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Abstract
Saenjan, P., Sanwangsi, M. and Prongjunteak, K.

Methane mitigation in transplanting and direct-wet seeding rice fields treated with

fertilizers under condition of alternately flooding and soil aerating
Songklanakarin J. Sci. Technol., 2006, 28(3) : 655-667

Rice is main staple crop of the world. Growing rice in flooded water entails methane (CH,) emission.
CH, is one of greenhouse gases contributing to global warming. The experiment aimed to clarify the influence
of fertilizer and water management on total methane emission (TME), methane mitigation and rice yields
(RY). The experimental design was a split - split plot with 3 replications taking 2 cultivation in main plots,
transplanting (TP) rice and direct-wet seeding (DWS) rice fields; 2 basal fertilizers, 16-16-8, 20 kg/rai and
chicken manure pallet (CMP), 105 kg/rai in sub plots; and 3 top dressing fertilizers 1) none, 2) urea (46% N),
15 kg/rai and 3) ammonium sulfate (AS, 21% N), 30 kg/rai in sub-sub plots. It also examined relationship
between quantity of paddy-soil water, TME and RY of both cultivations. Methane emission rate (MER)
occurred during the whole growth period and was characterized by 2 large peaks: one from after trans-
planting or broadcasting to maximum tillering stage and the other from flowering to yellow ripening stage.
Rapid declines of MER were dictated by soil aeration recognized as 3-5 days cracks. In TP rice plot based
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with CMP, 105 kg/rai, topped with AS, 30 kg/rai, TME decreased to 73.0% and RY increased to 14.7% over
that of untreated plots with top dressing fertilizer, while in that topped with urea, 15 kg/rai, TME decreased
to 68.9% and RY increased to 16.9%. In all of DWS rice plots which were topped with AS or urea, declines
of TME ranged from 27.3 to 56.4% and increase of RY ranged from 31.3 to 47.9% over those without top
dressing. In both TP and DWS plots, TMEs were closely correlated with the quantity of paddy-soil water (r =
0.83 and 0.86, respectively) and with submergence days (r = 0.94 and 0.89, respectively). Hence, saturated
condition in paddy soil is a primary factor for methanogenesis. Moreover, for TP rice, the relationship
between TME and RY was weakly positive (r = 0.16), whereas that for DWS rice was obviously negative (r =
- 0.65). DWS rice cultivation could provide high RY and mitigated methane emission. In addition to this,
the quantity of paddy-soil water was negatively related with RY (r = - 0.077), indicating that DWS cultivation
was able to mitigate methane emission, produce high RY and reduce water use.

Key words : methane, rice yield, fertilizer, soil aeration
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Table 1. Effects of rice cultivations and fertilizer application on grain yields, total
methane emission (TME) and methane emission per unit grain (MPG)
obtained from second rice season, 2004.

Cultivation' Basal! Top! Yield? TME? MPG?
method fertilizer fertilizer  (kg/rai) gCH /m*>  gCH /kg yield
C1 Bl Fl1 668 ¢ 20.1a 48.1 a
(Transplanting) (16-16-8, F2 953 a 334a 56.0a
20 kg rai™) F3 799 b 213 a 42.7 a
Mean 807 24.9 48.9
B2 Fl1 652 a 363 a 89.0a
(CMP, F2 748 a 9.8b 209b
105 kg rai!) F3 762 a 11.3b 23.7b
Mean 720 19.1 44.5
C1 Mean 763 22.0 46.7
C2 Bl Fl1 656 ¢ 46.1 a 1126 a
(Direct-wet (16-16-8, F2 861 b 20.1 ¢ 374c
seeding) 20 kg ra'!) F3 904 a 335D 59.3b
Mean 807 332 69.8
B2 Fl1 606 ¢ 41.6 a 109.8 a
(CMP, F2 846 b 427 a 80.7b
105 kg rai) F3 896 a 29.1b 52.0c
Mean 783 37.8 80.8
C2 Mean 795 35.5 75.3
Diff C? -31.2 -13.5 -28.5
LSD (5%) 64.3 13.7 32.8
B1 Mean 807 29.1 59.3
B2 Mean 751 28.4 62.7
Diff B* 55.2 0.6 -34
LSD (5%) 90.9 13.7 32.8

! C1 = Transplanting , C2 = Direct-wet seeding ; B1 = basal as 16-16-8, 20 kg rai’!, B2 = basal as
CMP, 105 kg rai'; F1 = None, F2 = Top as AS, 30 kg rai’', F3 = Top as Urea, 15 kg rai"

2For each cultivation method (C1 or C2) and for each Kkind of basal fertilizer (B1 or B2) the
averages followed by a common letter are not significantly different at 95% by DMRT.

3 Diff C is the different between 2 rice cultivation methods (C1 mean - C2 mean), Diff C is lesser
than LSD (5%), mean it is not significantly different at 95%.

“ Diff B is the different between 2 rice cultivation methods (B1 mean - B2 mean), Diff B is lesser
than LSD (5%), mean it is not significantly different at 95%.
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Figure 1. Change in paddy - soil water during rice cultivation, transplanting rice (a) and
direct-wet-seeding rice (b). DAT = Days after transplanting, DAB = Days after
broadcasting.

F1) Basal: 16-16-8, 20 kg rai’'; Top: 0

F2) Basal: 16-16-8, 20 kg rai'; Top: Ammonium sulfate, 30 kg rai’

F3) Basal: 16-16-8, 20 kg rai'; Top: Urea, 15 kg rai”

. F4) Basal: Chicken manure pallet, 105 kg rai"'; Top: 0

F5) Basal: Chicken manure pallet, 105 kg rai'; Top: Ammonium sulfate, 30 kg rai

F6) Basal: Chicken manure pallet, 105 kg rai'; Top: Urea, 15 kg rai-!
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Table 2. Yield, seasonal paddy-soil water, submergence, total methane emission (TME), methane
emission per unit grain yield and relative change of yield and TME on second rice in

2004.
Treatment”  Rice yield Paddy-soil water Submergence TME Relative change (%)
(kg rai) (m? rai!) (accumulative days) (g CH, m?)
Yield” CH/
Transplanting (C1)
F1 668 861 81 20.1 - -
Bl F2 953 885 87 334 +42.7 +66.2
F3 799 851 82 21.3 +19.6 +6.0
F1 652 864 84 36.3 - -
B2 F2 748 845 76 9.8 +14.7 -73.0
F3 762 826 76 11.3 +16.9 - 68.9
Direct - wet - seeding (C2)
F1 656 862 100 46.1 - -
Bl F2 861 856 94 20.1 +31.3 -56.4
F3 904 856 94 335 +37.8 -27.3
F1 606 862 100 41.6 - -
B2 F2 846 862 100 42.7 +39.6 +2.6
F3 896 858 95 29.1 +47.9 -30.0

VC1 = Transplanting, C2 = Direct-wet seeding; B1 = basal as 16-16-8, 20 kg rai', B2 = basal as CMP, 105 kg rai’'.
F1 = None, F2 = Top as AS, 30 kg rai”, F3 = Top as Urea, 15 kg rai
Y Relative changes of yield and TME were based on F1 for F2 and F3.
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Figure 2. Change in methane emission rates during rice cultivation, transplanting rice (a)
and direct-wet-seeding rice (b). DAT = Days after transplanting, DAB = Days after

broadcasting.
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