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In order to explore the technology of soil and water conservation in coastal saline soil area, improve the
prevention and control of soil erosion, white clover (Trifolium repens L) combined with different dosage of
polyacrylamide (PAM) was applied to the soil and water conservation in plot tests, and the influence of PAM
on the soil and water conservation effects of white clover (Trifolium repens L) was examined. The results
showed that compared to the only planting white clover, the addition of 1-5 g/m2 PAM reduced soil erosion by
516.0-1326.3 t/(kmz-a), which were 29.5-75.8% of the yearly soil erosion; inhibited soil evapotranspiration by
24.3-43.4%; improved the total rain water interception by 18.0-44.1 mm; and decreased the cumulative
percentage of water loss (CP) by 0.4-4.7% in the 30th day after the plants harvest. From the aspects of
reduction efficiency of erosion modulus and reduction efficiency of evapotranspiration, the optimistic dosage of
PAM was 1 g/mz. The synergy of PAM mainly focus on the early stage of white clover. In addition, PAM may
still slightly prevent the water loss after the plants harvest.

1. Introduction

The soil erosion problem is very serious in coastal area of Jiangsu in China because the soil there has a sand
and saline property (Zhao et al. (2013)). Plants are the most important for soil and water conservation. Zhao et
al. (2004) used Arbor-bush-grass combined plants to prevent the soil erosion in coastal saline soil regions,
and these plants may not only solve the soil erosion problem but also achieve remarkable economic benefits.
Chang et al. (2001) treated soil and water losses on red soil orchard slopes with eight different conservation
treatments, and found that planting Bahia grass on level bench terrace ridge was the most effective method to
preserve soil and water. As an important pasture, white clover (Trifolium repens L) is used in soil and water
conservation increasingly for its wide adaptability, barren and so o n ((Custovi¢ et al. (2014); Long et al.
(2003)).

Polyacrylamide (PAM), as a sort of polymer material, has been widely used in soil erosion control and soil
structure improvement since 1970’s in view of its low cost, convenient application and remarkable effects
(Entry et al. (2013); Lado et al. (2015); Lentz (2003); Levy and Warrington (2015); Sojka and Lentz (1997);
Sojka et al. (1998)). Lentz and Sojka (1994) summarized that 1.3 kg-ha-1 PAM might reduce furrow sediment
loss by 80-99% and increase not infiltration by -8-57%. Bjorneberg et al. (2000) found that 2 to 4 kg-ha-1 PAM
reduced runoff and soil erosion significantly. Fox and Bryan (1992) tested the performance of PAM conditioner
on tilled and undisturbed soils under simulated rainfall, and they found runoff generation and soil loss were
reduced significantly, especially when application it combined with raking. It can be seen that PAM has shown
good effects on soil and water conservation.

To further improve the protection of soil and water, white clover combined with PAM was applied to the soil
and water conservation in coastal saline soil. And to explore the influence of PAM, the soil and water
conversation effects of white clover with different dosage of PAM was compared to that of only white clover
through measuring the erosion modulus, evapotranspiration rainfall interception capacity and cumulative
percentage of water loss.
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2. Materials and methods

2.1 Experiment materials

The experimental district was located in Dongchuan Farm of Dongtai in Jiangsu. The slope ratio of the district
was 1:3. The experimental district was divided into 5 plots in a line and each plot occupied an area of 100 m?
(10 mx10 m). To avoid interference by the adjacent plot, a one-meter wide division zone was set between
each adjacent plot, and 0.5 m high concrete plates were buried at both sides of the plots. The top of the plate
was 0.2 m above the soil surface after settlement. The basic physical and chemical properties of the soil are
shown in Table 1.

Table 1: Physical and chemical properties of soil (0 ~ 35 cm) in the test area

Mineral composition (%) Porosity Bulk density Salt Organic matter  pH
Sand  Aleurite  Clay (%) (x10°kg/m®) (9/kg) (9/kg)
37.3 62.1 0.4 52.7 1.41 4.47 6.2 8.27

PAM was white granular solids manufactured by Shanghai Weizhuo Chemical Co., Ltd. And white clover was
from the local area.

2.2 Experiment method

PAM was sowed into the soil by mixing it with soil in ratio of 1:5 in the meantime of sowing white clover. The
dosage of PAMwas 0, 1, 3, 5 g/mz, respectively, and each dosage repeats for twice. The blank plot without
white clover and PAM was taken as the control check (CK).

Soil erosion was measured and calculated by nail method according to standard SL 419-2007. The total
volume from April to September was used to represent the annual soil erosion volume, which was expressed
as the erosion modulus. Evapotranspiration was measured by Markov bottle method. In the specific steps, the
undisturbed soil columns (depth 1.5 m, diameter 0.4 m) were taken and placed in PVC measuring barrels (the
soil surface is planted with grass), which were connected to the Markov bottle via a flexible plastic tube, then
the water levels of undisturbed soil columns were controlled the same as the underground water levels of the
experiment plot by Markov bottle, and then the change of water volume in the Markov bottle was the sail
evapotranspiration. The evapotranspiration rate was measured in the early stage (March 25th-May 31st), the
middle stage (June 1st-July 31st) and the late stage (August 1st-September 30th). When there was no rainfall
for seven consecutive days, the 7 d average evapotranspiration was regarded as the stage evapotranspiration
rate. Rainfall interception was measured and calculated by the difference between the rainfall volume and the
surface runoff volume based on the standard SL 419-2007, and it was measured during rainfall when surface
runoff was formed. Water loss amount of undisturbed soil samples 15 cm below the soil surface was
measured by cutting ring method. It was measured for consecutive 30 days after white clover harvest.

The reduction efficiency of erosion modulus (E) and the reduction efficiency of evapotranspiration (EE) were
calculated by equation (1) and (2):

E = (EMo-EM)/W 1)

where E is the reduction efficiency of erosion modulus, EM, and EM are the soil erosion modulus without and
with PAM, respectively, W is the mass PAM.

EE = (EVo-EV)W (2)
where EE is the reduction efficiency of evapotranspiration, EVy and EV are the evapotranspiration without and

with PAM, respectively, W is the mass PAM.
The cumulative percentage of water loss (CP) of the i-th day was calculated by the equation (3):

CPi= (Mo-Mi)/ (Mo-Me) (3)

where CP; is the i-th day cumulative percentage of water loss, Mo, M; and M. are the mass of cutting ring with
initial saturated soil; the mass of cutting ring with soil on the i-th day and the mass of cutting ring with dry sail
sample (drying at 105C).

3. Results and analysis

3.1 Effects of PAM dosage on soil erosion modulus
Fig. 1 shows the effects of PAM dosage on soil erosion modulus.
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Figure 1: Effects of PAM dosage on the erosion modulus
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Figure 2: Effects of PAM dosage on evapotranspiration

It can be seen that the soil erosion modulus of CK and the plot only planted with white clover was 2472.4 and
1749.5 t/(kmz-a) respectively; the latter is reduced by 29.2% compared to the former, suggesting that white
clover itself has good effects in preventing soil erosion. With the increase of PAM dosage, the soil erosion
modulus decreased continuously. Compared to the plot only planted with white clover, the soil erosion
modulus of the three plots added with different doses of PAM are reduced by 516.0-1326.3 t/(kmz-a),
accounting for 29.5-75.8% of the total annual erosion volume. However, with the increase of PAM dosage
from 1-5 g/m®, the value of E decreased, which were equal to 29.5%, 19.0% and 15.2%, respectively.
Therefore, from the aspects of E, the optimal dosage of PAM was 1 g/m2.

3.2 Effects of PAM dosage on evapotranspiration

Fig. 2 shows the effects of different doses of PAM on evapotranspiration.

Fig. 2 showed that the total evapotranspiration of CK was 312.9 mm, and the total evapotranspiration of the
plot with only white clover was 342.1 mm, which increased by 9.3% compared to CK. This is mainly due to the
transpiration of plants increased the total evapotranspiration of soil. With the increase of PAM dosage, the
total evapotranspiration decreased first and then exhibited a flattened trend. Compared to the plot only planted
with white clover, the three doses of PAM reduced the total evapotranspiration by 24.3-43.4%, suggesting that
the inhibition effect of PAM on evapotranspiration was stronger than the promotion effect of plant transpiration.
With the increase of PAM dosage, the EE decreased continuously. When the PAM dosage was equal to 1
g/m2 EE was the largest, equal to 24.3%, which reduced the total evapotranspiration by 83.2 mm compared to
the plot only planted with white clover. The inhibition effect on evapotranspiration reached the optimum at this
point of time.
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IFig. 3 showed the effects of PAM dosage on the evapotranspiration rate in different stages of white clover.

I early stage [ middle stage [ later stage

3.0
<)
€ 25
£ 25
[}
8 2.0
c
S
B 154
&
8 101
Q
g
@ 0.5
0.0+, ; T T T
CK 0 1 3 5
PAM dosage (g/m?)

Figure 3: Effects of PAM dosage on the evapotranspiration rate in different growth stages of white clover

Compared to CK, the evapotranspiration rate of the plot only planted with white clover rose significantly in the
middle stages. This is because that the continuous growth of leaves increases the transpiration effects
gradually. With the increase of PAM dosage, the evapotranspiration rate decreased at all stages. Compared to
the plot only planted with white clover, 1-5 g/m2 of PAM can reduce the evapotranspiration rate by 37.8-56.7%
in the early stage, by 25.6-52.8% in the middle stage and by 14.5-33.3% in the late stage. Therefore, the
inhibition effects of PAM on the evapotranspiration mainly turned out in the early stage of white clover.

3.3 Effects of PAM dosage on the rainfall interception
Fig. 4 shows the effects of PAM dosage on the rainfall interception of white clover in different stages.
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Figure 4: Effects of PAM dosage on the rainfall interception of white clover in different stages

It can be seen that the effects of different doses of PAM on the interception of white clover in a single rainfall
exhibited the same trend. Under the same rainfall, the interception capacity of white clover increased with the
increase of PAM dosage. With the addition of 1-5 g/m2 PAM, the total rainfall interception volumes of white
clover were increased by 18.0, 29.5 and 44.1 mm, respectively. The effects of PAM on the rainfall interception
capacity were different in different growth stages of white clover. The synergistic effect of PAM appeared
obviously in the early and middle growth stages of white clover, and the three doses of PAM can increase the
rainfall interception by 10.2-21.0%. Till the middle and late stage, along with the growth of white clover, PAM
only increased of rainfall interception by 7.3-2.3% and 2.0-4.8%, respectively. In other words, PAM mainly
strengthened the rainfall interception capacity of white clover in the early stages, while white clover itself plays
the leading role in the middle and late stage.

3.4 Effects of PAM dosage on CP30
Fig. 5 shows the effects of PAM dosage on CP after the white clover harvest.
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Figure 5: Effects of PAM dosage on CP after harvest

Fig. 5 showed that after the harvest of white clover, the CP increased continuously along with time. With the
increase of PAM dosage, the CP declined. On the 30th day after harvest, with the PAM dosage of 0-5 g/mz,
the CP3o were 97.1, 96.7, 95.3 and 92.5% respectively. In other words, the CP3, can be reduced by 0.4- 4.7%.
Therefore, although the white clover was harvested, PAM can still increase the water conservation capacity of
soil slightly.

4. Discussions

Fig. 1, 2 and 4 suggest that PAM can enhance the soil and water conservation effects of white clover
significantly. This mainly contains two parts, one is the effects of the PAM on the growth of white clover, which
can enhance the soil and water conservation capacity of the plant, and the other is the effects of PAM itself on
the soil and water conservation. For the first part, it is mainly because PAM can significantly increase the
contents of coacervate in the coastal saline soil (Helalia et al. (1988); ZHANG (2012)), and this property of
PAM is conducive for the formation of favorable soil environment for the growth of plants, then it can in turn
boost the growth of root and improve the water conservation capacity of the plants. When soil is dry, the soil
moisture can be released slowly by the osmotic pressure and absorbed by plants; this process prevents the
water loss and the useless evaporation (YUAN et al. (2005)). For the second part, it is because PAM is
beneficial to the formation of large soil particles (Mortensen (1962)) and porous structure, it thereby enhances
the capacity of soil to conserve rain water which consists with Figure 5. In addition, when PAM is dissolved in
the soil solution, a certain amount of colloidal substances are formed, which can conserve water by hydration.
Fig. 3 and 4 indicate that the synergistic effect of PAM appears significant mainly in the early stage. This is
because that the water conservation capacity of white clover is relatively weak during the initial stage of
growth. Therefore, the water conservation in the early stage mainly relies on PAM; while with the continuous
consumption of PAM, the capacity of plants turns up gradually.

When PAM dosage is equal to 1 g/mz, the water conservation efficiency is the highest. This is mainly because
that, with the continuous increase of PAM dosage, excessive amount of PAM dissolved in the soil solution
exists in form of hydrated state, and the colloidal structure may clog soil capillary and inhibit water evaporation
(Lentz (2003)). In addition, the amount of coacervate, sticky particles and small particles not involved in PAM
polymerization is reduced, so the water conservation effect of unit mass PAM declines with the increase of
PAM dosage.

5. Conclusions

(1) In coastal saline soil districts of Jiangsu Province, PAM can enhance the anti-erosion capacity of white
clover. Compared to the experiment plot only planted with white clover, the PAM dosage of 1-5 g/m2 reduced
soil erosion by 516.0-1326.3 t/(kmz-a), accounted for 29.5-75.8% of the total annual erosion volume.
Meanwhile, it also reduced the evapotranspiration by 24.3-43.4%, increased the total rainfall interception by
18.0-44.1 mm, and reduced the 30th day cumulative percentage of water loss by 0.4-4.7%. From the aspects
of E and EE, the optimistic dosage of PAM was 1g/m2.

(2) In terms of the capacities of inhibiting evapotranspiration and strengthening rainfall interception, the
synergistic effect of PAM appears obviously in the early stage. A suitable dosage of PAM can form
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complementary relationship with plants. That is to say, the soil and water conservation mainly relies on PAM in
the early growth stage of plant, while it takes advantage of plants in the middle and late stage. In addition,
after the white clover harvest, PAM may still slightly prevent the water loss.

Acknowledgments

The authors are grateful for the financial support from Key Water Conservancy Project of Science and
Technology in Jiangsu Province (2014017) and the joint research fund between Collaborative Innovation
Center for Ecological Building Materials and Environmental Protection Equipments (NO.GX2015201).

References

Bjorneberg, D. L., Aase, J. K. and Sojka, R. E., 2000, Sprinkler irrigation runoff and erosion control with
polyacrylamide. National irrigation symposium. Proceedings of the 4th Decennial Symposium, Phoenix,
Arizona, USA, November 14-16, 2000. 62(6): 1681-1687.

Chang, H., Dong, W., De, L. I., 2001, Benefits of Soil and Water Conservation Measurement on Orchard
Slope Land of Red Soil. Journal of Soil Water Conservation. DOI: 10.3321/j.issn:1009-2242.2001.02.027.

Custovi¢, H., Misilo, M. and Markovi¢, M., 2014, Water balance of Mediterranean karst soil in Bosnia and
Herzegovina as a water conservation and erosion control factor. Soil Science & Plant Nutrition 60(1): 100-
107. DOI: 10.1080/00380768.2013.862489.

Entry, J. A., Mills, D., Jayachandran, K., Sojka R.E., 2013, High Polyacrylamide Application Rates Do Not
Affect Eubacterial Structural Diversity. Water, Air, & Soil Pollution 224(1): 1-10. DOI: 10.1007/s11270-012-
1382-3.

Fox, D. and Bryan, R., 1992, Influence of a polyacrylamide soil conditioner on runoff generation and soil
erosion: Field tests in Baringo District, Kenya. Soil Technology 5(2): 101-119. DOI: 10.1016/0933-
3630(92)90012-P.

Helalia, A. M., Letey, J. and Graham, R., 1988, Crust formation and clay migration effects on infiltration rate.
Soil Science Society of America Journal 52(1): 251-255. DOI:
10.2136/ss5aj1988.03615995005200010044x.

Lado, M., Inbar, A., Sternberg, M., Ben-Hur M., 2015, Effectiveness of Granular Polyacrylamide to Reduce
Soil Erosion During Consecutive Rainstorms in a Calcic Regosol Exposed to Different Fire Conditions.
Land Degradation & Development. DOI: 10.1002/Idr.2448.

Lentz, R., 2003, Inhibiting water infiltration with polyacrylamide and surfactants: Applications for irrigated
agriculture. Journal of Soil and Water Conservation 58(5): 290-300.

Lentz, R. and Sojka, R., 1994, Field results using polyacrylamide to manage furrow erosion and infiltration.
Soil Science 158(4): 274-282.

Levy, G. J. and Warrington, D. N., 2015, Polyacrylamide Addition to Soils: Impacts on Soil Structure and
Stability. Functional Polymers in Food Science: From Technology to Biology, Volume 2: Food Processing:
9. DOI: 10.1002/9781119108580.ch2.

Long, Z. F., Tang, C. B. and Liu, X. F., 2003, Study on Protective Results of Mixed Planting of Herbs on
Highway Slopes. Soil & Water Conservation in China. DOI: 10.3969/j.issn.1000-0941.2003.03.015.

Mortensen, J. (1962). Adsorption of hydrolysed polysaccharide on kaolinite. Clays Clay Miner. Proc. 9th Nat.
Conf, West Lafayette, Indiana Pergamon Press, New York.

Sojka, R. and Lentz, R., 1997, Reducing furrow irrigation erosion with polyacrylamide (PAM). Journal of
Production Agriculture 10(1): 47-52. DOI: 10.2134/jpa1997.0047.

Sojka, R., Lentz, R,, Ross, C., Traut T., Bjorneberg D., Aase J., 1998, Polyacrylamide effects on infiltration in
irrigated agriculture. Journal of Soil and Water Conservation 53(4): 325-331.

Yuan, X., Wang, Y., Wu, P., 2005, Effects and Mechanism of PAM on Soil Physical Characteristics (in
Chinese). Journal of Soil Water Conservation, 19(2): 37-40.

Zhang, W., 2012, The Preliminary Study on Effect of PAM on Physical and Hydraulic Properties of Saline-
alkali Soil in Hetao Irrigation (in Chinese), Inner Mongolia Agricultural University.

Zhao, M. H,, Yang, Y. C., Zou, Z. G., Liu D. B., 2004, Studies on Benefits of Improving Water and Soil
Conservation by Ecological Measures in Coastal Regions of Jiangsu Province. Research of Soil & Water
Conservation 11(3): 233-236. DOI: 10.3969/j.issn.1005-3409.2004.03.071.

Zhao, Y., Wang, Z., Sun, B., Zhang C., Ji Q., Feng L., Shi M., 2013, A study on scheme of soil and water
conservation regionalization in China. Acta Geographica Sinica 23(4): 721-734. DOI: 10.1007/s11442-013-
1040-8.





