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Influence of Salt Content on Soil Microbial Biomass Carbon
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ence for Yellow River Delta, Binzhou University, Binzhou 256600, China

Abstract  Soil salinization has become a global issue. Saline and alkaline arable land was taken as research object in this paper and four
salt gradients were set (S1;0.1% ; S2:0.5% ; S3:0.9% ; S4: 1.3% ). Through the addition of different substrates ( CK: no addition of
substrate; N addition of nitrogen source; C: addition of glucose, C + N addition of glucose and nitrogen source) to soil, it analyzed the
influence of salt content on the soil microbial biomass carbon (SMBC) for the purpose of surveying the response mechanism of soil carbon
turnover to salt stress. Results indicated that after addition of different substrates, the SMBC in high salt content (S3 and $4) is obviously
lower than that in low salt content (S1 and S2). The decline rate of S3 and $4 is 5.4% and 14.2% for no addition of substrate; the decline
rate is 9.0% and 24.0% for addition of nitrogen source; the decline rate is 11.5% and 28.0% for addition of carbon source; the decline
rate is 19.5% and 39.5% for addition of carbon source + nitrogen source. Compared with no addition of substrates, addition of nitrogen
source could not increase the SMBC. Addition of carbon source and carbon + nitrogen can significantly increase the SMBC, and the in-
crease in low salt content soil (80.0% —81.0% and 58.0% —59.0% ) is obviously higher than high salt content soil (52.0% -69.0%
and 34.0% -50.0% ). Generally, when the soil salt content is low ( 0.5% ), the influence of different substrate treatment is little on the
SMBC, and increasing the soil salt content can obviously reduce the SMBC.
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1 Introduction

At present, the land of Yellow River Delta suffers different levels
of salinization, and the area of land above mild salinization takes
up about 50% of the total area. The soil microbial biomass car-
bon (SMBC) can reflect adaptation degree of soil microbes to
salt and activity of microbes. Thus, the SMBC can measure the
growth of crops in salinized soil to a certain extent. By now, re-
searches focus on area survey and modified use of salinized soil,
but there are few studies about biological and chemical process of
salinized soil. Thus, studying the influence of the salt content on
the SMBC can provide guidance for crop planting in different de-
gree of salinization soil. This will be of great theoretical guidance
significance for increasing ecosystem diversity, increasing soil

fertility, and improving vegetation growth in the Yellow River

Delta.

2 Materials and methods

2.1 Soil sample Soil samples were collected in cotton plant-
ing area in Guojiazhuang Village, Xiaobotou Town, Wudi Coun-
ty, Binzhou City, Shandong Province, and the soil parent materi-
al is coastal fluvo-aquic soil. We collected samples of low salt

topsoil (0 — 20 c¢cm), removed animal and plant residues,
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sieved, and measured the SMBC. Besides, we took part of soil
samples for naturally drying and then measured the soil salt con-
tent. We separately took few soil samples for naturally drying,
then sieved for measuring the soil organic matters (SOM). Basic
physical and chemical properties of soil samples were: organic
matters 17. 67 g/kg, total nitrogen 1. 07 g/kg, and soluble salt
0.10% and pH 7.58.

2.2 Experimental methods

2.2.1 Soil salt treatment. We set 4 salt gradients; (i) CK,
soil salt content was 0. 1% (S1); (i) soil salt content was
0.5% (S2); (iii) soil salt content was 0.9% (S3); (iv) soil
salt content was 1.3% (S4). The detailed operation was as fol-
lows: we weighed 4 pieces of 12. 80 kg fresh soil samples and
measured the soil moisture. According to dried samples, we cal-
culated NaCl for 0.5% and 0.9% , dissolved the NaCl in
170 mL distilled water, evenly sprayed to each soil sample. For
the control group, we adopted similar method to spray 170 mL
distilled water, and cultured 14 days at 25°C in dark condition.

Table 1 Basic physical and chemical properties of soil after prelimina-
ry culture for 14 days with salt

Soil salt SMBC // mg/kg pH EC// us/cm
S1 161.6 + 0.3 7.59 +0.10 102 + 8
S2 168.7 + 3.3 7.66 £ 0.12 446 £ 15
S3 163.3 + 0.4 7.61 £ 0.10 847 + 18
4 125.8 + 5.3 7.61 £ 0.10 1179 £ 21

2.2.2 Substrate treatment. We carried out 4 treatments of sub-
strate addition: (i) CK, no addition of substrate; (ii) addition
of nitrogen source (N); (iii) addition of carbon source (C);
(iv) addition of carbon + nitrogen source (C + N). We took
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ammonium chloride (NH,Cl) and glucose as nitrogen source and
carbon source, added 30 mg/kg N and 750 mg/kg C separately.
Detailed operation was as follows: we took 3 salt soil samples cul-
tured according to the above procedure, divided each sample into
4 equal parts and added different substrates. According to differ-
ent substrate treatment, we weighed glucose and NH,Cl, dis-
solved each treatment of substrate into 50 ml distilled water,
evenly sprayed onto the soil sample, to make the soil moisture
reach 60% WHC.

2.2.3 Sampling. We weighed 150. 00g treated soil sample and
put it into 1 L wide neck flask, sealed with wrapping film,
pricked several pores on the film for ventilation, and cultured the
soil sample at 25°C in dark condition for 45 days. Each treatment
repeated 3 times and a total of 288 wide neck flasks were used.
During culture, we regularly weighed each wide neck flask to
compensate water loss, and took destructively sampling and
measured the SMBC content in 0, 2nd, 5th, 10th, 20th, 30th,
and 45th day.

2.3 Preparation of reagents

2.3.1

ethanol-free chloroform according to standard, put the purified

Preparation of ethanol-free chloroform. We prepared

chloroform in dark reagent bottle, and kept it at low temperature
(4°C) in dark condition.

2.3.2 Potassium sulfate (K,SO,) extraction agent. We pre-
pared potassium sulfate (K2S04) extraction agent according to
standard.

2.3.3 Liquid TOC standard solution. We used high concentra-
tion stock solution (500 mg/L TIC +500 mg/L. TOC + 500 ppm
TNb) , and volumetric flask 1000 ml. ( glass flask). We accu-
rately weighed 4412. 1 mg sodium carbonate (Na,CO, ), 1062.7
mg potassium hydrogen phthalate (KHP) , 1178. 54 mg ammoni-
um sulfate [ ( NH, ),SO, ], 1804.55 mg potassium nitrate
(KNO, ), dissolved with de-ionized water and diluted to 1000
mL, and then diluted the above standard solution to 5 ppm for
use.

2.4 Instruments and devices We used total organic carbon
analyzer (liquiTOCIT, German).

2.5 Analytical methods

2.5.1 Measurement of the SMBC.

weighed 3 samples of fresh soil equivalent to 20. 0 g dried soil

(i) Fumigation. We

and put into 80 mL beaker. Next, we put the beaker into vacuum
drier, and placed 2 — 3 beakers containing ethanol-free chloro-
form (about 2/3 beaker), and placed a small glass of diluted
NaOH solution to absorb CO, released during fumigation. We
used fumigation vacuum pumping device to pump vacuum, made
chloroform violently boil for 3 —5 minutes at —0.07 MPa, and
fumigated for 24 hours at 25°C in dark condition. We took out
soil and chloroform, put the beaker with soil into the vacuum dri-
er, and pumped vacuum repeatedly ( = 0.07MPa) till no chlor-
oform smell in soil. At the same time, we separately weighed 3
soil samples with equal weight, placed into another drier, omit-
ted the fumigation process, and took this as control group soil.
(ii) Extraction. We un-destructively moved the fumigated soil

into 200 mL polyethylene plastic bottle, added 100 mL

0.5 mol/L K,SO,, the ratio of soil to water was 1:4 (w:v),
conducted oscillation (25°C, 300 r/min) extraction for 30 mi-
nutes, and filtered with mid-speed quantitative filter paper to
125 mL plastic bottle. In the meantime, we separately weighed 3
samples un-fumigated soil and put them into 200 mL polyethylene
plastic bottle, and added 100 mL 0.5 mol/L K,SO, for extrac-
tion. Besides, we took 3 reagents containing no soil as blank rea-
gents. (iii) Measurement. Working curve: we separately ab-
sorbed 5 ppm standard solution into 6 sample bottles, and plotted
the standard curves according to different volume sampling meth-
ods for the same sample. Sample measurement: we absorbed
1 mL soil extraction solution into 40 mL sample bottle, and add-
ed 9 mL ultrapure water. We used total organic carbon analyzer
(LiquiTOC IT) to measure organic carbon content in sample solu-
tion. (iv) Result calculation. The SMBC; BC = EC / kEC,
where EC = organic carbon extracted from fumigated soil-organic
carbon extracted from un-fumigated soil; kEC is conversion coef-
ficient (0.45 in this study) (Wu et al. , 1990)

2.5.2 Measurement of other indicators. The soil organic matter
(SOM) was measured using the potassium dichromate heating
method. Total nitrogen (TN) was determined by dry combustion
method and measured by element analyzer ( varioEL III, Ger-
man). Soil salt content was measured by mass method.

2.6 Data analysis We employed Excel2003 and SPSS12. 0

software to make plotting and data statistical analysis.

3 Results and analyses

3.1 Dynamic changes in the SMBC treated by different
substrates

3.1.1 No substrate treatment. From Fig. 1, it can be seen that
the SMBC has increase trend on the whole. From the culture, the
SMBC of each treatment rapidly declined. In the second day after
culture, the SMBC of each treatment reached the minimum val-
ue, dropped about4.8% , 5.3% , 4.4% and 5.9% respectively
compared with the original value.

Rapid decline of the SMBC was because microbes needed to
continue adapting to the growth environment and salt content in-
hibited activity of soil microbes. Later, it started to rise rapidly.
From the second day to the fifth day, the growth rate was the
highest, and the growth rate was 42.0% , 79.0% , 50.0% and
226.0% respectively. Rapid rise of the SMBC in this period was
largely because nutrients were relatively rich, activity of microbes
started to increase, and newly added organic carbon was rapidly
converted into the SMBC'’. From the 10th day to the 20th day,
the SMBC was basically balanced. From the 20th day, the SMBC
of each treatment started declining and in the 30th day, it
reached the minimum value, 173. 97 mg/kg, 119. 03 mg/kg,
118.60 mg/kg, and 104. 01 mg/kg respectively. Except S1, all
were below the initial value. From the 30th day, the SMBC of
each treatment started increasing, but the growth rate was obvi-
ously lower than that from the second day to the 5th day. At the
end of culture, the SMBC was 222. 15 mg/kg, 256. 86 mg/kg,
225.41 mg/kg, and 196. 82 mg/kg. Compared with the initial
SMBC, the growth rate was 38. 0%, 52. 0% , 38. 0% , and
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56.0% respectively.
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Fig. 1 Changes in the SMBC without addition of substrate with
time

3.1.2 Addition of nitrogen source. From Fig. 2, we can see
that the SMBC after addition of nitrogen source remained fluctua-
tion, the overall changes were balanced compared with the initial
value. In other words, nitrogen treatment exerted little influence
on the SMBC.

500

N —0—S1 —M-S52 —A&—S3 —e—54

0 1 1
0 10 20 30 40 50

Culture time /I d
Fig. 2 Changes in the SMBC with addition of nitrogen source
with time

In the 2nd of culture, the SMBC was 06. 89 mg/kg, 107.40
mg/kg, 69.48 mg/kg, and 48. 62 mg/kg respectively, which
were 34.0% , 36.0% , 57.0% and 61. 0% respectively lower
than the original value. After addition of nitrogen source, C/N
ratio was too low, not favorable for growth of microbes, and mi-
crobes needed to adapt to changed environment, thus their activi-
ty would decline, and the SMBC accordingly declined'™’. From
the 5th day to the 45th day, the SMBC remained in dynamic bal-
ance. In the 45th day of culture, the SMBC grew by 46.3% ,
44.3% , 44.4% , and 12.2% compared with initial value.
3.1.3 Addition of carbon source. From Fig. 3, we can see that
after addition of glucose (C), nutrients necessary for growth of
microbes were abundant, activity of microbes was high, and the
speed of exotic organic carbon converted to microbial biomass
carbon was high. After addition of carbon source, although the
growth rate was different in each period, the SMBC measured in
each time point was higher than the initial value, while the
SMBC of SI and S2 salt treatment was obviously higher than that
of S3 and S4 treatment. In the 45th day, the SMBC of each treat-

ment was 357.17 mg/kg, 367. 84 mg/kg, 357.58 mg/kg, and
210. 37 mg/kg. Compared with the initial SMBC, the growth rate
was 121. 0% , 118. 0% , 119. 0% , and 67. 0% respectively.
Obviously, the SMBC at this time was much higher than the ini-
tial SMBC.

500
C —C—S1 @S2 —&—S3 —e—54

0 1 1 1 1
0 10 20 30 40 50
Culture time /I d
Fig. 3 Changes in the SMBC with addition of carbon source with

time

3.1.4 Addition of nitrogen + carbon source. From Fig. 4, we
can see that addition of nitrogen + carbon source significantly in-
creased the SMBC, and the SMBC took on significant increase
trend on the whole.

500
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Fig. 4 Changes in the SMBC with addition of carbon + nitrogen
source with time

From the 2nd to the 5th day, the decline of SMBC was pos-
sibly because C source was consumed too rapidly in the first two
days, it was converted to the SMBC, making C/N ratio decline,
and the nitrogen content was relatively high, which restricts ac-
tivity of soil microbes and decomposition rate of microbes also de-
cline™’. In the 10th day, compared with the initial SMBC, the
growth rate of SMBC was 113.0%, 73.0% , 71.0% , and
83.0% respectively. In the 20th day, compared with the initial
SMBC, the growth rate of SMBC was 90.0% , 86.0% , 45.0% ,
and 21.0% respectively. In the 30th day, compared with the in-
itial SMBC, the growth rate of SMBC was 41.0% , 4.0% ,

-9.0% , and 22. 0% respectively. Except negative growth in
the 30th day, the SMBC was higher than initial SMBC in other
times. In the 45th day, the SMBC had slight increase, and com-
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pared with the initial SMBC, the growth rate was 109. 0% ,
119.0% , 79.0% , and 36. 0% respectively. In sum, addition
of carbon + nitrogen source significantly increased the SMBC.
3.2 Changes in average SMBC in the entire culture period
after treatment of different substrates

3.2.1 No addition of substrate. According to Fig. 5, with the
rise in the soil salt content, the SMBC declined accordingly. In
other words, increase in the salt content brought about decline of
SMBC. However, when the salt content was 0. 1% and 0.5% ,
there was no big difference in the SMBC. From analysis, we
could reach following conclusion: except insignificant difference
in the SMBC between S1 and S2, the difference between any oth-

er two was significant.

200 &K \ \
o 160 = E : ¢
<
2 120
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2 80

40

0 1 1 1 ]

S1 S2 S3 S4

Salt treatment
Fig. 5 Changes in the average SMBC of each salt treatment with
no addition of substrate

3.2.2 Addition of nitrogen source. According to Fig. 6, with
the rise in the soil salt content, the SMBC had the decline trend
Compared with the SMBC of S1 salt treatment, the SMBC of S2,
S3, and $4 treatments declined by 4. 6% , 9.0% , and 24. 0%
respectively. Compared with the SMBC of S1, the SMBC of S2,
S3, and $4 significantly declined. From analysis, except no ob-
vious difference between S2 and S3, the difference between any

other two was significant.
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Fig. 6 Changes in the average SMBC of each salt treatment with

addition of nitrogen source

3.2.3 Addition of carbon source. According to Fig. 7, with
the rise of soil salt content, the SMBC significantly declined.
Compared with the SMBC of S1 treatment, the SMBC of S2, S3,
and S4 treatments declined by 0.3% , 11.5% , and 28.0% re-
spectively. Compared with the SMBC of S1 treatment, the de-
cline in SMBC of S2 treatment was not obvious, while that of S3
and S4 treatments was significant. From analysis, we could reach
following conclusion: except insignificant difference in the SMBC
between S1 and S2, the difference between any other two was sig-

3.2.4
Fig. 8, with the rise of the soil salt content, the SMBC declined

accordingly. Compared with the SMBC of Sl treatment, the
SMBC of S2, S3, and $4 treatments declined 10.49 mg/kg, 57.
94 mg/kg and 116.47 mg/kg, and the decline rate was 3.5% ,

nificant.

400
320 ' ' b
240
160
80

0

SMBC /| mg/kg

S1 S2 S3 S4

Salt treatment
Fig. 7 Changes in the average SMBC of each salt treatment with
addition of carbon source

Addition of nitrogen + carbon source. According to

19.5% and 39.5% respectively. From analysis, except no obvi-
ous difference between S1 and S2, the difference between any

other two was significant.
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Fig. 8 Changes in the average SMBC of each salt treatment with
addition of carbon + nitrogen source
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Substrate treatment
Fig. 9 Comparison of the SMBC in different substrate treatments
at the same salt gradient

3.3 Comparison of the SMBC in different substrate treat-
ments at the same salt gradient According to Fig. 9, the in-
fluence of substrate treatment on the SMBC was C >C + N > N.

When carbon source was added to the soil, compared with the
control group, the growth rate of the SMBC of four salt treatments
was 81.0% , 80.0% , 69.0% , and 52.0% respectively. When
carbon + nitrogen source was added to the soil, compared with
the control group, the growth rate of the SMBC of four salt treat-
ments was 59.0% , 58.0% , 50.0% , and 34.0% respectively.
When nitrogen source was added to the soil, compared with the
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control group, the growth rate of the SMBC of four salt treatments
was 7.0% , 1.0% , 1.0% , and —1.0% respectively. There-
fore, the growth degree of the SMBC with addition of carbon
source was higher than that with addition of carbon + nitrogen
source. The influence of addition of nitrogen source on the SMBC
was not significant. With increase in the salt concentration, the
growth rate of the SMBC of four substrate treatments declined ac-

cordingly.

4 Conclusions

(1) After addition of different substrates, the SMBC in high salt
content (S3 and S4) is obviously lower than that in low salt con-
tent (S1 and S2). The decline rate of S3 and $4 is 5.4% and
14.2% for no addition of substrate; the decline rate is 9. 0%
and 24. 0% for addition of nitrogen source; the decline rate is
11.5% and 28. 0% for addition of carbon source; the decline
rate is 19.5% and 39.5% for addition of carbon source + nitro-
gen source.

(ii) Compared with no addition of substrates, addition of
nitrogen source could not increase the SMBC. Addition of carbon
source and carbon + nitrogen can significantly increase the
SMBC, and the increase in low salt content soil (80. 0% -
81.0% and 58.0% —59.0% ) is obviously higher than high salt
content soil (52.0% —69.0% and 34.0% -50.0% ).

(iii) Generally, when the soil salt content is low ( <0.5% ),
the influence of different substrate treatment is little on the

SMBC, and increasing the soil salt content can obviously reduce

the SMBC.
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6 Conclusions

Garden space is receiving closer attention, especially in the de-
sign of landscape forms of garden plants. As a major element of
urban landscape design, garden plant is directly connected with
sensory experience of urban landscape space. Therefore, build-
ing the landscape forms of urban garden plants should not remain
at the stage of drawing, but should select proper garden plants
according to local culture, climate, and regional characteristics,

and assign garden plants with spiritual implication, cultural,
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aesthetic and ecological elements, to build artistic and pictur- )

esque plant landscape forms for urban gardens.
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