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Abstract
Saenjan, P.!, Juntarasombut, W.! and Saisompan, C.?
Improvement of direct-wet-seeding rice yield and methane mitigation under
water and fertilizer managements and comparison of its economic returns
Songklanakarin J. Sci. Technol., 2004, 26(6) : 795-806

In order to increase rice yields (RY) while reducing methane gas emissions (ME), several strategies
for methane mitigation were compared in a trial during the second rice growing season of 2003. A split plot
design was used, consisting of 2 water management (WM) treatments in main plots: 1) continuous flooding
and 2) intermittent drainage (by letting water evapotranspirate or drain away so as to maintain the soil
moisture content approximately at field capacity) during a part of the maximum tillering and flowering
stages; and five introgen (N) fertilizer treatments in sub plots: 1) no top-dressing of ferlilizers, 2) top-dress-
ing of ammonium fulfate (AS, 21% N) at 15 kg per rai, 3) AS at 30 kg per rai, 4) urea (46 %N) at 7 kg per rai
and 5) urea at 14 kg per rai. All plots received 16-16-8 at the rate of 20 kg per rai as a basal application.
Results indicate that WM had no significant effect on RY, but that intermittent flooding resulted in signifi-
cantly less methane emission than continuous flooding. Top-dressing of N fertilizers had significant effect on
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both RY and ME. Top-dressing of urea at the rate of 14 kg per rai resulted in the highest RY, 912 kg per rai,
followed by top-dressing of AS at 30 kg per rai, which produced a yield of 874 kg per rai. Application of 30 kg
per rai of AS was more effective in decreasing in both total methane emission (TME) and methane emission
per unit grain yield (MPG) than the application of 14 kg per rai of urea. However, the highest benefit of 1,920
baht per rai and the highest income-cost ratio (I/C) of 2.11 were obtained by top-dressing of 14 kg per rai
of urea. The next best treatment was the application of AS at the rate of 30 kg per rai which resulted in a
benefit of 1,727 baht per rai, and I/C of 1.98. It was concluded that a basal application of 16-16-8 at the
rate of 20 kg per rai, followed by to-dressing with eith AS at 30 kg per rai or urea at 14 kg per rai (both
equivalent to approximately 6 kg N per rai) and intermittent drainage to maintain soil moisture at field
capacity could provide significantly higher RY, higher economic returns and lower methane emissions as
compared to continuous flooding and with no or litter N fertilization.

Key words : rice yield, water management, methane mitigation, nitrogen fertilizer,
cost-benefit
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Table 1. Chemical characteristics of soil

Characteristics 0-15Scm  15-30 cm
pH (1:1 H,0) 4.84 5.17
OM (g kg") 6.94 2.15
Total N (%) 0.051 0.032
Available P (mg kg') 5 2
Exchangeable K (mg kg™') 54 49
Exchangeable Ca (mg kg™') 592 761
Exchangeable Mg (mg kg™') 138 279
EC 1:5 (dS m™) 0.207 0.181
CEC (cmol (+) kg 4.89 7.54
RMC (gCkg") | 0.52 -
Fe* (mgkg™) 1 28 Tu 263 -
Mn? (mg kg) 71 28 T 29 -
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Table 2. Rice yields, cv. Chai Nat 1, obtained from different water and fertilizer
managements in irrigated second rice cropping, 2003.

Topdressing Rice Yield (kg rai?)¥
Treatment" Fertilizer Rate Continuous Intermittent Average
(kg rai') flooding aeration
F1 - - 630 645 637¢
F2 ASY 15 694 780 737°
F3 AS 30 855 874 864*
F4 Urea 7 629 733 681
F5 Urea 14 815 912 864*
Average - - 725a 789a -
CV=9.7%

YAll plots received basal fertilizer, 16-16-8 at the rate of 20 kg rai'.

YAS is ammonium sulfate.

¥In column and row, averages followed by a common letter are not significantly different at

95% level by DMRT, respectively.
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Figure 1. Seasonal methane emission from second rice in 2003, (a) continuous flooding,
(b) intermittent drainage. All plots received 16-16-8 fertilizer at 20 kg rai! as a
basal application. F1 received no top-dressing fertilizer; F2 and F3 received AS,
15 and 30 kg rai' as top-dressing fertilizer, respectively; F4 and F5 received urea,
7 and 14 kg rai! as top-dressing fertilizer, respectively.
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Table 3. Total methane emission (TME) from irrigated second rice cropping,

2003.
Topdressing TME (gCH, m?)¥
Treatment" Fertilizer Rate Continuous Intermittent Average
(kg rai') flooding drainage
Fl1 - - 13.055¢ 5.03¢ 9.04°
F2 ASY 15 30.09* 4.92¢ 17.51°
F3 AS 30 11.17« 6.78¢ 8.98°
F4 Urea 7 24.13% 15.04b< 19.58¢
F5 Urea 14 19.57%¢ 12.61% 16.09%*
Average - - 19.60° 8.88" -
CV =32.2%

VAIl plots received basal fertilizer 16-16-8 at the rate of 20 kg rai’'.

YAS is ammonium sulfate.

¥In column and row, averages followed by a common letter are not significantly different at

99% level by DMRT, respectively.
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4. PSunamasiimunsniignanan (Methane Emis-
sion Per Unit Grain, MPG)

Tuudasdoinanangadan Suumfiating
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arAe Touandrenulasiivseslddiukeuneeet
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Table 4. Methane emission per unit grain (MPG) from irrigated second rice

cropping, 2003.
Topdressing MPG (gCH, kg'grain)¥
Treatment" Fertilizer Rate Continuous Intermittent Average
(kg rai') flooding drainage
F1 - - 33.22bc 12.46¢ 22.84c
F2 AS¥ 15 68.76a 9.99¢ 39.37ab
F3 AS 0 20.37bc 12.53¢ 16.45¢
F4 Urea 7 61.80a 32.72bc 47.26a
F5 Urea 14 38.85b 21.98bc 30.41bc
Average - - 44.59a 17.95b -
CV =30.0%

YAll plots received basal fertilizer 16-16-8, 20 kg rai'.

YAS is ammonium sulfate.

¥In column and row, averages followed by a common letter are not significantly different at

99% level by DMRT, respectively.
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Table 5. Cost, income, benefit and income per cost for cv. Chai Nat 1 rice production in irrigated

second rice cropping, 2003.

Expenses Continuous flooding Intermittent drainage
(baht rai") F1v F2v F3V F4V F5Y F1v F2v F3v F4V )
1) Labour
- Land preparation 340 340 340 340 340 340 340 340 340 340
- Broadcast 15 15 15 15 15 15 15 15 15 15
- Harvest, transport 350 350 350 350 350 350 350 350 350 350
2) Materials
- Seed 150 150 150 150 150 150 150 150 150 150
- Fertilizer” 140 215 290 196 252 140 215 290 196 252
- Pesticide 550 550 550 550 550 550 550 550 550 550
- Tool 10 10 10 10 10 10 10 10 10 10
3) Social 62 62 62 62 62 62 62 62 62 62
Cost? 1,617 1,692 1,767 1,673 1,729 1,617 1,692 1,767 1,673 1,729
Yield (kg rai') 630 694 855 629 815 645 780 874 733 912
Price (baht kg") 4 4 4 4 4 4 4 4 4 4
Income? 2,520 2,776 3,421 2516 3,262 2,579 3,122 3,494 2932 3,649
Benefit" 903 1,083 1,654 843 1,533 962 1,430 1,727 1,253 1,920
Income per cost? 1.56 1.64 194 150 1.89 1.59 1.85 198 1.75 2.11

VAl plots received fertilizer, 16-16-8, 20 kg rai"' as basal application. F, received no topdressing fertilizer F, and F,
received AS, 15 and 30 kg rai” as topdressing fertilizer; F, and F, received urea 7 and 14 kg rai"' as topdressing

fertilizer.

YFertilizer price: 16-16-8, ammoniums sulfate and urea was 7, 5 and 8 baht kg, respectively.

YTotal cost: labour + materials + social cost.
“Income: yield * price

SBenefit: income - cost

“Income per unit cost (IPC): income/cost
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