CHINESE Paulownia: A MARVELOUS TREE SPECIES FOR AGROFORESTRY

Zhang Huaxin

Research Institute of Forestry of Chinese Academy of Forestry

Abstract

Paulownia is considered one of the best trees for agroforestry. The genous is native to China and a number of species of it are extensively used in different type of agroforestry through out the China. The species of genus Paulownia are multipurpose and provide a number of products. This paper summarizes the distribution of the genus in its native range, important structural attributes, uses and agrororestry models developed using the Paulownia species as woody component.

Introduction

Paulownia, originated from China, is a marvelous tree species, characterized by fast growth, good Wood quality, multiple uses, wide distribution at range and easy propagation. It has also a unique biological character, i.e. its root system grows in deep earth and its crown develops in loose structure, which make it suitable to be intercropped with crops arable or mixed planting with other shade-enduring trees. The Paulownia wood is the traditionally exported from China, which is extremely welcomed at the international market.

Since 1960s, Paulownia has been extremely popular and appreciated by Chinese farmers. The Paulownia and crops intercropping models have been applied and extended to 15 million hectares in rural areas of the central plans of north China. The mixed planting models of Paulownia with other economic plants have also been applied and extended to an area of 20,000 hectares in the hilly areas of south China. Up till now the total number of Paulownia trees growing in China is as many as 1 billion including those grown as the shelterbelts at the canal banks and road sides or for the ornamental forests around the houses and villages.

The rapid development Pwulownia planting in China has been well recognized by many other countries. The Paulownia trees have been introduced to more than 20 countries, such as Australia, New Zealand, India Thailand , Pakistan, United States, Italy, France, Turkey, Philippines, Uruguay, Panama, Brazil and Agentina, etc. We believe that Paulownia, as a common property of human being, can bring benefits not only to the Chinese people but also to those in other countries.

Species and Their Distribution

Paulownia is a deciduous tree species belongs to Scrophulariaceae family. The Paulownia species that are distributed in the areas north to the Yangtze River are: Paulownia elongata, p.catalpitolia and P.tomentosa, among which p.elongata grows faster and is suitable for intercropping with arable crops, while the other two species grow slower but have better wood quality. The Paulownia species that distributed in the areas south to the Yangtze River (subtropical zone) are: Paulownia fortunei, p.australis, p.albiphloea, p.fargesii, p.kawakamii and p.taiwaniana, among which p.fortuner has the fast-growing characters and also has straight stem, while p.kawakamii grows slower with a poor stem form. P.fargesii can grow at the sites with elevation of 1,230-2,000 meters.

The distribution range of Paulownia is extremely wide in China, from north line from Liaoning (south to Xiongyue) to Beijing, Taiyuan, Yan’an and Pingliang, down to south line of Guangdong, Guangxi and south Yunnan, going east to Taiwan and other coastal provinces, and in the west to Minshan Mountain in Gansu and Gongshan Mountain in Gaoli of Yunnan, i.e., in the latitude from 20° to 40°N and the longitude from 98° to 125° E.

The climatic conditions vary so much among the paulownia distributed areas, with their annual mean temperature varying from 10℃ to 22℃. The best temperature range for Paulownia growth is 24℃ to 29℃. The lowest temperature that Paulownia can resist is -20℃ for p.tomentosa, -16℃ for p.elongata and -13℃ for p.fortunei. The growth of paulosnia is negatively influenced when temperature is higher than 38℃. Paulownia can adapt to wide-range of precipitation from 500mm to 2,500 mm. The suitable edaphic conditions for Paulownia growth are fertile sandy loam to heavy loam soils with loose structure and salt content less than 0.05%. Paulownia has little tolerance to water logging and may soils with loose structure and salt content less than 0.05%. Paulownia has little tolerance to water logging and may die when its growing site is submerged for a short period of time (in July or August). Paulownia can not be grown in mixed planting with other fast growing broadleaved trees.

Impact and Features

Fast Growth

Paulownia grows fast, so that its stem is large enough in girth and length enough for some purpose in 7-8 years age if the appropriate management is given. There is saying often used by the farmers to explain the growth of Paulownia, i.e., “one-year-old tree looks like a thick stick, 3-year-old tree looks like a big umbrella and 5-year-old tree can be used as saw log”. For example, a P.fortunei tree growing in Guilin city, Guangxi Autonomous Region had its DBH of 77 cm, height of 21 m and volume of 3.67 m3 when it was 11 years old, and still a p.fortunei tree growing in Guanyan County, Guangxi Autonomous Region had its DBH of 45 cm, height of 21 m and volume of 1.171 m3 when it was only 5 years old , which is the best one of fast-growing Paulownia trees in China.

Quality Wood for Multiple Uses

Paulownia wood has many special properties. As one of the lightest wood tree species in China, Paulownia wood has the properties of high resistance to distortion and splitting, high resistance to insect damage, low coefficient of shrinking index, negligible moisture breaking, easy for drying, easy for processing, easy for sculpting, pretty in strains, without smell, and good at acoustics and insulation characters.

The Paulownia wood can be used for many purposes. It can be used as the roof purling or beam for building house in rural areas, and also can be used for making window frame, door or furnishing board. It can also be used for making furniture, such as trunk, cupboard, be board, bellows, food-packing box, water bucket, stout carrying pole, wooden tile, aqueduct, water cart etc. It is also good raw material for making musical instruments. In Japan and Southeast Asia, the Paulownia wood is usually used for making handy crafts, such as flower vase, screen and medal box. The Paulownia wood can also be used for industrial purposes, such as for making wooden model, packing board for transportation, vehicle or shipboard and plywood. In Japan, the Paulownia wood is used mostly for making thin veneer as pasting surface of furniture.

The leaf, flower, fruit and bark of Paulownia are good materials for Chinese medicine. In the recent years, the Paulownia was used successfully for treating many body disorders. The leaf and flower contains rich nutrients that benefit to human health. Based on the analysis, it contains bulk fats 11.38% in leaf and 4.65% in flower, glucose 3.76% in leaf and 3.97% in fruit, soluble sugar 4.89% in leaf and 10.58% in fruit, bulk proteins 16% in leaf and 27% in fruit. In addition, in the leaf of Paulownia contains 3.09% of nitrogen, 0.19% of phosphorus and 0.41% potassium. So, the leaf and fruit are good fodder for feeding sheep, pig and rabbit, and also are good organic manners.

Paulownia and Agroforestry Models

Paulownia is a suitable tree species for making intercropping models. So far, the Paulownia based intercropping models (crop as majorify) adopted by farmers include Paulownia with grain crops, such as wheat corn and cotton, with vegetables and with Chinese herb medicinal plants. The best spacing of Paulownia trees is 5 X 40-50 m with 40-50 trees per hectare. In order to increase the economic efficiency of the low productive farmland, the spacing could be reduced to 5 X 20-25 m, and after 5-6 years the every other row of trees will be removed for continuing the intercropping, and until the tenth year the final cutting of Paulownia trees will be done and then start a new intercropping cycle. The traditional mono-cropping models have been replaced more and more by Paulownia-crops intercropping models, which have resulted in more reasonable utilization of sun light heat, water and air resources, so that the farmland productivity and the product diversity are raised. The adoption of Paulownia-crops intercropping is also good solution to the land competitions between the development of agriculture, forestry and animal husbandry. Such models can also improve the microclimate of farmland, which will guarantee the constant high crop yield. Therefore, these models have been proved as very successful agroforestry models to replace the mono-cropping models. At the poorer sites where the forest cultivation is taken as major component, the mixed planting models of Paulownia and other economic species are mainly Paulownia with tea, mono bamboo and Chinese fir and also Paulownia with osmanthus, magnolia and camellia. In these mixed planting models, when the Paulownia trees are ten years old, usually have mean DBH of 35-40 cm and the stand volume of 40-66 m3 with 100-166 trees per hectare. The growth of undergrown trees can be improved by the mixed planting models, which may increase the total economic profit by 20% compared to the mono-planting models.

Why is Paulownia a good tree for establishing intercropping models? The reason is, firstly, its root system distributes deeply in soil, e.g., 80% of the root system of p.alongata distributes below 40 cm in the soil, while, the majority of root system of crops, e.g., 80% of wheat root system and 95% of corn root system, distributes in the range of 0-40 cm in the soil, so that they can use the nutrients and water in the soil at different vertical levels without competition. Secondly, its intercropping model, can utilize solar energy effectively by increasing the photosynthesis period of undergrown wheat. In the milk stage of wheat grain, since its light saturationpoint is 20,000-30,000 lux, the wheat often gets into dormancy around noon when sunlight is usually 40,000-50,000 lux during day time in North China Plain. However, the Paulownia-crops intercropping model can reduce the direct sun shine to the crops and the reflected light that passes through the Paulownia trees can reduce the direct sun shine to the crops and the reflected light that passes through the Paulownia trees can just meet the light requirement of crop photosynthesis that will benefit to the growth of crops. Thirdly, these models can improve the micro-climate of the farmland, e.g., compared to the farmland without trees, in the Paulownia-crops intercropping land with 4-10-year-old Paulownia trees, the wind speed can be decreased by 21-52%, the soil surface evaporation is reduced by 17-37%, the air humidity can be increased by 7-11% and the highest or lowest temperature is decreased or increased by 6.2-1.2℃, which may increase the capacity of crops for resisting natural damages, such as , drought, sandy wind, dry and hot wind, early or late frost, etc. The experiments showed that the models could increase the yield of the spring or summer grain crops by 5-10% in average and could produce the same yield of cotton compared to their mono-cropping models. However, intercropping models of paulownia with some autumn crops, such as soybean, sweet potato, sesame and peanut, the crop yield started to decrease when Paulownia trees attains the age of 5-6 years.

In the hilly areas of south China, the establishment of the mixed planting models of Paulownia, shrubs and herbs has been identified as a good solution to improve to the site conditions. For example, the Paulownia-tea mixed planting model could increase the total photosynthesis production per unit area, and could also increase the content of moisture, amino acid, caffeine and vitamin C in the tea leaflets, which may not only improve the Cunninghamia lanceolata tea quality, but also yield Paulownia timber. Paulownia-Chinese Cunninghamia lanceolata fir mixed plantation provide a better ecological condition to the young trees of Chinese fir mixed plantation. With density of 100 trees per hectare, the light intensity in the mixed stand was reduced by 54.3%, the evaporation was increased by 34% and the humidity was raised by 6%, compared to the sole Chinese fir plantation.

Development of Planting Stocks

The propagation of Paulownia is simple and easy, e.g., the root, stem, shoot or seed can all be used for propagation with simple methods. Recently, the propagation methods that are used for large scale production of Paulownia planting stocks is to use the roots of 1-2-year-old Paulownia seedlings for rooted cutting development. Under the good combination of advanced propagation techniques and the intensive management on the nursery, the one-year-old Paulownia seedlings could have the height of 4 m and root collar diameter of 6 cm. The key technical points for the rooted cutting development methods by using the roots of Paulownia seedlings are as follows:

Deep ploughing for nursery land preparation with sufficient application of organic manures, The nursery land should be ploughed in ditches with depth of 40-50 cm, and then ridges are made along the ditches with the bottom width of 75 cm, top width of 40 cm and height of 20 cm. About 1,20,000 kg – 1,50,00 kg compost or 750 kg of cake fertilizer should be applied per hectares as basic fertilization.

The roots of 1-year-old seedlings that developed with the superior Paulownia clones should be selected as the cutting material. The roots with diameter of 1-3 cm are taken and cut into pieces with length of 17-18 cm. The root pieces should be put exposing to the air for 1-2 days after they are dug cut, and then inserted into the cutting bed in the green-house or with ground warming up condition for rooting stimulation. When a white spot (growing root) appears at the bottom end of cutting piece, it should be transplanted into containers or nursery bed for further development.

According to the end use of rooted cuttings, the transplanting density should be appropriately planned. The usual spacing between transplanted cuttings on the ridge should be 1.0-1.4 m. Since there is much rainfall in south China in spring, the plastic film is needed to cover the ridge, or the rooted cutting should be developed in containers. During the early period of seeding growth after transplanting, each plant can generate serial buds. So, all the useless buds should be timely removed. The intensive tending should be given in the nursery, including loosening soil and weeding, in order to ensure the better growth of Paulownia seedlings without any competition. Though Paulownia requires the site with sufficient moisture and fertility of soil, the water accumulation on the field damages its growth and development. So the timely draining and piling up soil should be done right after heavy rain to promote the bearing of new roots. Because Paulownia seedling get into fast-growing period around mid June, the additional fertilization is needed after every fortnight for 3 months, with each fertilization of 20-25 g per plant of N and 6-8g P.

The main disease that damage the Paulownia seedlings are caused by Gloeoporium kawkamii and Spliacelorna Paulowniae. They mainly attack the juvenile leaves, and shoots of Paulownia seedlings. The effective prevention method is to spray Bordeaux mixture with 200-250 times of water. If the witches broom disease is found, the host seedlings should be immediately removed.

The seedling development methods by direct sowing of seeds are as follows:
The seeds should be collected from the selected plus trees that grow well and have not been damaged by pests, or from the artificial hybridization of parent trees.

Seed treatment for stimulating the germination is needed by soaking seeds in water until they are fully wet, Soaking seeds in water with temperature of 40℃ for 15 minutes results into good germination.

Maintaining the moisture of seedlings by watering the beds regularly, and timely weeding and thinning are needed.

When seedlings grow into 5-10 cm high, they should be transplanted into the nursery field for further development. The related management-techniques for the seedling development on the field are similar to those for the rooted cutting seedling development.

Development of High-Yielding Plantation

Based on the investigation, the Paulownia high-yielding plantationin 10 year can attain mean height about 16-20 m, mean DBH 35-40 cm and its standing volume to 0.5 m3. Therefore, Paulownia is highly adopted for developing timber plantation. According to the growth characters and ecological requirements of different Paulownia species, the species should be chosen depending on the planting site conditions. In north Clilna, the P.elongata should be used for establishing Paulownia-crops intercropping models and for other planting purposes; while in the most northern regions, P.tomentosa should be used for planting. In the south China, P.fortunei, which has the most northern regions, P.tomentosa sould be used for planting. In the south China, P.fortunei, which has the characters of growing fast, straight stem and wide ecological adaptability, should be mainly used for planting, while in the mountainous areas with elevation of 1,000-1,800, P.fargestii should be used for planting. The qualified planting stock for high-yielding plantation should be 4 m in height and 6 cm in DBH, but in the mountainous areas of south China the small seedlings or the germinated seeds can also used for planting in the first year and the coppice regeneration is adopted for plantation establishment by cutting all stems of one-year-old plantings in the next year.

For planting Paulownia trees around village, house or along canal and road, the small blocks of flexible size should be made with spacing of 5 x 6-10 m. The intercropping models should be made with planting spacing of 5 x 40-50 m for Paulownia trees, while for the sole plantation models, the spacing or Paulownia should be 5 x 12-20 m. Whatever types of planting models are adopted, the intercropping of crops or other shade-enduring economic plants are always beneficial.
