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Abstract：The growth, biomass and productivity as well as the productivity models of seabuckthorn stand have been studied by standard site sampling in Yan’an, Shaanxi Province, the middle part of the Loess Plateau. The results show as followed: the growth in height, basal diameter and timber volume of seabuckthorn stand do gradually increase with its age prelongating. The average annual timber volume growth and current annual timber volume growth of 20 year-old seabuckthorn stand is 0.2823×10-4 and 0.5731×10-4 m3 respectively. The standing biomass of the stand is 33.5818t·hm-2, more than 80.00 percent is main canopy layer of it. The net annual productivity is 369.9454g·m-2, and is only 40.31 percent of potential productivity for precipitation, so seabuckthorn stand in the area has tremendous potential productivity. 
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The Seabuckthorn (Hippophae rhamnoides) is the main ecological and economical tree species used for soil and water conservation purpose in the fragile ecological region of the Loess Plateau. Along with the implementation of the project “Beautifying Mountains and Rivers”, the afforested seabuckthorn area will enlarge farther, it will play important role in the construction of ecological environment in the Loess Plateau. A study on the growth mechanism for biomass of sealuckthorn stand has important meaning in the guidance of afforestation in such an area renowned by dry climate and lack timber.

1. NATURAL CONDITIONS OF THE EXPERIMENTAL REGION

  The experimental region is located in the Yan’an City, Shaanxi Province. It belongs to the hilly – gully region of warm temperate zone with continental monsoon climate, the annual mean temperature is 9.4℃, the extreme maximum temperature is 39.8℃, the extreme minimum temperature is –28.5℃, the cumulative temperature higher than 10℃ is 3268.4℃, the mean temperature in January is –6.7℃, the mean temperature in July is 22.9℃. The annual mean precipitation is 550.0 mm, the annual evaporation is 1585.0 mm, the annual relative humidity is 62.0%, the frost-free period is 180d, the annual sunshine time is 2445h, the maximum frozen earth depth is 76.0 cm. The parent material of the soil is loess. Yellow loessial soil is the most post of the composition of loess with pH 8.4 and the depth of loess layer more than 100 cm.

2. METHODOLOGY

  To measure the standing biomass and its productivity by the standard site – standard tree – incised layers with cutting. The tree height is divided by 1.0 m layer, the trunk diameter is divided into 4 classes i.e. ≤1.0 cm, ≤2.0 cm ≤4.0 cm and > 4.0 cm for the underground part, the soil layer is also divided into 4 classes i.e. 0 ~20 cm, 20 ~ 40 cm, 40 ~ 60 cm and deeper than 60 cm. Root systems are subdivided by the most diameter, i.e. ≤0.5cm, ≤2.0cm, ≤4.0 cm and > 4.0cm, then samples are weighted separately, to obtain its water contents and its volume weight.

   In the standard sampling of seabuckthorn, “W” typed holes of 1m×1m, in the arbor layer of the vegetation, leaves and branches are taken as samples separately. For the herb layer, mixed samples are taken. For root systems mixed samples of arbor roots and herb roots. Their biomasses are determined separately, the dead ground vegetation is clarified by decomposition layers and under compositional layers they are determined separately. At the same site where plant samples under the afforested trees are taken.  5 soil profile according to different layer depth of 0~20cm, 20 ~40cm, 40~60cm, >60cm. Soil samples are taken to determine their physical properties, water contents and organic matters.

3. RESULTS AND ANALYSIS

3.1 The Growth Process of Seabrckthorn

   The plant growth belongs to the limited growth. Along with the increasingly enlargement of the individual, the nutritious subsidized to the plant individual also increases, under natural conditions the growth level will drop down owing to the enlargement of the plant individual and subsequently the competition of nutrient and the existing space, so the growth process shown a “fast – slow” variation regulation. 

   As shown in Fig. 1, the seabuckthorn grows rather fast in the beginning, then it slows down gradually and approaches stabilization. The average annual height growth and current annual height growth of seabuckthron individual is 0.334 and 0.259 m respectively, and the average annual basal diameter growth and it’s current annual growth is 0.261 and 0.251 cm respectively, The variation amplitude of the latter is 0.162 ~ 0.462 cm. The growth peak value of the seabuckthorn occurs relatively early and generally within 3 ~ 5 years, it is closely related to the climatic conditions. For example, as the recent 4 years the atmospheric precipitation in Yan’an is rather good, the trunk diameter grows evidently fast (Fig. 2).
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Fig.1 The height growth of the seabuckthron    Fig. 2 The basal diameter growth of the seabuckthorn

  Along with the prelongation in ages of seabuckthorn stand, its cumulative timber volume both average annual growth and current annual growth increase (Fig.3). The average annual volume growth for seabuckthorn timber is 0.2823×10-4m3. The average current annual volume growth is 0.5731×10-4m3. Its variation regulation is similar to that of the variation of biomass, only the amplitude is rather large. The maximum current annual volume growth of the seabuckthron individual timber is 1.1909×10-4m3. In the middle part of the Loess Plateau, the difference in soil composition is not evident, the climatic condition, especially the soil water content or the atmospheric precipitation affects greatly to the trees, directly to the tree height and its trunk diameter, hence affects to the growth of cumulative timber mass.
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Fig. 3 The timber volume growth of seabuckthorn individual

3.2 The biomass of seabuckthorn stand and its distribution

The standing biomass of seabuckthorn stands in the middle part of the Loess Plateau have greatly difference with the stand origination, types, structures and so on. The standing biomass of 20 years-old man-made seabuckthorn stands is 27.0126t·hm-2.

Table 1  The standing biomass of afforested seabuckthorn in arbor layer and its distribution in the middle part of the Loess Plateau

	Forest type
	Ages
	Density

number

per hm-2
	Organs of stands existing biomass (t·hm-2) and its distribution (%)

	
	
	
	Trunk
	Bark
	Branch
	Leaf
	Finest
	Root

system
	Total

	Seabuck-
thorn
	20
	2375
	4.537
	1.451
	6.597
	3.537
	3.155
	7.733
	27.012

	
	
	
	16.80%
	5.37%
	24.42%
	13.09%
	11.68%
	28.63%
	100%


  The biomass of branches of measured afforested seabuckthron has rather great difference (Table 2).  The biomass of seabuckthron branches is 6.597 t·hm-2, the biomass of branches of different classes and relevant percentages different too. In the measured seabuckthron samples, there is no branch with diameter bigger than 4 cm, the biomass with different trunk diameters are giver in Table 2.
Table 2  The branch biomass and its distribution of the afforested seabuckthron

in the middle part of the Loess Plateau

	Forest type
	Standing biomass of branches (t·hm-2) and its distribution (%)

	
	> 4.0 cm
	4.0-2.0 cm
	2.0-1.0 cm
	<1.0 cm
	Withered

branches
	Total

	Seabuck-
thron
	0.000
	0.000
	0.997
	4.158
	1.442
	6.597

	
	0.00%
	0.00%
	15.12%
	63.03%
	21.86%
	100.01%


  The biomass of the afforested seabuckthron root system is 7.733 t·hm-2. The biomass of different root system and its distribution differ greatly. The lateral root system of seabuckthron develops quite well, it occupies 68.73% of the total root system biomass. The fine root system of the seabuckthron grows well (Table 3).  Distribution of root system in different soil layers differs greatly. The seabuckthron root system mainly spreads in soil layer depth 0 ~ 20 cm, those spread in soil alyer depth 20 ~ 40 cm occupy only 15.0%, while those spread in soil layer depth below 40 cm less than 5.0%. Thus we can sea that the seabuckthorn root system grows quite well.

Table 3  The root biomass and its distribution of afforested seabuckthron roots

 in the middle part of the Loess Plateau

	Forest type
	Standing biomass of root system (t·hm-2) and its distribution (%)

	
	< 0.5 cm
	0.5-2.0 cm
	2.04.0 cm
	> 4.0 cm
	main root
	total

	Seabuck-
thron
	0.472
	1.946
	0.00
	0.00
	5.315
	7.733

	
	6.11%
	25.16%
	0.00%
	0.00%
	68.73%
	100%


  A complete vertical forest ecological system includes arbor layer, shrub layer, alive ground surface vegetation cover, dead ground surface vegetation cover (litter layer) and some interlayer plants. Because of the simple structure of the afforested vegetation in Yan’an, the middle part of the Loess Plateau, the stands are divided into three layers, the shrub layer, be alive ground surface vegetation cover and the dead ground surface vegetation cover. Its standing biomass and distributions are given in Table 4. The standing biomass of the afforested seabuckthron stand is 33.5818 t·hm-2.  The alive ground surface vegetation cover layer growth well.

Table 4  Standing biomass of afforested seabuckthron and its distribution in different layers in the middle part of Loess Plateau

	Forest type
	Stand age
	Items of

analyzing
	Standing biomass of the stand (t·hm-2)

and its distribution (%)

	
	
	
	Shrub layer
	Grassy layer
	Litter layer
	Total

	Seabuck-

thron
	20
	Standing

biomass
	27.0116
	4.6610
	1.9093
	33.5818

	
	
	Percentage
	80.435%
	13.879%
	5.685%
	100%


3.3 The Productivity of Seabuckthron and its Simulation

  Applying stand and sampling – standard standing – analytical tree and the dynamic modeling of the tree growth, the afforested seabuckthrn in the middle part of Loess Plateau with 20 year ages has been determined as follows: annual productivity is 369.945 g·m-2, among which the trunk, bark, branches, leaves have net annual productivity of 66.6710, 19.8587, 90.3378, 48.4380 and 105.9155 g·m-2 (Table 5).

Table 5  The net annual productivity of afforented seabuckthron organs

in the middle part of the Loess Plateau (g·m-2·a-1)

	Organs
	Trunk
	Bark
	Branch
	Leaf
	Root system
	Total

	Annual

productivity
	68.6760
	19.8787
	90.3578
	48.4380
	105.9155
	359.9454


  From Table 6, it shows that the estimated value based on the annual mean regional temperature, i.e. the TSPt, is much higher than the estimated value based on the annual mean precipitation i.e. the TSPp, that’s to say water in the main limiting factor for plant productivity in Yan’an region, the middle part of the Loess Plateau, the climatic productivity following. Thornthwaite memorial’s model is between the two estimated value of Miami models, but more close to the climatic productivity based on precipitation.

Table 6  The estimation of productivity of affoustation in the

middle part of Loess Plateau by different models

	Model
	Parameter
	Estimated 

productivity
	Remarks

	TSPt=3000/(1+e1.315-0.119T)
	T = 9.4℃
	1353.1800
	According to annual mean atmospheric temperature

	TSPP=3000(1+e-0.000664P)
	P = 550.0 mm
	917.8200
	According to annual mean atmospheric precipitation

	TSPET=3000(1+e-0.0009695(ET-20))
	ET = 487.7 mm
	1093.2000
	According to real ET in the afforested area


  In fact, the temperature productivity is one of productivity under the comprehensive action of various factors, while the actual evaporation is a compressive temperature 7 factors, it is influenced by a series of factors such as the sunny radiation, temperature, atmospheric pressure, wind velocity. Research result shows that the actual productivity of seabuckthron stand in the middle part of Loess Plateau is 369.9454 g·m-2, it becomes only 27.34%, 40.31% and 33.84% respectively of the temperature productivity, precipitation productivity and evaporation productivity, different tree stands with different ages have great difference of the potential possibility, thus it can be conformed that the construction of vegetation in the middle part of Loess Plateau has enormous potential in the future (Table 7).

Table 7  Comparison between the net productivity of the afforested seabuckthron

in the middle part of Loess Plateau and the climatic productivity
	Forest type
	Net annual

productivity
	Temperature

productive power
	Precipitation

productive power
	Evaporation

Productive power

	
	
	Estimated

value
	Proportion
%
	Estimated

value
	Proportion
%
	Estimated

value
	Proportion
%

	Seabuck-

thron
	369.9454
	1353.18
	27.34
	917.82
	40.31
	1093.2
	33.84


4. CONCLUDING REMARKS AND SUGGESTIONS

  (1) Seabuckthorn grows relatively fast in the beginning period and then it will show down gradually and stabilize. The average annual growth and current annual growth of height, basal diameter and timber volume are respectively 0.334 and 0.259m, 0.261 and 0.251cm, 0.2823×10-4 and 0.5731×10-6m3.  The peak growth of seabuckthorn happens earlier in 3-5 years and is closely related with the climatic conditions.

  (2) The standing biomass of the 20 year-old afforested seabuckthorn is 33.5818t·hm-2, among which the shrub layer, grassy layer and litter layer occupy 80.435%, 13.879% and 5.685% of the total afforested stands respectively. the alive ground surface vegetation layer grows relatively abundant, the biomass of branches and root system in the shrub layer are respectively 6.597 and 7.735 t·hm-2,  the seabuckthorn main root grows well.

  (3) Annual net productivity of the 20 year-old afforested seabuckthorn is 369.9454 g·m-2, it is only 27.34%, 40.31% and 33.84% respectively of the local temperature productivity, local precipitation productivity and local evaporation productivity.  Thus the potential productivity is still very strong in the middle part of Loess Plateau.
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