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摘 要

行政院農業委員會畜產試驗所飼料作物組許褔星組長及林正斌副研究員於今年九月二十四日至十月一日赴澳大利亞布理斯班參加第四屆世界作物學會議及宣讀論文，此次會議共有65個國家代表或農業專家學者參加，共有120篇口頭論文報告，1300篇壁報展示，台灣共有5人參加，除本所以外，尚有台灣大學高景輝教授、盧虎生教授、宏光大學宋濟民教授等。此次大會之中心議題為作物學為生物多樣性之地球之新方向，其有四項主題：1.缺水問題2.未來永續農業經營3.遺傳基因工程4. 未來改變之影響。每項議題均有邀請專家學者作專題演講，此次會議由澳大利亞農藝學會主辦，並與第五屆亞洲作物學會議及第十二屆澳大利亞農藝學會議聯合舉行，會議於十月一日畢幕，下次第五屆世界作物學會議將於2008年在韓國濟洲省舉行。會議後許褔星組長及林正斌副研究員隨即轉往西澳大學及西澳省農部討論豆科牧草選育工作，並於十月六日回抵台灣。
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壹、目的

    世界作物學會是一個以研究作物之生產，改進其品質並期許能達到全世界糧食生產充足的世界性學術組織，其提供世界各國之作物管理專責單位一個互相交流、溝通及學習的機會，因此參加大會的成員均為各國農業學有專精且從事研究或管理的人員。大會每四年舉辦一次，此次大會輪由澳大利亞舉辦，假昆士蘭省布理斯班市舉行，此次共有65個國家參加，發表1300餘篇論文報告，可謂盛況空前，藉此機會不僅可瞭解世界各國作物學學術研究現況及各國作物生產情形，亦可與其他國家農業研究人員互相討論，增加研究人員之學習機會。此次大會結束後許褔星組長及林正斌副研究員亦轉往訪問西澳省農部，因該部之三葉草種原中心擁有約20000個三葉草品系，為世界最大之三葉草種原中心，藉此拜訪除討論台灣豆科牧草研究之相關問題外，亦期待藉此交流討論爾後雙方合作之機會。

貳、過程
表 1、行程表及工作內容
	日   期
	地  點  及  工  作  內  容

	9月24日 
	搭機前往澳大利亞布理斯班

	9月25日 
	布理斯班

	9月26日
	布理斯班，第四屆世界作物學會議開幕及歡迎會

晚上為第四屆世界作物學會開幕典禮之歡迎酒會，全世界有來自65個國家，1400餘位的農業專家學者參與。

	9月27日
	布理斯班，研討會及張貼海報論文
今天開始進行大會議程，此次共有1300餘篇論文壁報展示，120篇口頭論文宣讀。本組許組長福星及林正斌博士各發表一篇報告，許組長報告題目：Effects of different cutting stages on forage yield and quality of nilegrass and pangolagrass（附錄一）；林正斌博士報告題目：Comparison of digestibility and metabolizable energy between nilegrass and pangolagrass（附錄二）。此次大會之中心議題為：「作物學為生物多樣性地球之新方向」，其有四項主題：1.缺水問題2.未來永續農業經營3.遺傳基因工程4. 未來改變之影響。

	9月28日
	布理斯班，參加研討會
今日會中由美國歌倫比亞大學地球研究所（Earth Institute at Columia University）Pedro Sanchezr博士及美國國家土壤耕作實驗室(National Soil Tilth Laboratory)  Jerry Hatfield博士發表專題演講。

	9月29日
	布理斯班，現場參觀
今日由大會安排各小組參觀種子生產及耕作制度，本組首先參觀 Pioneer種子公司，該公司主要生產玉米、大豆、高粱、向日葵、苜蓿、油菜、水稻、小麥和一些芻料作物種子。該公司自1926年即利用遺傳技術生產種子並外銷世界70餘國。接著前往Eastern Darling Downs參觀該地區農場之排水整治，由昆士蘭省農林漁廳（DPI&F）研究人員Rob McCreath介紹該試驗農場，其等將試驗山區沿著地形整治成波浪形，並將排水導到較低的一邊後再將水順利排除，此可避免多餘的水沖垮農作物。參觀之最後一站為DPI&F之Kingsthorpe 試驗地，參觀其作物育種、土壤肥力管理、雜草控制及土壤鹽份物理試驗等。

	9月30日
	布理斯班，參加研討會
早上繼續就四大議題發表論文及討論，下午則舉行第五屆亞洲作物學會議及第12屆澳大利亞農藝學會，亞洲作物學會議由 Leocadio Sebastian博士主持，並分成兩個議題討論及發表論文，分別為：1.亞洲食物品質之改進2.亞洲不同的作物栽培系統。

	10月1日
	布理斯班，布理斯班及閉幕典禮
今日由澳大利亞 John Skerritt博士發表GMOs and Society的論文，論文中除敘述GMO產品的發展。下午則舉行第四屆作物學會議之閉幕典禮。歷經7天的第四屆作物學會議到此告一段落，期待2008年韓國濟州島見。

	10月2日
	資料整理及自布理斯班前往雪梨

	10月3日
	雪梨，參觀農業建設及資料整理

	10月4日
	自雪梨前往伯斯

自雪梨轉機至伯斯後，由西澳農部研究人員Mr. Richard Snowball安排住宿後即前往西澳省的英皇公園（King Park）內之植物園（Botanical Garden）調查野生植物種原生育情形。

	10月5日
	伯斯，訪西澳省農部及西澳大學

前往西澳大學地中海豆科研究中心（Centre for Legume in Mediterranean Agriculture, CLIMA）拜會，與Mike Ewing教授討論2002年本所林正斌博士前來西澳省做研究所帶回來的175個豆科品系於台灣生長之情形，其建議應多與其他種原中心，如南澳省研究及發展研究所（South Australia Research and Development Institute, SARDI）之苜蓿種原中心（該種原中心負則人為 Mr. Don McLachlan）或美國農部之種原中心交換或引進新豆科牧草種原，並可考慮擴大種原搜集。接著拜訪種原中心副主任Clive Francis教授，討論豆科種原之多樣化及評估技術。離開 CLIMA後，接著前往西澳大學之試驗站拜訪豆科育種專家Daniel Real博士，其建議可朝向多年生花生進行選育，因其耐潮濕且適合熱帶至亞熱帶氣候。接著轉往西澳省農部的Medina試驗站，主要去調查於2002年本所研究人員於西澳農部研究時，曾經隨英皇公園之植物園研究人員前往維多利亞沙漠(Victory Desert, Western Australia)進行植物種原之搜集，帶回的種子則交由農部研究人員進行評估，其中野生大豆Glycine falata 生育良好，也許有機會可引種回台灣進行評估。下午回農部與草原組組長Clinton Revell博士、禾本科牧草育種專家Geoff Moore 博士及豆科牧草種原專家Mr. Richard Snowball討論種原相關事宜，其建議可朝向低單寧酸的Dorycnium spp.進行搜集及選育。最後要離開前拜會西澳省農部部長Ian Longson，感謝其對上次及這次訪問之協助。 

	10月6日
	自伯斯搭機返國


參、心得

（一）、參加第四屆世界作物學會議

此次前往澳大利亞布理斯班參加第四屆作物學會議及宣讀論文，此次會議共有65個國家代表或農業專家學者參加，共有120篇口頭論文報告，1300篇壁報展示，此次會議除和世界各國的作物學專家及學者互相討論彼此的研究成果外，亦由參與討論瞭解全世界目前的農業研究方向，以供國內作物學試驗研究計畫擬訂之參考。

此次大會之中心議題為作物學為生物多樣性之地球之新方向，論及目前全球的糧食供應及農產品貿易乃面臨新的挑戰，最近幾年，世界糧食貿易呈現快速地增加，但是成長是無秩序的，自由化仍進步緩慢，且大部仰賴各國多邊貿易制度，開發中與已開發國家間之貿易逆差越來越嚴重，為了解決全球農業及農產品貿易的問題，首先開發中國家必須採用較多的科技新知，改進傳統農業之生產技術，構建現代的生物技術，加強與食品安全，環境生態及水資源有效利用等有關技術，以增加農產品之價值及確保糧食穩定及有效率的成長。其次必須建立公平及自由化的農產品國際貿易制度，使現存的小農也能有一個公平及合理的環境以利農業成長，加強國際間的交換及合作，期能有助於全世界糧食安全及農產品之貿易。其有四項主題：

1.缺水問題：大會期間邀請了多位專家學者討論世界上日漸嚴重的缺水問題，如美國歌倫比亞大學地球研究所（Earth Institute at Columia University）Pedro Sanchezr博士及美國國家土壤耕作實驗室(National Soil Tilth Laboratory)  Jerry Hatfield博士指出至2050年全世界人口達89億，農業用水如何維持目前的9﹪引用水、20﹪工業用水及71﹪的農業用水比率將是一大挑戰。
2.未來永續農業經營：為維持一個適合人類居住的綠色星球，永續農業經營仍是一條必走的方向，同時須兼顧地球的動植物棲息處自然生態之發展，亦要維持生物多樣性的存在，假如有機農法未來被廣泛使用的話，由於其產量較低，必須增加農地以維持生產量。同時有機農場僅回收使用農場或食品廢棄物，大部分城市廢棄物因考慮汚染的問題，而被排除施用於有機農田，將來易溶性的無機肥料將可藉由新的養分回收技術自有機廢棄物中萃取，如此將使傳統農業更能永續經營。

3.遺傳基因工程：目前全世界的GMO產品越來越多樣，目前已有18個國家7百80萬個農戶在種植GMO作物，如大豆、水稻、高粱、玉米、蕃茄、香蕉等作物，其對世界之影響越來越深遠，這些作物提供第三世界的糧食的自給自足有不可抹煞的優點，但相對防堵這些GMO作物在自然界與非GMO自然雜交而影響非GMO作物基因的混雜，則是一項需世界各國相互合作的重要課題。

4. 未來改變之影響：這是一個綜合性的議題，會中討論了如何因應世界人口增加後，糧食及引用水不足所引發的問題，而GMO產品將越來越普遍，藉時如何加強世界合作，避免GMO基因的擴散進而造成生物多樣性的改變，導致綠色星球生態的浩劫，則是需詳盡規劃的問題。同時由於農工企業之發達，人類大量使用石油結果，造成全球溫室效應，致使氣溫逐年升高，而使全球氣候變遷，各地氣溫及降雨均受到影響也影響到全世界各地作物之生產，這些改變在未來仍將繼續發生。

（二）、訪西澳省農部及西澳大學

1. 西澳省為了引進及研究適合當地種植的豆科牧草，特地於西澳大學成立地中海農業豆科研究中心（Centre for Legume in Mediterranean Agriculture, CLIMA）。CLIMA的工作目標為（1）利用豆科以提高農產生產力，（2）提高以豆科為主的農場生產制度之永續經營，（3）提高豆科專家協助產業發展的技能，（4）增闢研究中心的經費來源。在澳大利亞西澳省與南澳省之豆科牧草選育方法相同，皆是由種原中心主導，並進行大規模初期種原評估及種原之繁殖試驗，再由其他研究人員進行栽培管理或基因轉殖等試驗。而昆士蘭省的選育方法則與台灣相似，乃由研究人員視種原需要，透過種原中心引種或搜集，再交由研究人員進行相關試驗。

2. 西澳省的三葉草種原中心（Triflium Germplasm Centre）搜集了近20000種的豆科牧草種原，依各地的氣候環境，選出適地適種的豆科品種，而西澳省屬地中海型氣候，即冬天下雨潮濕，夏天乾燥炎熱，類似台灣中北部氣候，因此可考慮自該中心引種至台灣評估其栽培之可行性。

3. 牧草之生產及耕作制度

西澳省大部份地區之氣候屬地中海型氣候，即冬天下雨潮溼而夏天炎熱乾燥，年雨量則低於2000公釐，西澳省之牧草地生產大部份均無法灌溉，因此其牧草常以燕麥或黑麥草搭配三葉草為主，此等草種自播性均強，而三葉草種子則選育及播種有硬實性之種子，因此前一年掉落的硬實種子於掉落土壤後休眠一年才發芽，如此禾本科及豆科牧草交互輪作，不僅可維持土壤地力，且可節省播種之生產成本。

肆、結論與建議

    此次前往澳大利亞參加世界作物學會，發現大部份國家都相當重視此次會議，此次共有65個國家參加，且都派出許多代表，如日本有67位出席，大陸有70位出席，甚至連伊拉克也有6位，反觀台灣僅有5位出席是項會議，為使國內研究人員有機會與國際人士交流，宜編列經費多鼓勵研究人員參加國內、外研習或國際會議，如此才能與世界各國科技研究人員互相交流及學習的機會。

澳大利亞之學界與產業之合作相當密切，研究人員之交流亦相當頻繁，甚至二個單位合聘研究人員從事研究，且常定期開會或互相觀摩、交流，產官學界之研究資源不會重複，同時學界與產業能相互提供資源，達到產業升級的目的，而此正是國內產業與學界須再加強之處。

附件一

Effects of different cutting stages on forage yield and quality of nilegrass and pangola grass1
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Abstract

The objectives of this study were to determine the effects of different cutting stages on forage yield and quality of nilegrass (Acroceras macrum) and pangola grass (Digitaria decumbens). Four cutting stages, 4, 6, 8 and 10 weeks, were used. Both fresh and dry weights of nilegrass and pangola grass increased with later cutting stages in the first 3 years. However, the forage yields of the two species cut at 10 weeks were lower than those cut at 8 weeks in the 4th year. Nilegrass produced significantly higher forage yield than did pangola grass for all cutting stages except at 6 weeks in the 4th year. The crude protein contents of both nilegrass and pangola grass decreased with lengthening cutting intervals, while those of neutral detergent fiber and acid detergent fiber increased with longer cutting intervals. No significant difference was observed for the contents of water soluble carbohydrate (WSC) of nilegrass among cutting stages. However, those of pangola grass increased as growth stages advanced. Pangola grass had a higher content of WSC than did nilegrass for all the cutting stages. It is suggested that nilegrass be cut between 6 and 8 weeks to produce higher forage yield and quality. 

Media summary

Nilegrass produced higher forage yield than did pangola grass. Higher forage yield and quality of nilegrass can be obtained when harvested at 6-8 week intervals.

Key words

Acroceras macrum, Digitaria decumbens, cutting interval, forage quality, yield.

Introduction

Nilegrass (Acroceras macrum) is a perennial C3 forage grass with a similar growth habit to the C4 pangola grass (Digitaria decumbens) which is a commonly used grass in Taiwan. Nilegrass is well adapted to conditions in Taiwan and a new cultivar, Nilegrass Taishi No.1 (NLT1), was selected and released in 2000 (Shaug et al., 2002), based on its high forage yield and quality. However, little information is available about the management of this cultivar, particularly for optimizing forage yield and quality. The objectives of this experiment were to determine and compare the effects of different cutting stages on forage yield and quality of nilegrass and pangola grass.

Methods

The effect of 4 cutting frequencies on the forage yield and quality of Nilegrass NLT1 and pangola grass A254 was determined in a split-plot design experiment with 4 replicates. Grasses were the main plot, with 4, 6, 8 and 10 week cutting frequencies as the subplots. The experiment was conducted over 4 years (1998-2002) at Hsinhua, Tainan (120.19E, 23.03N) on alluvial soils, with irrigation at 4-8 week intervals, depending upon seasonal conditions. Plots received fertilizer at an annual rate of 400 kg/ha N, 144 kg/ha P2O5, and 150 kg/ha K2O. N fertilizer was split into equal dressings after each harvest, while P2O5 and one half of K2O were used as base dressing. Fresh and dry matter yields were determined by harvesting all the grasses

for each 4 x 5 m subplot. Plant height was measured from ground level for 10 plants per harvest/plot. Samples were taken to separate leaf and stem (including the leaf sheath) to determine leaf/stem ratio (LSR). Subsamples of harvested material were oven dried at 80℃ for 48 hours to determine dry matter percent (DM%), with ground samples used to determine N, P, K, acid detergent fiber (ADF), neutral detergent fiber (NDF) and water soluble carbohydrate (WSC). 

Results

Agronomic traits: Plant heights and DM% of both nilegrass and pangola grass increased with longer cutting intervals, while LSR decreased as growth stage advanced (Table 1). Pangola grass had higher LSR and DM% and lower plant heights than nilegrass at respective cutting stages. 

Forage quality: The crude protein (CP) contents of both nilegrass and pangola grass decreased significantly with lengthening cutting intervals. This result is consistent with that reported by Shaug et al. (1999), i.e. that forage quality was better at 42 days regrowth than at 56 days. A difference in CP contents between these species was only apparent at the 6 week cutting interval. The NDF, ADF and WSC measures all increased with lengthening cutting intervals. NDF and ADF measures were similar for nilegrass and pangola grass, but the WSC content of pangola grass was significantly higher than for nilegrass. P and K contents were generally similar for the two grasses, except for higher P contents of pangola grass cut at 8 and 10 weeks (Table 2).

Yield: The yield of the two species increased with lengthening cutting intervals in the first 3 years. However, in the 4th year the yields at 10 weeks were lower than those at 8 weeks for both species (Fig.1). For each cutting frequency, the total dry matter yield of nilegrass over the four years was higher than that of pangola grass (not significant at 6 weeks) (Fig. 2). These results are similar to those reported by Shaug et al. (1999) who found that the yield of nilegrass was higher when cut at 56 days than at 42 days.

Conclusion

The results showed that nilegrass generally produced higher forage yield than pangola grass at a range of cutting frequencies. Forage quality was generally similar. Consequently, nilegrass NLT1 has the potential to replace pangola grass in Taiwan as a forage species.
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Table 1. Effects of different cutting stages on the agronomic traits of nilegrass (NL) and pangola grass (PG).
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Figure 1. Effects of different cutting stages on total dry matter yields of nilegrass and pangolagrass

for 4 years. Means with the same small letters in the same species are not significantly different at

5% level. Means with the same capital letters in the same cutting stage are not significantly different

at 5% level.

aB

cA

bA

aA

aA

cB

bA

bB

Leaf/stem
	Dry matter percent

	
	NL
	PG
	NL
	PG
	NL
	PG

	
	–––––––– cm –––––––
	
	
	––––––––– % –––––––

	4
	52.3dA
	35.0cB
	0.87aA
	0.99aA
	19.5cB
	22.1dA

	6
	72.9cA
	49.0bB
	0.45bA
	0.58bA
	21.8bB
	24.2cA

	8
	102.2bA
	58.7aB
	0.27cB
	0.43bcA
	22.0abB
	25.4bA

	10
	112.8aA
	61.2aB
	0.27cA
	0.30cA
	22.9aB
	27.1aA


Means with the same small letters within the same trait in the same column are not significantly different at 5% level.

 Means with the same capital letters within the same trait in the same column are not significantly different at 5% level.
Table 2. Effects of different cutting stages on the chemical components of nilegrass (NL) and pangola grass (PG).§
	Week
	CP≠
	P
	K
	NDF
	ADF
	WSC

	
	NL
	PG
	NL
	PG
	NL
	PG
	NL
	PG
	NL
	PG
	NL
	PG

	
	–––––––––––––––––––––––––––––––––––––––––––– % ––––––––––––––––––––––––––––––––––––––––––––––

	4
	11.5aA
	10.4aA
	1.03aA
	1.06aA
	2.04aA
	2.02aA
	61.3cA
	65.4aA
	38.0bA
	39.5bA
	2.08aB
	2.72dA

	6
	9.6bA
	8.5bB
	1.36aA
	1.06aA
	1.73bA
	1.60bA
	64.1bA
	65.8aA
	40.2aA
	40.7aA
	4.04aA
	3.69cA

	8
	8.0cA
	7.4cA
	0.92aB
	1.06aA
	2.03aA
	2.10aA
	68.5aA
	67.7aA
	41.3aA
	40.7aA
	2.74aB
	4.85bA

	10
	6.7dA
	6.0dA
	0.94aB
	1.04aA
	1.52bA
	1.70bA
	67.2aA
	66.5aA
	41.9aA
	39.4bA
	3.58aB
	6.45aA


§Data shown were averaged values of 13 analyses sampled from different dates.

≠CP: Crude protein, P: Phosphorus, K: Potassium, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, WSC: Water soluble carbohydrate.

Means with the same small letters within the same item in the same column are not significantly different at 5% level.

  Means with the same capital letters within the same item in the same row are not significantly different at 5% level.
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Abstract 

Nilegrass (Acrocras macrum Stapf) and pangola grass（Digitaria decumbens Stent）are perennial C3 and C4 forage grasses, respectively, that produce high forage yield and quality in Taiwan. The objectives of this study were to measure aspects of the quality (metabolizable energy [ME], acid digestible fibre [ADF], neutral detergent fibre [NDF], crude protein) and observe changes in cell wall digestion of nilegrass and pangola grass sampled after 4, 6, 8 and 10 weeks of regrowth in spring and fall crops. The contents of ADF and NDF of nilegrass were lower than those of pangola grass in both spring and fall crops. The 4 weeks crude protein contents of nilegrass and pangola grass were higher than those of the 6 、8 and 10 weeks growth stages, respectively. The 6 and 8 weeks ME of nilegrass were higher than those of 4 and 10 weeks in both seasons, respectively. After 72 hours in the rumen, both stem and leaf of nilegrass up to 8 weeks growth stage, and leaf of pangola grass, had been digested by rumen micro organisms, while the stem tissue of pangola grass was mostly undegraded. The results showed that nilegrass was more higher quality and more easily digested than pangola grass and is a potential replacement for pangola grass in Taiwan.

Media summary

Both nilegrass and pangolagrass had the highest metabolizable energy at 6 week growth stage. Nilegrass was more easily digested and had better forage quality than pangola grass.

Key words

Nilegrass (Acrocras macrum Stapf),  Pangola grass（Digitaria decumbens Stent), digestibility, anatomy.
Introduction
Nilegrass (Acroceras macrum Stapf) is a perennial C3 forage grass (Oliveira et al., 1973) has been proposed by Shaug et al. (1999) as an alternative to pangola grass (Digitaria decumbens) for Taiwan. A study to compare the growth and forage quality of these grasses has been reported by Hsu et al. (2004). Plant samples from that study were used to develop a more comprehensive understanding of the morphological characteristics and quality attributes of these grasses.

Methods

Chemical contents and metabolizable energy: Nilegrass and Pangola grass were planted on the spring crop (April) and fall crop (October), respectively. The contents of metabolizable energy i.e. EE、NFE and Gb24 and chemical contents i.e. CP, ADF and NDF were determined following the methods resented by Close and Menke (1986) and Olsen and Dean (1965), respectively, for oven-dried samples of Nilegrass cv. Taishi No. 1 and pangola grass line A254 cut at 4, 6, 8 and 10 weeks after planted 1 year later. The samples were from the fall (October) and spring (April) sampling dates in the second year of the experiment, with four replicates per grass per cutting interval. 
Digestibility: Fresh samples of Nilegrass and pangola grass cut at 4, 6, 8 and 10 weeks intervals were collected at the spring (April) harvest. Fresh samples were enclosed in nylon bags (20 micron mesh) and putting into the rumen –cannulated dairy cows. The bags were removed from the rumen after 24, 48 and 72 hours for observation of changes in plant anatomy. The technique to do paraffin-cut section reported by Lin and Yeh (1996) was followed.
Results 

Chemical contents and metabolizable energy: The contents of acid detergent fiber and neutral detergent fiber in nilegrass were lower than those of pangola grass in both spring and fall crops at 4, 6, 8 and 10 growth stages, respectively. The contents of crude protein in nilegrass were higher than those of pangola grass in fall crop (Table 1). Both nilegrass and pangola grass had the highest metabolizable energy (ME) during 6-8 week growth stages. The lowest ME of nilegrass and pangola grass observed at the 10 week growth stage in both spring and fall crops (Table 2 and 3). 
Effects of different growth stages on digestibility of nilegrass and pangola grass

After putting in the rumen for 72 hours, both stem and leaf of nilegrass had been mostly digested, while only the leaves of pangola grass cut at 4 and 6 weeks were easily digested (Fig. 1 A、B、C and D). However, both stem and leaf of pangola grass cut at 8 and 10 weeks were not easily digested (Fig.1 F and H). Based on the anatomy observation of plant tissues digested by rumen microorganisms, it showed that most of the cell wall structure of nilegrass was degraded 72 hours after digesting in rumen of dairy cow. However, the cell wall of pangola grass was not completely degraded during the same period (Fig. 1).

Conclusion

The results showed those the ADF and NDF values of nilegrass were lower than those of pangola grass in both spring and fall crops. Nilegrass was more easily digested than pangola grass.
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Table 1. Comparision of the chemical contents between nilegrass and pangola gass at 
different growth stages in spring and fall crops.
	Growth stage
	
	Spring
	Fall

	
	Species
	CP＆
	ADF
	NDF
	CP
	ADF
	NDF

	week
	
	-----------------------------------------%---------------------------------------

	4 
	Nilegrass
	12.35a＊
	35.14b
	59.23b
	11.96a＊
	34.41b
	61.12b

	
	Pangola grass
	10.48b
	39.67a
	63.09a
	9.39b
	39.08a
	70.89a

	6 
	Nilegrass
	10.58a
	36.29b
	59.81b
	9.33a
	35.94b
	66.76b

	
	Pangola grass
	9.88a
	39.09a
	59.83b
	7.26b
	38.47a
	69.96a

	8 
	Nilegrass
	6.76a
	37.09b
	56.72b
	8.67a
	36.72b
	68.96b

	
	Pangola grass
	6.64a
	39.48a
	68.13a
	5.92b
	41.50a
	73.46a

	10
	Nilegrass
	5.20a
	38.04b
	59.31b
	7.15a
	38.13b
	69.08b

	
	Pangola grass
	5.15a
	39.22a
	64.99a
	5.68b
	42.13a
	72.82a


＆ CP: Crude protein; ADF: acid detergent fiber; NDF: neutral detergent fiber

*Means with the same letter in the same growth stage in the same column are not significantly 

different at 5 % level by LSD.

Table 2. Effects of different growth stages on the chemical contents and metabolizable energy of nilegrass and pangola gass in spring crop.

	Growth stage
	Nilegrass
	Pangola grass

	
	
	EE@
	NFE
	Gb24
	ME
	
	EE
	NFE
	Gb24
	ME

	week
	
	%
	%
	My/200mg
	Mcal/Kg
	
	%
	%
	My/200mg
	Mcal/Kg

	4
	
	2.53c*
	61.52b
	40.26d
	9.79c
	
	2.18a
	64.7b
	40.06b
	8.97c

	6
	
	1.56c
	59.26d
	42.22a
	10.08a
	
	1.98b
	63.30d
	40.41d
	9.96a

	8
	
	1.77a
	61.97c
	41.44b
	9.92b
	
	1.41c
	65.70b
	41.71a
	9.20b

	10
	
	1.83b
	65.93a
	40.96c
	9.71d
	
	1.42c
	66.48a
	39.57c
	9.00c

	SEM
	
	0.036
	0.422
	0.570
	0.017
	
	0.027
	0.412
	0.530
	0.020


@ EE: ether extract; NFE: nitrogen free extract; Gb24: gas production in 24 hours; ME: metabolizable energy.
*Means with the same letter in the same column are not significantly different at 5 % level by LSD.

Table 3. Effects of different growth stages on the chemical contents and metabolizable energy of nilegrass and pangola grass in fall crop.

	Growth stage
	Nilegrass
	Pangola grass

	
	
	EE@
	NFE
	Gb24
	ME
	
	EE
	NFE
	Gb24
	ME

	week
	
	%
	%
	My/200mg
	Mcal/Kg
	
	%
	%
	My/200mg
	Mcal/Kg

	4
	
	1.42c*
	63.20c
	42.80d
	9.95c
	
	1.99
	61.91d
	38.25c
	8.01c

	6
	
	1.57b
	65.62b
	49.50a
	10.97a
	
	2.06
	62.06c
	44.25a
	9.01b

	8
	
	1.61a
	63.34c
	45.50b
	10.22b
	
	2.17a
	67.61a
	42.75b
	9.59a

	10
	
	1.18d
	70.04a
	42.67c
	9.61d
	
	2.10
	67.29b
	36.50d
	8.33c

	SEM
	
	0.021
	0.400
	0.516
	0.021
	
	0.012
	0.379
	0.521
	0.019


As shown in Table 2.
*Means with the same letter in the same column are not significantly different at 5 % level by LSD.
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Figure 1. The cell walls of nilegrass (left) and pangola grass (right) internodes at 4 (A, B), 6 (C, D), 8（E, F) and 10 (G, H) weeks after cutting digested by rumen micro-organisms in the rumen for 72 hours observed by transverse section, respectively. (x 100).
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Figure 2. Effects of different cutting stages on total dry matter yields of nilegrass and pangola grass for 4 years. Means with the same small letters in the same species are not significantly different at 5% level. Means with the same capital letters in the same cutting stage are not significantly different at 5% level.





Figure 1. Effects of different cutting stages on dry matter yields of nilegrass and pangola grass in different growth years.
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