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Abstract
The objective of this study was to test the effect of green manure soybean (Glycine max L. Merrill) on rice yield production, fertilizer management and soil fertility. Field trials were carried at Chai-Yi, Taiwan from 2002 to 2006. Results showed that the spring crop of soybean had higher biomass and total plant nutrients than the summer crop. Soybean-rice rotation plot had higher paddy yield than rice-rice continuous plot in both spring and summer crops. Nitrogen fertilizer rate trail showed that paddy rice yield of chemical N126 kg/ha in combination with green manure soybean incorporation had no significantly difference with chemical N168 kg/ha only. Thus, green manure soybean grew and incorporated could supply as much as  N42 kg/ha for rice production. Soil property analyses showed that soil fertility improved in green manure soybean grown plot.
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Introduction
Back to 1930 to 1950’s green manure crops were very important in Taiwan agriculture. Acreage of green manure crops reached climax 218,620 ha and 216,450 ha in 1935 and 1949, respectively (11). However, after introducing fast effective chemical fertilizer, acreage of grown green manure crops decreased. High dose of chemical fertilizer resulted in soil acidification, salinization and crusting. High soluble salts accumulated were found often in arable land especially in protected cultivation. Nitrate leached from farmland contaminated soil and water resources. Excess amount of nitrate in vegetable become hazards of human health after consumption. The above mentioned determental problems indicate the weakness of modern agriculture and the importance of green manure crops growing. Agriculture in the future is not only production but also playing an important role in ecological environment protection and human living qualities improvement. 

   Using green manure crop is an important field management strategy in sustainable agriculture practice over the world from ancient Roman until now. Growing green manure crops to improve soil productivity and qualities were received more attention by many countries(12).
   Functions of green manure include soil properties improvement, microbial diversities and activities, weeds control, soil and water conservation, purified atmospheric air and beautified green view. Many studies indicated that the application of green manure increased rice yield, reduce the amount of chemical fertilizer and improve soil fertility(3,4,8,10). In order to reclaim adverse, low yield paddy field, growing green manure crop and applying organic fertilizer are suggested for solving the problems of overdose of chemical fertilizer.
   Legume green manure bestows with nodules and rhizobia at root, able to fix free nitrogen from air for host plant. After the plant are tilled into soil, through microbial minerization and decomposition, which will provide nitrogen for the need of next crops. In developed countries, legume green manure is recommended as N source in many cropping systems of organic farming (1,6). Among the legume crops, soybean is general recognized as a widely adaptative green manure in paddy and upland conditions in spring, summer and fall. Soybean has extensive rooting system, its tap and fibrious roots form many effective nodules to fix free nitrogen. Nitrogen fixation efficiency is higher than other legumes (1). Lesoing (1988) indicated corn grain yield in soybean-corn rotation plot was 32% higher than continuous corn plot(7). Soybean-sorghum rotation had similar effect to uphold yield in succeeding crop(9). Indicating soybean has high supplying plant nutrient availability.
   Tainan 4 soybean (Glycine max L. Merrill) is characteristic with small seed size, high germeration rate, vigor growth, sunlight sensentive, long grow period. It exists 160 days in spring and 135 days is summer and is suitable for green manure purpose (7).

   This study was established to see the effect of growing soybean Tainan 4 on paddy rice production, soil properties improvement and chemical N-fertilizer saving.

Material and Methods

1. Experimental period: from 1st crop, 2002 to 2nd crop, 2006, total 4 years.

2. Experimental site and acreage: Field trials were established at Chai-Yi Branch Station of Tainan District Agriculture Research and Extension Station, Shiou-Yu soil Series, loam, pH 7.1 total acreage 0.3 ha.

3. Crops and varieties used: green manure soybean Tainan 4, rice Taikeng 8.

4. Experimental Design: split-plot design with three main treatments, a. 1st crop rice and 2nd crop green manure, b.1st crop green manure and 2nd crop rice, c. 1st crop rice and 2nd crop rice ,and four rates of N fertilizer as sub treatments(168 kg N/ha, (126 kg N/ha,( 84 kg N/ha,( 0 kg N/ha. Application of nitrogen fertilizer was splited at basal, 1st top dressing and 2nd top dressing. In addition, 67.5 kg P2O5/ha and 90 kg K2O/ha were applied as basal in each plot. 
5. Experiment methods: Soybean Tainan 4 were sown with seed rates 3 kg per 0.1 ha on bare soil, rice Taikeng 8 germinated at nursery center and transplanted with spacing 30 cm X 16 cm, transplanting depth 1~2 cm.

6. Items were investigated and recorded: fresh and dry weight of soybean Tainan 4 at 100 days after sowing, plant nutrient analysis. Agronomic characteristics of rice at harvest stage included plant height, panicles per hill, spikelets per panicle length and weight of panicle, 1000-grain weigh and grain yield were recorded.
7. Soil analysis: soil samples were taken from field before each trial and analyzed EC, pH, Organic matter content, total N, available P, K , Ca and Mg.

Results and Discussions

1. Growth of green manure soybean Tainan 4

      Green manure soybean Tainan 4 were selected from local green seed coated soybean and registed in 1999. Soybean Tainan 4 is a main green manure for fallow land in Taiwan. Due to its light sensitive character, it grow undeterminatal under long-day conditions. Vegetative growth stage as long as 150~160 days in spring and 125~135 days in summer (5). In this experiment, soybean Tainan 4 was rotated with rice Taikeng 8. Fresh weight of Tainan 4 after sowing 100 days in each crop were shown in Table 1.
      Yield of soybean Tainan 4 was 35,965 kg/ha in 1st crop, while 20,922 kg/ha in 2nd crop. Indicating the plant vegetative growth was sensitive to day-length, obviously. On the contrary, dry weight rate in 2nd crop with 41.5% was significantly higher than 1st crop 25.5%. But the total dry weight in 1st crop with 9622 kg/ha was higher than 2nd crop 7315 kg/ha. In concludsion, 1st crop soybean Tainan 4 had higher biomass than 2nd crop.
Table 1. The biomass of green manure soybean Tainan 4 in different crop seasons

	Crop season
	Fresh weight

(kg/ha)
	Dry weight

(kg/ha)
	Dry weight rate

(%)

	First
	35965a 
	9622a 
	25.5b

	Second
	20922b 
	7315b 
	41.5a 


Data followed by the same letter in each column set indicate that the difference was not significant by the Duncan’s Multiple Range Test ( P＝0.05)

2. Plant Nutrients Provided by Soybean Tainan 4

Soybean Tainan 4 was tilled into soil. In addition to increase soil organic matter content and improve soil structure, the soybean will decompose and mineralize to release ample plant nutrient such as NH4+, PO43-, K+, Ca2+ and Mg2+ to the soil for the succeeding crops. Plant nutrients content of soybean Tainan 4 grown 100 days after sowing in each crops were shown in Table 2. Potassium (K) content in 2nd crop was 2.58% was significantly higher than 1st crop 2.2%. Average nitrogen (N) content 2.51~2.58%, phosphrous 0.23~0.25%, Ca 1.23-1.32% and Mg 0.46%~0.56% were found in above ground parts. Since the 1st crop had higher biomass, total plant nutrients tilled into soil were N 248 kg/ha, P 24 kg/ha, and Mg 54 kg, while in 2nd crop were N 183 kg/ha, P 17 kg/ha, and Mg 34 kg/ha. At the same time, the tilled plant tissue provided K 189-212 kg/ha and Ca 97~118 kg/ha for the absorption of succeeding plant.

Table 2. The nutrient contents of green manure soybean Tainan 4 in different crop seasons

	Crop season
	N
	P
	K
	Ca
	Mg

	%

	First
	2.58a 
	0.25a
	2.20b 
	1.23a 
	0.56a 

	Second
	2.51a 
	0.23a 
	2.58a 
	1.32a 
	0.46a 

	Kg/ha

	First
	248a 
	24a 
	212a 
	118a 
	54a 

	Second
	183b 
	17b 
	189a 
	97a 
	34b 


Data followed by the same letter in each column set indicate that the difference was not significant by the Duncan’s Multiple Range Test( P＝0.05)

3. Effect of Soybean Tainan 4 on Rice Growth and Yield
      Growing legume green manure in fallow land or rotation cropping system has many advantages such as controlling paths and weeds, soil and water conservation, and upholding the yield of succeeding crops. The effect of soybean Tainan 4 on rice growth and yield were shown as Table 3. Results indicated that green manure soybean Tainan 4 grown plots in both crops had better rice growth and grain yield than the continuous plot. In 1st crop, the rotation plot average plant height 111.7 cm, grain yield 8,303 kg/ha were significantly difference from the continuous plot with plant height 104.8 cm and grain yield 7,609 kg/ha in statistic analysis. Yield components investigated showing no. of spikelet in rotation plot 96.3 were significantly higher than continuous plot 91.6. However, panicles per hill, panicle length, panicle weight and 1000-grain weight were no difference in both treatment. In 2nd crop, rotation plot with 16.1 panicles were higher than continuous plot 13.8 panicles resulted in grain yield difference. Grain yield of rotation plot in 1st crop 9.1% and 2nd crop 11.69% better than the continuous plot.

Table 3. Agronomic characteristics and yield of rice at different cultivation system 

	Crop season
	Cultivation system
	Plant height

(cm)
	Panicle number
	No. of spikelet per panicle
	Panicle length

(cm)
	Panicle weight

(g)
	1000-

kernel weight (g)
	Yield (kg/ha)

	First
	Green manure-rotation
	111.7a
	22.8a
	96.3a
	18.8a
	2.5a
	28.0a
	8303a

	
	Continuous cropping
	104.8b
	21.1a
	91.6b
	18.8a
	2.6a
	27.8a
	7609b

	Second
	Green manure-rotation
	108.0a
	16.1a
	106.5a
	20.5a
	3.2a
	29.1a
	6811a

	
	Continuous cropping
	103.0b
	13.8b
	105.1a
	20.9a
	3.3a
	29.2a
	6084b


Data followed by the same letter in each column set indicate that the difference was not significant by the Duncan’s Multiple Range Test( P＝0.05)

4. Reducing the Rate of Chemical N-Fertilizer Application

      Rhizobia are able to fix air free nitrogen when symbiotic growth with host legume plant and forming nodules in its root. After the plant tilled into soil, plant residues will decompose and mineralize to release plant nutrients to soil for crops. So, the rate of N-fertilizer will be reduced to several extent. In this study, we tested the optimum rate of N-fertilizer in combination with green manure soybean soil incorporation. Results were showed in Table 4. The highest rice grain yield of rotation plot in 1st crop was 8303 kg/ha at N168 kg/ha treatment, but there were no significant difference with N 126 kg/ha. The 2nd crop had the similar result like the 1st crop. At continuous plot, rice grain yield of N 168 kg/ha was 7609 kg/ha showing less than at the rotation plot with N 126 kg/ha in 1st crop. Similiarly, grain yield of rotation plot with N 126 kg/ha application was 6774 kg/ha in 1st crop. Similiarly, grain yield of rotation plot with N 126 kg/ha application was 6774 kg/ha, which was higher than but no significant difference with the N 168 kg/ha application. Thus, growing soybean Tainan 4 could save N-fertilizer at least N 42 kg/ha. (equal to 200 kg/ha ammonium sulfate)

Table 4. Effect of nitrogen application rate on the yield of rice

	Crop season
	Cultivation system

	
	Green manure-rotation
	Continuous cropping

	
	Nitrogen management(kg/ha)

	
	168
	126
	84
	0
	168

	Yeild(kg/ha)

	First
	8303a
	7957ab
	7142cd
	6705d
	7609bc

	Second
	6811a
	6774ab
	6273bc
	5425d
	6084c


Data followed by the same letter in each row set indicate that the difference was not significant by the Duncan’s Multiple Range Test( P＝0.05)

5. Influence of soil Fertility

      Soil samples were taken before each crop. The properties of soil were analyzed and shown in Table 5. In 1st crop, between the rotation plot and continuous plot. There was no significant difference in soil EC, pH, avail able P and K. soil EC was around 0.09 dS/m, pH 7.06~7.14, available P2O5 512~537 mg/kg soil, available K2O 224~228 mg/kg soil. Rotation plot shown slight higher soil organic matter, total N, available Ca, available mg content than the continuous plot. In 2nd crop, also there were no significant difference of soil EC, pH, av. P2O5 , av.K2O, av.Ca and av. Mg 312 mg/kg between rotation and continuous plots. Soil organic matter 2.99% and total N 1.71 g/kg in rotation plot were higher than in continuous plot where organic matter 2.38% and total N 1.23 g/kg. Also, available Mg 312 mg/kg in rotation plot was higher than the check 266 mg/kg. 
In conclusion, green manure growing in rotation with rice increased obviously soil organic matter, total N and available Mg, resulted in rice yield increasing, reducing the rat of N-chemical fertilizer application, and improving soil fertility.
Table 5. The properties of soil at different cultivation system before transplant

	Crop season
	Cultivation system
	EC

（1：5）
(dS/m)
	pH（1：1）
	O.M
	TN

(g/kg)
	Available(mg/kg)

	
	
	
	
	(%)
	
	P2O5
	K2O
	CaO
	MgO

	First
	Green manure-rotation
	0.09a
	7.14a
	2.89a
	1.63a
	512a
	228a
	1698a
	308a

	
	Continuous cropping
	0.09a
	7.06a
	2.48b
	1.28b
	537a
	224a
	1508b
	283b

	Second
	Green manure-rotation
	0.08a
	7.18a
	2.99a
	1.71a
	397a
	242a
	1899a
	312a

	
	Continuous cropping
	0.09a
	7.07a
	2.38b
	1.23b
	409a
	206a
	1532a
	266b


Data followed by the same letter in each column set indicate that the difference was not significant by the Duncan’s Multiple Range Test( P＝0.05)
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