#m (& 3b) .
3 MBN & R8s &S (& 3c) , SERZERES, FERIN
I (83.05 mg-kg) T2 (72.44 mg-kg?) FIfE (69.63 mg-kg?) . HASZ CIN Ebszm.
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TAE P A LR S A B R AR T R 25 22 7 (] 3D .
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Fig. 3 Effects of litter with different C/N ratios on soil microbial biomass and soil available nitrogen content
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Fig. 4 Effects of litter with different C/N ratios on soil extracellular enzyme activity
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Fig. 5 Relative importance of litter chemical properties, soil microbial biomass, extracellular enzyme activity and soil available

nitrogen on soil priming effect at different stages
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