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於2007年6月20日至6月23日接受韓國草地學會之邀請，赴韓國濟州島參加學術研討會，並宣讀一篇論文， “ Application of Animal Manure in Pasture in Taiwan”，此次研討會韓國共邀請美國、日本、阿根廷及台灣等各一位專家學者參加，並各發表一篇論文，此次會議的主題為“Using of Animal Manure in Forage Crops and Pasture”。
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1、 目的

韓國草地學會(Korean Society of Grassland Congress) 於2007年6月21-22日假韓國濟州大學舉行學術研討會，其會議主題為“Using of Animal Manure in Forage Crops and Pasture”，會中邀請美國、日本、阿根廷及台灣等專家學者各一位參加，並各提出一篇報告，本人即是受該學會邀請者之一。

本人受邀參加該研討會除於會中發表一篇報告外，並藉機瞭解韓國在牧草生產及研究發展概況，同時與參加研討會的各國專家學者，互相討論家畜排泄物在牧草地之利用，以供國內在畜禽廢棄物施用於牧草地之參考。

貳、過程

表1. 行程表及工作內容

	日      期
	地點及工作內容

	6月20日
	搭機前往韓國濟州

	6月21日
	濟州，參加研討會並宣讀論文

	6月22日
	濟州，參加研討會及現場參觀

	6月23日
	搭機返抵高雄


參、心得

1、 家畜排泄物在牧草地之利用

家畜排泄物富含作物生長所需的養分，各國均將其充份利用施用於農地上。在施用堆肥(manure) 時須考慮下列因素：

1. 堆肥的成分會受動物品種、生長期及飼糧的種類而有所變化，堆肥發酵過程溫度的變化也會影響堆肥成分及雜草種子與病原菌存活的百分比。

2. 堆肥中氮的成分有二種，一為無機氮(如氨態氮及尿素)，另一種為有機氮(植體內的蛋白質及其他成分)。無機氮是能直接供作物吸收利用，但是它也很容易經由揮發、淋洗及渗漏而造成損失。在施用時，必須使其損失減至最低；另外一種是有機氮，必須經由土壤微生物分解後才慢慢被釋放出來，這分解過程通常得花2-3年的時間(表2)，表2所示者為不同來源的有機氮施於土壤後，不同年度被微生物分解釋放可供作物吸收利用的百分比。

表2. 堆肥施用後有機氮被分解可供作物吸收利用的百分比

	堆肥種類
	第一年
	第二年
	第三年

	
	---------------------------礦化氮(%)---------------------

	液 態
	30
	12
	6

	固 態
	25
	12
	6

	堆 肥
	20
	  6
	3


3. 堆肥或尿液中鉀肥能夠馬上供作物吸收利用，通常它是以離子狀態存在，不會構成有機體的成分。也因此，鉀肥很容易因下雨而被淋洗流失。

4. 堆肥或尿液中大部份的磷肥是存於有機化合物之中，必須經由土壤微生物分解成磷酸塩(P2O4-2) 的成分才能被作物吸收利用。施用堆肥後，田間的磷肥能慢慢地被分解釋放出來，提供作物生長所需。

5. 若長期施用堆肥於農地，施用堆肥所含的營養成分，不一定能滿足作物生長所需的各種養分。因此堆肥的施用，也須搭配其他肥料的施用，方能維持作物正常生長之所需。

6. 長期堆肥的施用，須追蹤測定土壤中重金屬銅及鋅之累積情形。

2、 芻料之生產利用

在韓國及日本自己生產的芻料是不夠的，也必須自美國、加拿大或中國大陸進口乾草。不過為因應國際飼料的漲價，日本考慮以飼料米替代玉米或大豆。而且日本更積極利用現有的水稻生產系統，種植芻料用水稻 (forage rice)，全株利用製作青貯料 (whole crop silage )，且將堆肥施用在芻料用水稻之生產，雖然不合乎經濟效益，但日本政府一方面為維持水稻田有利的生態環境，另一方面為使農地能充分利用，日本政府還是以補貼方式，鼓勵農民種植芻料用水稻。

3、 論文發表未能國際化

參加韓國舉辦的這次研討會，雖然有邀請國際人士參加，但該國的研究人員所宣讀的論文大部份的內容及表格均以韓文撰寫，都没有附英文摘要，因此許多論文及海報內容都無從知悉，這是美中不足的地方。

肆、結論及建議

        此次有幸受邀前往韓國濟州島參加二天的學術研討會，除能增加一些國際視野外，並能瞭解各國在家畜排泄物於牧草地之利用。

茲有二點建議：

1、 家畜排泄物充分利用回歸農地

家畜排泄物是項可資回收利用的資源，農政單位應有積極做法，鼓勵農民施用堆肥，以改善土壤地力，減少可能對環境造成的汚染。

2、 調整農田休耕補助改策

        仿效日本，鼓勵農民能充分利用農地生產可供利用的芻料或飼料，因此建議農政單位，對目前的農地休耕補助政策，須作適當的調整，使國內農田能充分發揮生產、生活及生態的效果。
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Introduction

The heads of raised livestock increase with the development of livestock industry in Taiwan (Council of Agriculture, 2006). Meanwhile, the daily amounts of waste from livestock are large. It may cause pollution to the environment. In addition, physical characteristics of farmland become more deteriorated and soil fertility is poorer due to the application of chemical fertilizer for a long period. Further, some additives such as copper sulfate (CuSO4) are added in hog feed. It may cause heavy metal pollution to soil. More attention has been paid to environmental protection and ecological maintenance in Taiwan recently. The scientists suggest improve soil fertility and maintain crop productivity via the management of sustainable agriculture. 

Napiergrass (Pennisetum purpureum) and pangolagrass (Digitaria decumbens) are major perennial species grown for forages to feed animals in Taiwan. The soil of the perennial pasture becomes more compacted when the tractor moves to and fro in the pasture on harvesting and making hay. Application of animal manure in the pasture can improve soil fertility and maintain forage productivity. It is helpful to reduce environmental pollution, too.

Animal Manure Applied in Pangolagrass

Cattle and hog manures had been applied in pangolagrass pasture for 7 years. The dry matter yields of pangolagrass increased with manure application. The forage yield of the plot applied with cattle manure only was higher than that with hog manure only (Table 1) (Hsu et al., 1999). The plot with half of the chemical fertilizer replaced by manure produced higher forage yield than that applied with chemical fertilizer only. The contents of P, K, Ca and Mg in the plants increased when the plots were applied with manures. Especially, the K content increased significantly in the plant applied with cattle manure only because cattle manure contained higher K content than hog manure. The contents of Cu and Zn in the plant increased with cattle and hog manures applied. Hsu et al. (2005) reported that the uptakes of minerals in pangolagrass increased with increasing manures applied. The values of pH and electric conductivity and the contents of organic matter, total N, available P, K, Ca and Mg increased significantly in soil after manure application for 7 years (Table 2) (Hsu et al., 1999). It was confirmed that manure application could prevent acidifying in soil. The contents of Cu and Zn in soil increased significantly when hog manure was applied. It was caused by higher content of Cu in hog manure.
Table 1. Effects of cattle and hog manures on dry matter yields and chemical compositions of  pangolagrass§
	Treatment
	Dry matter

yield＃
	Crude

 protein
	P
	K
	Ca
	Mg
	Cu
	Zn

	
	Mg ha-1
	​-------------------------- % -----------------------
	----- mg kg-1------

	No fertilizer (0)
	137.4c＊
	5.63d*
	0.46c
	0.41c
	0.28d
	0.24bc
	7.18b
	61.7b

	Chemical fertilizer (1)
	194.1b
	6.87b
	0.47c
	0.47cd
	0.32cd
	0.21c
	7.57b
	46.7b

	Cattle manure (1)
	229.8a
	6.42bc
	0.66a
	0.73a
	0.31d
	0.25b
	7.49b
	61.7b

	Cattle manure(1/2) ＋Chemical fertilizer(1/2)
	225.9a
	6.30c
	0.57b
	0.60b
	0.36bc
	0.28a
	8.43a
	62.1b

	Hog manure (1)
	194.7b
	7.95a
	0.68a
	0.44de
	0.39ab
	0.31a
	8.96a
	124.4a

	Hog manure(1/2) ＋

Chemical fertilizer(1/2)
	206.4ab
	6.75bc
	0.60b
	0.52c
	0.41a
	0.28a
	8.83a
	104.8a


＊Means with the same letter in the same column are not significantly different at 5% level. 

＃ Total yields from 1991 to 1997.

§Averaged values of 10 analyses sampled at different dates. (Hsu et al., 1999) 

Table 2. Effects of cattle and hog manures on chemical compositions of soil in pangolagrass  pasture§ 

	Treatment
	pH
	Electric

conductivity
	Organic

matter
	Total
	Available

	
	
	
	
	N
	P
	K
	 Ca
	Mg
	Cu
	Zn

	
	
	mS cm-1
	------ % -------
	-------------------- mg kg-1 --------------------------

	No fertilizer (0)
	5.06c＊
	0.18d
	1.71c
	0.090c
	8.1c
	21.5bc
	303.0c
	31.8d
	1.48c
	1.00d

	Chemical fertilizer(1)
	4.67d
	0.51c
	1.58c
	0.088c
	46.1c
	16.5c
	346.2c
	8.3d
	1.21c
	1.08d

	Cattle manure (1)
	6.28a
	0.72bc
	3.85a
	0.186a
	277.5 b
	41.2ab
	1171.7a
	176.9a
	2.24c
	5.88c

	Cattle manure(1/2) ＋Chemical fertilizer(1/2)
	5.74b
	0.79ab
	2.66b
	0.136b
	237.5c
	29.3bc
	870.1b
	91.3bc
	1.84c
	2.95d

	Hog manure (1)
	5.78b
	1.01a
	2.86b
	0.175a
	416.4a
	50.8a
	924.9b
	101.9b
	6.86a
	16.25a

	Hog manure(1/2) ＋Chemical fertilizer(1/2)
	5.64b
	0.84ab
	2.65b
	0.124b
	360.7a
	28.2bc
	801.7b
	68.2c
	5.33b
	8.75b


＊Means with the same letter in the same column are not significantly different at 5% level.

§Soil samples taken for chemical analysis 7 years after manure application. (Hsu et al., 1999)

The dry matter yield of pangolagrass was the highest when half of the chemical fertilizer was replaced by hog waste sludge and applied in the pasture (Table 3) (Lu and Hsu, 1994). The chemical compositions of the plant were not much affected by hog sludge waste. Further, the values of pH and electric conductivity and the contents of organic matter, total N and available  P, Ca, Mg and Cu increased in soil when hog waste sludge was applied (Table 4) (Lu and Hsu, 1994).

Table 3. Effects of hog waste sludge on dry mater yields and chemical compositions of pangolagrass

	Treatment
	Dry matter

yield§
	CP&
	ADF
	NDF
	P
	K
	Ca
	Mg
	Cu

	
	Mg ha-1
	------------------------------------ % --------------------------------------
	mg kg-1

	CK+
	   57.9b＊
	9.89a
	38.9a
	68.5a
	0.24c
	0.84a
	0.17b
	0.12a
	5.8a

	S1
	62.1a
	9.64a
	38.0a
	68.1a
	0.30b
	0.30b
	0.23a
	0.10a
	6.1a

	S2
	48.0c
	7.58b
	37.3a
	67.5a
	0.42a
	0.42a
	0.25a
	0.09a
	6.2a


＊Means with the same letter in the same column are not significantly different at 5% level.

+CK：Chemical fertilizer N：P2O5 ：K2O = 460：144：300 kg/ha/year； S1：1/2 N of CK replaced by hog sludge containing 230 kg N； S2：All N of CK replaced by hog sludge containing 460 kg N.

&CP：crude protein, ADF：acid detergent fiber, NDF：neutral detergent fiber.

§ Total yields of 3 years. (Lu and Hsu, 1994)

Table 4. Effects of hog waste sludge on chemical compositions of soil in pangolagrass pasture

	Treatment
	pH
	Organic

matter
	Electric

conductivity
	Total

N
	Available

	
	
	
	
	
	P
	K
	Ca
	Mg
	Cu

	
	
	%
	mS cm-1
	%
	------------------------ mg kg-1 -------------------

	CK§
	4.92c＊
	0.22b
	1.56b
	0.079b
	14.5c
	43.3a
	200.4c
	33.3a
	1.45c

	S1
	5.21b
	0.48a
	1.69a
	0.084ab
	66.4b
	40.9a
	377.6b
	56.6b
	2.40b

	S2
	5.50 a
	0.53a
	1.73a
	0.091a
	112.0a
	41.1a
	433.0a
	60.5a
	3.30a


＊Means with the same letter in the same column are not significantly different at 5% level.

§ CK, S1 and S2 as shown in Table 3. (Lu and Hsu., 1994)

Animal Manure Applied in Napiergrass

Dry matter yields of napiergrass increased with cattle and hog manures applied (Table 5) (Hong et al., 2000). The plot applied with cattle manure only produced higher forage yield than that applied with hog manure. It showed that cattle manure was better than hog manure to produce more forage yield. Similar results were also observed in pangolageass as reported by Hsu et al. (1999). The contents of crude protein, P, K, Ca, Mg, Cu and Zn of napiergrass increased when cattle or hog manure was applied (Table 5). The values of pH and electric conductivity and the contents of organic matter, total N, available P, K, Ca, Mg, Cu and Zn in soil increased significantly after the manures had been applied in napiergrass for 7 years (Table 6) (Hong et al., 2000). The contents of Cu and Zn were the highest in soil among all the treatments when the plots were applied with hog manure only. 

Table 5. Effects of cattle and hog manures on dry matter yields and chemical compositions of  napiergrass§
	Treatment
	Dry matter

yield＃
	Crude 

protein
	P
	K
	Ca
	Mg
	Cu
	Zn

	
	Mg ha-1
	-------------------------- % --------------------------
	------ mg kg-1 ------

	No fertilizer (0)
	153.0c＊
	5.60b
	0.48b
	0.84c
	0.25c
	0.46a
	6.76c
	25.78b

	Chemical fertilizer (1)
	266.7ab
	6.47a
	0.41c
	1.04a
	0.26bc
	0.31d
	6.69c
	22.75b

	Cattle manure (1)
	327.2a
	6.02ab
	0.62a
	0.95ab
	0.27abc
	0.39b
	7.38bc
	32.68a

	Cattle manure (1/2)＋Chemical fertilizer(1/2)
	327.1a
	6.04ab
	0.51b
	1.02a
	0.29ab
	0.35c
	8.19ab
	26.28b

	Hog manure (1)
	245.2b
	6.43a
	0.60a
	0.72a
	0.30a
	0.45a
	7.89ab
	34.30a

	Hog manure (1/2)＋

Chemical fertilizer(1/2)
	299.7ab
	6.42a
	0.53b
	0.87bc
	0.30a
	0.35c
	8.66a
	32.13a


＊Means with the same letter in the same column are not significantly different at 5% level.

＃Total yields from 1991 to 1997.

§Averaged values of 5 analyses sampled at different dates. (Hong et al., 2000)
Table 6. Effects of cattle and hog manures on chemical compositions of soil in napiergrass pasture＃
	Treatment
	pH
	Organic

matter
	Electric

conductivity
	Total
	Available

	
	
	
	
	N
	P
	K
	Ca
	Mg
	Cu
	Zn

	
	
	%
	mS cm -1       %
	------------------------- mg kg -1 -----------------------

	No fertilizer (0)
	6.59bc＊
	1.62c
	0.310c
	0.056c
	6.4c
	23.23b
	694c
	95.0ab
	1.09d
	0.58d

	Chemical fertilizer (1)
	5.52d
	2.07c
	0.380c
	0.068c
	23.6c
	24.13b
	488d
	27.5d
	0.83d
	0.45d

	Cattle manure (1)
	6.99a
	3.95a
	1.520a
	0.181a
	205.4 b
	26.93ab
	1366a
	151.0a
	2.09c
	5.50b

	Cattle manure (1/2)＋Chemical fertilizer(1/2)
	6.49c
	3.17b
	1.000ab
	0.140b
	196.9b
	23.98b
	1047b
	125.7a
	1.99d
	3.84c

	Hog manure (1)
	6.83ab
	3.28b
	1.062ab
	0.169a
	293.3a
	25.30ab
	1185ab
	112.2a
	6.19a
	15.00a

	Hog manure (1/2)＋Chemical fertilizer(1/2)
	6.46c
	2.78b
	0.802bc
	0.138b
	296.3a
	33.63a
	1005b
	92.5ab
	4.06b
	7.88b


＊Means with the same letter in the same column are not significantly different at 5% level.

＃Soil samples taken for chemical analysis 7 years after manure application. (Hong et al., 2000)

Conclusion

Animal waste is rich in contents of the nutrient required for plant growth. The application of animal waste in the pasture could replace the chemical fertilizer to maintain forage productivity and quality. In addition, it could increase the pH values and prevent acidifying in soil, increase the contents of organic matter and minerals in soil to improve soil fertility. Finally, the possible pollution of the animal waste to the environment might be reduced.
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