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A bstract. Biological so lu tion  using  strain  Lipomyces starkeyi 7.1, w hich can producc viscous 
m em branes to im provc d ry  soil is considercd  to bc sustainab le for slopc land im provcm ent. The 
resuỉts of rescarch  on Lipomycin M ability to kcep cffectivc w ater in the  soil of Me Linh District, 
Vinh Phuc P rovince show  th a t in thc  soil sam plcs cultivatcd trad itional m cdicinal trees, thc total 
am ounts of effective w a te r in the  soil fertilizcd Lipomycin M (takcn out u n d c r pressuro pF 2.5-4.2) 
are  alvvays h ighcr than  that in control soil plo t (vvithout Lipomycirt M): the am oun ts of eííectivc 
w ater in CT2 account for 24.8%, CT3 - 25.1% in com parison vvith DC (control plot) - 17.1%. 
C om bination  of Lipomỵciìt M  w ith  NPK and  m icrobial fcrtilizers m akes the am oun t of cífectivc 
w atcr in th c  soil h ig h cr th an  th a t in thc casc of using only  Lipomyciĩĩ M . Sim ilarly, the am oun ts of 
effective w a tc r in the  soil sam ples cu ltivatcd  tea and  m an u red  the b ioproduct Lipomycin M arc 
h ighcr th an  those  for the soil sam p le  DC and proportional to the tim cs o í m an u rin g  thc bioproduct: 
TN3 - 29%, TN1 - 24.8%, and  DC - 22.2%.
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1. Introduction

W ater is vital for plants. Plants cannot 
grovv w ithout w atcr. W ater accounts for 70- 
80% of the plant weight. Today, dem and for 
w ater in liíe and industry  dram atically 
increases, thus causing íresh vvater scarcity, 
suríace w ater pollution and the risk of 
inability to provide w ater for life and 
production. So, it is necessary to fincỉ 
solutions to im prove dry  soil, uncovered soil 
and bare hill, and to reduce the am ount of
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w ater used in production. Biological 
m ethods, including applying m icroorganisms 
to im prove dry soil are considered to bc 
íeasible for sustainable production. It can bc 
seen that soil m icroorganism s are vital ÍOT 

im proving soil. They are environm entally 
effective and íriendly solutions because they 
do not cause a decline in the soil 
m icroorganism s and help to enhance the soil 
biodiversity.

VVater holding bioproduct Lipomycin M is 
produced by scientists of Institute of 
Biological Technology (Vietnam Academy of 
Science and Technology) from yeast of 
Lipomyces starkeỵi 7.1 vvhich has ability to
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produce viscous m em branes im prove several 
physical, chemical and biological 
characteristics of slope soil in Me Linh 
District (Vinh Phuc Province), such as 
increasing ability of holding vvater, vvater 
capacity and m axim um  hydroscopic, 
reducing soil bu lk  density, and im proving 
pH, organic chemicals, macro nutrients,... [2,
3, 4]. Besides these, Lipomycin M  is
biologically highly safe [4]. Based on íindings 
about ability to im prove soil hum idity , it is 
necessary to assess the effects of Lipomỵcin M 
on the am ount of effective w ater because only 
the effective w ater is used by plants. This 
paper concentrates on assessing the ability of 
holding effective w ater (available for plant) of 
the bioproduct Lipomycin M.

2. M aterials and m ethods

2.1. Materials

Studying objects: the holding vvater
bioproduct Lipomycin M  produced by the 
Institute of Biological Technology from yeast 
of Lipomyces PT 7.1 and the basic com pound 
cassava starch; garden soil cultivated 
traditional m edicinal plants and tea owned 
by to the station of biodiversity located in Me 
Linh District, V inh Phuc Province; fertilizers: 
multi-functíonal microbiofertilizer and 
fertilizer NPK.

2.2. Study method

The experim ent was carried out on the 
garden soil cultivated traditional medicine 
plants (an area of 500m2) and eultivated green 
tea (approxim ately 1 ha) w ith terrain slope of 
about 20°(Table 1).

Table 1. F orm ula and  dosage o í the b ioproduct in 
cxperim ental sam plcs

Sam ple Form ula Dosage (g/tree)
Plot cuỉtivated traảitional medicinal plants
C ontrol Basic co m pound 10
<DC) cassava starch
V ariant 1 B ioproduct Lipomycin M: 10
(CT1) Lipomycin M
V arian t 2 B ioproduct Biofertilizer: 5
(CT2) Lipomycin M +

m ulti-functional
biofcrtilizer

Lỉpomycin M: 10

V arian t 3 B ioproduct NPK: 10
(CT3) Lipomycin M  + 

fertilizer NPK
Lipomycin M: 10

Pỉot cultivated tea
C ontrol Basic com pound 10
(DC) m assava starch
V arian t 1 Lipomycin M  once 10
(TN1)
V arian t 2 Lipomycin M  tw ice 10 (at 2-m onths
(TN2) intcrval)
V arian t 3 Lỉpomycin M three 10 (at 2-m onths
(TN3) tim cs intervals)

3. Results and discussion

3.1. Effects o f Lipomycin M  on the amount of 
effective ĩvater in the soil sample cultivated 
traditional medicine trees

A íter saturating  soil to reach the m oisture 
of 100% and take out w ater from saturated 
soil sam ples using d iííerent pressures, we can 
determ ine the rates of w ater types existing in 
soil, including: gravity  vvater (to pF: 2.5), 
effective vvater (available for plants: pF: 2.5 -
4.2, and not available for plants: pF > 4.2) [4, 5]. 

The results presented in Table 2 shovv that
the total am ounts of vvater taken out under 
the pressures to pF=4.2 in the soil samples DC 
and CT1 are similar, 35.54g and 36.74g 
respectively. This m ay well reflect that the 
vvater w hich is stored in soil by the
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bioproduet has a link vvith soil similar to the 
case vvithout the bioproduct. At the same 
time, the am ounts of vvater in the soil samples 
CT2 and CT3 are higher (38.54g and 39.86g

respectively). This m eans that fertilizing the 
bioproduct Lipomycití M is m ore efficient 
w hen com bining vvith m ulti-functional 
biofertilizer and synthetic fertilizer NPK.

Table 2. A m ounts of w ater lost und er various pressures in 
soil sam ples cultivated traditional m cdicinal trees (g)

pF 0.6 1.0 1.5 2.0 2.5 2.8 3.0 3.2 3.7 4.2
DC 2.09 4.29 12.54 15.86 18.44 22,05 23.26 24.82 34.92 35.54
CT1 1.04 3.20 12.50 15.14 17.59 21.48 22.70 24.29 34.88 35.74
CT2 1.61 3.84 12.94 16.31 18.97 23.55 25.87 27.22 37.44 38.54
CT3 1.90 3.89 14.23 17.91 19.75 23.54 24.24 25.55 36.56 39.86

Com parison of the percentages of water 
stored in the soil sam ples in various íorms 
indicates the role of the bioproduct Lipomycin 
M in holding w ater and ability to provide 
w ater for p lants (Table 3).

It can be seen from Table 3 that the 
percentages of w ater pushed out írom soil 
under pressure of 2.5 in the soil experimental 
sample CT are lovver than that in the soil 
sample DC. In the soil sam ple that is only 
fertilized by the bioproduct Lipomycin M, the 
am ount of w ater pushed out accounts for 
23.5%. In the soil sam ples CT2 and CT3, these 
num bers are 24.0% and 24.6% respectively, 
and lower than that of the soil sample DC 
(24.8%). It can be suggested from the results 
that the bioproduct Lipomycin M can improve 
the ability of holding w ater in soil, thus 
reducing the percentage of gravity vvater in 
the soil sam ples fertilized by the bioproduct. 
The total am ounts oí water stored in the soil 
samples m anưrcd by the bioproduct are 
higher than that of the soil samples vvithout 
the bioproduct (DC: 74.17g; CT1: 74,78g; CT2:

79.00g, and CT3: 80.25g). It can be seen the 
am ount of effective water stored by thc 
bioproduct in soil sam ples from the 
percentages of w ater pushed out under the 
pressure range from 2.5 to 4.2. The 
percentages of effective w ater pushed out 
under the pressure 2.5 -  4.2 in soil sam ples 
m anured the bioproduct are higher the soil 
sample DC. In the soil sam ples vvith a 
com bination of the bioproduct and multi- 
íunctional biofertilizer and synthetic fertilizcr 
NPK, the percentages of cííective w ater are 
higher than those for the soil sam ples only 
m anured the bioproduct. This is because of 
m ore energy and microorganisms are 
supplied into soil, thus increasing activity of 
the soil m icroorganisms. In fact, the highest 
percentage was recorded for the sam ple CT3 
(25.1%). The next highest sam ples vvere CT2 
(24.8%) and CT1 (24.4%). The smallest 
percentage was recorded for the sample DC, 
only accounting for 23.1% of the total am ount 
of w ater stored in saturated soil (the 
hum idity of 100%).
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DC CT1 CT2 CT3
pF A m ount o f  Percent A m ount o f  Percent A m ount o f  Percent A m ount o f  Percent
_______________________vvater (g) (% ) w ater (g) (% ) water (g) (% ) w ater (g) (% )
<2.5 18.44 24.8 17.59 23.5 18.97 24.0 19.75 24.6
2.5-42 17.10 23. Ị 18.15 24.4 19.57 24.8 20. ỉ  ỉ 25.1
4.2 - exhaustcd dry 38.63 52.1 39.04 52.1 40.46 51.2 40.39 50.3

Total 74.17 100 74.78 100 79.00 100 80.25 100

Tablc 4. The amount of vvater poured undcr various pressures in soil samples cultivated tea (g)

pF 0.6 1.0 1.5 2.0 2.5 2.8 3.0 3.2 3.7 4.2
DC 1.21 3.25 12.82 14.64 15.89 18.07 18.82 20.31 30.97 32.48
TN1 0.48 3.42 12.36 14.15 15.52 17.42 18.24 20.39 32.69 33.91
TN3 1.41 3.25 9.78 11.72 13.39 17.27 19.35 20.75 33.81 35.67

3.2. Effects of Lipomycin M  on the amount of 
effective water in soiỉ samples cultivated trees

We carried out the experim ent of 
m anuring the b ioproduct on the plot 
cultivated tea to get the m ost reliable results 
about the ability to hold eííective vvater of the 
bioproduct.

One em erging íeature of the soil 
cultivated tea different írom  one cultivated 
traditional m edicinal trees is that it has higher 
slope and the am ount of organic com pounds

(plentiful plant carcass).
It can be seen from Table 4 that the 

am ounts of water poured under the pressure 
pF ^ 4.2 in the soil samples m anured by the 
bioproducts are higher than those of the soil 
samplès DC. The am ount of w ater poured 
from the soil sample TN3 is highest, reaching 
35.67g while it is 33.91 g for the soil samples 
TN1. Both of them  are higher than that of the 
soil sam ple DC (32.48g). The results fortify 
the claim about the role of the product 
Lipomycin M in holding vvater.

Table 5. Pcrccntages of w ater forms in the soil sam ples cultivated  tea

DC TN1 TN3
pF A m ount of Pcrcent A m ount of Percent A m ount of Percent
___________________ w atcr (g) (%) w ater (g) (%) w ater (k) (% )
<2.5 15.89 21.4 15.52 21.0 13.39 17.4
2.5-42 26.59 22.2 18.39 24.3 22.28 29.0
4.2 - exhaustcd  d ry  42.09 56.4 40.35 55.2 41.16 53.6
Total 74.57 100 74.26 100 76.83 100

It can be seen from Table 5 that the 
percentages of gravity vvater in the soil 
samples TN are lovver than those in the soil 
sample DC. This result íortiíy the role and the 
ability of holding w ater of the bioproduct 
L ip o m ycin  M  in tea-cultivated soil. A higher

percentages of eííective w ater in soil vvere 
recorded for the soil samples TN; The soil 
sample TN3 (m anured by the bioproduct 
three times at 2-months intervals) has the 
highest percentage of eííective w ater (29.0%). 
In the soil sam ple TN1 (m anured by the
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bioproduct only once), the eííective vvater 
accounted for 24.8% of the total am ount of 
vvater. Both vvere higher than the am ount of 
effective w ater in the soil sam ple DC (22.2%). 
It can be suggested from the results that the 
bioproduct Lipomycin M  enhances the am ount 
of eííective vvater in soil. Hovvever, the 
bioproduct need to be m anured at 2-months 
intervals to get higher efficiency of holding 
water and to increase effective water in the soil.

4. Conlusions

1. The holding vvater bioproduct 
Lipomycin M can im prove several physicaỉ, 
chemical and biological characteristics of soil, 
especially the ability of holding water. 
Meanvvhile, w ater stored in soil has a 
relatively high percentage of water available 
for plants, thus helping plants grovvth and 
develop íaster.

2. In the soil samples cultivated 
traditional m edicinal trees, the total am ount 
of w ater in the soil sample control (DC) is 
smallest (74.17g), and lower than that oí the 
soil sample CT (CT1, CT2 and CT3: 74.78, 79.0, 
and 80.28g respectively). Meanvvhile, the 
percentages of eííective w ater (taken out 
undcr the pF: 2.5 -  4.2) in the soil samples 
m anured by the b ioproduct are higher than 
those of the soil sam ple DC. In fact, in the soil 
samples CT2 and CT3, the am ounts of 
effective vvater account for 24.8% and 25.1% 
respectively, com pared with 17.1% for the soil 
sample DC. Com bination of the bioproduct, 
biofertilizer and  NPK creates a higher 
am ount of eííective w ater than that in case of

using only the bioproduct.
3. The am ounts of effective w ater in the 

soil sam ples cultivated tea and m anured by 
the bioproduct are higher than those for the 
soil sam ple DC and proportional to the time 
of m anuring the bioproduct. In fact, the 
highest percentage of effective vvater is 
recored for the soil sam ple TN3 with 20.9%. 
The next is 24.8% for the soil sam ple TN1. 
The smallest percentage are recorded for the 
soil sam ple control (DC) w ith 22.2%.
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