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Dr. Takao Furuno

1. Gratitude of doctor's degree acquisition
As the result of passing paper and oral examination, I achieved the doctoral degree (agriculture) from the Kyushu University, Japan in September 2007.

In May 2006, Dr. Yokokawa who is professor of Kyushu University recommended me to write a doctoral dissertation. I was surprised if it had been possible to apply to doctor course without being university student.

I wondered if I had could write down my thesis even working over 12 hours everyday on the upland or lowland field, with over 30 years producing organic products… Just that time, Ryutaro, my eldest son, started to write the master’s thesis and Taijiro, my second son, write the university graduate paper also. So it is a great opportunity for them to show me how to challenge my thesis. In this way, the challenge of the latest of my 50’s started.

I began to write it on June, 2006, but it was next to impossible to go together with agriculture work. I had used to decide today’s theme every morning, and I worked considering the theme. But writing work cannot do with other activities. To take my mind off of work and to concentrate for writing, I needed at least one hour.

Once a month, I’ve gone to the university to present my work and discuss about it. I spent nostalgic time, as it returned to my school days completely. I made my elder son, Ryutaro, surely present at that table by my professor’s recommendation. After presentation, we used to drink beer and discuss about new ideas for my thesis at the nearby restaurant. Hard work, my wife’s hospitalization for 22 days, full coverage by NHK over 50 days… There are various things existed for one year, but it was most substantial year in my life.

I appreciate for many supports by my wife and by my sons and daughters, and I never forget also 5 professors’ including professor Yokokawa who gave me severely warm advices because I could be overcome the crisis and I became a Dr. Duck.

My thesis’ theme is “Study on comparing two different farming systems, traditional rice-duck farming in Asia and Furuno’s system, based on enclosing the rice field.”
My conclusions are very simple as follows;

(1) Traditional rice-duck farming system in Asia

In Asia, the duck is released and kept in the paddy field in the daytime and it returned to the duck-house from ancient times. It is a traditional rice-duck farming system in Asia. The weeding effect and insect control effect by duck are rather known in the rice-field. 

(2) Differences between Asian system and Furuno’s

There are some differences between Asian rice-duck farming system and Furuno’s. It is explained by existence of enclosure or not. Furuno’s system needs some fences or nets for enclose the rice field. But Asian system doesn’t have any enclosure. That is basically difference.

(3) Effects by field enclosure

According to compare the modern rice-cultivation technologies and Furuno’s rice-duck farming, the meaning of enclosure is clear. But we can recognize the importance of enclosure after comparing the traditional rice-duck cultivation system and Furuno’s. With enclosure, it limits the duck-active area and the space affected by duck, for example weeding, insects control, nutrients application, rice stimulation, water mixing, and apple snail control effects, are clearer. At the same time, we can observe the appropriate timing control, uniform application, continuing operation with enclosure the rice field. Those are advantages of field enclosure.

(4) Meaning of enclosure

Figure 1 says that Asian traditional rice-duck cultivation is evolving into Furuno’s one by using field enclosure, and is unified into a full-dress rice cultivation system.
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Figure 1  Relation between Asian traditional rice-duck cultivation system and Furuno’s system


I mean that Furuno’s rice-duck farming system combined and developed internal relationship of animals which live in/on the common paddy field in Asia, for example, rice, waterfowls, aquatic weeds, fish, etc. by using net/fence. So this faming system creates another principle “Rice-Duck Simultaneous Cultivation” that stands face to face with and reflects on a basic principle “Crop Rotation” that is a traditional agriculture system. 


I can say those activities are rediscovery of Asian traditional agriculture and revitalize it also.


In May, 1992, I have been to foreign lands “China” for the first time. I was gifted a scroll picture with “Senri Dofu (千里同風: a country being in a state of universal peace/the world being peaceful and uneventful) by Dr. Zhang Kai (張楷) who is a duck specialist in Guangxi Normal University (広西師範大学), Guilin(桂林) City. I was subject to impact by it because of my understanding was as follows; “Let’s study on rice-duck cultivation from the viewpoint of Asia.”

After that, I keep to interchange with Asian people in the attitude co-making Asian common technology.

(5) Difference of Enclosures between “in the British Agricultural Revolution” and “in the Asian Agricultural Revolution”

Considering the standpoint of functions on enclosure and animals, figure 2 says the cultivated fields are separated from animals by fences in the British agricultural evolution. Then feed crops are produced on the three by fourth lands by “Rotation System.” Next, the feed was given for animals which are separated in the fence or in the livestock hut. Finally, the organic manure collected from the hut was returned in the cultivated land. So, it is European agricultural system which was established for maintaining soil fertility and reproducing crops. 

On the other hand, we enclose cultivating crops, animals and Azolla (feed crop) in the same field, in the same period.

It is interesting in it because it makes technical contrast between the European stock raising related with “Rotation” and the Asian one related with “Simultaneous cultivation.” 
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Figure 2  Enclosures in the British Agricultural Revolution and in the Asian Agricultural Revolution

I appreciate Asian neighborhoods. I know why I was able to finish the thesis is at the grace of making good friends with you of Asian in the Asian Aigamo Conferences, for example. I leaned many things from you. “The rice-duck farming system” matches for you, Asian rice cultivation countries. So I hope trying to develop the traditional agriculture in Asia through exchanging the ideas with Asian neighborhoods. I appreciate you all again. Thank you very much.
2. Essential points of existing technologies
The developmental process of Furuno’s rice-duck farming is shown in figure 3. I’d like to explain some essential points for rice-duck faming beginners in Philippine. Please understand, this system is developed under Japanese natural and economical conditions. So please adapt these technologies for your conditions by your selves.
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Figure 3  Development of Furuno’s Rice-Duck Simultaneous Farming System

(1) Field preparation

This rice-duck farming is based on aquatic condition, likewise, the ordinary lowland rice cultivation. Therefore, the most important key point is to secure enough water in initial period especially. 

At first, maintain and repair the water cannel for well watering before transplanting. Next, pile the soil if you have any destroyed levee (path between rice fields) or lower levee for against water leakage. And you make the paddy field as flat as possible.

If you realize to irrigate enough water in paddy field at the initial 3 to 4 weeks from transplanting, I’m sure that you must observe remarkable duck effects.

(2) Ploughing, paddling and leveling works

After ploughing and paddling works, if big size weeds remain on the paddy field, they grow well after transplanting. Especially, Barnyard Millet is one of very difficult control weed. Then to control weeds, basic sense is to plough and to paddle carefully and the weeds must be hurried. 

Next leveling work, the field should be flat. If some parts are high, weeds, especially Barnyard Millet easy grows. When Barnyard Millet develops, it maybe defends duck swimming. So the duck does not go there any more. Then Barnyard Millet grows very well. It is a negative cycle. Therefore leveling is very important work. 

(3) Transplanting

I prepare almost one month seedlings for transplanting. General speaking, we can release duckline early period after transplanting when you use bigger size seedling, for example, 30 days seedling has a advantage than 20 days’ one. But it is a question of rooting ability and its speed. Even if you transplant big size seedlings but you cannot release duckline before seedling rooting well. Because the seedlings will be damaged. In a contrasting situation, when you transplant younger seedlings but rooting well, so seedlings don’t get any damage by duckline. You can understand it after releasing duck on the direct seeding field.

I suggest you that the transplanting distance must be wider than the conventional cultivation. In my case, I transplant with 33 cm x 27 cm.

Naturally, this distance should be converted to your appropriate conditions considering the varieties and climates, etc. A suitable transplanting density must be tested by yourselves.

(4) Swimming training for duckline

I make newborn duck or 2 days duck raise and swim in duck-house with roof. Next I put them in the smallest paddy field which has 0.09 hectares, of mine for 4 to 5 days swimming training. The ducklines are protected from enemies with electric fence and fishing lines.

Each 100 ducklines’ group, totally 1000 ducklines are trained before go to my paddy fields. During training time, ducklines learn many things, rest place, tactics against enemies, reaction under rain, body temperature control, action in a group, and so on.

They become immediate impacts to my fields through this training. After releasing them in the working place, they start to swim everywhere, paddle the water, normally they are very active even under rain or cold wind. So it is easier to care for them.

It is a secret point that you take care for ducklines in small field before release them in big field.

To add another word, the wild duckline swims on the water after born immediately, but the mother duck take care for him around 40 days together.

If you release ducklines in big field without swimming training, they have high risks of attack by natural enemies, rat, crow, weasel…
(5) Weed control

At first, please understand well about the system of weed control. In general, many people believe that the weed in paddy field is eaten by the duck released, but real thing is not only like that. Frankly speaking, the weed is killed by 4 duck’s actions composed, eating, stirring, stepping on, and paddling the water.

Especially, duck doesn’t eat Gramineae plants like Barnyard Millet, but the weed is perished from paddy field with 3 actions rested of duck. Therefore the duckline must be released in maim field before Barnyard Millet grows 2 leaves stage. If Barnyard Millet grows over 3 leaves stage, duck cannot control it. I mean that Banyard Millet has long enough roots, then it never floats by duck’s paddling. In Japanese cases, we can observe good results for weeding by duck up to 7 to 10 days’ release it after transplanting. 

When you cannot release duck in main field in early period, you must keep the water level as deep as possible. You can make Barnyard Millet to delay of rooting with deep water condition.

(6) Insects pest control

Many planthoppers come all the way to Japan from South-east Asia or China from latter part of June to early July. To control them, we need ducks released in paddy field before the insects pest enter and lay eggs in it. Please observe when the harmful insects come in your field.

(7) Ideal numbers and period of ducks releasing

An ideal period of ducks release timing is by 7 to 10 days after transplanting. Number of ducks must be approximately 15 to 30 heads per 0.1 hectares. If you expect only weeding effect then you put only 10 ducks or less is enough. But if you consider synthetic effects by ducks, you’d better release 15 to 30 heads are necessary. 

Next question is the ideal collection timing of ducks. We collect them before rice flowering stage in general. According to our experiences, it is surely difficult to collect them even if you use scattered food, when rice starts to mature and ducks eat panicles. At the worst, ducks escape to other neighbor field and eat panicles. Oh, no way!

(8) Total effects

Duck effect is not only weeding but insect pest control, nutrient supply, full-time ploughing and muddying, golden snail control, and rice stimulation effects also. Then when you practice the integrated rice-duck faming, please consider how you profit the total effects by duck.

(9) Optimal duck variety for rice-duck farming

I receive often the question about optimal duck variety for rice-duck farming. If you have a duck variety which loves to swim, you can start good practice.

You must select a domestic variety which loves to stay on the water every time, and you can meet often in the market. It seems that we don’t have especially best variety for rice-duck farming.

In my case, I cross a domestic and wild one, and I create a small type. My favourite type is very active all season and taste good for eating.

(10) Protection from natural enemies

Ducks live in Japan have many enemies, for example, dug, fog, raccoon dog, weasel, rat, crow, and raptorial. We use electric fence to 4 paws animals, and fishing line to 2 wings birds.

I heard that ducks in Asian countries get attack by rat or weasel in many case. So you must know the protection method more than me.

(11) Duck disease

All that is damaged seriously for duck is Botulinus disease under hot with unsanitary conditions. I want to learn more about duck diseases from you.

(12) Enclosure

The integrated rice-duck farming technologies are based on enclosing the paddy field, not like the rice-duck farming practiced in the past time. So when you try the rice-duck farming, please remember this point.

3.  Modern technologies = Labour-saving

As I mentioned in figure 3, Furuno’s rice-duck farming developed for making the most of field productivity. And next step is to develop for labour-saving technologies after 2003. Because my cultivation area is gradually expanding, then labour-saving becomes my main theme.


I have two tactics for labour-saving, one is enclosing time-saving and another is introducing direct seeding combined duck farming.

(1) Enclosing time-saving


See table 1, it shows the duck raising time presented by Dr. Izumi Iwamoto, professor of Kagoshima University in Japan. After this table, you can understand almost 40% of total duck raising work for rice-duck farming is occupied by fence preparation work like spreading the net, ramming the fence posts into the ground, string the electric line around the field. Enclosing work spends more time. 

Table 1   Duck raising time with rice-duck farming   (/0.1 ha)

	
	Raising in nursery
	Fence preparation
	Releasing
	Feeding
	Visiting
	Collecting
	Total

	Average

(min.)
	240.4
	411.2
	23.2
	303.9
	64.6
	41.1
	1,084.3

	Proportion

(%)
	22
	38
	2
	28
	6
	4
	100



Since 2005, I stop to remove the electric line and the plastic sheet to prevent water leak which were used to set after transplanting work and remove in the fall. So the electric line and the plastic sheet are placed on the field, then my enclosing time is saved so much. Above all, I am very happy because I am free from hard work with limiting time.


I practiced the integrated rice-duck farming with 4.3 hectares, but I did not feel hard without the enclosing work in 2008.

(2) Direct seeding associated with duck


I’d like to present my last year’s report to think about new direct seeding techniques;

----------------------------------------------------------------------------------------------------------------------------------------

Consider about the rice-duck farming with direct sowing technique to compare the traditional rice cultivation associated with duck in Asia
Takao Furuno, 2007

1. Organic farming vs. efficiency of work

The modern agriculture has so many problems like environmental pollution, energy resources, and food safety by excess using of pesticide, soil impoverishment by chemical fertilizer using, dependence upon machinery that people pursue high efficiency of work. On the other hand, in the case of organic farming, they say that the taste of production is better and safety but it needs also care of controlling injure insects, weeds and plant growth because of using neither pesticide nor chemical fertilizer. It's general comprehension about modern agriculture and organic farming. It is true according to actual situation of farmer’s work. I think organic farming does not conflict with efficiency work. It must change based on technological composition.

From my 30 years experiences of organic farming, efficiency and labour-saving work are practical and important theme on the field of organic farming.

There are three countermeasures to realize organic farming;

(1) by human-wave tactics: to increase human power by employment.

(2) by mechanization: to introduce transplanting machine, harvester, weeder and so on. But introduced machine should be adapted for organic farming activities.

(3) by ideas and intelligences: to reconstruct new cultivation method.

(2) and (3) ways must contribute for efficiency work on organic farming. The direct sowing on dry field associated with duck and labour limiting for isolator setting mentioned below are a part of technology category (3).

2. Direct sowing on dry field associated with duck; another rice-duck farming system

Fig. 1 Different rice cultivation systems in the world with duck farming

Rice cultivation in the world is divided into two systems as lowland and upland cultivation (Fig. 1). Direct sowing is practiced on dry or on wet soil; it's depended on soil moisture condition.

Needless to say, ordinary rice-duck farming system was developed as the technology of transplanting. And there are several organic rice cultivation techniques; golden-snail weeding, paddy-field-shrimp weeding, rice-bran weeding and inundation in off-season, for example, based on transplanting also.
Transplanting is one of weed control techniques because it can give growth difference from first stage of growth by transplanting of big size seedling from nursery-bed to inundated paddy field.
To inundate paddy field by water means to control weed. Takehiko Yoshida says in “Soil Science of Paddy Field (Nobunkyo published)” that total weed amount appeared in water inundation condition equals one third of weed in water saturated condition in soil, and one sixth of weed in upland condition. Especially it can control to C4 type photosynthesis plants; Southern crabgrass (Digitaria ciliaris) and Barnyardgrass (Echinochloa crus-galli) which are very competitive plants to lowland rice. So-called, the main purpose of rice transplanting is weed control by using water.
But it isn't true that if you say transplanting practice is only practical way of rice cultivation. Koji Tanaka says in “Asian History of Rice (Shogakkan published)” that rice cultivation zone in Asia can be divided into three parts; direct seeding zone in West Asia, direct seeding and transplanting mixed zone in South-east Asia and transplanting zone in East Asia.
However, whenever Japanese talk about rice cultivation, we imagine only the scene of transplanting. Indian and Bengal people in South Asia have practiced direct sowing as combining traction animal (cow or water buffalo) from long time ago. Even in North China and North Korea in East Asia, they have practiced direct seeding. General speaking, direct sowing is a mere method of rice cultivation systems in the world.
As you know, the problem of direct sowing is sown seed of rice and weed seed germinate together. The theme of new technology is to control weed with associating direct seeding and duck cultivation. Fig. 2 shows my rice cultivation calendar on direct sowing in 2005.
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Fig. 2  My rice cultivation calendar on direct sowing with duck

From Fig.2, the weak point of this system is how weed is controlled from sowing (20th May) to watering (13th June). Not all weed developing in this period is problem. For example, non-aquatic weed must die with watering. Finally, most troublesome weed is barnyard grass. Barnyard grass is an amphibian plant; therefore it can survive under aquatic and non-aquatic conditions. Additionally, Barnyard grass is a Gramineous weed, therefore duck doesn't eat it.
So-called, how we can limit Barnyardgrass germination during non-aquatic condition of field. Even if it germinates, it's controllable fewer than two leaves stage of Barnyardgrass at duck release timing. In general, Barnyardgrass which grows well in paddy field is Echinochloa crus-galli. 

Tokuichi Kusanagi says in “Identification of Weeds with Color (Nobunkyo published)” that “Barnyardgrass favorites temperature of over 14 or 15oC in paddy or moist field, and especially, under less water depth, it grows well. But it demands high amount of water for germination, so it shows less emergence in non-aquatic or upland field.”
According to my experiences of field rotation, weeds including Barnyardgrass emerge very well under bud drain area in the field, in opposite, bad emergence under well-dried area.

I understood if water is available, you can control weed by deep water and if not, to dry up the field is a countermeasure to control it. How we can dry field well? First, making trench of 40 to 45cm depth, 1cm wide, each 3m distance by using subsoilor attached on tractor. Second, shallow cultivation like 5cm depth should be done. With both activities help to dry field, so it was less emergence of weed from 20th May to 13th June.

I named "dry effect" that is to make less weed emergence and to make late weed emergence timing by drying field.

Next, watering should be started at 23 days after sowing. However the plant age is 2.5 to 3 leaves-stages at that timing, and rooting system have developed already enough because of direct seeding. Then it makes be possible to release duck in the field. After “flush” water and “release” duck immediate in the field helps control weed, so this system is called “Flush and Release System” and this effect is “Flush and Release Effect.” With “Flush and Release System,” you can control weed perfectly.
Direct sowing with duck system is not established perfectly yet, because we need to research more about sowing period, inter-cultivation during drying field and so on. But this system gives you labor-power saving for seeding on seedbed, raising nursery, paddling and leveling of field and transplanting works. So it is easy! I suppose it can economize labor cost for one fourth. It is real economical technology.
Other technological points;

(a) Best sowing timing was 23 days before water supply day from local canal. At sowing day, soil surface should be dried. If you plowed the soil at sowing day, the soil should become very fine (minute). If soil condition was like this, you were able to seed. You had to select sowing day like fine day continues for three days from sowing.

(b) You needed seed pre-germination treatment (forcing of sprouting), put it in a paper bag and preserved it in a refrigerator of 5oC. So this operation allowed you to seed whenever. Additionally saying, there were big difference of temperature between in ambient and inner refrigerator, then it helped quick germination after sowing. It had gained an ascendancy to survive over weeds.
(c) From 2006 experiment, I compared early maturing variety and late one on germination. Even if sowing was same date, the early maturing variety sprouted rapidly than the other, and grew also rapidly.
(d) Sowing depth was controlled for 2 to 3 cm. This sowing depth was set deeper than ordinary (1 cm in Japan) because to avoid vermin damage by sparrow and dove.
(e) Soil had to be suppressed well enough after sowing to accelerate germination.

(f) Release duck after watering well. If release timing was earlier, soil around water inlet was easier running by duck paddling.

(g) Without paddling caused big percolation of water, but paddling by duck limited almost percolation. So there was no problem.

(h) Sheath blight disease damage was surprisingly few. It might be explained by non-paddling for direct sowing.

3.  Saving work of isolator setting

By introducing direct sowing system, we could save much labor cost. Now, I would explain about saving work of isolator setting like electronic shock net and plastic fence. So I had not collected those isolators in autumn 2005. How can we control weed sprouting around isolators? I am trying to develop new weeding machine which cuts only weed not isolator, with cooperation of the isolator company "Suematsu Denshi" located in Kyushu. 

If you can omit setting or collecting isolator work, this rice-duck farming is easier. Electronic fence should be set normally within two weeks after transplanting, it makes you feel rushed. But you are free from this limitation now, so you do no longer feel rushed.

Another way to save working time and power is to enlarge unit of paddy field, it means isolated field by net. I enclosed two fields for one, and made it 0.9 ha. I heard that Mr. Hóng xiáng sháo living in Hēilóngjiāng Shěng of Republic China had made one unit of 5 hectares, and that result had been good.
The difference between the traditional duck cultivation in paddy and the rice-duck farming is enclosed field or not. But now, I suggest let's save labor for isolator setting. It's cool!
----------------------------------------------------------------------------------------------------------------------------------------


Additionally, I received new effect by duck named “Peta-peta effect” in 2008. Till now, I have explained that (1) as we don’t paddle any more, the disadvantage of direct seeding is water leak is big, (2) after releasing duckline on paddy field with water, this disadvantage will be recovered to certain level by the full-time paddling effect. I’m sure it is true but I discovered new phenomenon; when duckline had waddled on the saturated soil surface, it made water leak shorter. Duck float by buoyancy on it with certain water level, on the other hand, duck trample down the soil under saturated water condition. It is a positive using of the full-time peta-peta effect.


I received duck benefit on direct seeding field with 5.4 tonnes per hectare of brown rice yield in 2008.

(3) Yield components study


I discussed many theories, but the rice yield is more important. I show you the results of yield data in 2007 in table 2.


Field A to I are conventional rice cultivation field with using agro-chemicals. The average yield of A to I is 512 kg/0.1 ha, although Furuno’s yield is 636 kg/0.1 ha. My field recorded maximum yield in our village this year. It’s not always like this, but it is real data.

	Table 2   Rice growth data in Iizuka area in 2007


Field  Transplant   Plant     Plant      Culm    Panicule  Panicule        Brown Rice Yield

cord   date         density   density     length   length    numbers   Before select.  After select.

       Month/day   hills/m2   plants/m2   cm      cm        /m2             kg/0.1ha     kg/0.1ha

	A     6/16          15.9       52.9      86      18.9       358          543          482

B     6/10          17.8       59.4      86      19.8       294          543          513

C     6/16          15.2       50.5                                       556         500

D     6/17          19.2       63.9                                       575         550

E     6/10          17.6       58.8                                       559         526

F     6/10          17.5       58.5                                       514         447

G     6/10          15.7       52.4      81     18.9        440          584         551

H     6/15          17.4       59.0      79     19.6        329          566         525

I                    13.3       44.4      85     19.6        411          583         513

	Average A to I        17.0      56.0       83     19.0        366          558         512

	Furuno 1            12.8       42.7      89     21.0        390          695         636

Furuno 2            13.3       44.4      89     20.9        377          694         628


Iizuka area agriculture extension center
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