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Soil denitrification responses of wheat rhizosphere against ozone fumigation and

reduction of solar irradiance
WU Fangfang, ZHENG Youfei* , WU Rongjun, WANG Jingi, LI Ping

Jiangsu Key Laboratory of Atmospheric Environmental Monitoring and Pollution Control High-tech Research , Nanjing University of Information Science &

Technology, Nanjing 210044, China

Abstract: To determine the changes in soil denitrification and N,O emission from crop rhizosphere under ozone (0O,) stress
and the declined solar irradiance, ozone treatments in OTCs (open top chambers) and solar irradiance manipulate in
shading nets were used. The effect of increased atmospheric surface O, level and declined solar irradiance with their
combination contents on soil denitrification in rhizosphere of winter wheat ( Triticum aestivum ) was thus investigated, during
the growing/development (G/D) periods including reviving, jointing, booting, heading, filing and mature stages. And four
experiments were performed during a four years experiment by testing once in each year, using six OTCs or six shaded
chambers, and OTCs combine with shading net in each, respectively. The results showed that each OTC was equivalent,
but two were fed with air while the other four with ozone at different concentration, of which two chambers were 100 nl./L
and the other two were 150 nL/L. Shaded chambers were found to be equivalent either, they were all shading but with uent
flow, solar irradiance was found to be reduced by 20% ,40% ,60% , respectively, when tests in each chamber were repeated
twice. The unshaded treatment was found to be contrasts. Complex-action of O, and declined solar irradiance were tested by
shading net over OTCs, where winter wheat was grown to all life stage in shading net and combine chambers. From reviving

to mature stages, the plants were treated for 8 h (8:00—16:00) in every sunny day with different dose of O,, respectively
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in OTCs of shading chambers covered with net all life stage. Soil amount of denitrifying bacteria and denitrifying capacity
were measured, with each treatment assayed thrice. Data were initially compared by analyzing the variance and differences
between means using the Duncans Multiple Range Tests. Values of P<0.05 was set to indicate significance. Quite similar
results were obtained during four years’ experiments, suggesting that when a G/D stage is progressing, soil denitrifying
bacteria remains at similarity level. Untill mature stage that is postharvest, it rises up sharply. Without enhanced O,or lower
solar irradiance condition, soil denitrifying capacity were found to decline firstly but consequently increased. Under O,
stress, denitrifying capacity gradually increased. After ozone fumigated continuously during three growing season it increased
significantly, compared to the control, but the soil N,O emission risk was heighten at the same time. O, combine with the
shading treatments’ soil denitrifying bacteria and capacity were found to be induced in every growing/development ( G/D)
periods of winter wheat, while the promoting rate were higher than O, or shading separate role. The results indicated that the

enhanced O,and lower solar irradiance can improve soil denitrifying process, with cooperative relations. Lower solar is

irradiant to the benefit of O;absorb, to O, damages increase and to facilitate denitrifying process.

Key Words: soil denitrifying; elevated ozone; declined solar irradiance; combined action; Triticum aestivum
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Fig.1 Solar irradiance of winter wheat canopy under different treatments
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Table 1 Fumeing and sampling date
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-day) month-day)  ( month-day) (nLL7h™) day of trial (month-  (month-  (month- ~ (month-  (month-  (month-
cumulant period day) day) day) day) day) day)
2008 2007-11-14 2008-03-07 05-20 8.208 63 68.48% 03-10 03-24 04-02 04-17 04-29 05-8
2009 2008-11-20 2009-03-08 05-21 8.462 59 64.13% 03-04 04-02 04-17 04-23 05-07 05-15
2010 2009-11-12 2010-03-07 05-26 8.638 62 67.39% 03-19 04-01 04-14 04-26 05-06 05-20
2011 2010-11-12 2011-03-07 05-27 8.357 58 63.04% 03-24 04-02 04-12 04-22 05-02 05-12
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Table 2 Effects of elevated ozone concentration on number of soil denitrifying bacteria

LA denitrifying bacteri (1g(n/g) )

i{ﬁ BT Z i S T L
Reviving stage Jointing stage Booting stage Filing stage Maturing stage
2008 CK 5.24+0.67 a 5.30+£0.35 a 5.62+0.29a 5.95+£0.34 a 7.54£0.76 a
T1 5.73£0.56 a 5.50+£0.5 a 5.35£0.36 a 5.63+0.43 a 8.74+0.46 b
T2 5.44+0.20 a 5.06+£0.41 a 5.37£0.72 a 5.55£0.52 a 8.48+0.43 b
2009 CK 5.44+£0.25 a 5.35£0.23 a 5.60+£0.54 a 5.36+0.50 a 7.35£0.32 a
T1 5.67£0.35 a 5.21+£0.46a 5.45+0.46a 5.30£0.43 a 8.83+0.36b
T2 5.43+0.30 a 5.18+0.57 a 5.43+0.53 a 5.16£0.37 a 8.75+0.47 b
2010 CK 5.53£0.45 a 5.46+0.27 a 5.79+£0.62 a 5.74+0.42 a 7.66+0.22 a
T1 5.35£0.53 a 5.38+0.37 a 5.66+0.75 a 5.82+0.13 a 8.48+0.26 b
T2 5.47+£0.38 a 5.22+0.84 a 5.47£0.43 a 5.58+0.27 a 8.58+0.62 b
2011 CK 5.44+0.30 a 5.60+0.37 a 5.62+0.67 a 5.38+0.25 a 7.74+0.36 a
T1 5.48+0.77 a 5.32+0.44 a 5.41£0.33 a 5.51£0.29 a 8.89+0.45b
T2 5.45+0.67a 5.12+0.43 a 5.49+0.57 a 5.78+0.34 a 8.72+0.49 b

T1: 100 nL/L R4; T2: 150 nL/L R4 ; HHFEL N RREI SRR A2 Duncan K2 TR 226525 5 8 % (P<0.05)
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Table 3 Effects of elevated ozone concentration on denitrification activity

SREAEAE FSE JE Intensity of denitrification/ (g ¢! d™")

o S T T AT e
Reviving stage Jointing stage Booting stage filing stage Maturing stage
2008 CK 20.04+0.37a 19.34+0.23a 16.65+0.09a 22.05+0.63a 26.54+0.76a
T1 21.72+0.41a 20.32+0.32a 17.45+0.36a 23.13+0.33a 26.74+0.36a
T2 21.74+0.24a 21.63+0.13a 17.07+0.77a 22.45+0.09a 26.88+0.18a
2009 CK 22.41+0.15a 20.37+£0.23a 16.70+0.29a 22.34+0.20a 27.34+0.09a
T1 23.60+0.55a 21.21+0.56a 17.85+0.44a 23.70+0.43a 28.82+0.52a
T2 23.43+0.80a 20.78+0.27a 17.49+0.54a 23.48+0.82a 28.77+0.23a
2010 CK 23.53+0.45a 21.46+0.27a 18.79+0.62a 23.74+0.52a 27.66+0.28a
T1 25.35+0.53a 26.18+0.37b 25.66+0.85h 25.02+0.19a 30.48+0.57a
T2 25.47+0.38a 26.22+0.84b 25.47+0.44h 26.28+0.25a 32.58+0.42a
2011 CK 22.44+0.30a 20.60+0.37a 17.62+0.64a 23.38+0.27a 27.74+0.37a
T1 25.48+0.77a 25.02+0.44b 25.41+0.38b 24.71+£0.69a 31.89+0.35ab
T2 26.45+0.67a 25.72+0.43b 25.49+0.54h 25.78+0.14a 33.72+0.45h

FHIRE A= B W N A [R] R 78 A FRIA] 28 Duncan [G 22 BB 22K 56 725 5 i 2 ( P<0.05)
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Table 4 Effects of declined solar irradiance on number of soil denitrifying bacteria

JAHAL AN £ Number of denitrifying bacteria/ (1g(n/g)

i B g I W e
Reviving stage Jointing stage Booting stage filing stage Maturing stage
2010 CK 5.53+0.45 a 5.46+0.27 a 5.79+£0.62 a 5.74+0.42 a 7.66+£0.22 a
S1 7.57+1.17b 7.73+1.26b 7.27+1.13ab 7.47+0.56b 9.9+0.76b
S2 7.37+1.21b 7.67+1.46b 7.84+1.00b 7.96+0.86b 10.76+0.65b
S3 8.89+1.01b 8.42+1.23b 8.97+0.96b 8.64+0.64¢ 12.72+0.62¢
2011 CK 5.44+0.30 a 5.60+£0.37 a 5.62+£0.67 a 5.38+0.25 a 7.74+£0.36 a
S1 7.09+1.34ab 7.84+1.06b 7.37+£0.86b 7.63+0.63b 9.63+0.56b
52 7.55+£1.22b 7.86+0.96b 7.94+0.66h 7.64+0.66b 11.17+1.03bc
S3 9.06+1.16b 9.77+104b 9.07+0.77b 9.78+1.33b 12.98+0.60¢
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Table 5 Effects of declined solar irradiance on soil denitrifying activity

SREAEAE S8 Intensity of denitrification/ (g ¢! d™")

N I T T AR AR
Reviving stage Jointing stage Booting stage filing stage Maturing stage
2010 CK 23.53+0.45 a 21.46+0.27 a 18.79+0.62 a 23.74+0.52 a 27.66+0.28 a
S1 24.73+0.67a 25.63+0.63 b 26.47+0.57b 27.37+0.73b 29.84+0.67b
S2 25.36+0.63a 26.28+0.66b 26.82+0.85b 28.84+0.79 b 29.73+0.48b
S3 25.55+0.74a 27.35+0.83 b 28.64+0.46b 28.72+0.93 b 30.64+0.73 b
2011 CK 22.44+0.30 a 20.60+0.37 a 17.62+0.64 a 23.38+0.27 a 27.74+0.37 a
S1 23.32+0.83a 24.12+0.69 b 25.36+0.38b 27.02+0.61b 31.38+0.68b
S2 24.83+0.57a 25.02+0.58 b 28.22+0.83¢ 29.78+0.65¢ 32.43+0.62b
S3 24.98+0.74a 25.99+0.63 b 30.38+0.82¢ 30.11+£0.77¢ 32.94+0.34 b
F6 O, REEMEKRMARESHBERERATERHLARENNETEN
Table 6 The changes of soil denitrifying bacteria under O; combine with shading role
oy AL AN 2 Number of denitrifying bacteria/ (1g(n/g) )
Yeur Bt 2 e i A
Reviving stage Jointing stage Booting stage filing stage Maturing stage
2010 CK 5.53£0.45 a 5.46+0.27a 5.79+£0.62 a 5.74+0.42 a 7.66+0.22 a
T1 5.35£0.53 a 5.38+0.37 a 5.66+0.75 a 5.82+0.13 a 8.48+0.26 b
S1 7.57+1.17b 7.73+1.26b 7.27+1.13ab 7.47+0.56b 9.9+0.76¢
T1+S1 7.85+0.85b 7.89+1.03b 7.64+0.66h 7.82+0.66hc 10.41+£0.95¢
T1+S2 8.86+0.75b 8.58+1.11bc 8.53+0.76bc 8.82+0.73be 11.61+0.56¢d
T1+S3 9.16+0.75b 9.37+1.22¢ 9.32+0.89¢ 9.21+0.56¢ 12.43+0.56d
2011 CK 5.44+0.30 a 5.60+0.37 a 5.62+0.67 a 5.38+0.25 a 7.74+0.36 a
Tl 5.48+0.77 a 5.32+0.44 a 5.41+0.33 a 5.51+0.29 a 8.89+0.45b
S1 7.09+1.34ab 7.84+1.06b 7.37+0.86b 7.63+0.63b 9.63+0.56bc
T1+S1 7.43+0.75ab 7.58+0.93b 7.78+0.72b 7.95+0.66b 10.73+0.66¢
T1+S2 8.37+0.75b 8.73+0.67bc 8.53+0.98h 8.74+0.48¢ 11.22+0.88cd
T1+S3 9.26+0.75b 9.68+0.64c 9.24+1.06b 9.45+0.85¢ 12.46+0.94d
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Xob B A A 5k JEE A 3R 1 o R FE R, A LA A A
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R a I, AR A AT SR Ak i B B4 9 T 4555 , T
O, F B RAS /N FR 598055 )5 A R T /NAE % 0,
(R A 5 R 2 A 0 T R Akt A ARl 2R 7= v g
s /NAZ AR A 1 A A A S D - 4 N R R
/e N, O HERK,

T IEA YRR A P R R AR T Y
Pz —. N,O SR ALAE 0 5271, S i Al
RN AR N, 0 Bl e &
REARR 38 5 K i A AR NOS DU ) S il Ak ol 2 i
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Table 7 The changes of soil denitrifying activity under O; combine with shading role

P F A AAE I3 B Intensity of denitrification/ (g g™' d™') _
Year AT 2R il iy il TSR A
Reviving stage Jointing stage Booting stage filing stage Maturing stage
2010 CK 23.53+0.45 a 21.46+0.27 a 18.79+0.62 a 23.7420.52 a 27.66+0.28a
T1 25.35+0.53 b 26.18+0.37 b 25.66+0.85b 25.02+0.19 b 30.48+0.57b
S1 24.73+0.67a 25.63+0.63 b 26.47+0.57h 27.37+0.73c 29.84+0.67b
T1+S1 27.37+0.59¢ 28.48+0.54¢ 29.47+0.44c 30.63+0.79d 32.75+0.62¢
T1+S2 28.42+0.63¢ 28.97+0.37¢ 30.27+0.73¢ 31.37+0.85d 33.27+0.67¢
T1+S3 27.98+0.62¢ 29.46+0.63¢ 30.86+0.62¢ 31.86+0.69d 34.51+0.76¢
2011 CK 22.44+0.30 a 20.60+0.37 a 17.62+0.64 a 23.38+0.27 a 27.74+0.37a
Tl 25.48+0.77 b 25.02+0.44b 25.41+0.38b 24.71+0.69 a 31.89+0.35b
S1 23.32+0.83a 24.12+0.69 b 25.36+0.38b 27.02+0.61b 31.38+0.68b
T1+S1 26.76+0.49bc 28.47+0.63¢ 30.27+0.59¢ 32.38+0.54¢ 33.79+0.89¢
T1+S2 27.86+0.61c 29.71+0.59¢ 31.11+0.79¢ 33.27+0.63¢ 35.02+0.79¢
T1+S3 29.03+0.56¢ 30.16+0.66¢ 31.78+0.87¢c 33.89+0.69¢ 35.26+0.99¢

AR PR YRR (0 — 58 53, FLIE T A2 B AR ) 1) B
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