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Effect of controlled-release nitrogen fertilizer on CH, emission in transgenic rice

from a paddy soil

ZHOU Wenlin, LOU Yunsheng "
College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract: Nitrogen is one of essential nutrients in rice production. Although nitrogen supply increased productivity,
nitrogen utilization efficiency was very low in rice production. Some researchers revealed that nearly two-fifths of nitrogen
input was lost in different pathways. Excessive use of nitrogen fertilizer not only caused waste of resources but also brought
harmful impacts on eco-environment, such as greenhouse effect and pollution to water body and soil. Rice paddies are
regarded as one of major CH, emission sources with annual estimates about 31 to 112 Tg, accounting for 5%—19% of global
total CH, emissions. CH, emission was promoted by application of fresh organic fertilizer and significantly reduced by biogas
fertilizer after fermentation treatment in rice paddies. Effects of chemical nitrogen fertilizer on CH, emission from rice
paddies were complicated, which were controlled by soil C/N ratio, fertilizer type, fertilization amount and mode, etc.
Fertilization affected CH, emission through influencing soil physicochemical properties, soil microbial community
(' methanogens and methanotrophs ) and plant growth (e.g. development of aerenchyma, formation of root exudates).
Controlled-release nitrogen fertilizer ( CRNF ), as eco-friendly fertilizer, is able to delay nitrogen release, provide a
synchronous N supply for plant, thus reduce the accumulation of inorganic N in soil and the risk of N losses. Fewer reports
are available regarding the effect of controlled-release N fertilizer on CH, emission in rice paddies. Genetic transformation in

rice has achieved rapid development since the first transgenic modification in 1988. Genes containing traits such as resistant
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to insects, diseases, and tolerant to herbicides, drought and salt have been effectively transferred into different rice
varieties. Transgenic rice brought higher yield with less labor intensity, cost and use of pesticides and environmental
pollution. However, it is still under argument about the safety of transgenic rice on eco-environment and human health under
commercial cultivation. A pot experiment with rice cultivars was conducted to investigate the effect of nitrogen fertilizers on
CH, emission from a paddy soil under greenhouse conditions. The experiment was designed with two fertilizer types, i.e.
urea and controlled-release nitrogen fertilizer ( CRNF ), and two rice cultivars, i.e. herbicide-resistant transgenic rice
(Japonica line B2) and its parent conventional rice (japonica cv Xiushui 63), and performed at the Station of Agricultural
Meteorology,, Nanjing University of Information Science and Technology, Nanjing, China. CH, emission was determined by
the closed chamber method at 10-day interval during rice growing period in a loamy clay paddy soil. The results indicated
that, compared with control (urea), CRNF supply increased tiller number, plant height, biomass and yield in rice. CH,
fluxes gradually increased from 22 d after transplanting, then reached the main peak at reproductive phase (62—92 d after
transplanting) , and sharply decreased until rice harvest. In comparison with control (urea), one-time basal application of
CRNF significantly decreased CH, emission from the paddy soil. The total CH, emission was significantly lower from the

transgenic rice cultivar than the conventional rice cultivar. It is suggested that one-time basal application of CRNF and

planting herbicide-resistant transgenic rice are helpful in mitigating CH, emission from the paddy soil.

Key Words: controlled-release nitrogen fertilizer; transgenic rice; methane; flux; paddy soil
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Table 1 Effect of CRNF ( controlled-release nitrogen fertilizer) on rice growth parameters and yield under greenhouse conditions

Qb3 SYBERL PR/ em APt Biomass/kg PR/ kg
Treatment Tiller number Plant height Hi %8 Straw weight Hi T 7 Root weight Yield
TU 16+1.73 103.23+2.84 29.72+2.62 23.28+0.45 18.13+0.67
PU 22+3.60 96.93+1.63 34.96+3.94 23.95+2.15 18.40+0.55
TC 17+3.46 111.20+1.44 44.28+1.67 28.31+5.93 22.48+1.95
PC 23+1.00 98.03+1.71 36.30+2.74 25.34+3.83 20.18+0.10
J5 253Kt ANOVA

fu il Cultivar * ¢ ns ns ns
AR} Fertilizer ns * * * *
iR AERL CultivarxFertilizer ns * * ns ns

TR 53 BEASOI 7 7 B R BN 5 Ak o R e 00 2 7 S8 2 5 1 AR R T D e AR A B SR v B o 3 IR R AR R 225 + 3R
HH 555} BE AR ttﬁiﬂﬁ%7k¥(P< 0.05) ; TU . 55 55 PRUK R + 55 40 i AR Transgenic rice + urea;PU:ﬁ%ﬂ7k7F§+ﬁfmﬁﬁHE Parental rice + urea;TC:frg‘E
RIK i +35 B ZUIE Transgenic rice + CRNF; PC: 7 HUKRE+{E B AU Parental rice + CRNF
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Fig.1 Effect of CRNF ( controlled-release nitrogen fertilizer) on seasonal variation of CH, flux under greenhouse conditions
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Table 2 Sub-total amount of CH, emission during different rice growth stages fertilized with CRNF ( controlled-release nitrogen fertilizer)

. o e A
3 BEI PO — 2 iE— 1 W —E 2] Whole erowth
Qb ¥ Tillering Jointing to booting Heading to flowering Grain-filling to maturity g )
eriod
Treatment — 0 o Ry p =
He it/ itk Hewl it/ i/ Hepl it/ At/ HEpl i/ At/ Hewit/
(mg/m?) % (mg/m?) % (mg/m?) % (mg/m?) % (mg/m?)
TU 209.91£10.31a 15.68  331.10+21.89b  24.73 346.33+14.15¢ 25.86 451.73+1.03b 33.73 1339.07+8.14b
PU 184.85+16.60a 10.67  270.86+29.80a 15.63 342.39+7.92¢ 19.76 934.54+28.13¢  53.94 1732.64+73.41c
TC 290.81+4.64b 29.48  272.15+19.29a 27.58 165.07+28.55a 16.73 258.61£24.49a  26.21 986.64+29.11a
PC 313.13+28.06b  23.28  344.89+0.31b 25.64  207.76+4.29b 15.44 479.50+£5.97b 35.64 1345.28+20.49b
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