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Effects of phosphorus addition on soil respiration component characteristics and carbon balance in dry
farmlands of the Loess Plateau, Longzhong, China
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Abstract: The balance and sequestration of carbon in terrestrial ecosystems can be significantly affected by a large input of phosphorus.
Here, we investigated dynamic changes in soil respiration and its components and the response of carbon balance to phosphorus addition in

the dry farming areas of central Gansu Province. A completely randomized block design was used Dingxi city, with four levels of
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phosphorus application : no phosphorus (CK), low phosphorus(P;), medium phosphorus(P.), and high phosphorus (Ps). Soil respiration, its
components, and other environmental factors were measured in each treatment during the spring wheat growth period. The soil respiration
temperature sensitivity index, net ecosystem productivity, and carbon balance were calculated. The results of the study showed that
phosphorus addition increased the amount of CO, emitted by soil respiration and its components. Compared with CK, the cumulative CO,
emissions of soil respiration increased significantly in the P, P2, and P; treatments by 13.85%, 24.86% and 26.47%, respectively (P<0.05).
Soil heterotrophic respiration increased significantly by 9.09%, 9.4%, and 14.52% (P<0.05), while autotrophic respiration increased by
18.96%, 39.98%, and 38.33%, respectively (P<0.05). Soil respiration and its components were affected by multiple factors, with fitting
analysis showing that soil moisture and temperature accounted for 37.0%—49.7% and 69.4%~-76.8% of the variation, respectively. Stepwise
regression and variance decomposition showed that the main influences on soil respiration were alkaline phosphatase content in the 0-5 ¢m
soil and 0—10 cm soil organic carbon layers. The main factors influencing soil heterotrophic respiration were 0—5 cm soil -1, 4~
glucosidase, 0—5 cm soil cellulose disaccharide hydrolase and 5—10 c¢m soil alkaline phosphatase. The main factors influencing soil
autotrophic respiration were 0—5 cm soil alkaline phosphatase, 0—5 ¢m available phosphorus and 5—10 c¢m soil cellulose disaccharide
hydrolase. All treatments showed a positive net ecosystem productivity, with values of 2 640.10 kg+-hm™, 3 412.91 kg+-hm™, 3 579.83 kg -
hm™, and 3 790.74 kg - hm™ for CK, Py, P, and P respectively. These values indicate that each treatment formed a ‘sink’ of soil carbon.
Therefore, in the management of dry farmland ecosystems on the Loess Plateau of Longzhong, the application of phosphorus fertilizer should

be suitably increased (115 kg+hm™ is recommended) to improve soil carbon sequestration efficiency and to build a scientific and rational

modern agricultural production management system that places equal emphasis on environmental protection and economic efficiency.

Keywords : phosphorus addition; soil respiration; carbon balance; soil enzyme; Loess Plateau
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17.55% H15.51%~16.93% 35 [l N # 50 , 5~10 cm £ 3
K &4y BITE 8.13%~17.43% H1 8.11%~17.59% 11 [F]
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49.7% , R\ 5L 5 1Y 37.0%~38.0% ., Ts A fif B R A5 4k,
15 1 75.1%~76.8% , Ru A 18 1) 69.4%~75.3% , R\ A%
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Table 2 Carbon balance in crop seasons under phosphorus addition

Jb B B R A ik FERL™ hiE WRHECRCE T3 IR ORI I Ak 7= g e Vet 28 R e AR 7 T [k
Treatment  Civer/(kg-hm™)  Cunpp/(kgehm™)  Cy/(kg-hm™)  CEE/(kg-kg') Ry—C/(kg-hm™) NPP-C/(kg+hm™) NEP-C/(kg-hm™)

CK 2 010+68.73¢ 735+68.73b 1 866.66+57.73b  1.53+0.08b 582.64+31.97b 3222.75+73.05d 2 640.10+99.13d
P 2 415+93.67b 990+77.94a 2 466.66+152.75a 1.78+0.11a 635.58+27.87a 4 048.50+92.77¢ 3412.91+74.41c¢
P, 2460+93.67b  1065+25.98a 2 533.33+208.16a 1.67+0.11ab 637.41+3.59a 4217.25+53.07b 3 579.83+49.63b

P; 2775+93.67a 1.58+0.01b 667.25+5.13a 4 458.00+70.62a

1 ANFINE FREFOR AL H R 25 55 8 35 (P<0.05) . T[],

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.

1020+£51.96a 2 433.33+57.73a 3790.74+74.67a

1% WHART]
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Figure 4 Soil water content in 0—10 cm soil layer under the phosphorus treatments (a—b. Planting crops; c—d. Unplanting crops)
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Figure 5 Soil temperature in 0—10 cm soil layer under the phosphorus treatments (a—b. Planting crops ; c—d. Unplanting crops)
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Table 3 Soil properties in 0—10 cm soil layer under the phosphorus treatments

] = AL —1,4-HiEE YR S ) o I
e s e il
pattern o Treatment (mgeg'-2h") (nmol-g'-h™") (omol-g'+h™) ALP/(mg-g™") SOC/(g-kg") AP/(mg-kg")
RS 0~5 CK 0.65+0.03a 11.8720.82¢ 5.97+0.58h 3.83:0.08d  8.32#0.6lc  5.39%0.51c
Planting crops P, 0.68+0.11a 13.27+0.78b 6.43+0.12ab 4.20+0.13¢  9.39+0.59h  10.71+0.10b
P 0.7620.04a 14.59+0.23ab 7.1520.61a 5.56£0.29a  10.04x0.58ab 13.65£3.02b

P 0.70+0.10a 15.250.85a 7.19%0.52a 4.82+021b  10.99+0.27a  20.250.72a

5~10 CK 0.68+0.03b 12.51+0.39h 5.15+0.16b 3.15£0.12b  7.80+0.46¢  5.25+0.31d

3 0.8120.02a 13.63+0.45h 5.5120.23b 3.59£0.35b  8.20£0.26¢c  6.70+0.27¢

P, 0.63+0.01b 15.16+0.65a 6.15+0.23a 4.49+0.35a  10.47+1.16b  8.15+0.64b

P 0.63+0.05bh 15.03+0.86a 6.33+0.17a 4.43+0.29a  12.85+0.70a  14.82+0.63a

RAPEY) 0~5 CK 0.60+0.05a 9.58+0.30h 4.05+0.59h 3.03£0.30b  7.31x0.94a  7.18+0.88c
Unplanting crops P, 0.64+0.02a 10.48+1.40b 4.35+0.15b 4.43+0.53a  7.62+0.28a  13.36+1.47b
P 0.67+0.06a 12.21£0.37a 4.65+0.31b 4.44+0.17a  7.76+1.14a  18.41+2.46a

P 0.58+0.04a 10.00+0.44b 5.86+0.17a 4.48+0.32a  8.23+0.13a  20.33+2.76a

5~10 CK 0.59+0.04a 9.24+0.54h 3.38+0.14¢ 4.1240.16c  7.58+0.17b  4.42+0.31c

P, 0.61+0.03a 9.23+1.50h 3.48+0.19¢ 4.84+0.11b  7.70+0.35b  8.36+0.55h

P, 0.59+0.02a 11.67+1.19a 4.33+0.34b 559+0.31a  7.89+0.15b  17.58+0.55a

P, 0.5120.04b 10.39+0.38ab 4.99+0.35a 4.5320.24bc  9.05:0.20a  18.1520.80a

R4 BANMTLEFRSAELEL BRI TERENDETE

Table 4 Regression equations of soil respiration with soil moisture and soil temperature of different soil layers under phosphorus addition

i H + 2 4837 7K i Soil water content - Soil temperature

ltem Soil layer/cm [mTA ) P EIEpx R P Qu

F T Rs 0~5 y=-1.929x°+31.468x+67.021 0.388 <0.001 y=44.881¢"" 0.768  <0.001 1.84
5~10 y=—1.643x’+25.965x+93.121 0.413 <0.001 y=41.300e""" 0.751  <0.001  2.03

TR FRIFIHR Ry 0~5 y=—0.466x°+5.641x+68.038 0.454 <0.001 y=37.478e0" 0.694  <0.001 1.37
5~10 y=0.2642"~13.237x+194.080 0.497 <0.001 y=35.026e""" 0.753  <0.001 1.48
3 3 FRIFIR R, 0~5 y=—1.509x°+25.620x+4.021 0.370 <0.001 y=11.060e"%*" 0.720  <0.001 2.56
5~10 y=-1.518x*+27.621x-16.034 0.380 <0.001 y=9.493¢"112" 0.723  <0.001  3.06

1) 38.0%~49.7% , 15 W] 5~10 cm - 357K 43 %t + S IF 1%
FI M K F 0~5 em 38K 43 T BE U (Quo) WT LA
S T F - BRI S 38 () 52 i K/ o OS] 4 J2 ok
F,0~5 cm 1Y Qi 22 Ak Fl hy 1.37~2.56, 5~10 em [
Qu AT R 1.48~3.06, 252043 Q1o B K 0~5 em<
5~10 em P FLAEE, 156 RH - 3050 3 6T 1= S8 WF I (1) 5% i B
FERIMEMAE R . AR 25 K F L Rs Ry il
Ry 1Y Qi 25 4k 785 il 43 51 4 1.84~2.03, 1.37~1.48 FlI
2.56~3.06, &I M Ri>Rs>Riio

A2 A B 43 BTk i 37 0~10 em HIER 75
W K FLAL 5y COLHE O () S A Il I ABE 7 (5%
5), G5 BoR, Ry EZL M KT/ 0~5 em 3R 1
WERR A1 0~5 cm 84 HLAK ; Ry 1Y 2252 M [H -2
0~5 cm -3 B—1, 47 % Bl 77 B A1 0~5 em + LT 4k

1% WHART]

B WK AR 5 R 35200 T 0~5 em 36K
PE R i A1 5~10 em 3927 4k 2 MK fi Bl . TR Is
W T 2R R (] 6) , &5 R i s 4 TR 1R R S i
BT RESF A 61.00% (%5 R, T IR , 4k 2= K7 il
- SR 4 ) o i R Y 33.95% 1 66.05% , Hoh i
ZEH T2 0~5 em b HEBRE B ER B L 0~5 em T3
HUAS F 5~10 em - HEA PLIK (P<0.05) . 4> K A AU
BT RuZE SF 10 55.00% , Ak 2 R 7~ F1 -+ 358 il 4 331)
i i B 511 29.99% 1 70.01% , Hovb g M R 17
0~5 cm T3 B—1, 4-F A BE T .0~5 cm L IELF4ER
K RN 5~10 em - R MEBEERRE . 4 T
UL AR B T RS 519 55.00% , Ak 27 R 1 1 4 HE i 43
) AR S 1 35.42% 1 64.53% , Hoh g 3 MR T
2 0~5 em T HEA R .0~5 em T EEG PR .0~5 cm T
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Table 5 Multiple stepwise liner analysis between soil factors of

0~10 ¢m and CO; emissions

TiH Ttem  Feff LR Optimal regression model — R? P

s Yr=280.755X-+297.638X,+995.159  0.917 <0.001
FHEFFEIENL  ¥,,=40.818X5+139.282X5+1 222.072  0.775 0.001
I E R Vi=263.064X,+393.923X,-635.630  0.857 <0.001

TE s Yoo Yo Yo 20002 L SE0T 0 43 S5 2P0 | 3 F 3207 CO,
SO X X5 X X0 X0 J3 IR 0~5 em B 1, 4-HIEIHE i L0~5
em £FYER MK REE . 5~10 cm £F4E R K AEEE . 0~5 om B PERERR
it .0~5 em T IEAT LR -

Note: Yi., Yr, and Yx, are cumulative CO, emissions from soil
respiration, soil heterotrophic respiration and soil autotrophic respiration
respectively; X3, X5, Xe, X7, Xo are 0-5 cm B -1, 4—glucosidase, 0-5 cm
cellulose disaccharide hydrolase, 5-10 c¢m cellulose disaccharide
hydrolase, 0-5 c¢m alkaline phosphatase ,0-5 c¢m soil organic carbon.

SO PE R 8 R 5~10 em - 3 AR 2E R K AR I
EQ iR e SRS E 2 Bl S Cil (B IDE B N o S
ISES RN EICIE

3 iFig
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T BRI - HEF g (4 52 0, [ 9 2 2 A T
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ZHUititHE Parameter estimate
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E o
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ey |
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0" -1.5 -1.0 -0.5 0 0.5 1.0 1.5
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AT K] T~ A4 Y S EO T (PR [ U 2R 80 \95% A5 X 8]l
25 R A A, DU 2209 1 3 L3R . IR AP 2R Y
9 R PAEH : #P<0.05;%%P<0.01 ; %%%P<0.001
Average parameter estimates ( standardized regression coefficients ) of
model predictors, associated 95% confidence intervals and relative
importance of each factor, expressed as the percentage of explained
variance. The adjusted R’ of the averaged model and the P values of each
predictor are given as:*P<0.05; **P<0.01; ***P<0.001
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Figure 6 Effects of 0—10 cm soil factors on soil respiration
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