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Effects of pH and initial labile C/NO; ratio on denitrification
in a solar greenhouse vegetable soil
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Abstract: [ Objectives ] Denitrification is one of predominant process for N,O emission from solar greenhouse
vegetable soils. An anoxic incubation experiment was conducted to explore effects of soil pH and initial labile
C/NO; ratio on nitrogen gaseous emissions (i.e. N,O, NO and N,) and the N,O product during the denitrification
in a solar greenhouse vegetable soil. [ Methods ] A typical greenhouse vegetable soil in Shouguang City was
selected for the study, and soil pH was adjusted to acidic, neutral and alkaline by adding a certain amount of low
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concentration of acid (0.1 mol/L HCI) or alkaline (0.1 mol/L NaOH) solution. The final soil pH values were 5.63,
6.65 and 7.83 (adjusted), respectively. Sodium glutamate (C;H;NO,Na) was added as a labile organic carbon
source, and the ratios of initial labile C to NO,” were adjusted to 5 : 1, 15 : 1 and 30 : 1 by adding different
amounts of sodium glutamate and no sodium glutamate addition in the control (CK). Four levels of initial labile
C/NO; ratios were set up in the three soils with different pH, and there were three replicates in each level. A
robotized incubation system was used to monitor the kinetics of gaseous products (N,O, NO, N,, and CO,) of
denitrification under anoxic conditions and to estimate the N,O product ratio of denitrification by calculating
Index N,O/(N,O + NO + N,). [ Results ] The increase in soil pH significantly reduced N,O and NO production in
the soil, and the peak values of N,O and NO production in the acidic soil were significantly higher than those of
the alkaline and neutral soils with different initial C/NO; ratios (P < 0.05). With the increase of initial labile C, the
production of N,0O was reduced in the neutral and alkaline soils, but kept unchanged in the acidic soil. The
addition of sodium glutamate reduced NO emission in the neutral soil. However, there were no differences in NO
production in other pH levels. A significant interaction on N,O production was observed between soil pH and
initial labile C/NOj; ratio (P < 0.001). The N, production rate significantly increased with sodium glutamate
addition in the acidic and neutral soils (P < 0.05). The addition of sodium glutamate could promote the reduction
of N,O to N, in denitrification process at different soil pH. The CO, production was significantly higher in the
alkaline soil than those in the acidic and neutral soils. As compared with CK, the CO, production increased
significantly with the sodium glutamate addition at different soil pH (P < 0.05). The N,O product ratio in the
acidic soil was significantly higher than that in the alkaline soil under different initial labile C/NO;™ (P < 0.01), the
N,O product ratio was significantly decreased with the increase of soil pH, and a significant linear negative
correlation relationship was observed between soil pH and the Index N,O (P < 0.01). [ Conclusions ] High N,O
and NO emissions were usually found in greenhouse vegetable soils, primarily due to the decline of soil pH.
Furthermore, increase in labile C availability promoted the N loss of denitrification, and decreased N,O production
in neutral and alkaline soils. With the increase of both soil pH and labile C/NO,, the N,O product ratio reduced,
but the denitrification activity increased. Both soil pH and carbon availability were crucial factors for estimation
of N loss of denitrification by multiplying N,O flux and N,O product ratio.
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Table 1 Initial soil physical and chemical properties
with different soil pH

STk (gkg) A (gke) BEA (mgke) AR (mg/ke)

pH Total C  Total N NH,"N NO,-N
563+001 129 1.64 0 356427
6.65£001 127 1.63 0 502+ 1.6
783+0.01 155 1.58 0 53.7+5.0
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Fig. 1 Dynamics of N,O and NO production during the anaerobic incubation from soil under different pH
(acidic, neutral and alkaline) and C/NO, levels
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Table 2 Compared analysis for the product ratio
of denitrification /.o in soils under the anaerobic
incubation with different pH and initial C/NO; levels

C/NO;~

pH
CK 5:1 15:1 30:1

5.63 0.58+0.06aA 0.41 +0.05bA 0.41+£0.05bA 0.42+0.06 bA
6.65 0.55+0.07aA 0.34+0.05bB 0.31+0.02 beB 0.26 = 0.007 cB

7.83 0.34+£0.01aB 0.17+0.01 bC 0.17+0.01 bC 0.16 + 0.004 bB

I (Note) : [RfTEUEEAF/NS PR C/NO; 0225 2
F (P<0.05), [FFEHREARKE TR pH MIZE R RE (P <
0.01); FHEUHE I TFHME + FrEZE (n = 3), Values followed by
different lowercase letters in a row indicate significant differences (P <
0.05) among different C/NO,™ ratios and capital letters in a column
indicate significant differences (P < 0.01) among different pH; Values
are mean = SD (n = 3).

&3 IR pH FHEE C/NO, Xt N,O FEEHEF 47
Table 3 Multivariate analysis of variance for the effects
of pH and initial C/NO; on the N,O production

WE O AdE Pl P

Factor df Mean square F value P value
pH 2 24.6 15960 <0.001
C/NO;~ 3 1.53 992 <0.001
pH x (C/NOy) 6 0.743 482 <0.001

3 e

48 pH (25 SO AL VE R A BB &R
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R b RIS IS, SO AR AE T NLO
FEYIHAE (0.16~0.34) FIIK T Schlesinger 52 G
A M 3R LS SR (0.37), AR RR M -3k
A TS INABERR N,O 71 e Y85 (0.41~0.58),
i T 4 pH % AL NLO 77 L B 5% Wi A 7] 2
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HIHFEH AR, B BE 51K pH T MU 20k il
R R 58 AR 5N AN IR L, AN RIS I W R R R
Ko BLAM, FEAR pH HHEZMT, JUHAE - HOT A
AR, Ab2f o v A5 3R AR P R X NO
PIHER TR AR 20, T — 25T

EXTHRA L (CK), 4% pH H3EAE T INA &R 4N
JE G IN T R A A, H R O b R Y
B KAE L BE A B HE & = ommiig K, x5
Jahangir SE0 Y IF T 45 5AH— 2 B PR T BB A Rk
BRI T +YE nir #1 nosZ BYIERF4 DLk fEee . g3tk
T A BTG PR RIS, AT R A )
AN I 23 3 I 4 A g R AR L S AR COL Y HE
Jik, LR35 pH E IR LR (8 2). 7EF
— ) f C/NOy L 48R, 148 pH A5 X N,O il
CO, I 2 MR HE A AE SR REBE Y “ I B
K7 &V (trade-off effect), 3411 pH J5, N0~

A B /D B RS C O, 0 7= A et £ B 35 3
XAl RS HE R pH SR dE T £ . AL A
PO

13 pH FII4h C/NO, 4% 15 it =% FH 4 338 I fily
EAERFIN,O A 2 5gm, H - H A R EMWLH
BN (3% 3) ENIEFRIPFREGE R, ATAT520m 145
FERE LR R, R i A HUR LR
AR DL B IS AT S5 AR 25 ) - A R A A e, R
SO0 AR TR S FH 3 P S i/ INZ A ] Jd 3 AR
B AR AN LS PR AR B NLO HEOE i, X EE M T
BT A T A BRI, AR T R g AR
P N,O (I 55 [RIEF, A ) FH P Al V5L A, 52 T 2
AbAE FH Tt 1 3 1 R0 A 1 R Vs 2R T Obia
SEUORISE IR, TR IR AN A Wy e RE AN S A
bt N,O #1 NO A1, Jt A ] g & s A= 4 ok
BT HHER pHe BLAN, HFEARR LM pH TR
ALV S 22 5, 1 L IR 2 Ak i B A B ]
{EARSEAAIE pH IR IR TS B S AL (R 1A
F 4y, X RRAL I A RS AU S T T Rk R TR
AAME T L I AR RRE: 1Y AL A8 I (DNRA)
R

EARTEAR pH 504 T, A R0 I nxt =g 4k
N,O (=P & A sem, ARAE s Fn A Kk 1% T,
B B A8 B S ez M e . R, FEFTHT NLO

*® 4 BEFERFTE pH MAME CONO, THSAAHSALIERSTERRMALE

Table 4 Concentrations of ammonium and nitrate and the total N gaseous loss in the end of the incubation

FEFRILE] (h) NO,~N NH,"-N SAEII S (ng/kg)
pH Incubation time C/NO; (mg/kg) (mg/kg) Total gaseous loss
5.63 256 CK 289+16a 11.4+1.0d 274+036¢

5:1 0b 282+12¢ 57.5+036a
15:1 0b 47.7+0.7b 56.5+0.71 ab

30: 1 0b 110£83a 55.9+£043b

6.65 136 CK 340+14a 6.0+0.6d 13.4+0.53b
5:1 0b 20.1+3.6¢ 493+0.52a

15:1 0b 948+2.6b 489+0.54a

30 : 1 0b 157+t1.0a 494+043a

7.83 184 CK 20.5+7.6a 34+08d 18.0+0.19b
5:1 0b 17.2+3.6¢ 60.0£0.86 a

15:1 0b 106 +7.8b 60.2+0.86 a

30:1 0b 235+8.1a 58.6+0.13a

H (Note) : FFEHREAF/NG FRRRHF pH EAF C/NO, 8] 225 8.3 (P < 0.05) Values followed by different lowercase letters in
a column indicate significant differences (P < 0.05) among different C/NO;~ ratios; #& FFEUE F-F-4{E + FrUEZ (n = 3) Values are mean = SD (n = 3).
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