Report on the effects of Porous Alpha
on the improvement of kiwifruit sticky
heavy soil and its physiological and
biochemical effects
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1. PROJECT OVERVIEW
The northwestern part of China is located inland. Due to the influence of the
continental monsoon climate, a large area of calcareous soil is formed. The calcium
and magnesium content is high, the clay content is heavy, the gas permeability is poor,
and agglomeration is serious. Soil permeability is an important index for evaluating
soil, and it is also an important factor affecting crop root development and yield
formation. Factors can lead to crop premature aging and yield reduction.
Kiwifruit is the main cash crop in Shanxi, Gansu and other provinces, with an
area of more than 1 million acres. It has juicy meat, rich nutrition, moderate sweet and
sour, delicious, high profits and considerable economic benefits. In recent years, it
has created tens of billions of economic income for Shaanxi Province every year, and
its planting area is constantly expanding. However, because the plant is suitable for
growth in soil with good permeability and water permeability and neutral acidity, the
soil condition in this area restricts the further development of kiwifruit. According to the
research data, after the growth of kiwifruit in the Weihe Valley of Guanzhong, Shaanxi
Province, four years later, as the orchard forms a confined environment, the deep
ploughing of the soil is restricted. the soil below 40 cm is seriously compacted, which
seriously affects the root growth of kiwifruit. Kiwifruit yield, quality, disease resistance
and longevity. Therefore, we plan to take advantage of the porous, water-permeable
and air-permeable characteristics of Porous Alpha, which to explore its effects on
Kiwifruit soil quality improvement and crop yield and quality.

2. PROJECT EXECUTION ARRANGEMENT
The project was carried out in Shuaijia Village, Yangling District, Shanxi Province
from January 16 to January 18, 2018, when the weather was cold after heavy snow. A
total of 20 people were arranged for the test, including ditching, mixing and backfilling.
Two different Porous Alpha, P03 and P310, were mixed and backfilled according to
different ratios. Among them, P03 is based on the proportion of 5%, 10% and 20%,
and P310 is based on the proportion of 10%, 20% and 40%.Together with the control
group a total of seven treatments with repeated 3 times. Then they were randomly
assigned to kiwi orchards by type and proportion. Five rows of orchards were
arranged, each row was furrowed 1 meter away from the fruit trees at the same time,
the width of the furrow was 40 cm, the depth was 50 cm, and the length was 9m. here
were three fruit trees within 9 m of each treatment, and each treatment interval was
3m as the protective row. Then organic fertilizer was mixed with diammonium
phosphate according to mass fertilization habits, and organic fertilizer was mixed
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according to the proportion of 30 kg per plant and 0.75 kg of diammonium phosphate
respectively, avoiding Porous Alpha ditch and applying fertilizer. The base fertilizer is
mainly compound fertilizer, 100 kg per mu. Managed according to the farmers'
conventional management methods, drip irrigation around the trunk. The specific test
layout is as follows:
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2.1 SITE LAYOUT
During the site layout, Japanese experts as well as the head of Shenzhen
Company came to the site for supervision and guidance. The site layout is as follows

2.2 OBSERVATION OF FLOWERING AND FRUITING STAGE
Because the kiwifruit is a perennial fruit tree, and the distance from the
experimental arrangement is relatively short, we observed in the fruit flowering and
fruiting stage, and the effect has some changes, showing that the kiwifruit fruit with
P03 Porous Alpha treatment has slightly increased, but not particularly obvious. As
shown in the following figure:
3

2.3 SAMPLE COLLECTION
The first batch of samples were collected in July and sampled once a month until
the fruit was ripe and harvested in October. Select three sampling points in each
treatment, mix the same soil samples from three sampling points of the same
treatment evenly, take samples by method of coning and quartering ， and the
remaining soil samples were taken back to the laboratory for natural drying and
sieving, and properly stored as shown in the figure below:
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3. RESEARCH CONTENT
3.1 ANALYSIS OF KIWIFRUIT ROOT GROWTH
Due to the deep roots of kiwifruit, direct taking the normal-growing perennial kiwi
root system not only affects root development and yield, but also inconvenience and
large differences. So we decided to experiment with kiwi seedlings to get a more
accurate conclusion. Use the seedlings of the same growth, plant in the well-equipped
pots, and take the roots again next year. Take the complete kiwi root system with
water eruption, and the kiwi fruit tree root system in each treatment was randomly
taken back to the laboratory together with the soil. After washing and selecting, the
length, diameter, area, volume, number of root tips, number of branches and number
of root crosses of the root system were analyzed and studied. Furthermore, the effect
of Porous Alpha on kiwi root system was analyzed.
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3.2 STUDY ON THE CHANGE AND UTILIZATION
NUTRIENTS IN KIWIFRUIT ORCHARD

OF

SOIL

It mainly analyzes the contents of organic matter, alkali nitrogen, available
potassium and available phosphorus in soil nutrients. Furthermore, the changes and
utilization of soil nutrient content were obtained.
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3.3 ANALYSIS OF SOIL COMPACTNESS AND AIR PERMEABILITY IN
KIWIFRUIT ORCHARD
The main analysis was to study the hardness of the soil compaction and the air
permeability of the soil of the kiwifruit garden. Characterized by soil saturated
hydraulic conductivity and water characteristic curve.

3.4 ANALYSIS OF DIFFERENT PROFILES GRAIN SIZE PROFILE OF
KIWIFRUIT ORCHARD SOIL
Two profiles (0-30cm, 30cm-60cm) were analyzed for each treatment, and the
particle size of different profiles was analyzed and studied for different treatments.
The property changes of particle size of different profiles under different treatments
were obtained.

3.5 MEASUREMENT OF SOIL MOISTURE CONTENT IN KIWIFRUIT
ORCHARD
Water content was measured for each treatment and control, and soil was taken
with an aluminum box to analyze the effect of Porous Alpha on soil water retention.

3.6 IMPACT OF DIFFERENT TREATMENTS ON SOIL ENVIRONMENT
The soil environment was mainly analyzed for the microbial environment of the
soil, and the Biolog-ECO microplate was used to characterize the average color
change rate (AWCD), the microbial community functional diversity index, and the
carbon source relative substrate utilization rate.
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3.7 YIELD AND QUALITY ANALYSIS OF DIFFERENT TREATMENTS
After fruit ripening, all fruits were harvested by area, weighed, and the total yield
of each area was calculated, followed by quality analysis.

8

9

4. TEST ITEM DETERMINATION METHOD
Measurement item

Determination method

water content

Drying method

Organic matter

Potassium dichromate volumetric method

Soil microbial environment

Biolog-Eco

Alkaline hydrolysis nitrogen

Alkaline hydrolysis and nitrogen determination
1mol/L NH4OAc

Quick-acting potassium
1mol/L NH4OAc leaching-flame photometry
0.5mol/LNaHCO3
0.5mol/LNaHCO3 leaching – molybdenum

Quick-acting phosphorus

antimony anti turbidimetric method
Root growth properties

Root scanner

Soil harden degree

Hardened hardness tester

Gas permeability analysis

Moisture characteristic curve

Different particle size profile analysis

Laser particle analyzer

Different treatment yield analysis

Pick all by region
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5. RESULT ANALYSIS
5.1 WATER CONTENT OF DIFFERENT SOIL LAYERS TREATED
FROM JULY TO OCTOBER
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Fig 1 Water content of different treated soil layers in July-October

The soil moisture content under different treatments is shown in Figure 1. As can
be seen from the above figure, the different ratios of the two Porous Alpha P310 and
P03 have a certain influence on the soil moisture content. Among them, the treatment
of V10%P03 and the treatment of II20% P310 have obvious effects on the water content
of each soil layer. In 0-20cm soil layer, compared with the control group (CK) in
July-October, treatment V 10% P03 increased by 1.2%, 0.7%, 0.5%, 0.5%, and
treatment II 20% P310 increased by 0.6%, 0.2%, 0.3% and 0.6% respectively. In 20-40
cm soil layer, compared with the control group in July-October, the treatment V 10%
P03 increased by 0.3%, 0.3%, 0.4%, 0.4%, and the treatment II 20% P310 increased by
0.7%, 0.5%, 0.2% and 0.4% respectively. In 40-60 cm soil layer, compared with the
control group in July-October, the treatment V 10% P03 increased by 0.7%, 1.3%,
0.8%, 0.4%, and the treatment II 20% P310 increased by 0.3%, 0.2%, 0.2% and 0.4%
respectively. It shows that the effect of Porous Alpha on improving soil water content
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is remarkable, which reflected the characteristics of water retention. Other treatments
also changed slightly, but the results were not ideal. Some treatments had a slightly
worse effect than the control (CK), which indicated that the effect of Porous Alpha on
soil water retention was also related to the proportion, and if it exceeded or below a
certain limit, it would produce the opposite effect. However, its advantages of water
retention can be effectively reflected.

5.2 ALKALINE NITROGEN CONTENT IN EACH TREATMENT FROM
JULY TO OCTOBER
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Fig.2 Contents of alkali-hydrolyzed nitrogen in different soil layers treated from July to October

The content of alkali-hydrolyzed nitrogen in different soil layers under different
treatment conditions is shown in the figure above. As kiwifruit is a perennial fruit tree,
the effect of each treatment was not fully reflected after only half a year, so the
improvement

effect

was

not

particularly

significant,

but

the

content

of

alkali-hydrolyzed nitrogen in the soil was slightly increased by the two kinds of Porous
Alpha. The effect of treatment V 10% P03 and treatment II 20% P310 was slightly
more obvious. In 0-20cm soil layer, compared with the control group (CK) in
July-October, Treatment V 10% P03 increased by 31.66, 24.19, 33.95 and 31.9 mg/kg,
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and treatment II 20% P310 increased by 25.44, 23.55, 28.3 and 22.13 mg/kg,
respectively. In 20-40cm soil layer, compared with the control group in July-October,
Treatment V 10% P03 increased by 10.61, 11.46, 16.49 and 10.74 mg/kg, and
treatment II 20% P310 increased by 26.66, 17.32, 17.28 and 16.16 mg/kg, respectively.
In 40-60cm soil layer, compared with the control group in July-October, Treatment V
10% P03 increased by 12.26, 8.06, 3.81 and 7.98 mg/kg, and treatment II 20% P310
increased by 11.99, 7.58, 2.96 and 5.91 mg/kg, respectively. It can be seen from the
above that a certain proportion of Porous Alpha still has a certain improvement in soil
fertilizer retention. The initial improvement has been shown, and the subsequent
effect should be gradually significant.

5.3 THE CONTENT OF AVAILABLE PHOSPHORUS IN DIFFERENT
SOIL LAYERS FROM JULY TO OCTOBER
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Fig. 3 The content of available phosphorus in different soil layers from July to October

The picture above shows the change of available phosphorus content in different
soil layers under different treatment conditions. Available phosphorus is an important
factor of soil nutrients. Its changes also affect the growth and development of kiwifruit.
The figure above shows that the changes of available phosphorus in different soil
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layers are not particularly obvious under different treatments. The variation range of
different soil layers is also different, mainly in 0-20 cm, 20-40 cm soil layers. In terms
of time, the change range is relatively large in September and October. The treatment
of V 10% P03 and treatment of II 20% P 310 had obvious effects. Although the change is
not obvious, the slight change cannot be ignored. In general, the application of Porous
Alpha has a certain effect on its change.

5.4 THE CONTENT CHANGE OF AVAILABLE POTASSIUM IN
DIFFERENT SOIL LAYERS FROM JULY TO OCTOBER
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Fig. 4 Available potassium content in different soil layers under different treatments from July
to October

The picture above shows the effects of different treatments on available
potassium in soil from July to October. Overall, the effects of treatment V 10% P03 and
treatment II 20% P310 were slightly significant, while others were lower than the control
(CK). In July, August and September, the change range was slightly larger, while in
October, the change range was slightly smaller. The reason is that July, August and
September belong to the fruit growing season, and the fruit has been received in
October. It shows that the application proportion of Porous Alpha is not suitable for the
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growth of kiwifruit whether too large or too small. The application must pay attention to
the proportion, but this does not conceal the advantages of Porous Alpha.

5.5 THE CHANGE OF ORGANIC MATTER CONTENT IN DIFFERENT
SOIL LAYERS FROM JULY TO OCTOBER
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Fig. 5 Organic matter content in different soil layers of different treatments from July to October

Soil organic matter refers to the organic matter containing carbon in soil,
including residues of various plants and animals, microorganisms and organic matter
that can be decomposed and synthesized. Soil organic matter is an important
component of soil solid phase. Although the content of soil organic matter is only a
small part of the total amount of soil, it plays an extremely important role in soil
formation, soil fertility, environmental protection and sustainable development of
agriculture and forestry. As can be seen from the figure above, from July to October,
the change range of September and October is slightly larger than that of July and
August. Treatment V 10% P03 in September, 0-20 cm soil layer is 4.3 g/kg higher than
control (CK), 20-40 cm soil layer is 3.6 g/kg higher than control (CK), 40-60 cm soil
layer is 2.5 g/kg higher than control (CK); Treatment II 20% P310 in October, 0-20 cm
soil layer is 2.1 g/kg higher than control (CK), 20-40 cm soil layer is 0.6 g/kg lower
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than control (CK), 40-60 cm soil layer is 0.1 g/kg higher than control (CK). The effect
is obvious.

5.6 EFFECT
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Fig. 6 hardness of soil hardening under different treatments

Soil hardness, also known as soil compactness or soil solidity or soil penetration
resistance, consists of soil shear resistance, compression force and friction force, and
is a synthetic index of soil strength. The soil compactness can affect the perforation
and growth of the crop root system, and the greater the value, the more serious is the
soil plate knot. It is an important index of soil physical properties and is used to
evaluate soil tillage. Compact soil can prevent water infiltration, reduce fertilizer
utilization, affect plant root growth and lead to crop yield reduction.
The figure above shows the variation trend of soil hardness in different soil layers
under different treatments. It can be seen that Porous Alpha has a certain effect on
soil hardness, among which P03 is better than P310. The treatment of V 10% P03 has
the best effect, and its hardness is obviously lower than that of the control. The
hardness of 0-20 cm soil layer is reduced by 12 kg/cm 2, 20-40 cm soil layer is
reduced by 16 kg/cm 2 and 40-60 cm soil layer is reduced by 14 kg/cm 2. It shows that
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the treatment of soil layer is loose and beneficial to water and nutrient infiltration.
Moreover, it is beneficial to the growth and development of root system, thereby
improving fruit yield.

5.7 COMPARISON OF FUNCTIONAL DIVERSITY OF
MICROBIAL POPULATION BY DIFFERENT TREATMENTS
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Fig. 7 Changes of AWCD values of soil microbial communities in different treatments with
incubation time

The dynamic curves of AWCD values with incubation time in different treatments
are shown in the figure above (Fig. 7). As can be seen from figure 7, AWCD values of
each treatment gradually increased with the growth of culture time, and AWCD values
of different treatments all increased rapidly within 24~72h, and then continued to grow
slowly until the end of culture. The rapid growth of AWCD value indicates that
microorganisms are in an exponential growth period, and carbon sources are widely
used. It can be seen that the AWCD values of soil microbial communities in different
treatments are different during the whole cultivation process. Among them, the AWCD
of soil treated with V 10% P03 and II 20% P 310 increased rapidly, while that of other
treatments increased slowly. In general, the ability of soil microorganisms to utilize
single carbon source in different treatments was as follows: treatment V 10% P03 >
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treatment II 20% P310 > other treatments = CK. The results showed that the microbial
community in treatment V 10% P03 had the fastest metabolic rate and the strongest
activity, while the microbial metabolism in other treatments was slower and the activity
was weaker.

5.8 ANALYSIS OF METABOLIC DIVERSITY INDEX OF
MICROBIAL COMMUNITY IN DIFFERENT TREATMENTS

SOIL

Table 1. Functional diversity index of soil microbial communities under different treatments

Treatment

Shannon（H）

Simpson（D）

McIntosh（E）

Ⅰ 10% P310

2.33±0.02a

0.91±0.07a

1.12±0.02b

Ⅱ 20% P310

2.65±0.06b

0.92±0.01b

1.17±0.04a

Ⅲ 40% P310

2.34±0.06c

0.91±0.01b

1.11±0.03cd

Ⅳ5% P03

2.31±0.04d

0.83±0.01c

1.07±0.03cd

Ⅴ 10% P03

2.76±0.02a

0.94±0.01b

1.19±0.04bc

Ⅵ 20% P03

2.26±0.05bc

0.90±0.01b

1.02±0.04bc

2.26±0.04c

0.90±0.01b

1.03±0.01d

Ⅶ

CK

The community diversity index can be used to indicate the extent to which soil
microbial communities utilize carbon sources. Shannon index (H) represents the
richness of soil microbial species, Simpson index (D) represents the dominance of soil
microbial species, and McIntosh index (E) represents the evenness of community
species. In this experiment, the microbial metabolic diversity was analyzed by using
the Biolog-Eco microplate culture for 96h. The results are shown in table 1. It can be
seen that there is little difference in metabolic diversity of soil microbial communities
under different treatments. The Shannon index and McIntosh index of treatment V 10%
P03 and treatment II 20% P310 were slightly higher than those of other treatments (P <
0.05), while the richness and dominance of soil microbial species in other treatments
were lower, and the evenness of soil microbial community in control was poorer.
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5.9 UTILIZATION OF CARBON SOURCES BY DIFFERENT SOIL
MICROORGANISMS

Table 2. Utilization of 6 types of carbon sources by different soil microorganisms

Treatment

Carbohydrates

Amino acids

Carboxylic acids

Polymers

Ⅰ 10% P310

0.71±0.07c

0.61±0.04a

0.33±0.03a

0.57±0.04b

0.07±0.01b

0.53±0.03a

Ⅱ 20% P310

1.04±0.09a

0.91±0.07b

0.51±0.05a

0.70±0.05c

0.11±0.00a

0.63±0.00b

Ⅲ 40% P310

0.87±0.14c

0.72±0.11c

0.34±0.02b

0.61±0.09c

0.06±0.00c

0.52±0.02c

Ⅳ

5% P03

0.72±0.02d

0.64±0.02d

0.32±0.01b

0.66±0.03a

0.05±0.01bc

0.55±0.01c

Ⅴ 10% P03

1.11±0.02b

0.93±0.05d

0.55±0.10b

0.81±0.04c

0.1±0.01bc

0.61±0.00c

Ⅵ 20% P03

0.69±0.07c

0.62±0.05d

0.35±0.10b

0.55±0.04c

0.05±0.01bc

0.57±0.00c

0.70±0.02d

0.63±0.01d

0.32±0.01c

0.50±0.04c

0.06±0.00c

0.51±0.00c

Ⅶ

CK

Phenolics

Amines

The 31 carbon sources of the Biolog-Eco plate used in this experiment can be
basically divided into sugars, amino acids, carboxylic acids, aromatic compounds,
polymers and amines. Table 2 shows the average AWCD of various carbon sources
after 96h of culture by Biolog-Eco medium. There was no significant difference in the
ability of soil microorganisms to utilize the above six carbon sources in different
treatments. Treatment V 10% P03 and II 20% P310 had the highest utilization rate of
carbohydrates, amino acids and carboxylic acids, while other treatments had
relatively low utilization rate of six types of carbon sources, which was basically the
same as the control.

19

5.10
EFFECTS OF DIFFERENT TREATMENTS ON THE YIELD AND
QUALITY OF KIWIFRUIT
Table 3.

Effects of each treatment on the yield and quality of kiwifruit

The

Hard fruit

Soft fruit

total
hardness

Treatment

yield (kg)

commodity

soluble

soluble

sugar
(kg/cm2)

rate (%)

solids (%)

solids (%)

sugartotal
acid

Vc(mg/100g)

acid (%)
(%)

ratio

Ⅰ 10% P310

60.42±2.36

80.52

10.83

16.34

14.32

4.80

1.11

4.32

164.34

Ⅱ 20% P310

82.13±4.55

87.14

11.03

16.87

15.89

4.93

1.02

4.83

170.34

Ⅲ 40% P310

67.98±2.87

85.47

10.93

15.89

15.21

4.72

0.93

5.06

169.32

Ⅳ

5% P03

75.14±3.23

84.43

10.45

16.49

14.58

4.48

1.13

3.96

168.24

Ⅴ 10% P03

98.45±5.28

93.48

11.23

17.00

16.02

4.78

1.00

4.78

168.49

Ⅵ 20% P03

62.46±2.65

77.85

10.69

16.61

15.25

4.42

1.12

3.95

165.89

61.26±1.03

82.35

10.71

16.48

15.59

4.59

1.04

4.41

166.67

Ⅶ

CK

The above table shows the variation of kiwifruit yield and quality under different
treatment conditions. The yield of treatments I 10% P310 and VI 20% P 03 had no
change compared with the control (CK). The yield of other treatments was higher than
that of the control (CK), especially treatment II 20% P 310 and treatment V 10% P 03,
which were 20.87 kg and 37.19 kg higher than the control (CK) respectively, and the
commodity rate of treatment V 10% P 03 reached 93.48%. As for fruit quality,
hardness, total sugar, total acid, Vc, sugar-acid ratios were different from those of
different treatments, but the increase was not obvious, some treatments were equal to
or even decreased with the control (CK). The slight increase was in treatment V 10%
P03 and treatment II 20% P310, total sugar was increased by 0.19% and 0.34%
respectively, sugar-acid ratio was increased by 0.37 and 0.42 respectively, and Vc
was increased by 1.82 mg/100g and 3.67 mg/100g respectively. It can be seen that
reasonable application of Porous Alpha is beneficial to increase fruit yield, improve
fruit firmness, total sugar, sugar-acid ratio and Vc.
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5.11
ANALYSIS OF DIFFERENT PROFILES GRAIN SIZE PROFILE
OF KIWIFRUIT ORCHARD SOIL
Table 4. Effect of each treatment on soil particle composition (mass fraction) (unit: %)

Soil sample

<0.002mm

0.002～0.05mm

0.05～2mm

0～30cm

2.32

76.41

21.27

30～60cm

2.08

78.13

19.78

0～30cm

1.92

80.62

17.46

30～60cm

2.99

79.81

17.20

0～30cm

2.75

62.63

34.62

30～60cm

2.03

78.72

19.25

0～30cm

3.08

81.75

15.17

30～60cm

3.03

75.43

21.54

0～30cm

1.80

75.17

23.03

30～60cm

2.79

79.55

17.66

0～30cm

1.61

62.22

36.17

30～60cm

2.71

80.34

16.95

0～30cm

2.80

77.04

20.16

30～60cm

2.75

70.61

26.64

Ⅰ 10% P310

Ⅱ 20% P310

Ⅲ 40% P310

Ⅳ

5% P03

Ⅴ 10% P03

Ⅵ 20% P03

Ⅶ

CK

Note: The soil type is determined according to the triangle of the international system.

The above table shows the composition of soil particles in each treatment. There
are three types of soil particles: clay particles (<0.002mm), powder particles
(0.002-0.05mm) and sand particles (0.05-2mm). According to the international system
texture triangle is mainly divided into silty soil, silty loam. Although there was no major
difference in soil particle type, there was a slight difference in the content of powder
particles (0.002 ~ 0.05mm). Treatment Ⅱ 20% P310 0 ~ 30 cm layer, treatment Ⅳ
5% P03 0 ~ 30 cm layer, treatment Ⅵ 20% P03 30 ~ 60 cm layer powder (0.002 ~
0.05 mm) content is 80.62%, 81.75% and 80.62% respectively, compared with a slight
rise; The soil type is silt. The remaining contents are lower, which are expressed as
silty loam. Another treatment Ⅱ20% P310 0 ~ 30 cm layer, treatment Ⅳ 5% P03 0 ~
30 cm layer, treatment Ⅵ 20% P03 30 ~ 60 cm layer clay (< 0.002 mm) content is
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1.92%, 1.8% and 1.92% respectively, compared with slightly lower. This indicates that
sildenite has a slight influence on improving soil particle size, thus improving the
clayey soil quality in northwest China, reducing the content of clayey particles
(<0.002mm), and improving the air permeability and Water permeability.

5.12
ANALYSIS
OF
SOIL
SATURATED
CONDUCTIVITY IN KIWIFRUIT GARDEN

HYDRAULIC

The soil saturated hydraulic conductivity (soil permeability) is the flow rate of soil
water saturated by a unit cross-sectional area perpendicular to the direction of water
flow per unit water gradient. When the soil is saturated with water, the flux is
calculated using the saturated hydraulic conductivity. The saturated hydraulic
conductivity is also the maximum possible water conductivity of the soil. It is often
used as a reference to compare the water conductivity of soil under different humidity
conditions. Soil permeability is one of the important characteristics of soil. It is almost
completely integrated into the soil with atmospheric precipitation and irrigation water,
and stored in it. In the case of poor permeability, water flows along the soil surface
and causes erosion. The saturated hydraulic conductivity (permeability coefficient) is
related to the number of soil pores, soil texture, structure, salt content, water content
and temperature.
Table 5. Effect of each treatment on soil saturated hydraulic conductivity

Soil sample

K10 (Saturated hydraulic conductivity at 10°C, mm/min)

Ⅰ 10% P310

0.029

Ⅱ 20% P310

0.048

Ⅲ 40% P310

0.104

Ⅳ

5% P03

0.023

Ⅴ 10% P03

0.076

Ⅵ 20% P03

0.03

Ⅶ

0.037

CK

From the above table, the soil saturated hydraulic conductivity is significantly
different under each treatment condition. Among them, the treatment II20% P310,
treatment III40% P310 and treatment V10% P03 were significant, reaching
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0.048mm/min,

0.104mm/min

and

0.076mm/min

respectively,

which

was

0.011mm/min, 0.067mm/min and 0.039mm / min higher than that of treatment VII.
Other treatments were lower compared to the control. It shows that the appropriate
amount of Porous α can effectively increase the saturated water conductivity of the
soil, which is conducive to the penetration of water and the atmosphere. Conversely, if
the ratio is not appropriate, it will result in a poor effect.

5.13
ANALYSIS OF SOIL WATER CHARACTERISTIC CURVE IN
KIWIFRUIT ORCHARD
Table 6. Rotation Speed and balance time for each pressure head
Rotation Speed

balance time

[/cm]

[rpm]

[/min]

10

310

10

50

693

17

100

981

26

300

1698

42

500

2193

49

700

2594

53

1000

3101

58

2000

5371

73

5000

6934

81

7000

8204

85

Pressure head
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0.6

Ⅰ 10% P310
Ⅱ 20% P310
Ⅲ40% P310
Ⅳ5% P03
Ⅴ10% P03
Ⅵ20% P03
ⅦCK

体积含水率(cm3/cm3)
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Figure 8. Soil moisture profiles for different treatments

Seven soil water characteristic curves were measured in the experiment. As
shown in Fig. 8. It can be seen that the soil moisture characteristic curves of different
soil types are similar, and the local differences may be due to the difference in soil
content or soil content of each particle size. When the suction force h=1 000 ~ 7 000
cm, only the small pores can retain the soil moisture, and the soil has a large holding
capacity for water, so the soil water content does not change significantly with the
suction head, so the suction range is Within the soil moisture characteristic curve, it is
“steep”; when the suction force is h=0～1 000 cm, the drainage is mainly carried out in
the larger pores, so even if the soil suction changes little, the soil moisture content can
be significantly changed. Therefore, within the suction range, the soil moisture
characteristic curve is "flat". The soil moisture content of the seven soil samples
decreased with the increase of the suction force. When the near-saturated water
content and the soil were dry, the soil moisture content decreased at a small rate,
while the soil moisture content decreased at a higher rate between the two. It can be
clearly seen from the above figure that the treatment V10% P03 soil water supply
capacity is stronger than the other six treatments.
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5.14
ANALYSIS OF SOIL EFFECTIVE SHRINKAGE IN KIWIFRUIT
ORCHARD

Ⅰ 10% P310
Ⅱ 20% P310
Ⅲ40% P310
Ⅳ5% P03
Ⅴ10% P03
Ⅵ20% P03
ⅦCK
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Figure 9. Effective shrinkage of different treated soils

Fig. 9 shows the variation characteristics of soil sample volume during the
determination of soil water characteristic curve. Because of centrifugal force, soil
water content decreases gradually with the increase of rotational speed and pressure,
while soil sample is compressed, and the volume decreases gradually, that is,
one-dimensional shrinkage occurs. From Fig. 9, it can be seen that for seven soil
samples, in the low suction section (h=0 – 1000 cm), with the increase of suction, the
degree of soil shrinkage increases significantly, that is, the effect of soil sample
shrinkage is obvious; in the high suction section (h=1000 – 7000 cm), with the
increase of suction, the degree of soil shrinkage increases, but the rate of increase
decreases, that is, the effect of soil sample shrinkage is not obvious. This is because
when the suction is low, there are more macropore in the soil and water is drained
through macropore, so the soil sample shrinks obviously during the determination of
soil water characteristic curve. as the suction increases, the amount of large pores in
the soil increases. When the soil drainage is gradually transitioned from large pore
drainage to medium and small pore drainage, the potential for soil shrinkage is greatly
reduced. It can be seen from the figure that the soil treated with III40% P310 and
treated with V10% P03 density is smaller, and the soil with smaller bulk density is
relatively loose. and the soil shrinkage changes greatly under centrifugal force.
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Therefore, the above two treatments are relatively loose and air permeability better
than the other treatments. It can be seen that Porous α has a certain effect on
improving soil permeability.

6. CONCLUSION
The soil environment is an organic entity, which is sustained by the constant supply
of organic nutrients. In recent years, the blind pursuit of crop yield, induce a surge in
fertilizer use , and the amount of farm manure is reduced sharply, resulting in
decreased organic matter content in soil, increased soil bulk density, decreased water
holding capacity in the field, acidification and hardening, and continuous decrease of
soil fertility. At the same time, the loss of chemical fertilizer also caused serious
environmental pollution. Therefore, improving the utilization ratio of soil fertilizer and
fertilizer is the basis of sustainable and healthy development of modern agriculture.
The new soil conditioner (Japanese Porous Alpha) used in this research can
effectively improve this problem. It can improve fertilizer utilization rate, improve soil
physical and chemical properties, improve soil fertility, improve soil compaction and
air permeability, improve soil water supply capacity and conducive to root growth. The
reason is that the characteristic of the Porous Alpha is to retain water and nutrients,
thus increasing soil water storage, increasing soil organic matter and nutrient content,
increasing microbial activity, further enhancing the mineralization ability of organic
nutrients in soil, and improving the availability of nutrients in soil.
Rational application of Porous Alpha can effectively improve soil fertility, increase
fruit yield and improve fruit quality. Fruit quality is one aspect that people pay more
attention to, which directly influences people's consumption orientation. Fruit firmness,
Vc content and sugar - acid ratio directly determine the taste of the fruit. In this study,
the application of Porous Alpha effectively increased the Vc content and sugar-acid
ratio. The main reason was that the application of Porous Alpha increased the soil
organic matter content and a variety of microbial active substances, improved the use
efficiency of fertilizers, made sustained release of nutrients, ensured the coordination
and balance of fruit nutrition metabolism, and promoted the quality of fruit products. At
the same time, it can effectively improve the water and effective nutrient content in the
soil, so that the kiwifruit can get more adequate and sustainable mineral nutrition at
each growth stage, and then improve the yield and fruit quality of kiwifruit. The
reasonable distribution of Porous Alpha meets the need of the sustainable and
healthy development of modern agriculture, also meets the needs of management
and development of kiwifruit orchards in Northwest China. It can be popularized.
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