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壹、摘要

土壤學世界大會每四年一次，本次在泰國曼谷Sirikit皇后會議中心舉行，以「面對廿一世紀新境界」為主題，分八個大項，六十五個組進行論文口頭報告及壁報進行，強調土壤不但是人類及各種陸地生物生活立足之基地，協助陸地捕捉九倍於海洋之能源，生產大部分食物之基礎。同時，也是人類活動產生廢棄物之消除場所，生物圈重要元素如碳、氮、氧、磷、鉀、鎂、等都經由土壤流轉，然而，由於人類活動不當且忽視，嚴重的造成土壤劣化，失去生產及生態上特有的功能，危及人類之生存。保育土壤可以維持良好大氣、水品質及生物多樣性，從大的生產供應糧食，小至微生物或粘粒參與分解吸附，都與土壤科技研究應用密切關連，先進國家視為永續發展之最重要工作。
貳、目的
土壤為自然資源，具有物理性、化學性及生物性，其存在於地球陸地之表面，是植物生長的基礎，所有生物的棲息及生活的地方。因含微細的粘土礦物，具有膠體特性，吸附養分、保存水分、空氣，提供植物根部生長環境，其形成是經由岩石崩解、分解、中和、氧化、還原、聚合、複合等複雜過程，長時間的持續累積作用，以熱帶地區為例，一公尺的土壤需2萬至7.7萬年才能發育形成，其他地區耗時更長，故稱土壤為不可再生資源之一種，並不為過。土壤能否耕作，肥沃或貧瘠，是人類群居或流散最明顯的指標。社會進步繁榮，土壤更扮演生產農作物，提供生活環境保育及維持生態平衡之重要角色。目前進歐美日澳等國家，都對土壤保育之研究推廣視為最重要工作，以求永續發展。

世界土壤學會議，每四年舉辦一次，堪稱土壤學術研究最高的聚會，今（2002）年在泰國曼谷舉行，以主題”面對廿一世紀新境界之土壤科學”，研討範圍包括有六十五個主題，不但廣泛，而且深入，能獲支助參加此一盛會，獲益良多。
參、行程
   日      期                        地      點
八月十三日（星期二）             台北－曼谷（去程）

八月十四~十七日（星期三~星期六） 曼谷市希蕊克皇后國家會議中心

八月十八日（星期日）             清邁（田間研習參觀）

八月十九~二十日（星期一~星期二） 曼谷市希蕊克國家會議中心

八月二十日（星期二）             曼谷－台北（返程）

肆、會議內容

一、專題演講

大會安排在開幕典禮後舉行，共五個題目，分別由烏魯沙滋（喬治亞）、史巴克斯（美國）、桑棋仕（美國）、普藍（澳洲）及羅嘉那宋翁斯（泰國）等五位世界著名土壤學者主講，內容精彩。上述前四位學者針對土壤之一專門領域於廿一世紀中實質與挑戰上扮演之角色做廣泛及深入的分析報告，最後，泰國之學者則以泰北地區實行之泰王計畫做實例，特別強調維持土壤品質及規劃土地用途來提供人類食物、生活與居住環境之最重要依據。
二、土壤研究成果發表研討會

本次會議八大主題，其中再細分六十五個專題，分六個會議室，組不同時段經由口頭報告及壁報發表與討論方式進行，範圍包涵甚廣，即主題方面有土壤物理、土壤化學、土壤生物學、土壤肥力與植物營養，土壤之演化、分類與分級，土壤技術、土壤礦物、土壤與環境（鹽化土、土壤微形態、土壤水分與保育、森林土、土壤復育）。另外，尚有二十個工作組與執行委員會，針對大氣變遷、稻田土壤肥力、土壤污染、遙測、硫酸鹽土、根園等特殊領域都規劃容納研討。

三、口頭報告與壁報

由於會議之參加者及主題甚多，要在短短的數天完成研討，故分別安排發表論文為口頭報告（討論）與壁報兩種方式進行。論文口頭報告（討論）分開在六個會議室同時舉行，總共5.5日完成。參加者可選擇研究專精與興趣之主題時段自由參加。此次參加人員高達2000餘人，每一會議也都常有爆滿之現象。壁報參加者也相當踴躍，參加者在指定時段將研究報告張貼，規劃壁板並站在板前，準備給參觀者說明內容並回答問題。
伍、參加世界土壤會議之心得

一、土壤為生物生長之基礎，地球上珍貴的自然資源

土壤是生物界中基礎部分之一，由於地球上有土壤，主要質量的有機物在地面上生產。土壤是地面植物園區之基礎，能集約密集的利用日光能九倍於海洋。許多重要的元素生物界流經土壤，其中包括有碳、氧、氮、鉀、鎂、磷、硫等，土壤主要的特性為累積有機物、多種化學物以及能量，土壤之功能為各種污染物之生物性的吸收劑、分散者、中和者。

 二、土壤演化受自然與人為之影響

土壤為自然的一歷史性的個體，其演化有二種不同的方法，即第一為自然的，第二為人類行為的。土壤的自然演化期間，常以百年計，是微不足道的，同時也不會激烈的改變土壤及土壤被物。非常重要之演化途徑是人類活動行為造成的。一般來說，此一途徑都是負面的，隨影響的層面大小而異且密切關連。此違反自然演化過程，使土壤劣化甚至破壞。

三、土壤保育之步驟

廿一世紀土壤在時與空的自然方面將無劇烈的變化，然而，人為方面對土壤的改變將是密集的，其過程是相當負面的並超過我們的控制，應針對趨向採重大的對策。

第一個步驟，創設世界性土壤與土壤被面狀況之基本資料

第二個步驟，系統化整理土壤保護與合理利用之經驗

第三個步驟，組織土壤與土壤被面世界性有效的監控。

人為之生態上造成不良後果而改變土壤（Rozanov and Rozan, 1990）

人為的影響     　　           土壤劣化過程
1.不同地貌邊緣的農業            沖蝕、減縮、去濕化

2.乾旱與半乾旱地區灌溉農業      沼澤化、鹽化、鹼化

3.半濕區灌溉農業                去結構化、鹼化、壓實

4.不平衡（不正常）使用化學肥料  增加酸度、化學污染、去濕化

5.農業上使用生物殺劑            化學污染

6.農業機械化                    重量壓實、沖蝕

7.不正常的放牧草原              沖蝕、減縮、去濕化（濕化）

8.密集的設置飼育                化學污染、排泄物缺氧分解、甲烷排放

9.平地森林砍伐                  沼澤化、去濕化

10.山地森林砍伐                 沖蝕

11.原油開採                     油品污染土壤

12.礦物開採                     土壤物理性破壞、化學污染

13.熱能                         化學污染、酸性增加

14.運輸                         土壤結構破壞、化學與油品染

15.煉冶金屬                     化學污染、酸性增加

16.化學工業                     化學污染、酸性增加

17.建築材料生產                 化學污染

18.都市化                       化學污染

19.乾旱地區農業                 綜合劣化

四、乾旱化使土壤無法生產

乾旱化作用除了受人為因素外亦受自然因素之影響，包括地下水位低降，平原緩慢上昇，河流排水增加，高山永久雪線昇高。再者，每年平均雨量之變動，也對土地有負面之影響，密集大量的抽取地下水用於家庭生活、工業與運輸，加速乾旱化作用。

乾旱化作用包括引起重大災害的沙塵暴之次數。十八世紀的沙塵暴次數七倍於十七世紀，而十九世紀的三倍於十八世紀。其增加與地被植生消失密切關連，風蝕完全破壞土被及其肥沃的表層。

五、土壤重金屬污染危及人類生存

從污染程度與影響生物的元素來看，重金屬是主要污染素。許多重金屬元素為生物需要，造成生物圈之大氣中廣泛的散佈與大量累積土壤達到毒害。

一九九○年代歐洲與北美地區工業活動造成重金屬在空氣中之量很大，鉛37萬噸，砷3.12萬噸，鎘0.76萬噸。非鐵工業方面，每一噸的產品就生產40－60kg鉛，3kg砷，280g汞，及13克鎘散佈於大氣中。
重金屬扮演元素交換過程中重要角色，他們引起土壤污染對於生態系有負面的影響。重金屬不易從土壤中排除，排除年量期鋅（Zn）70－510年、鎘（Cd）13－1100年、鉛（Pb）740－5900年，重金屬在土壤中進行化學變化，而使它們毒性更強，重金屬在土壤中移動性依賴有機物之含量、土壤酸鹼性而有明顯的差異。

六、戴奧辛污染危及生物生存

在有毒之物質中，人造的戴奧辛（dioxines）是最危險的，它對人類的威脅如核子武器，其分解年量期在土壤中約為10年，水中為1－2年，它存在5－10cm之土中，它是不會從人體排放的，甚至很小濃度量，即引起免疫衰退，干擾適應能力，目前是有很精確的戴奧辛組成數據，每日之攝取量不得超過0.1pg/kg-1，放牧草原之戴奧辛在德國不得超過5ng/kg，荷蘭與義大利10ngkg-1，美國27ngkg-1土壤。

七、合理化施肥可獲生產高品質優之農產品

溯至遠古時期，田間施肥之施行，西元前一世紀之古羅馬就已知肥料之重要性，依據美國專家，影響農作物之生產因素，估計不同百分比，肥料41，殺草劑 15－20，肥沃土壤15， 雜交種子 8，灌溉 5，其他11－16。目前地球上第四等公民之食糧也賴肥料之幫忙，才可獲得溫飽，由此可見肥料之重要性。

依照土壤之特性、農作物養分需要，及氣候（日光、溫度及水）條件，合理的施用肥料，不但可以提高農作物產量，增進農產品質，同時也可減少病蟲害的發生，防止對水及空氣之環境污染。

陸、檢討與建議

1. 土地開發為農耕用地之後，其環境與原來之自然狀態有很大之不同，土壤性質受作物耕作方式引起變化，常見的徵狀為土壤流失，粘細粒子下沉或流失，有機質含量減少，酸鹼度（pH）下降，鹽分累積，土壤結構破壞，空隙率減少，土壤壓實產生硬盤，植物養分含量枯竭，以及土壤生物種類數目減少，這些現象明顯造成土壤生產與生態的功能，也增加農業生產之成本，針對劣化的過程予以防範及改良非常重要。台灣地區因氣候環境及地窄人稠土地密集耕作之關係，土壤劣化過程遠比溫帶先進國家快速，建議農業研究機關土壤資料庫，研究劣化過程與防範或改良方法，維護土壤三生之功能，擔負2300萬國民生活之基礎。

2. 土壤擁有微細的粒子及億計的微生物，可以吸附及分解人類活動產生的廢棄物及毒害物質，欲使土壤發揮此一功能，應對土壤性質與環境關係作廣泛與深入之研究，並將研究成果廣作宣傳，讓全國人民對土壤之認識，接觸土壤，進一步的珍惜愛護保育此一自然不可再生的資源。目前學校與研究機關之土壤研究分散於農學院相關科系及作物環境改良單位，而行政機關則缺乏專責單位，無法統籌研究與示範推廣工作，建議政府組織再造時成立土壤與肥料之管理推行單位，以利土壤保育與利用業務之推展。
柒.附件
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Abstract

Rice paddies are considered to be one of the major biogenic sources of atmospheric methane. Recently the importance of CH4 as a greenhouse gas has been recognized and studied to assess its contribution to global warming. Changes in water management, nutrient management, cultural practices, and cultivars selection may have potential to increase rice production and productivity and reduce CH4 fluxes at the same time. Field studies from 1998 to 2000 in middle Taiwan showed that continuous flooded, addition of organic fertilizer and incorporation of rice straw are the sources for initial methane production. Accumulated methane emission in the continuous flooded area was about 1.5- to 9-fold higher than that in the intermittent irrigation in the whole crop season. Effects of four organic fertilizers (including chicken manure, rice bran, rape seed cake and soybean cake) on methane emission were measured in 1999, the results showed that application of chicken manure had a stimulating effect on methane production. Methane emissions from fields amended with 140 kg N ha-1 for NO3--N (potassium nitrate and calcium nitrate) and NH4+-N (ammonium sulfate), methane emission rates from the NO3--plots were 1.5 to 3.7-fold as high as those from the NH4+-plots throughout the growth period. Application of (NH4)2SO4 would be significantly inhibited the methane fluxes in the paddy soils. Methane emission rates from the Indica-plots were 1.3 to 2-fold as high as those from the Japonica-plots throughout the growth period. Selection of rice cultivars that emits smaller amount of CH4 may also be effective in mitigating CH4 emission from paddy fields. Field experiments with the treatment of removing rice straw, burning the rice straw and incorporation of chopped rice root and straw were made to investigate in 2000. The seasonal methane emission in the first crop season with the treatment of removing rice straw, burning the rice straw and incorporation of chopped rice root and straw were 4.49, 3.84 and 3.84 g CH4 m-2, and 32, 34 and 72.3 g CH4 m-2 in the second crop season, respectively. It was shown that incorporation of plant residue should significantly enhanced production and emission of methane in the second crop season. Water management, organic amendments, fertilization, cultural practices, and the selection of rice varieties are the promising mitigation candidates in the paddy soils.

Keywords：paddy fields, water management, organic amendment, nitrogen fertilizer, rice cultivars, methane emission
1.Introduction

Methane is an important greenhouse gas due to the recent worldwide atmospheric increase at the rate of 0.5 to 0.8 % yr-1, as well as its strong absorption of infrared-red radiation and heat, which is contributes to changes in atmospheric chemistry and may cause global warming (Bouwman, 1991). Irrigated rice fields are estimated to contribute between 25.4 and 54 Mt per year (Cole et al., 1995) of the total 410 to 660 Mt per year emitted globally (Houghton et al., 1996).

Rice (Oryza sativa L.) is the major food crop for people living in Asia, and about 80 % of it is grown under irrigated wetland conditions (Roger and Watanabe, 1986). Furthermore, the world’s annual rice production must increase from 518 million tons in 1990 to 760 million tons in 2020 (International Rice Research Institute, 1989). Flooding of irrigated rice fields produces anaerobic soil conditions conducted to production of methane (Neue and Sass, 1994). Demand for rice over the next 30 years may require an additional 50 million ha to be cultivated (IRRI, 1989). Owing to conversion of upland soils to wetland rice cultivation, global methane emissions to the atmosphere may increase 20% over the next decade. Rice is an important food crop for people living in Taiwan；the cultivation area in 1997 was 202,010 ha for the first crop season and 162,202 ha for the second crop season in Taiwan. There has been considerable research worldwide on developing farmer-friendly, eco-friendly and cost-effective technologies to mitigate methane emission from rice paddies. Changes in water management, nutrient management, cultural practices, and cultivars selection may have potential to increase rice production and productivity, as well as reduce CH4 fluxes in Taiwan (Yang et al., 1994；Yang and Chang, 1998；Yang and Chang, 1999；Liou et al., 1999；Huang et al., 2000). Thus, successful mitigation strategies for agricultural sources of CH4 require overall understanding of agricultural practices on fluxes of CH4 and on controlling mechanisms. The objectives of this study were to investigate methane emission rates as affected by (1) irrigation systems (intermittent and continuous flooded); (2) forms of organic fertilizers (chicken manure, rice bran, rape seed cake and soybean cake); (3) forms of N-fertilizers (ammonium sulfate and potassium nitrate); (4) rice varieties (Indica and Japonica rice cultivars); (5) straw management (stubble removed, straw burnned and straw incorporated). Research reported here covered data collected from the paddy soils of southern Taiwan provide the mitigation potentials in wetland rice agricultural systems.

2.Materials and methods

2.1 Experimental site

Experimental paddy fields were located at the Tainan District Agricultural Improvement Station (23o25’08’’N, 120 o 16’26’’E), Chia-Yi county, southern Taiwan, and the methane emission data were collected between February to November in 1999. Climatic properties of test paddy fields are listed in Table1, and all experiments were performed in triplicate. 

Table 1. Climatic properties of Lu-Tsao rice fields
	Growing season
	Mean temperature
(℃)
	Total precipitation
(mm season-1)
	Rainy days
	Sunshine duration

	
	
	
	(d season-1)
	(h season-1)

	First crop
	23.3
	337.4
	39
	667.5

	Second crop
	26.4
	1153.5
	65
	724.7


2.2 Treatment plots

The plots were laid out in complete randomized block with four replicates. The following treatments were imposed during each season:

	first season, 1998 – second season, 1998
	Intermittent and continuous flooding systems, cultivar: Taikeng 8 (Indica rice)

	second season, 1998 – first season, 1999 
	Organic fertilizers (chicken manure, rice bran, rape seed cake and soybean cake) amendment, 120 kg N ha-1, cultivar: Taikeng 2 (Indica rice)

	first season, 1999 – second season, 1999
	forms of N-fertilizers (140 kg N ha-1, ammonium sulfate and potassium nitrate as topdressing fertilizers); rice varieties:Taikeng 8 (Indica) and Taichung sen 10 (Japonica)

	first season, 2000 – second season, 2000
	straw management (stubble removed, straw burnned and straw incorporated), cultivar: Taikeng 8 (Indica rice)


2.3 Gas sampling period and method

Methane flux methodology followed the recommendation of previous studies (Yang et al., 1994；Buendia et al., 1998；Yang and Chang, 1998). Gas samples were collected using closed-chamber technique (IAEA, 1992；Chang and Yang, 1997) every 2 weeks at 6:00 ~ 7:00 a.m. and 12:00 ~ 13:00 p.m. over the whole growth stage. Stainless steel chambers (25cm×25cm×20cm) were pushed into the soil approximately 7-15 cm depending on soil moisture content at the time of the sampling, and each one was equipped with a custom-made acrylic chamber (23×23×40, or 23×23×100 cm3). Each chamber enclosed a single plant, four chambers were used in each measurement in the test field (Chang and Yang, 1997). After the chamber was pushed into the soil, the electric fan on the lid was turned on for 10 to 15 minutes to homogenize the air inside the chamber. Portions (15 mL) of gas sample were withdrawn by syringe from the headspace immediately after the mixing (t0) and again at 30 (t1) and 60 (t2) min after the initial sample were taken, four gas samples were taken from each chamber. Samples were then stored in 2 mL vacuumed (0.08 mbar) crimp-sealed vials, and the analysis was performed within 2 weeks after the sample was taken. 

2.4 Analysis of methane concentration of gas samples

Methane emission was determined at 0.5 h intervals for 1.0 h by examining the changes of methane concentration in the chamber. The gas sample was injected into a Shimadzu 14A gas chromatography equipped with a flame ionized detector and a glass column (0.26 mm ×2m) which was packed with Porapak Q (80/100 mesh). The column temperature was set at 100℃, and the injection and the detector temperature were set at 130 ℃. Methane concentration was calculated with a standard curve from 0.1 to 1000 mg kg-1 (vol.) (Yang and Chang, 1997).

2.5 Estimation of methane emission

Methane emission from paddy soil was estimated by the following equation of Rolston (1986), based on the following equation:
f = (V/A)(ΔC/Δt)

where f is the methane emission rate (mg m-2 h-1), V the volume of chamber above the soil (m3), A the cross-section of chamber (m-2), ΔC the concentration difference between zero and t times (mg m-3), and Δt is the time duration between the two sampling periods (h). Daily mean of methane flux was calculated as arithmetic mean of measurements taken at 6 a.m. and 12 p.m.. Annual amounts of fluxes were computed using the summation of methane emission in the different sampling stages of rice plants.

2.6 Analytical methods

Soil pH was determined at 1:1(w/w) soil to water suspension using a pH meter.  Total nitrogen was measured by the modified Kjeldahl method (Yang et al., 1991).  Soil organic matter was determined by the wet oxidation of Walkey-Black method (Nelson and Sommers, 1982). Air, water and soil temperatures were measured with a thermometer. Treatments were replicated three times and flux data subjected to analysis of variance and Duncan’s multiple range test (p=0.05) using the Statistical Analysis System (SAS, 1990).

3.Results and discussion

Since rice paddies are the second-greatest emitters of methane after natural wetlands, and since atmospheric concentrations of methane are increasing by around 50 Tg/yr (Milich, 1999), it is reasonable to focus attempts to mitigate methane on rice cultivation. In this study, investigation of CH4 emission was conducted during the period of the first and the second crop seasons between June 1998 to November 2000 at the Lu-tsao sandy loam. Lu-tsao sandy loam (sand:clay:silt = 59.8:12.4:27.8) soil was used in the field experiment and the properties were : pH, 7.1 ±0.6; organic C,1.32 ±0.15 g kg-1; total nitrogen,1.03 ±0.20 %; total P, 219-370 μg g-1. Flux measurements for comparison the effects of irrigation systems, organic fertilizers, forms of nitrogen fertilizers, rice varieties, and straw incorporation on methane emission of southern Taiwan paddies were done, and the methane emission data were collected. 
3.1 Effect of irrigation system

Methane is produced by a group of strict anaerobic bacteria in highly reduced environment (Whitman et al., 1982). Water regime is the main factor influencing gas exchange between soil and atmosphere in wetland rice cultivation. Continuous flooding 

	[image: image1.emf]0


4


8


1


2


1


6


2


0


W


e


e


k


s


 


a


f


t


e


r


 


t


r


a


n


s


p


l


a


n


t


i


n


g


0


4


0


8


0


1


2


0


M


e


t


h


a


n


e


 


e


m


i


s


s


i


o


n


 


(


m


g


 


m


 


 


 


h


 


 


 


)




0 4 8 12 16 20

Weeks after transplanting

0

40

80

120

M

e

t

h

a

n

e

 

e

m

i

s

s

i

o

n

 

(

m

g

 

m

 

 

 

h

 

 

 

)

[image: image2.emf]0


4


8


1


2


1


6


2


0


W


e


e


k


s


 


a


f


t


e


r


 


t


r


a


n


s


p


l


a


n


t


i


n


g


0


2


0


4


0


6


0


8


0


M


e


t


h


a


n


e


 


e


m


i


s


s


i


o


n


 


(


m


g


 


m


 


 


 


h


 


 


 


)




0 4 8 12 16 20

Weeks after transplanting

0

20

40

60

80

M

e

t

h

a

n

e

 

e

m

i

s

s

i

o

n

 

(

m

g

 

m

 

 

 

h

 

 

 

)

[image: image3.emf]0


4


8


1


2


1


6


2


0


W


e


e


k


s


 


a


f


t


e


r


 


t


r


a


n


s


p


l


a


n


t


i


n


g


0


2


0


4


0


6


0


M


e


t


h


a


n


e


 


e


m


i


s


s


i


o


n


 


(


m


g


 


m


 


 


 


 


h


 


 


 


)




0 4 8 12 16 20

Weeks after transplanting

0

20

40

60

M

e

t

h

a

n

e

 

e

m

i

s

s

i

o

n

 

(

m

g

 

m

 

 

 

 

h

 

 

 

)

[image: image4.emf]0


4


8


1


2


1


6


2


0


W


e


e


k


s


 


a


f


t


e


r


 


t


r


a


n


s


p


l


a


n


t


i


n


g


0


4


8


1


2


1


6


M


e


t


h


a


n


e


 


e


m


i


s


s


i


o


n


 


(


m


g


 


m


 


 


 


h


 


 


 


)




0 4 8 12 16 20

Weeks after transplanting

0

4

8

12

16

M

e

t

h

a

n

e

 

e

m

i

s

s

i

o

n

 

(

m

g

 

m

 

 

 

h

 

 

 

)



	


Fig 1. Temporal variation of methane emission rate with intermittent and continuous flooded during the first (plot A) and the second (plot B) crop seasons in 1998. (◆─◆: intermittent flooded; ◇─◇: continuous flooded) 

is the traditional irrigation system for rice cultivation, there is 10-15 cm depth of flooding in the soil surface during the rice cultivation such as in Italian, Louisiana and California paddies (Cicerone et al., 1983; Schutz et al., 1989). However, intermittent irrigation system is very popular in the late growth stage of rice in Taiwan to reduce the water consumption, to reduce ineffective tillers of rice and to eliminate toxic substances in the rhizosphere of rice. Effect of flooding treatment on CH4 emission is presented in figure 1. In the first crop season, the average methane emission rate was 16.37 ±9.31 mg m-2 h-1 with continuous flooding and it was 1.75 ±0.96 mg m-2 h-1 with intermittent irrigation(plot A). Methane emission was significantly higher in continuous flooding treatment than that in intermittent irrigation. Methane emission rate was high at the transplanting stage, decreasing very sharply at the active tillering stage and low at the flowering and ripening stages with intermittent irrigation in the second crop season (plot B). However, methane emission rate was high at both the transplanting and booting stages and decreased gradually at the flowering stage with continuous flooding. The seasonal methane emission in the first crop season with continuous flooding and intermittent irrigation were 55.8 and 9.2 g CH4 m-2; and the value were 84.5 and 49.0 g CH4 m-2 in the second crop season, respectively. Accumulated methane emission in the continuous flooding area was about 1.5- to 9-fold higher than that in the intermittent irrigation in the whole crop season. The highest emission fluxes were observed during heading and flowering stage, while the lowest during the tillering and maturing stage of growth in all treatments. The results showed that the irrigation systems influenced markedly the methane emission of paddy soils. The intermittent irrigation system is possible mediators in reducing methane production in the paddy soils.

3.2 Effect of organic fertilizers

The comparison the effect of organic fertilizers amendment on CH4 emission was conducted during the period of the first (February to June, 1999) and the second (July to 
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Fig 2. Temporal variation of methane emission rate with amendment of different organic fertilizers during the first crop season in 1999 (plot A) and the second crop season in 1998 (plot B). (◆─◆: chicken manure; ■─■: rice bran; ●─●: rape seed cake; ▲─▲: soybean cake) 

November, 1998) crop seasons. The C/N ratio were 19.8, 40.0, 10.8, 7.9 for chicken manure, rice bran, rape seed cake, and soybean cake composts, respectively. The emission rates of methane were observed that the highest average methane emission was 22.57 ±7.00 mg m-2 hr-1 in the applied plots of chicken manure and the lowest average methane emission was 15.74 ±5.43 mg m-2 hr-1 in the applied plots of soybean cake in the second crop season in 1998 (Fig 2-B). In the first crop season in 1999, the methane emission was only 4.58 ±2.68 mg m-2 hr-1 in the applied areas of rice bran (Fig 2-A), thus the relationship between the organic fertilizers and methane emissions was not significant. Anaerobic fermentation of organic matter produces an array of organic substances not found in well-aerated soils. Methanogens constitute the last step in the anaerobic degradation of organic matter. It is evident that organic amendments to flooded soils increase CH4 production and emission (Schutz et al., 1989; Yagi and Minami, 1990; Sass et al., 1991) by lowering the Eh and providing more carbon source. Denier van der Gon and Neue (1995) found a large increase in CH4 emissions due to organic matter inputs in a California rice field. The results revealed the methane emissions in Taiwan paddies will be influenced by the applied type of organic fertilizers in the higher temperature of early stage in the second crop season. This approach will provide the strategy of methane mitigation by applying the appropriate organic fertilizer in Taiwan paddies.

3.3 Effect of nitrogen fertilization and rice varieties

Nitrogen fertilizers are commonly used in rice cultivation to increase crop yields. Urea and ammonium sulfate account for 80-90% of the total nitrogen fertilizer required in rice cultivation (FAO, 1997). The effects of nitrogen fertilizers depend on form and amount of the fertilizer, as well as on mode and time of application. The effects of NH4+-N and NO3--N fertilizers on methanogenesis are not clearly understood and are often contradictory (Wassmann et al., 1993). Rice plants play an important role in the flux of methane, and there are three processes by which CH4 is released into the atmosphere from rice paddies. Methane loss as bubbles from paddy soils is a common mechanism; diffusion loss of CH4 across the water surface is another process. Therefore, up to 90% of the methane released from rice fields to the atmosphere may be diffusive transport through the aerenchyma of the rice plant (Schutz et al., 1989). The production 

	

	


Fig 3. Temporal variation of methane emission rate with two nitrogen fertilizers and two rice varieties during the first (plot A) and the second (plot B) crop seasons in 1999. (◇─◇:(NH4)2SO4 and Japonica rice；◆─◆: (NH4)2SO4 and Indica rice；○―○: KNO3 and Japonica rice；●―●: KNO3 and Indica rice) 
and transport of methane to the atmosphere depend on the characteristics of rice plant. The study was conducted during the first and the second crop seasons from February to December 1999. Estimating of total methane evolution over the whole growing season for each treatment, the seasonal methane flux during the first crop season was calculated to be 2.78 g m-2 for (NH4)2SO4 and Japonica rice plot；2.48 g m-2 for (NH4)2SO4 and Indica rice plot；8.65 g m-2 for KNO3 and Japonica rice plot and 9.22 g m-2 for KNO3 and Indica rice plot, respectively (Fig 3-A). There was slightly increased in methane emission fluxes due to plantation of Indica rice and more than 3.1 to 3.7-fold increase due to application of nitrate fertilizer. In the second crop season, the seasonal methane flux of the four treatments were estimated to be 24.6 g m-2 for (NH4)2SO4 and Japonica rice plot；34.2 g m-2 for (NH4)2SO4 and Indica rice plot；36.4 g m-2 for KNO3 and Japonica rice and 52.6 g m-2 for KNO3 and Indica rice plot(Fig 3-B). There were slight increases in methane emission due to application of nitrate fertilizer in the Japonica rice plots, thus significantly (p<0.05) increased methane emission flux in Indica rice plots due to application of nitrate fertilizer in the Indica rice plots. In comparison of two rice varieties, the Indica rice showed a tendency for larger methane emission than the Japonica rice in the second crop season. Moreover, ammonium sulfate treatment significantly reduced CH4 emissions by 37 ~ 85 % emissions compared to potassium nitrate plots. It was concluded that the combination of plantation of Japonica rice and application of (NH4)2SO4 would be an appropriate methane mitigation strategy in the paddy soils in Taiwan paddy soils.

3.4 Effect of straw incorporation

Residue management impacts on soil organic matter (SOM) and long-term fertility is becoming more relevant in the context of soil quality. Open-field burning has been used traditionally to dispose of crop residues and sanitize agricultural fields against pests and diseases (Ponnamperuma, 1983). Thermal straw management is being considered in many agricultural regions of the world because of air pollution (Ocio et al., 1991；Miura and Kanno, 1997). Organic matter availability is a major factor controlling CH4 emissions from rice paddies (Yagi and Minami, 1990). Many studies have demonstrated that the straw incorporation increases in CH4 emissions (Schutz et al., 1989；Yagi and Minami, 1990；Sass et al., 1991；Bossio et al., 1999). In this study, straw incorporation was conducted within 2 weeks before rice transplantation due to preventing the inhibition effects on the rice growth. The investigation of CH4 emission was conducted during the period of first (5 February to 12 June, 2000) and the second (24 July to 20 November, 2000) crop seasons. Rice straw, used in the studies on the effect of straw amendment, contained cellulose 387 g kg-1, hemicellulose 183 g kg-1, lignin 150 g kg-1, total nitrogen 6.6 g kg-1, total phosphate 1.96 g kg-1 and ash 122 g kg-1.  Methane released after 5 weeks transplanting in the first crop season in 2000. In the second crop season, there was a higher CH4 emission rate within the early 7 weeks after transplantation. Straw incorporation stimulated methane emission rate and it also increased the soil organic matter content. A higher proportion (approximately 2.7 times) of available C was released as CH4 in the straw incorporated plot (Fig 4). Yagi and Minami (1990) found that the relationship between labile mineralizable C and CH4 emission differed between different soil types, with higher organic matter peat soils emitting about 2.5 times as much CH4 per unit of readily available C as lower organic content Andosols. The results indicated that removing the rice stubble or rice straw burning may significantly inhibit the CH4 emission in the second crop season. The seasonal methane emission in the southern Taiwan during the first crop season with the treatment of stubble removed, straw burned and straw incorporated were 4.41, 3.78 and 5.27 g CH4 m-2, and 32.8, 38.9 and 75.1 g CH4 m-2 in the second crop season, respectively. It was shown that straw incorporated plot should significantly enhance methane production and emission in the second crop season. Stubble removed or straw burned of previous crop season may significantly suppress methane production in Taiwan paddies. Open burning of biomass is a common technique for agricultural residue disposal, thus this technique presents a considerable source of atmospheric pollutants. Jenkin et al. (1996) analysed polycyclic aromatic hydrocarbons (PAHs) compound emission from dry cereal grasses and wood burning. Moreover, Korenage et al. (2001) indicated that water content of rice straw reduced PAHs emission during straw burning, since PAHs emission tends to decrease as the moisture content increases. Based the results, it could be concluded that the rice stubble removed or the optimization technique of straw burned would reduce emission of CH4 and PAHs.

	

	


Fig 4. Temporal variation of methane emission rate with different kinds of straw management during the first (plot A) and the second (plot B) crop seasons in 2000. (◆─◆: stubble removed; ▓─■: straw burned; ●―●:straw incorporated) 
4.Conclusion

There are two crop seasons for paddy rice in Taiwan; the first of which is longer than the second due to lower temperature in the first crop season. The CH4 emission patterns of the two crop seasons in Taiwan were different to other single crop season such as Japan (Yagi and Minami, 1990), Spain (Seiler, 1984), USA (cerone et al., 1983) and Australia (Denmead and Freney, 1990). In the first crop season, methane emission was low at the early growth stage of rice due to the low temperature and the small size of rice plants. The amount of methane emission in the second crop season was about 4 to 13 times higher than that at the first crop season in the southern Taiwan. Methane emission was high during the booting and flowering stages in the first crop season and the values were also high during transplanting and active tillering stage in the second crop season. Since rice paddies are the second-greatest emitters of CH4 after natural wetlands, and since atmospheric concentrations of CH4 are increasing by around 50 Tg/yr, it is reasonable to focus attempts to mitigate CH4 on rice cultivaton. Results indicated that intermittent irrigation system, application of appropriate fertilizer (such as low C/N ratio organic fertilizer or ammonium sulfate), selection of rice variety (such as Japonica rice) and stubble removed could significantly reduce the seasonal CH4 emission from wetland rice cultivation in Taiwan.
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