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ABSTRACT Chinese milk vetch (CMV) is a winter le-
gume that is commonly used as cover crop in Korea. Kill
date of cover crop for addition into soil affects N content
in cover crop and N availability in soil. This study was con-
ducted to evaluate the effect of CMV as green manure
cover crop according to kill dates before growing corn
without artificial fertilizer. Top of CMV cut three times on
13 April, 27 April, and 11 May were added into soil at
a rate of 600 kg per 10 a. Sugar content in CMV litter was
persistently decreased from mid-April to late-May. The
decrease of sugar content might be due to the trans-
formation into starch and/or other storage or structural con-
stituents. The decreased amount of sugars was greater than
12% and the increased amount of starch was less than
0.2%. Concentration of NH;" in soil treated by CMV litter
cut on May 11 was slightly higher than that in the
treatment with early-cut (April 13) CMV, the concentration
at 28 and 49 DAT (days after treatment) was higher in the
treatment with late-cut CMV litter. Regardless of cut (kill)
date of CMV, the phosphatase activity in the treatment of
CMV litter was higher compared to the untreated control.
Soil dehydrogenase activity was increased steadily by
addition of CMV litter implying total microbial activities
in the soil were increased. Our results demonstrate that the
status of cover crop species at kill date is an important
factor influencing soil enzyme activities derived from
microorganisms. Therefore, the optimal kill date of cover
crop should be examined to improve the efficiency of cover
crop as green manure crop regarding the practical sequence
in cropping system.

Keywords : Astragalus sinicus, cover crop, urease, phospha-
tase, dehydrogenase, soil enzyme

Chinese milk vetch (4stragalus sinicus; CMV) is a

species belonging to Fabaceae. This species has been curren-
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tly used for improving soil properties and reducing the
amount of chemical fertilizers in concemn with environmental-
friendly agriculture. Chinese milk vetch (CMV) is a legume
which exhibits relatively higher biological N-fixing activity
(150 to 200 kg-ha'l-yr"). CMV has been commonly used
as green manure and cover crop, contributing to organic
farming in Korea. Although the requirement of farmers for
developing cropping system with CMV is increasing, the
information of cultural practices that required for CMV-
based cropping system is not much. Among several benefi-
cial effects of green manure on agricultural soil (Roberson
et al., 1991), improvement of soil quality {Bandick & Dick,
1999), reduction of soil erosion (Delgado et al., 1999), and
weed suppression (Gallandt ef al., 1999; den Hollander er
al., 2007; Hartwig & Ammon, 2002), the relevance to soil
quality is closely related to soil microbial activity (Ladd,
1978)

Chemical changes of CMV in soil are controlled by soil
microorganisms via biotransformation of CMV constituents.
Therefore, the chemical properties of CMV constituents are
determining factor in field performance of CMV as a green
manure crop. Because the growth stages of cover crop show
different chemical composition of biomass, the effect of
CMV litter on soil properties is various according to cutting
and incorporated time. Although the cutting timing of the
aerial part of CMV before incorporation into soil is depen-
dent on the climatic and labor conditions, optimal timing
for cutting should be elucidated for efficient performance
of CMV litter in soil. As a green manure crop, the contribu-
tion of soil-incorporated CMV litter to successive crop has
not been clarified clearly. However, many results showed
the beneficial effects in case of other legume cover crops.

The cover crops increase soil N availability (Clark ez al.,
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1997a; Clark e al., 1997b; Kuo et al., 1996; Touchton et
al., 1994; Decker et al., 1994) and the level of organic
carbon and nitrogen and subsequently promote soil micro-
bial activities (Janzen et al., 1992; Van Gestel er al., 1992).
In temperature regions, winter cover crop contributes envi-
ronmentally to agroecosystem in many aspects. The immo-
bilization of inorganic nitrogen by cover crop results in a
decrease of NO; leaching (Schertz and Miller, 1972) and
slow release of the nutrient. Soil microorganisms participate
into the process including degradation of organic matter
and immobilization of inorganic nitrogen. In general, incor-
poration of cover crop into soil increases the microbial ac-
tivity and improves soil health.

Soil quality can be determined by the level of soil orga-
nic matter that is influenced by not only chemical and phy-
sical properties but also biological properties. Because soil
microbial activity is subjected to soil properties, soil micro-
bial activity is controlled by soil quality (Cole et al., 1987).
Therefore, soil enzyme activities have been shown to be
sensitive indicators of soil health under different cropping
systems (Kennedy & Papendick, 1995). Biological activity
of soil and soil healthy can be estimated based on the soil
enzyme activities that reflect activities of microorganisms.
Of many soil enzymes assayed to estimate soil quality, acti-
vities of soil urease, dehydrogenase, and phosphatase have
been used properly as an indicator for soil health.

Organic matter addition increases various soil enzyme
activities (Crecchio et al., 2001; Madejon ef al., 2001; Kan-
deler et al., 1999). An increased amount of organic matter
in soil implies the increase of substrates for soil microorga-
nisms. Different C/N ratio and degradability of organic
litter added into soil affect the decomposition rate and can
change the microbial community structure (Bengtsson et
al., 2003). Therefore, the timing of cutting for addition of
organic maiter into soil can affect the degradation event of
organic matter derived from CMV.

The objectives of this experiment are to verify the effect
of CMV on soil healthy based on the enzyme activity and
to know the proper timing of cutting and addition of CMV
during growth stages for improving soil quality with respect

to soil microbial activities. The results will contribute to

the development of cover crop—based cropping system for

environmentally friendly agriculture.

MATERIALS AND METHODS

Plant material and growth condition

CMYV seeds were sown at Sep. 5 on experimental farm
of Gyeongsang National University in 2004 at a sowing
rate of 5 kg per 10 a. After sowing, the seeds were covered
with soil to a depth of about 3 cm using rotary cultivator.
Any fertilizer or pesticide has not been applied during the
experiment. The CMV litters cut three times on Apr. 13,
Apr. 27, and May 11. CMV litter were added into pot
packed with sandy loam soil at a rate of 600 kg per 10 a.
Two corn plants (cv. Chalok 2) were seeded in a pot and

grown in a greenhouse.

Plant and soil analysis

Total nitrogen contents of CMV litter were determined
by kjeldahl method (AACC, 1969). Sugar content was
determined by the method of Bernfeld (1955) after extrac-
tion with 80% ethanol. Starch content of CMV was deter-
mined by enzymatic method using amyloglucosidase (Rose
et al., 1991). For determining NH.™ and NOs™ in soil, 25
g soil was extracted with 25 ml of 2 M KCI for 1 h using
orbital shaker. The soil solution was filtered using filter
paper (Whatman #1). NHs" content was determined spect-
rophotometrically. In brief, an aliquot of filtrate (5 ml) was
mixed with phenol solution (0.2 ml), nitroferricyanide solu-
tion (0.2 ml) and oxidizing reagent (0.5 ml). The mixture
was mixed vigorously and placed at room temperature for
1 h. The absorbance of solution was measured at 630 nm
and the concentration was determined based on the stan-
dard curve of NH4' -NO; concentration was determined

using NOj™ ion selective electrode.

Soil enzyme assay

Dehydrogenase activity was determined based on the
reduction of 2,3,5-triphenyltretrazolium (TTC) to triphenyl
formazan (TPF) by the method of Tabatabai (1982) with
slight modification. Air-dried soil (2 g) samples were
placed in 15 ml centrifuge tubes and add 2ml of TTC
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solution (1% in 0.5 M Tris buffer, pH 7.6). The tubes were
stoppered, mixed and incubated for 24 h at 37 °C in dark
condition. After incubation, added 5 ml of methanol and
mixed vigorously. The tubes were centrifuged at 3000 rpm
for 10 min and the supernatant was collected. Aliquots (1.5
ml) were removed and the absorbance of the supernatant
was measured at 485 nm. The amount of TPF was deter-
mined based on the standard curve of TPF. Enzyme acti-
vity was expressed in OD g'l h',

Urease activity was assayed based on the method of
Kandeler and Gerber (1988). Wet soil of 0.5 g was mixed
with 0.25 ml urea (80 mM) and 2 ml 75 mM borate buffer
(pH 10.0). The mixture was incubated with shaking for 2
h at 20 °C. After incubation, added 3ml of 2 M KCI. The
mixtures were shaken on an orbital shaker for 30 min and
centrifuged (3000 g, 15 min). An aliquot (0.2 ml) of super-
natant was mixed with 1.8 ml distilled water, 1 ml sodium
salicylate/NaOH solution and 0.4 ml dichloroisocyanuric
acid. The mixture was placed at room temperature for 20
min. Absorbance was measured at 690 nm. NH," concentra-
tions were determined using a calibration curve of NH4Cl
standard solutions from 0 to 2.5 ug ml’.

Phosphatase activity was determined using p-nitrophenyl
phosphate disodium (PNPP, 0.115 M) as substrate. Soil sam-
ples of 2 g were placed in a test tube. Add 0.5 M acetate
buffer (pH 5.5) of 0.2 ml and 0.115 M p-nitrophenyl pho-
sphate disodium of 0.2 ml. The mixtures were incubated at
37°C for 90 min. The reaction was stopped by cooling at
2°C for 15 min. Then, 0.5 ml of 0.5 M CaCl; and 2 ml of
0.5 M NaOH were added, and the mixture was centrifuged
at 3000 rpm for 10 min. The p-nitrophenol formed was de-
termined by a spectrophotometer at 398 nm (Tabatabai &
Bremner, 1969).

RESULTS AND DISCUSSION

Nitrogen and carbohydrates contents

The content of N in CMV was presented in Fig. 1. The
content was changed according to the growth stage after
overwintering. Because most nitrogen in CMV is organic

form, the nitrogen would be mineralized into inorganic N

by soil microorganisms. N content is an important factor in
CMV as green manure crop. To maximize the effect of
CMYV in a sequence of cropping, CMV litter should be
added into soil when the N content reaches to the highest
level. In this study, the content in top of CMV steadily
decreased until mid-May. It has been known that N content
in leaf is highly correlated with leaf protein content and
photosynthetic rate. However, there is a little discrepancy
between the two dates showing the highest nitrogen con-
tent and the highest biomass of CMV. Because the nitrogen
content and biomass in aerial part were highest around
flowering stage in CMYV, the addition of CMV litter into
soil at the flowering stage would be more beneficial to
increase N pool in soil.

Sugar content (Fig 2.) was persistently decreased from
mid-April until late-May. The decrease of sugar content

might be due to the transformation into starch and/or other
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Fig. 1. Changes of nitrogen content in Chinese milk vetch

shoot during reproductive growth from April to May.
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Fig. 2. Changes of glucose and starch content in Chinese
milk vetch shoot during reproductive growth from
April to May.
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storage or structural constituents. The decreased amount of
sugars was greater than 12% and the increased amount of
starch was less than 0.2%. Therefore, the carbohydrates of
CMV might be changed into less degradable forms like
cellulose that degrades slowly in soil. Carbohydrate contents
in cover crop influence the mineralization rate of cover crop
residue in soil (Vigil et al., 1991; Schomberg & Cabrera,
2001). Our result suggests that the degradation of CMV
litter added into soil would be degraded with different de-
gradation rate according to the growth stage of CMV in
spring. After late-April, the sugar content decreased drama-
tically reflecting the internal metabolic activities related to

carbon assimilation was lowering.

Changes in NO;~ and NH;*—N concentration in soil

after addition of CMV

NO; contents in the treated soil were presented in Fig.
3. Spring kill date of cover crop affects the level of N in
cover crop and subsequently, the N availability also can be
different after addition into soil (Clark et al., 1997a; Clark
et al., 1997b). Addition of CMV increased greatly the soil
NO;™ content. Previous report about corn plant showed that
corn growth was highly dependent on the amount of CMV
litter added into pot (Park & Shim, 2005). The positive
effect of CMV litter on the corn growth might be due to
the increased level of NO;". Soil NO;3™ content showed the
highest level by addition of early-cut CMV (April 13) litter

as compared to the CMV litter cut later. Because a part of
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Fig. 3. Effect of the addition of Chinese milk vetch litter cut
at different dates on soil NOs content.

NO;" in soil was absorbed and utilized by corn plants, the
content was decreased as corn plants grown in all treatment.
However, the soil added by the litter cut on April 13 show-
ed slow decreasing tendency. This result might be due to
the abundance of NO; in the soil in which the CMV litter
cut on April 13 was added. The soil added by the litter cut
on April 27 and May 11 might be not abundant in NO; to
support corn growth. Therefore, the NO;™ level was decrea-
sed more rapidly according to corn growth.

NH," content was presented in Fig. 4. NH4™ concentration
in soil was different with that of NO;™ in tendency. Although
the concentration of NH,™ in soil treated by CMV litter cut
on May 11 was slightly higher than that in the treatment with
early-cut (April 13) CMV, the concentration at 28 and 49
DAT was higher in the treatment with late-cut CMV litter.
It might be due to that corn plants grown under high NO3’
content were grow well and uptake more amount NH;" resul-

ting in the lowered NH," content.

Soil enzyme activity

Soil phosphatase activities were measured three times,
14, 28, 47 days after treatment (DAT). Regardless of the cut
time of CMV, the enzyme activity treated by CMV litter
was higher than that of untreated control (Fig. 5). Overall
tendency of enzyme activity was decreased over time. Soil
phosphates have an important role for soil organic P mine-
ralization and plant nutrition (Klose & Tabatabai, 2002).

The increased activity of phosphatase might contribute to
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Fig. 4. Effect of the addition of Chinese milk vetch litter cut
at different dates on soil NHa content.
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Fig. 5. Effect of kill date of CMV on soil phosphatase activity
at each incubation date. The activities were expressed
as the change of optical density at 485 nm.

increase availability of P in soil. Therefore, increased acti-
vities of phosphatase by addition of CMV into soil suggest
that CMV addition into soil can reduce the rate of P fer-
tilizer that normally applied as chemical fertilizer in Korea.
Soil urease catalyses the hydrolysis of urea and has also
been widely used as an indicator of soil quality (Gil-Sotres
et al., 2005). The activity of this enzyme is increased by
addition of organic matters (Pascual ef al., 1999). The acti-
vities of this enzyme showed less distinctive differences
among cutting times of CMV.

Urease activities were increased by addition of CMV litter,
however, the degree of effect was lower than that of pho-
sphatase (Fig. 6). Although N pool was increased by addi-
tion of CMV litter, there was no significant difference in the
effect of CMV addition on urease between kill dates of
CMV. The promotive effect of the addition of CMV litter
into soil was diminished at 47 DAT. Because urease acti-
vity in soil is highly related to the addition of organic ma-
tter, the lowered activity at 47 DAT means the decrease of
organic nitrogen derived from CMV litter. Therefore, the
enzymatic process for degrading organic N from CMV was
no longer persistent at a higher level reflecting that N mine-
ralization was reduced after 28 DAT in this experiment.

Dehydrogenase is a common and ubiquitous enzyme in
biological system and has been used as an indicator of
viability of organisms (Bentham et al., 1992). Regardless
of nutrient level in soil, the dehydrogenase activity was

increased steadily during the experiment (Fig. 7). This re-
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Fig. 6. Effect of kill date of CMV on soil urease activity at
each incubation date. The activities were expressed as
the change of optical density at 690 nm.
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Fig. 7. Effect of kill date of CMV on soil dehydrogenase
activity at each incubation date. The activities were
expressed as the change of optical density at 398 nm.

sult implies that total microbial activities in the soil were
increased by addition of CMV litter. The effect was greater
in the treatment of early-cut CMV than that of late-cut CMV.
Unlike other enzyme, activity of dehydrogenase was not
lowered significantly at 47 DAT. This result suggests that
the addition of CMYV litter improves the soil quality that was
represented by the enzyme activity of soil microorganisms.

In this study, we have not examined the effect of appli-
cation rate of CMV litter. Therefore, the result of this study
could be different under different application rate of CMV
litter and environmental conditions like soil and meteorolo-
gical condition. The treatment examined in this study, killing
date, resulted in the changed enzyme activities derived from

soil microorganisms and the level of nutrient pool required
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for crop growth. The results may be due to the differences
in N status and chemical composition in cover crop (Clark
et al., 1997a; Clark et al., 1997b) that affected by the killing
date in spring. Because this experiment was conducted by
simplified condition, further studies on the effect of CMV
under various conditions should be conducted to know the
more detailed effects of CMV addition in cropping system.

In conclusion, CMV addition into soil changed soil N
pool and soil enzyme activity. The differences in the effects
on soil were observed between the growth stages of CMV
when the aerial part was cut. Although biomass production
was different between the growth stages of CMV, early
cutting has more beneficial effects on soil quality. Activi-
ties of urease and phosphates, soil enzymes that play roles
in transformation of nutrients, were lowered as corn plants
grew. However, dehydrogenase, a representative soil enzyme
that reflects total soil microbial activity, did not show the
decrease. Therefore, addition of CMYV litter into soil im-
proved the soil quality and nutritional condition for crop

growth.
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