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Characteristics and coupling relationship of soil carbon and nitrogen
transformation during in-situ mineralization cultivation
in Stipa baicalensis steppe

LIU Hongmei, ZHANG Haifang, QIN Jie, ZHAO Jianning, WANG Hui, YANG Dianlin
(Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs,
Key Laboratory of Original Agro-Environmental Pollution Prevention and Control, MARA, Tianjin Key
Laboratory of Agro-Environment and Agro-Product Safety, Tianjin 300191, China)

Abstract; This research was based on the long-term simulated nitrogen deposition test platform in Stipa ba-
icalensts steppe (began in 2010). The changes of soil carbon and nitrogen composition, net nitrification rate, net
ammoniation rate, organic carbon conversion rate and coupling of soil carbon and nitrogen in Stipa baicalensis
steppe under different nitrogen additions were studied by the in-situ closed-top PVC tube incubation methods. Test
treatments included NO (0 kg - hm™ - a™'), low-N (15, 30, 50 kg - hm™ - a™' was denoted as N15, N30,
N50), and high-N (100, 150, 200, 300 kg - hm™ - a™' was denoted as N100, N150, N200, N300).The results
showed that during incubation time the net nitrification rate of N15, N30, N50, and N100 were significantly in-
creased by 40.80% , 110.31%, 206.83% , and 202.04% than that of control NO ( P<0.05) , respectively. The net
ammonification rate of N30, N50 , and N100 treatments were significantly decreased by 16.88%, 169.60% , and
150.67% than that of control NO (P<0.05) , respectively. The net mineralization rate of N15 and N30 treatments
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were increased by 150% and 50% than that of control NO , respectively. The net mineralization rate of N50, N100,
N150 , and N200 treatments were decreased by 254.52%, 161.50%, 33.90% , and 79.85% than that of control

NO , respectively. There were significantly positive correlation between soil organic carbon and total nitrogen, dis-

solved carbon and dissolved nitrogen. There was a significantly negative correlation between microbial biomass car-

bon and microbial biomass nitrogen. The transformation rates of soil organic carbon had significant effects on the soil

ammonification and microbial immobilization rates, and it can be well simulated by model of linear regression equa-

tion. Continuous high nitrogen deposition can reduce the soil net nitrogen mineralization rate and the organic carbon

conversion rate, and have a negative impact on the soil carbon and nitrogen cycle.

Keywords: nitrogen addition; in-situ incubation; carbon and nitrogen transformation; coupling of carbon and

nitrogen ; Stipa baicalensis steppe
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Table 1  Changes of SOC, DOC and MBC contents in soil during in-situ mineralization
KAl SOC/ (g - ke™)
Incubation
time/d NO NI5 N30 NS0 N100 N150 N200 N300
0 39.43+0.47ABe 38.79+0.22Ad 35.70+0.77Acd  39.75+0.58ABc  40.04+0.41ABc 44.57+0.43Bb 44.87+0.50Bb 61.42+0.50Aa
300 38.93+2.02ABab  38.56+1.34Aab  38.05+3.54Aab  37.74+3.62ABab  40.38+0.72ABa  37.75+1.09Cab  37.78+1.33Cab 34.70+2.22Ch
330 37.49+1.08ABd  37.71+0.65Ad 36.80+3.04Ad  36.18£1.68ABd  42.27+0.25Ac 49.34+0.28Aa 51.10+1.28Aa 45.80+1.44Bb
360 41.02+2.92Aa 38.21+1.70Aab  37.47+1.49Aab  40.52+1.00Aa  38.34+2.94BCa  36.87+2.41Cab  36.80+2.68Cab 34.10+1.09Cc
390 36.92+1.57Ba 37.80+1.45Aa 35.77+1.11Aa 35.83+2.77Ba 36.81+1.72Ca 36.75+1.81Ca 35.82+1.54Ca 32.31+2.33Ch
FEFRm ] DOC/ (mg - kg™")
Incubation
timerd NO NI5 N30 NS0 N100 N150 N200 N300
0 342.41+8.08De  411.44+448Ch  404.71£6.72Cbc  397.78+6.55Cc  354.55+8.14Cd  395.47+8.70Cc  401.35+2.97Bbc  423.37+2.58Ca
300 373.63+7.98Cf  462.79+3.55Ba  443.32+0.84Bb  419.17+8.12BCc  321.95+8.34Ch  337.08+5.34Dg  392.63+0.84BCe  405.24+6.06Cd
330 463.12+12.87Bb  411.71£6.93Cd  428.56+10.11BCc  449.20+7.09Bb  478.37+6.80Ba  461.47+11.79Bb  378.97+5.36Ce  484.31+2.99Ba
360 582.91+13.03Af  636.17+1.78Ae  653.60+13.66Ae  725.67+6.44Ad 944.28+13.24Aa 831.04+18.10Ac  818.27+4.83Ac  910.67+8.90Ab
390 342.41+17.47Db  411.44+24.35Cab 404.71£26.14Cab 397.78+50.47Cab 354.55+73.92Cab 395.47+18.84Cab 401.35+19.80Bab 423.37+36.12Ca
HFRIv ] MBC/ (mg - kg™)
Incubation
timerd NO NI5 N30 NS0 N100 N150 N200 N300
0 641.32£093Da  522.72+6.34Dd  434.02+10.30Ef  567.07+2.58Eb  421.94+5.55Eg  537.77+9.11Dc ~ 463.91x2.18De  470.25+6.53De
300 836.48+7.13Ca 802.30+1.19Cb  809.56+7.43Chb  751.26+11.39Dc  747.85+1.40Cc  800.32+9.52Bb  763.09+17.78Bc  638.35+7.04Bd
330 842.95+10.86Ca  797.58+9.92Ch  720.15+11.85Dd  789.45+9.64Cb  719.93+4.12Dd  699.93+1.96Ce  757.04+12.43Bc  617.56+7.00Bf
360 1121.47+£3.52Aa  990.15+13.21Bc  940.50+15.44Bd  1067.53+36.20Ab 1121.14+0.80Aa 1112.96+5.74Aa 1120.48+1.78Aa 1058.51+25.74Ab
390 1105.83+5.32Ba  1071.47+38.12Ab  991.78+9.24Ac ~ 829.09+16.55Bd  840.14+12.79Bd  788.17+20.35Be  721.95+17.50Cf  585.29+3.86Cg

1 AN RIR S R R [l — IR KA R8T A st 1] R 25 53 .35 (P<0.05) , R R/ING T8k 2R il — 5 (b it AR R R R InKE T 25 2 B3
(P<0.05), R,

Note : Different capital letters indicate that the same nitrogen addition level is significant under different mineralization times ( P<0.05) , and different

lowercase letters indicate that the same mineralization time is significant of different nitrogen addition levels ( P<0.05). The same below.
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Note ; Different capital letters indicate that the same nitrogen addition level is significant under different mineralization

times (P<0.05), and different lowercase letters indicate that the same mineralization time is significant of different nitrogen

addition level (P<0.05). The same below.
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Fig.2 Dynamics of soil MBC conversion rate
F2 TERMETUITEDS NH-N 1 NO;-N EEEWX/ (mg - kg™')
Table 2 Changes of NH;—N and NO;-N contents in soil during in-situ mineralization
K FEmt ] EAS A NH; -N
Incubation
time/d NO N15 N30 N50 N100 N150 N200 N300
0 27.42+1.28A¢  21.11+0.43Ad  30.97+2.24Ac 66.26+2.06Aa 61.16+3.88Ab 27.60+0.85Ac 29.25+1.05Ac 30.32+0.80Ac
300 11.40+0.69Bc  10.57+1.03B¢  11.35£0.98Bc¢  10.94+0.86Bc  9.06B+0.71Cd 11.80+0.75Che 13.22+1.11Bb  16.89+0.75Ba
330 3.85+0.20Cf 8.28+0.69Cc 5.00£0.43Ce  12.44+0.27Ba  6.54%0.11CDd  7.76+£0.37Dc  5.91+0.75Dde  10.22+1.16Db
360 3.43+0.18Cd 2.93+0.28Dd 3.35+0.23Cd 6.65+1.32Cc  10.52+0.57Bb  13.5+1.43Ba 9.31+£0.64Ch  14.19+0.67Ca
390 3.26+0.50Ccd ~ 3.8+0.12Dbe 3.13+0.36Cd  3.50+0.15Dbed ~ 3.91+0.53Db 2.98+0.22Ed  3.56+0.17Ebed ~ 6.41+0.08Ea
Fr Ry [a] A A NO3-N
Incubation
timer/d NO NI5 N30 N50 N100 N150 N200 N300
0 1.82+0.04Ee 1.92+0.23Ce 2.93+0.24Ee 2.82+0.07Ee 9.90+0.13Ed  37.67+0.48Dc  48.09+1.46Cb  66.21+£0.98Ca
300 13.22+0.99Cg  17.48+0.56Be  22.48+3.06Ce 30.73+1.58Cd 36.89+0.89Cc  49.30+1.91Cb  50.72+0.63Cb  85.69+5.08Ba
330 16.34+£0.61Bg  22.56+£0.72Af 46.11+1.42Ae 52.29+4.59Bd 51.15+£0.40Bd 77.90+1.00Ab 65.27+1.67Bc 114.14+3.61Aa
360 21.61+0.77Ag  23.11+0.19Ag  32.02+0.70Bf 61.85+0.42Ad 85.37+4.89Ab 56.44+0.86Be 80.20+1.92Ac 89.56+0.89Ba
390 6.93+0.53Df  16.70+1.39Be  18.00+0.73De  23.61+0.89Dcd 21.00+2.54Dd  25.81x1.61Ec  37.72+1.22Db  65.06+2.96Ca
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Table 3 Changes of SON, DON and MBN contents in soil during in-situ mineralization

Hr R I SON/(g - kg™!)
Incubation
time/d NO N15 N30 N50 N100 N150 N200 N300
0 2.28+0.21Da 2.39+0.39Ca 2.23+0.22Ca 2.20+0.20Ca 2.44+0.38Ba 2.53+0.09Ba 2.30+0.13Da 2.36+0.56Da
300 2.83+0.14Cab  2.71+0.08Cb  2.62+0.24Cb  2.77+0.26Cb  2.89+0.16Bab  2.80+0.25Bab 2.89+0.19Cab  3.28+0.49Ca
330 3.50+0.12Bd  3.86+0.08Bcd 4.06+0.36Bcd  4.08+0.32Bed  4.56+1.01Abe  5.23+0.31Aab  5.55+0.17Aa 5.39+0.22Aa
360 4.14+0.13Abc  3.89+0.13Bc 3.87+0.11Bc  4.18+0.86Bbc  4.63+0.22Abc  4.94+0.36Ab 5.86£0.61Aa  4.66+0.42Bbc
390 3.68+0.03Bc  4.67+0.82Aab  4.82+0.03Aa  5.10+0.02Aa  4.80+0.06Aa  4.85+0.09Aa  4.94+0.18Ba  4.20+0.06Bbc
KEFRA(A] DON/(mg - kg™")
Incubation
time/d NO N15 N30 N50 N100 N150 N200 N300
0 36.08+1.94Bd  34.41+0.39Bd  69.79+7.35Ab  37.05+0.20Dd  58.69+0.70Dc  60.22+0.83Cc  55.50+0.39Dc 103.23+0.83Ca
300 17.41£0.75Ce  18.08+1.33Ce  22.00+0.69Ed 24.90+1.65Ebcd 23.30+1.39Ecd 28.10+1.93Db  26.45+0.46Ebc  53.50+4.42Da
330 45.42+4 42Afg  40.33+0.16Ag 47.82+2.50Cef 52.45+1.27Be  71.69+5.63Cd 100.27+3.58Ab 92.82+1.46Ac 128.76+3.53ABa
360 42.87+1.51Af 39.78+0.64Af 57.44+1.55Be 67.43+0.28Ad 82.42+4.33Bc 102.95+3.54Ab 78.63+1.58Bc 140.00+11.79Aa
390 46.07+0.73Ad  39.22+4.27Ae 38.76+3.04De  49.58+1.85Cd 93.24+1.39Ab  72.34+1.31Bc  74.65+2.54Cc  122.93+6.36Ba
PRl MBN/(mg - kg™!)
Incubation
time/d NO N15 N30 N50 N100 N150 N200 N300
0 37.25+3.57Ee 38.30+1.39Ee 33.77+2.05Ce 36.63£1.94Ce 56.19+3.43Dd 72.34+0.68Ec 86.93+4.23Bb 123.24+3.58Ba
300 66.14+3.24Cf 67.99+1.00Cf 80.38+5.63Ad 89.36+2.47Ac 86.30+2.68Cc 111.09+1.95Aa 74.09+2.65Ce 101.75+2.97Ch
330 56.06+0.39De  62.58+0.59De  71.87+1.49Bd 76.31+8.24Bcd 80.89+1.53Cc  98.33+2.01Bb 104.83+4.70Ab 124.60+5.61Ba
360 71.87+1.11Be  75.20+2.65Be  73.45+0.42Be 86.21+2.36Ad 123.40+2.08Ab 89.26+4.17Cd 104.53+4.61Ac 164.74+4.39Aa
390 76.59+2.21Ac  89.45+2.70Ab  81.17+0.59Ac 88.15+2.36Ab 98.79+6.25Ba  80.66+3.70Dc  81.72+4.28Bc  89.73+3.68Db
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Dynamics of SON conversion rate
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Fig.6  Dynamics of SON conversion rate

Dynamics of MBN conversion rate
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Fig.7 Dynamics of MBN conversion rate
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Table 4 Coupling relationship between soil carbon and nitrogen conversion

H 7z 7S L e AHC R KL
Independent variable Dependent variab Linear equation Correlationcoefficient
Total N(x,) SOC(y,) Y, =4.4943x, + 22.386 R?>=0.848* *
MBN (%, ) MBC(y,) Y, = -3.0006x,+1038.9 R¥=-0.869* *
DON(x;) DOC(y,) Y, = 1.0782x,+ 412.31 R2=0.824"°*
AL % Net ammonization rate(x, ) SOC #54kH % SOC conversion rate(y,) Y, =-0.1398x,-0.0248 R?=0.080
HiH L% Net nitrification rate (x5 ) SOC AL H 3R SOC conversion rate(y, ) Y,=0.0772x5-0.0183 R?= 0.011
MBN #4L3# R MBN conversion rate(xg)  SOC ¥ {L#* SOC conversion rate(y, ) Y, =0.3479x,-0.0412 R>=0.769" *

. o« FRBEMI(P<0.05), * = FoREFEMRE(P<0.01), FHE,

Note: * indicates significant correlation (P<0.05), * * indicates highly significant correlation ( P<0.01). The same below.

®5 TEGEREALERSTREFEROEXXR

Table 5  Correlation between soil carbon and nitrogen conversion rate and soil chemical index

g VBN MBC MBC/ DON  MBNFHGE MBCHGRE WEIGRE  WHIGEE  EIIEE SOCHHLEE
Ttem MBN MBN conversion MBC conversion Net ammonization Net nitrification Net mineralization SOC conversion
rate rate rate rate rate rate

Total N 0.674" * -0.526" * -0.725" * 0.604" * -0.500" -0.088 0.000 -0.052 -0.167 -0.258
SOC  0.726"* -0.383  -0.636" " 0.683 "~ -0.674" * -0.330 0.197 -0.249 0.019 -0450"
C/N -0492" 0.563" " 0.659" *-0.421" 0.224 -0.131 0.174 -0.162 0.272 0.057
DOC  0.877" " -0.875" " -0911" " 0.824" * -0.434" -0.238 -0.103 0.334 0.026 -0.637" "

NH;-N 047" -0437* -0.522** 0377 0.160 -0.309 -0.843" " 0.809" * -0.741" " -0.205

NO3-N 0979 " -0.889" * -0.956" * 0.964™ * -0.767" * -0425" 0.084 0.004 -0.011 -0.834" "
SON 06727 " -0.524" " -0.723** 0.603" * -0.504 " -0.084 0.011 -0.062 -0.159 -0.256
MBC -0.869"* 1.000 0.935* *~0.856 " * 0.529* * 0.154 0.023 -0.248 -0.056 0.723**
MBN  1.000  -0.869" * -0.953"* 0.982" * -0.731" " -0.400 0.065 0.061 0.036 -0.838" "
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