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NOz-N i iR = AHE S S (A h—3, (HARR pH &0 FEAEG PR CIN AEHEE) NO3-N EBRECRIFAHIF., 54
KA, Ik pH HHEAET T, EAPWIER CIN A FITF L4 NH;-N 7758 NOg-N £55k, HAEIBGR =< HmHE; 4% pH J5, &4k
FHARA HLEL CIN A F T NOs-N Bt 7 d AR 2 SR HEL .
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Effects of Soil pH and Organic Material C/N Ratio on Removal and Pathway of Greenhouse

Soil Nitrate Under Reductive Disinfestation Condition

YANG Zhiyuan?, XU Lingying?, XU Yongbo®", YANG Ruizhe*

(1 College of Agricultural Resources and Environment, Yunnan Agricultural University, Kunming 650201, China;
2 Changshu National Agro-ecosystem Observation and Research Station/ state Key Laboratory of Soil and Sustainable
Agriculture, Institue of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 College of Tobacco Science,
Yunnan Agricultural University, Kunming 650201, China; 4 School of Geography and Ocean Science, Nanjing University,
Nanjing 210033, China)

Abstract: In order to explore the effect and approach of removing nitrate from soil under the combination optimization of
different pH and carbon/nitrogen ratio (C/N) of organic materials, a 14 d reductive soil disinfestations (RSD) culture experiment
was conducted on the greenhouse soil for 20 years continuous cropping. The effects of different pH and C/N of organic materials
on NO3-N contents in soil and surface water and greenhouse gas emissions during RSD treatment were measured. The results
showed that the change of pH had no significant effect on the removal of NO3-N in soil, and the contents of NO3-N in soil treated
with pH 5, pH 7, pH 8 and pH 9 ranged from 41.94 to 44.33 mg/kg. The effects of different organic materials C/N on the removal
of soil NOs-N were not decreasing, and the removal effect of soil NO3-N under C/N 60 treatment was the worst, and the emission
of N20 was the highest. The content of NH;-N in soil treated with C/N 90 was significantly higher than that under other treatment.
The dynamic change trends of NH;-N and NO3-N contents and greenhouse gas emissions in soil and surface water under different
treatments were consistent, but the NO3z-N removal efficiency of the best C/N treatment of organic materials under different pH
conditions was different. In summary, in low pH soil environment, high organic material C/N is conducive to soil NH;-N storage

and NO3-N removal, and can take into account greenhouse gas emission reduction. After the pH is adjusted, the appropriate
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conversion of low organic material C/N is beneficial to reduce greenhouse gas emissions in the process of NO3-N removal.

Key words: Quicklime; Carbon nitrogen ratio; Organic materials; Greenhouse soil; Nitrate nitrogen; Greenhouse gas

Vil S ik 2 A B3 A 3 5 38 1) b AR AR X
SR TIEHSANO-N)HE &, H IR,
I T it B R A e A A sROA i A 4 K TR
(Reductive soil disinfestation, RSD)4b#{E H—FhEp
BERAF R T7 i, 38 2k S A HLA ) R K 2 R it
B[] P9 A 2 - A SR R, F I A AR 1
A FE L BR A B AE P g Rk, A 3 I
HrHRES, RSD AbFE R, BI - BEALTE IR AL
SR, YREAMNEAPIRIEA NS, 15985 £ 106
R Eh (A= Eh i A T 2 1) LUl AL O F B iR ie &
R, NO3-N & JFE R TEE” Y NO. N2O. N ik H]
KA, TR N2O HERCRURE O, 53 e R 5CR i 4
T, BEAR NO3-N k2 Fiild 2 Ak N2O HER XU, 4+
UE Bk 2 A ik i R i R T RS R R K, S
FHFIET™ RSD J7 kA48 52 1R Ah 15 it = b - 198 R 155 i e
4 )

I RSD AhBEIR AL 1 e A rp, 5
5 EHE NO3-N LB =K &M : 5 AR
WIS AEIL . RSD Kb FH i il + 38 IR A8 JF 4%
1, K AR BIUBR A G 0T LAKE 0 4 3985k A W i
PE, 14 NO3-N [Fl b4k A 8 8 A (NH-N) FIA HLAS
R, GO, T8 NO3-N &4+ |,
DIBEA B (C/N 38, jifi &4 C 2 500 ~ 7 500 kg/hm?)
YE2h RSD £ AR BYA HLY R AT S 2538 hn 3% NH-N &
i, T NO;-N 3% T BRI (H A 52 438 T RSD
b P AR P FHAS FF(CIN 80) FIIAS FFEE 5 (CIN 74)H)
13 NO3-N L ERACR, 2B L3 NH,-N, NO3-N
TR W E N RGN, arhL, AR[E CIN SRR
AHLYEXT 3 NOG-N By LR fEfEL S, H
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) 3R A RSD A BEAT W] R & A= NO3-N ik 2k o fii
SRS, AU EH, RSD M EH N0
Hefl R AT A 20 % MG 950 fF ~ 2 554 f5181; 7
IKFEREFE . FORFEFE . AEAEREFF . HREE . KOREF
ARFEAHLYRG T i RSD AbBRFE v, BRHE
AL, HAA B RS 2340 133 N2O HEHUAR: 31,
34h, RSD AbELi AR ) PR T AN HLak,
A B RHE CH, IR RN i, 0 - A HL
B ISRt CH, HERCM, 28 BRI, RSD
HAR LR B B RE S FE NO3-N 1)

WA AR = AR N2O MHERCSE T mms g, H 38 o i
BEIEH CIN WAMEAT IR, T LLSE 3 25 B 4R
NO3-N my[EE;, AR T AR E, BIRARBLM
YRS . BEAh, EVERRRG R A R e
pH 1Eh HIERY F BRI FE bR, T Lhd o 5 ) 1 A
RFALTFEE T NOg-N &t BFFERIL, WK
PREZAMT, AIF pH () H R0 L R A7 3 2
S8 HERN A R b A T pH FEIRMIREAR, H
F| pH 4.5 Ze A RHEUT T 0161, n L, #E /K RE ST
THEA PR pH 255200 13 NO5-N LRz, (1
H i ¢ T RSD Ab PR A rh oA [R] A ML EL CIN A+ 1
pH S A T X 13 K MK NH;-N. NO;-N 5 &
FEL AR HE 25 B R A FRAE A D

T, AFFRHNT T RSD 4B ARG MY
AE CIN Fil4-4% pH P4 T £ NO3-N L 25, i
TERERETH PR T IR IR EE = 4, MRE LIS AR & 1%
Rz, [N REREAR AR IR EE TS YL AU ) RSD it Jr
2, DAY SRR 1 18 it 32 A 308 52 I35 4 v ORI R
HEHB AR

1 #R57E%

1.1 s

A 18R 7 VLIRS B o VLT X L
Y 20 A4 PO S KM (31°55'37" N, 119°02'59"
E)0 ~ 15 cm 1 )2 . RAEW ] Ry 2022 4 5 2= 65 520K
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i AL NS SRR . BERARE CIN A WL R H
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Table 1 Basic properties of soil and materials tested

RS ERq e CIN NH;-N NO;-N
(9/kg)  (g/kg) (mg/kg)  (mglkg)
+45 19.76 3.01 6.56 42.27 123.4
5k 446.60 22 203 - -
LRW 45081 138 3332 - -
s 639.3 10.10  63.30 - -
T 500.79 5.72 87.55 - -
W =" FoRARME

IR E R R R T . FRBGH Y FHLT + 5
50 g [ X T HRET 250 mL 55550 b (bR E A 3
1K), 30 °C TikESE 7 d MR A rE; IEXEGEFRIY
B, Whn 1.0 g AHLYPEDISE S TR 21 (2%,
m/m); IIAAE A KT pH Z Hbr 3 pH; #5E 1h

G, BRI 10 1 5 AZEBK A P ey
1 cm K2 S, HASKBMEFRMAN S SRS
AN Y, HHERE S E T 30 °C fHIREE R N
HEEFE 360 h, SrHITERGSE 4. 12, 24, 48, 72,

96, 120, 168, 240, 360 h RS IARES, FHT
JE CHa. NoO Fll COp HEH R . I 7R B rp LS,
B 10 W, BRRFERERS, FTIF R R 2E 8 X
15 min Ji5 @ PR ; BEIEFMA 30 CCIHIREE =48
FE 4 h 5, H 25 mL dESHER R 3 IR AT Ak
Ja, KA 25 mL SFEEA 20 mL S, FHTE
CHa. N2O Fll CO. ¥ . SR TEMSG , BIEAH[F
R AR . FRF, 7E355% 24, 72, 120, 240, 360 h
I R4 T T AR R SR 4R (R BE TR A 1 3B TR &) J5 R
), FTE 3 NH;-N . NO;-N &, JFH7E L
FERSFERTCE LK, M NH;-N. NO3-N & i,

F2 IRt
Table 2 Experimental design
Ab B pH CIN AbH pH CIN Qb B pH CIN Qb B pH CIN
C20P5 5 20 C20P7 7 20 C20P8 8 20 C20P9 9 20
C30P5 5 30 C30P7 7 30 C30P8 8 30 C30P9 9 30
C60P5 5 60 C60P7 7 60 C60P8 8 60 C60P9 9 60
C90P5 5 90 C90P7 7 90 C90P8 8 90 C90P9 9 90

+ 3R+ 7 7K NHZ-N AT NO3-N & & F) F i 2L i
B3 i (Skalar san++, faf 22)BEATI05E 5 3 LA KW
BERR . RS TR IR 0 Hr{L (Elementar Vario
EL I, FEE)ME; CHs. N2O Hl CO2 i R HBL &
FID K #8519 AR 235 (GC-2010,  H A) I 7E o
1.3 HIEAEBESSRITHH

CHa. N2O Fll CO, HEUH R K BAHER R 157 2
A1), (2

F=pxAC/At=273.15/(273.15+T)xV/m (1)

M=2(Fi+Fi_1)/2%(ti—ti_1) >4 2
. F 2 CHy. CO, Al N2O AYHEE %, mg/(kg h)
Al ng/(kg-h); p F CHa. COp Al NoO ARUEIRZS T 25
JBE 5 AC/At J K5 FEHMEIN CHa, CO2 Fll N2O ¥ RS il i 5
T MEEFRIEE , °C; V 53R i AR 2802 AR FR,
m®; m T, kg; M S CHs. CO2 Fil N2O
SRR, B34 mo/kg; t ASREERFE](d) 5 titio
R W VR R B st [ ] o

A5 o T E R R Excel 2019 F1 SPSS
24.0 HEATALIR S Gt 4B, Ferbad ok XSUR R 7 2 8T
(Two-way ANOVA) T4k A [F] 145 pH F4MEY KL CIN
HAWE T K-t 5 W NO3-N 25 50k, *
FHEADH 2 )5 22431 (One-way ANOVA) T4t [ — pH T

AN[F] CIN A WL EHEBERRl— CIN A MR R ASH
pH Kb B X} 15 it - EAE R £E L BRACR FR AR i 2
DL AR [R) A R A 398 K 4 T K B SR IS A S =R
T S ARHE R RS2, JFRH LSD kAT 3
¥y, FIFH Origin 2019 HFFT/ER .

2 HBREHW
2.1 AELE pH FMSMNEEVHEBRE L ERA
BETLIEWHSRERER

RSD AbFN 13 NOs-N 5[] By 50 T A0 4%
+.ok. AEAFE . AP RSD Ab B EATH
KT AE pH FANEA VLR CIN I JE 4
A, R IATH, KEFRE5H (360 h)if, pH X+
B 7K NO3-N St L #5148 NO;-N
T iE 41.94 ~ 44.33 mg/kg, t1HI7K NO3-N &g 5.48 ~
8.34 mg/kg. *F NH;-N, & pH ¥HEE4 B ERmn+
R £ 7K NHZ-N & & . DL pH 9 i, pH 9 Zb3i
1458 NHZ-N -3 5 5435114 pH 5(CK). pH 7. pH 8
AEERMEHN 16.8, 9.17. 12.99 mg/kg; MK NH;-N
X E RN 58 pH S, pH 7. pH 8 ZbFRIE N 16.12,
1.50. 5.78 mg/kg. JEE Tk NoO HEAE &+ 4 NO; -N
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FeBrad R A PR KSR AR, 3 4 7T 0L, pH
5.pH7. pH 8. pH 9 4b¥ +15E N,O EFHERCE /35
134520, 177750, 1918.80. 1805.40 pg/kg, IAh,

15 pH AP T, CH4 1 CO2 Hiift it i 38 . phykm] I,
P I pH EORRE LRI 118 NO3-N 5 5 At g
HEBRACR, (HAT LA 449 NH, N 76,

#= 3 EFLERFARE pH BEMIMNEEHIR CO/NEE THIEMLEEK NH;-N, NO;-N 5

Table 3 Contents of NH;-N and NO;™-N in soils and surface water under different pH and organic material C/N ratios after cultivation

Lb n + ik
NH;-N(mg/kg) NO,-N(mg/kg) NH;-N(mg/kg) NO,-N(mg/kg)
pH ¥ pH 5(CK) 12 57.83 +4.05b 43.81 +454a 18.58 +13.55 b 7.08+4.23a
pH 7 12 65.46 +4.97 ab 4410 £9.95 a 3370 £9.18 a 834 £7.66a
pH 8 12 61.64 +23.30 b 41.94 +6.48 a 29.42 +4.33a 6.70 £1.45a
pH 9 12 7463 +8.17 a 44.33 +£10.93 a 35.20 +8.41a 5.48 +2.59 a
SMIEPIEL CIN CIN 20 12 58.84 +20.95 b 33.96 +2.97d 39.85 +10.43 a 4.82+8.39 b
CIN 30 12 64.56 +4.53 ab 4019 +1.17 ¢ 27.21+899b 5.93 +0.55 ab
CIN 60 12 61.18 +5.48 b 54,56 +5.06 a 22.22 +7.33b 9.38+154a
CIN 90 12 74.98 +12.83 a 45.48 £0.44 b 27.61 +10.69 b 7.47 2,01 ab
pH <A PP L CIN C20P5 3 48.33 +£0.87 C 38.37 £1.23a 55.99 +0.61 a 0.73+0.07 a
C30P5 3 63.92 +0.93 b 32.41 +0.25 be 47.22 £0.79 b 1.26 +£6.86 a
C60P5 3 62.00 +1.43 b 33.88 +1.26 b 23.24 +0.64 ¢ 5.61+0.34a
C90P5 3 84.30 x1.22a 31.17 091 ¢ 47.97 £0.82b 1.68 £0.25a
C20P7 3 60.22 +0.97 ¢ 41.43 £0.07 a 12.52 +0.17 d 6.39 +0.08 a
C30P7 3 63.17 £0.77b 40.11 +0.71b 33.88 +0.87 a 5.87 +0.42 b
C60P7 3 63.13 +0.56 b 38.53 +0.30 ¢ 32.23+1.21b 5.15+0.13 ¢
C90P7 3 71.72 £0.40 a 40.69 +0.35 b 30.23 +0.69 ¢ 6.32+0.15a
C20P8 3 53.86 +1.86 b 7262 +1.38a 10.61+0.20d 10.67 +0.30a
C30P8 3 64.43 +0.42 a 58.54 +0.36 b 2299 +1.36 ¢ 9.80+2.79a
C60P8 3 64.40 £0.27 a 49.97 +0.23 ¢ 28.48 +0.31a 8.49+0.37a
C90P8 3 63.62 +1.33a 60.10 +0.81 b 26.80 £0.08 b 853+0.17a
C20P9 3 56.83 +0.96 d 45.82 £0.40 b 10.21 +0.10d 1052 +0.33 a
C30P9 3 73.33+1.08 ¢ 45.35 £0.07 b 30.70 £0.40 ¢ 6.43+0.12¢c
C60P9 3 90.90 +0.77 a 49.31 +0.73 a 3374 +1.63b 752+0.21b
C90P9 3 78.87 +1.39 b 45.37 £0.76 b 35.80 +0.11a 5.40 +0.35d
VE-Zixiis pH JH ¥ <0.01 ns <0.01 ns
HPLEL CIN <0.01 <0.01 <0.01 <0.01
pH T <H PP CIN <0.01 <0.01 <0.01 <0.01

T RPEROFIE £ ARl 2s; FSVEURE A R/NG 5 5E 2R [ — B 2R T AR A BE ] 22 5% .45 (P<0.05); T 1A,

AN CIN A PR 3R 17K A NHZ-N
NO3-N &t AR & SAHE AT W& 52 mm . &5 CIN A1
HIPRHL PR 43 NO3-N Al NH;-N &) i & w5 K
CIN FHUYIRIAL IR, AR C/N A HL R E AT ARSI
1 NH,-N fF&feJ1. Hrr, CIN 60 AHLRHAEHL+
8 NO;-N At fiizk NOs-N B B 25 T HAb b

4391k 54.56 mg/kg F119.38 mg/kg. IAM, T N.O HE
Jiti, CIN 60 AHYEAEEE T +3 NoO SEFEHECE N
2883.00 pg/kg, MM C/N 20 AbFE N,O SERHECERT N
392.10 pg/kg. fEAFFRINIE, C/N 60 ALY IE + 15
NO3-N EFraiciazs, H NO HEiftitfkm; C/N 90 £
HUPRIAEER A 435 NH,-N 50 25 s T AL B
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Table 4 Greenhouse gas emissions accumulation in soils and surface water under different pH and organic material C/N ratios

Qb n

CHa(mg/kg)

COy(mg/kg)

N2O(ng/kg)

pH V4% pH 5(CK) 12
pH7 12
pH 8 12
pH 9 12
CIN 20 12
CIN30 12
CIN 60 12
C/N 90
C20P5
C30P5
C60P5
C90P5
C20P7
C30P7
C60P7
C90P7
C20P8
C30P8
C60P8
C90P8
C20P9
C30P9
C60P9
C90P9
pH JE T
HHLHEL CIN
pH JE ¥ <G ALK CIN

SMEPIEE CIN

[N
]

pH JHHE A HLYIRL CIN

W W W W W W W wWwwWwwWwwWwww w w w

R

122.40 +23.66 ¢
194.70 +£133.43 b
242.10 £217.66 a
265.20 £349.09 a
140.40 +£33.87 b
113.70 +9.72 ¢
95.40 +16.87 ¢
474.90 +268.62 a
126.00 £31.27 ¢
157.20 £42.16 b
177.60 £19.27 a
100.80 +85.24 ¢
111.60 +£55.16 b
121.20 *17.21a
12450 +£19.13 a
100.80 £25.82 b
98.40 £5.39b
108.00 +15.27 a
104.40 +£24.33 a
70.80 £8.51¢c
153.60 £66.39 d
392.40 £52.16 ¢
565.20 £19.83 b
788.40 £49.51 a
<0.01
<0.01
<0.01

2 319.30 £330.49¢c
4018.20 +374.21b
4131.30 +£364.72 b
4413.30 £578.46 a
3620.40 £1188.38b
3739.20 £775.80 b
4076.05 +1104.08 a
3421.65+886.20 b
1940.40 +221.50d
3738.00 £153.68 ¢
4101.65 +147.55b
4701.7 £193.27 a
2 707.26 £115.80d
3656.40 £88.42 ¢
4 059.64 +103.25 b
4533.67 x111.21a
2444.41 £100.36 d
4 387.23 £86.47 ¢
4622.48 +94.37 b
4 850.45 £103.54 a
2185.25 £85.62 ¢
4291.27 £57.39a
3741.60 £109.85b
3567.61 £54.26b
<0.01
<0.01
<0.01

1345.20 +£544.69 d
1777.50 +£1038.41 c
1918.80 +1355.35a
1805.40 +1354.42 b
392.10 £179.47 d
1437.90 £318.22 ¢
2 883.00 +684.64 a
2133.90 £457.47b
660.00 £19.27 a
327.60 £27.36 b
292.83 £22.30 ¢
288.16 £18.54 ¢
1264.84 £27.21 ¢
1834.81 +54.36 a
1539.65 +13.33 b
1112.49 +26.18 ¢
1974.06 +41.24d
2 756.47 £55.54 ¢
3518.40 £10.21a
3283.28 +£96.72b
1482.61 +34.53 b
2191.23+18.84a
232447 £27.19a
2538.51 +42.13 a
<0.01
<0.01
<0.01

FEAAE] pH KSR AT CIN A LIRS st £
B /K NH;-N. NO,-N Flji % 5K (CHs. CO,.
NO)HE A 5 . 3 3 nl 1, Cit pH &%
JETT, CIN 20 A LY R FL Y £ 58 NH;-N 75 = 4%
FHAh4b ¥ (P<0.05), HHr, B pH 9 &M T4h, [F
— pH Z&AF T 13 NH;-N & =t X S I BEA L L CIN
B LA, pH 9 &4, C20P9. C30P9,
C60P9., C90P9 Ab¥H + I NH,-N & KL 045k
56.83, 73.33. 90.90. 78.87 mg/kg. Xt 11 NO;-N,
i CIN HHLEHAEFE+3E NOs-N & i K T1I%
CIN 43 (P<0.05) , ix FHIAH[F] pH 244 T Jiti H &5 C/IN
HIAMNEA HLRL A R F 3% NO3-N 2B A1 NH;-N
&, HLL CI0P5 bR i fd:, H 448 NO3-N &
U 31.17 mg/kg Xt F 1K, AL pH JE ¥ A B
AV pH B[R] C/IN A HLYPENAS InXT 11 7K NO3-N
T ERm, HHEKEKRZ L NH-N B AFLE .

M pH JEEZE 7 Kb, 7 CIN AP R A 1 K
NO3-N & &AL 1% C/N A ML KL B (C/N 20), H+
1 NH;-N &5 T C/IN AL RHEB(CIN 20).,
TR E SRR, 4 CHa fERZSN, 13 CO,. N2O
Heci bl 4398 pH B in . Horb, AW pH K
R, it ORI CIN AN AL R 1 N2O HEjik
WA IR —3: Y pH<T B, K C/IN A B R
FEEE N HE NLO HEBOAE: s 24 pH>7 B, & C/IN £
LR B 3 N2O HEBOXBS = . 256k E
ik pH 4T, Wi CIN A HLYR A F) T 145
NH;-N 77 % Fl NO3-N 255, HAEFEIBT N2O 8HE XU -
2.2 ARELE pH FSMNERVRIRE L EEA

A T 11 NH;-N, NO;-N L

15 NH;-N I NO3-N Z2EMAERK LT M EZA
o BEKTE, TRl pH FISNEAHLYEL CIN,
5 NH;-N 5 B 25 5 35 I 8] (4 HE RS T & AL 1
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i, T4 NOG-N & B T RE, (R[] b 2 R] (1Y
AR A YR 2Z R, H, MORJEEE pH I (pH5),
C/N 30, C/N 60, C/N 90 77 HIL4FHbBE 1 58 NH;-N
i E T ERE R E ST CIN 20 A7 HL RGP (A
1A). M-8 pH H9inZ 7 5% 8 B, C/IN 90 A MLk}
AR IR HE NHG-N 3 55 0 % i 2 8 T LA 4k
BE, {H C/N 20, C/N 30, C/N 60 A3 HL4 A4k B 6] 1

65 | -o-C20p5 (A)
3 7R Coops
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35 ‘ : : : ;
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