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Abstract: [ Objective ] Microbes and their necromass play a key role in the accumulation and long-term sequestration of soil
organic carbon (SOC). Moreover, continuous increases in nitrogen (N) and phosphorus (P) inputs can significantly affect
microbe-mediated SOC accumulation processes. The microbial necromass accumulation coefficient (NAC), which quantifies the
accumulation of microbial necromass per unit of microbial biomass, plays a key role in assessing the efficiency of microbial
necromass accumulation. However, the influence of short-term and long-term additions of N and P on this coefficient within
meadow ecosystems remains unclear. This study focused on investigating the differential responses of NAC to (1) short-term and
long-term N and P additions and (2) additions of N and P across different soil layers. [ Method ] To explore the response of NAC
to N and P additions, this study analyzed soil samples from the meadow on the Qinghai-Tibet Plateau subjected to 1 year
(short-term) and 10 years (long-term) of N and P additions. It was measured the soil microbial necromass carbon (MNC) and the
soil microbial biomass carbon (MBC), and calculated the value of NAC. Additionally, considering other environmental factors
including soil physical and chemical properties, microbial extracellular enzyme activities, and plant biomass, the main influencing
factors of NAC were identified. [ Result ] The results showed that after short-term N and P additions, the NAC values in the 0-10
cm and 20-30 cm soil layers were 31.33+2.97 (mean+SE) and 38.12+3.90, respectively, and N and P additions had no significant
effect on NAC (P>0.05). After long-term additions of N and P, the NAC values in the 0-10 cm and 20-30 cm soil layers were
14.46+1.12 and 17.4943.22, respectively; and the additions of N and P significantly reduced the NAC in the 20-30 cm layer
(P<0.05). The results of the Random Forest indicated that pH was the most important factor affecting NAC, and the correlation
analysis revealed a significant positive relationship between soil pH and NAC. Moreover, the long-term N addition, P addition
and simultaneous addition of N and P significantly reduced the pH of the 20-30 cm soil layer. These findings suggest that the
decrease in soil pH due to long-term N and P supplementation is the main cause of the reduction in NAC. The lowered soil pH
may lead to the dissolution of minerals, thereby reducing the mineral protection of MNC, making it more susceptible to
decomposition, ultimately decreasing the NAC of microorganisms. [ Conclusion ] In summary, changes in pH resulting from
long-term nutrient additions dominated the changes in NAC. In the context of ongoing increases in N and P deposition, it is
advisable to closely monitor changes in soil pH and implement timely measures to maintain the stability of SOC. This study
explores the differential responses of NAC to N and P additions and their influencing factors, providing data support for
understanding microbial-mediated carbon accumulation under the context of increasing N and P deposition.

Key words: Soil organic carbon; Microbial necromass accumulation coefficient; Nitrogen and phosphorus addition; pH;
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Fig. 1 Experimental design of nutrient addition
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Table 1 Effects of short-term and long-term nitrogen and phosphorus additions on soil physicochemical properties

R WhEE C+s/ soc/ TN soc/ TP/ NH, / DOC/ MBN/
FEoT B pH
Depth/cm Treatment % (mgg') /(mgg') TN (mgg') (mgkg') (mgg') (mgg!)
A 0~10 CK 66.02+ 7.37+ 62.04+ 6.04+ 10.20+ 0.71+ 7.05+ 0.26+ 0.01+
Short-term 3.25a 0.49a 7.69a 0.50a 0.47a 0.03b 0.34a 0.03a 0.00a
N 66.69+ 7.28+  62.80+ 5.89+ 10.67+  0.82+ 6.10+ 0.24+ 0.01+
0.54a 0.20a 2.43a 0.21a 0.13a 0.03ab 0.26a 0.03a 0.00a
P 66.11+ 7.12+  59.51+ 5.70+ 1041+ 0.89+ 4.82+ 0.21+ 0.01+
0.97a 0.17a 5.66a 0.35a 0.39a 0.10ab 0.57a 0.01a 0.00a
NP 66.29+ 6.74+ 5573+ 5.62+ 9.90+ 0.93+ 4.90+ 0.19+ 0.04+
0.82a 0.35a 3.29a 0.11a 0.39a 0.02a 0.79a 0.01b 0.02a
20~30 CK 63.89+ 8.43+  26.50+ 3.21+ 8.25+ 0.63+ 3.49+ 0.25+ 0.01+
0.47a 0.02a 1.28a 0.08a 0.20a 0.02a 0.27a 0.01a 0.00a
N 63.59+ 851+  22.75+ 291+ 7.75+ 0.64+ 3.36+ 0.25+ 0.01+
1.60a 0.02a 2.74a 0.21a 0.38a 0.01a 0.49a 0.00ab 0.00a
P 67.50+ 8.11+ 21.99+ 2,75+ 7.93+ 0.64+ 2.02+ 0.22+ 0.01+
3.32a 0.01b 3.22a 0.23a 0.63a 0.01a 0.43a 0.01b 0.00a
NP 68.26+ 8.34+ 22.78+ 2.93+ 7.77+ 0.57+ 351+ 0.23+ 0.01+
3.39a 0.12a 1.49a 0.17a 0.06a 0.05a 0.64a 0.00b 0.00a
K 0~10 CK 6254+ 693+  62.28+ 554 1125+ 0.30+ 1.96+ 0.24+ 0.43=+
Long-term 0.82b 0.15a 3.82b 0.34a 0.24a 0.04c 0.49a 0.02a 0.08a
N 65.22+ 6.13+ 73.28+ 6.04+ 12.17+ 0.44+ 2.36+ 0.21+ 0.48+
1.50ab 0.46ab  0.77a 0.21a 0.50a 0.02¢ 0.29a 0.03a 0.08a
P 67.38+ 6.08+ 58.11+ 5.13+ 11.33+ 0.86+ 2.18+ 0.32+ 0.46+
0.92a 0.24ab  3.43b 0.29a 0.32a 0.07b 0.55a 0.11a 0.03a
NP 66.25+ 5.81+ 74.79+ 6.23+ 12.01+ 1.18+ 1.97+ 0.32+ 0.23+
1.13ab 0.23b 4.26a 0.37a 0.17a 0.07a 0.09a 0.07a 0.10a
20~30 CK 65.34+ 7.37+ 28.89+ 3.03% 9.50+ 0.60+ 1.27+ 0.50+ 0.16+
1.19a 0.09a 2.83a 0.23a 0.39a 0.03a 0.11a 0.02a 0.00a
N 67.03+ 6.06+  27.42+ 2.88+ 9.56+ 0.60+ 1.39+ 0.51+ 0.27+
2.22a 0.09b 0.94a 0.13a 0.35a 0.02a 0.35a 0.00a 0.12a
P 6591+ 637+  31.30+ 311+ 10.09+  0.58+ 1.29+ 0.49+ 0.24+
0.96a 0.09b 4.65a 0.47a 0.06a 0.04a 0.28a 0.03a 0.05a
NP 64.55+ 6.13+  28.55+ 2.89+ 991+ 0.64+ 1.44+ 0.46+ 0.28+
0.70a 0.12b 0.35a 0.09a 0.39a 0.08a 0.39a 0.01a 0.05a

. CK: XTHEZL; N: &Ehn; P BN NP: ABERISFARN . C+S: FRiobiki, 3R7s B OGRLEE 23 A ACIN 15 04 FoRL Rk kL
RSB M SOC: LA HLER; TN: 4%; SOC/TN: WA&LL; TP: £Wf; NH,: %A&%; DOC: W MEAMLEE; MBN:
WA R RPEIE N P RERER (n=3), ANE/NGFRER R HR 76 AR 7] BB A 7] AL BRR] ) 22 5 % (P<0.05), IR, Note:
CK: control; N: nitrogen addition; P: phosphorus addition; NP: nitrogen and phosphorus simultaneous addition. C+S: clay and silt,
represents the sum of the volume fractions of clay and silt measured by the laser particle size analyzer. SOC: soil organic carbon; TN: total
nitrogen; SOC/TN: ratio of soil organic carbon to total nitrogen; TP: total phosphorus; NHZ: ammonium nitrogen; DOC: dissolved organic
carbon; MBN: microbial biomass nitrogen; Data in the table are mean = standard error (# = 3 ), and different lowercase letters indicate

significant differences ( P<0.05) between treatments at the same depth for the indicator. The same below. (DNutrient addition duration.
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Fig.2 Microbial necromass carbon ( a ), microbial biomass carbon ( b ), and necromass accumulation coefficient ( ¢ ) after short- and long-term

nitrogen and phosphorus additions
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Fig.3 Effects of short-term ( a~c ) and long-term ( d~f) nitrogen and phosphorus additions on microbial necromass carbon ( a, d ), microbial

biomass carbon (b, e), and necromass accumulation coefficients (¢, f) in different soil layers
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Fig. 5 Redundancy analysis ( RDA, a) and random forest analysis (b ) of necromass accumulation coefficient with environmental variables
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