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Nitrification and Denitrification Potential in Soils Grown with Vegetables
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Abstract ; Nitrification and denitrification in soil is the main pathway of gaseous nitrogen loss in the catchments. A soil incubation experiment
was conducted under laboratory condition to reveal differences of nitrification and denitrification potential in vegetable field soils. The deni—
trification potential was determined by the acetylene(10%V/V ) inhibition technique. The results showed the fact that nitrification rates were
96.1%, 88.3% and 70.4% for red soil, gray sandy soil and gray soil, respectively, after 33 days incubation. There was significant difference
(P<0.01) about the nitrification rates between red soil and gray soil, but the difference between the gray sandy soil and red soil gray soil was
not that obvious (P>0.05). The variation of nitrification rate was related with the chemical and physical properties of the soils, especially pH,
which appeared that the higher the soil pH was, the higher or lower nitrification rate would be. The nitrification rate could reach 70.4% when
pH was 4.61 for gray soil. The application of nitrogen fertilizer could significantly increase the emission of N;O in the process of nitrification,
and it accounted for 0.59%~0.70% of the total application of nitrogen fertilizer. The denitrification potential appeared significant difference
(P<0.01) among these three soils, with an order of gray soil> red soil> gray sandy soil. Nitrogen loss in denitrification accounted for the rate of
-0.02%~0.20% of the total application of nitrogen fertilizer. Nitrogen loss of soil in nitrification and denitrification with time, were in line with
the revised Elovich equation : y=bIn(¢)+a.
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Table 1 Physical and chemical properties of the studied soils

THEEE pH ﬁm%/ éﬁ_/l Eﬁ@?{ Eﬁﬁi{ CEC/ 3 RLI% FYRL/% HPRL/%
g kg g kg mg-kg mg-kg cmol -kg 0.2~0.02 mm 0.02~0.002 mm <0.002 mm
afet 697 41.8 34.8 285.2 131.1 16.6 84.4 12.9 2.7
xKbt 590 24.1 24.0 231.8 152.1 105 85.8 9.9 43
KL 461 42.6 484 205.7 1754 21.5 73.9 15.7 104
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Table 2 Nitrification rate(% ) in the studied soils

FErmtEl/d

>SSt
3 8 13 18 23 28 33

ajet 683 746 836 89.0 955 962 96.1
wKo+ 279 374 486 671 83.0 86.6 833
K+ 109 127 281 538 542 631 704

7 A6 (% )=NO;—N/(NH; ~N+NO;-N )x100%
Note ; Nitrification potential (% )=NO3;-N/ (NH;=N+NO;—N )x100%
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Figure 1 Temporal variation of N,O emission from the soil by

nitrification without nitrogen fertilizer applied
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Figure 2 Temporal variation of N,O emission from the soil by

nitrification with application of nitrogen fertilizer
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Table 3 Emission of N,O by nitrification and denitrification progress the studied soils

HfE-NO /g N-g™ + RAEE-NO+Nyng N-g* +

TR ZfH AR R % =E  HERAE%
+N -N +N -N
apt 1 652+288abA  489+1402AB 1163 0.59 1 204+149bB 1 246+163aA -42 -0.02
xKv+ 996+45bA 256+23bB 741 0.37 519+97¢C 424+38bB 95 0.05
Kt 1 975+327aA 571+70aA 1 405 0.70 1 852+200aA 1 457+127aA 395 0.20

R B P IE AR RPN KEF 8 AB.C K 1%8E K, NEFE ab.c B 5%BEKF.
Note:Data in the table are shown as mean +S.D. The capital and small letters in the same column indicate significant difference at P<0.01 level and P<

0.05 level , respectively.
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Figure 3 Temporal variation of N,O+N, emission from the soil by

denitrification without nitrogen fertilizer applied
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Figure 4 Temporal variation of N;O+N, emission from the soil by

denitrification with application of nitrogen fertilizer
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Table 4 Regressive equations of N;O emission process in the studied soils

- @ Ainz gk : finz.gk
ME R PSS e WA HHXREL P
at CK ,=0.858 In(¢)-0.791 0.975™ y,=2.347 In(¢)-1.671 0.994"
+N y,=2.790 In(z)-1.943 0.993" ¥,=2.239 In(¢)-2.204 0.971"
xR+ CK ,=0.456 In(¢)-0.536 0.915" %,=0.765 In(¢)-0.929 0.907"
+N y,=1.853 In(z)-1.599 0.989" ¥,=0.928 In(z)-1.015 0.939"
R+ CK %:=0.998 In(¢)-1.001 0.952"™ y,=2.666 In(z)-2.363 0.982"
+N y,=3.729 In(z)-4.317 0.935™ y,=3.472 In(t)-4.107 0.920"

Ty FOR NO HE BB, pg N-g s FEFRIE], d; % SR P<0.01, *** FR P<0.001,

Note:y:the accumulative amounts of N;O emission. ¢:the incubation time. “**” and “***” . significant difference at P<0.01 level and P<0.001 level, re—

spectively.

BB 2 AT RERRIKUE H A MLk & BEGR
TR ABE IR = T A E e, T B T 3
() B AH AL TR 2

28R + RS AR SRS AR E IR 320 2 T
S, A0SR A A 7 = RS HEFIRNE R
FRBHERIES . AT S, Fi R |
AH L, B3R+ SR A AL R R RS AR TE . Tt
GOV T AR A LR B A MOKAS RS
RASTEE, B R R M, K5 27 d 5 LR 3R AN AL
RN 6.7%~85.6%, WELIFEH NO AYHERE A
B/ 0.11%~0.44% . AR 3 Fesh AL R
1 70.4%~96.1% , FE AL i3 F2H N.O HE & iR &
) 0.37%~T70% . % F A% E 5 1 1 [ FdsiAfe b 13
() SR AR AE R A A2 , & BRI PR A ] = R O =X
TR, e LA R A
58, i HERE A 17%; HoAth - s =X F B R4
i FAHR R B o it 2R L Bt 38 5 T P oAt o X
Ut AR B X Al 38, U R S+ A B Y
REFE A R AR TS P , H= A ) N0 TR = S AT HRE Y
FMEASTE

AN, AR SRS Bk 3 SRR ] R A
BRI R/ IMIH T T MR, A 5 R B oR 3 F
St b - AT BRI S BRR i i A R R R B
TR - B50ks T A - 398 5 T RE SO0 L R A A TR
o (A IRTEMR, AR TP B0 B SRS AL TS Y
St - 3B A A R AP B A i

4 it

(1)3 R + 3 2 R Atk TE A R B 5 2
S HAEAL R B R 96.1% .88.3%F1 70.4% , k3=

MAAPL> K>k t, HbaRt5kiet
Z AR B 22 Rk B T B K, TR 54T
L IR ZEHZERAEE pH EEEARIELN
St LR Ak 3R 4350 B v AR A, DB R b B
R LR A R A

(2)3 Pt 1 18 2 [A] A9 S A Ak 1 1k 22 b 3
TR B E K, BIUH KR >R A SIKI 1, ZAE
1 S B A R B o e R Y —-0.029%0~0.20% . 5 HL IR
R S L R A T T A, bR
e A TE M

(3) U By it P 8 3 A B S B i 1 3 i+
B N0 HEik

(4)3% 4+ HERs A0 A R A A 15 2k R AR R Pl s )
HIAR IR BB IER Elovich J7#8 :y=bIn(t)+a.

SE 30K :

[1] sp4E N\ RSEMEE RS THR. 2007 ffEEHELM]. b B ESE
T AL, 2007.
National Bureau Statistics of China. China statistical yearbooks of 2007
[M]. Beijing: Chinese Statistics Press, 2007.

[2] EME, REIR, AT R —BR H L8 E BSR4 RBRY 2
SHI1. BRI A AR, 2002, 13(9):191-194.
WANG Zhao-hui, ZONG Zhi-qiang, LI Sheng—xiu. Difference of sev—
eral major nutrients accumulation in vegetable and cereal crop soils[J].
Chinese Journal of Applied Ecology, 2002, 13 (9):191-194.

[3] William R Ruan, Cordan V. Improving nitrogen use efficiency for cereal
production[J]. Agronomy Journal, 1999, 91:357-363.

[4] & F &, TERE, 2 5HE, 5. S0 AR T LR LIE FRORFED].
11,2004, 36(4) : 382- 386.
JIN Xue—xia, FAN Xiao—hui, CAI Gui—xin, et al. Characteristics of ni—
trogen mineralization and nitrification in vegetable garden soils[J]. Soils,
2004, 36 (4):382-386.

[51% ez, F W, F5E, 5. SRRl T ARy LR



2662 BARRER S A RS - SR b 5 SR AT

2009 4 12 A

YR HLEE)]. 1368, 2005, 36(1) :41-44.

HE Fa-yun, YIN Bin, CAI Gui—xin, et al. Comparison of nitrogen min—
eralization and nitrification in upland soils grown with vegetables and
food crops[J]. Chinese Journal of Soil Science, 2005, 36(1):41-44.

(6] #EM, W3k, H—L0, 5. F)RR Y 8 i Ak FE FR I E &
HIREEEHEL]. RV ERL 23R, 2007, 26(3):1126-1131.

XU Yu-yu, CAO Wen—zhi, HUAN Yi-shan, et al. Denitrification in soil
of Wu Chuan agricultural catchment and the control measure([J]. Journal
of Agro—Environment Science, 2007, 26(3):1126-1131.

[7] Ryden J C, Lund L J, Letey J, et al. Direct measurement of determination
loss from soils: Il .Development and application of field methods[J]. Soils
Sci Soc Am J, 1979, 43(1):110-118.

(8] T #t, EBRE, W+, 55 EHAR LIRS N0 HEl A E
BIFMI]. B2, 2004, 31(6):762-766.

DING Hong, WANG Yue—si, XIANG Hong—yan, et al. Denitrification
losses and N,O emission from nitrogen fertilizer applied to vegetable
field[]). Acta Horticulture Sinica, 2004, 31(6) : 762-766.

(9] &dm3. el A2 2 #r B (M. JU3T - o RO B s i,
2000:13-195.

LU Ru-kun. Methods of soil agricultural chemical analysis|[M]. Beijing:
China Agricultural Technological University Press, 2000 13-195.

[10] Aulakh, Bijay—Singh. Nutrient losses and fertilizer use efficiency in ir—
rigated porous soils[J]. Nutr Cycl Agroecosys, 1997, 47:197-212.

(1] FEH, Ertt. TEEMTR A SR HEEE R[], i
1R, 1999, 54(6):534-542.

QI Yu-chun, DONG Yun-she. Nitrous oxide emissions from soil and
some influence factors[J]. Acta Geora Phica Sinica, 1999, 54(6):534—
542.

[12] Katyal J C, Cater M F, Vlek P L G. Nitrification activity in submerged
soil and its relation to denitrification loss[J]. Biol Fertil Soils, 1998, 7:
16-22.

[13] 25815, 81 &, XHhse, . AR T LR L E AR
+3, 2000, 32(4):194-197.

LI Hui—xin, HU Feng, LIU Man—-qiang, et al. Characteristics of nitro—
gen mineralization and nitrification in red soils[J]. Soils, 2000, 32 (4):

194-197.

[14] JEBRRE, SRIER . BEJLFR H e AR5 ]. L HEEH,
2002,33(2):124 - 125.

FAN Xiao—hui, ZHU Zhao-liang. Potential of nitrification in the three
soil profiles of China[J]. Chinese Journal of Soil Science, 2002, 33(2):
124-125.

[15] Keeney D R, Fillery I R, Marx G P. Effect of temperature on the
gaseous nitrogen products of denitrification in a silt loam soil[J]. Soil
Sci Soc Am J, 1979, 43.1124-1128.

[16] Munro P E. Inhibition of nitrifies by grass root extracts[J]. J appl Ecol,
1996, 3:231- 238.

[17] Goreau T J. Production of NO; and N,O by nitrifying bacteria at re—
duced concentration of oxygen[J]. Appl Environ Microbial, 1980, 40
(3):526- 532

[18] Vallejo A, Skiba U M, Grace a—Torres L, et al. Nitrogen oxides emis—
sion from soils bearing a potato crop as influenced by fertilization with
treated pig slurries and composts[J]. Soil Biology and Biochemistry,
2006, 38:2782- 2793.

[19JRAMN, SRR, Z4E 55, 55 B A LAE AT N.O HEoE i X+

HIRHFFE). PHHLRAMRBLE R 2240 (8 AR, 2007, 35(12):
93-98.
LIANG Dong-li, WU Qing—qiang, LI Sheng—xiu, et al. Influential factors
for denitrification and N,O emission in dry—land soil[J]. Journal of
Northwest Sci—Technology University of Agriculture and Forest ( Natu—
rdl Science Edition ), 2007, 35 (12):93- 98.

[20] Mathieu O, Lvque J, Hnault C, et al. Emissions and spatial variability
of N;O, N, and nitrous oxide mole fraction at the field scale, revealed
with N isotopic techniques[J]. Soil Biology and Biochemistry, 2006,
38:941-951.

RUT ¥, EERE, STUTH, 5. fRE L EZAE KRS - aa ik

5 RAEAIEEN]. Aol BRI 22, 2003, 22(6):715-719.
DING Hong, WANG Yue-si, XIANG Hong-yan, et al. Nitrification and
denitrification potential in different type of paddy soils in Fujian
Province[J]. Journal of Agro—Environment Science, 2003, 22(6):715-
719.



