
and sprinkler irrigation. Sojka and Lentz 
ib) also reviewed the origins, proper- 
conservation benefits, mode of 
1, environmental impacts, and user 

The obiective of this studv was to evd- 

Effectiveness of 
polyacr lamide 

cumderations of PAM. sion Co 

D. V. Arrnbrust 
uate various PAM formulations for their 
effectiveness in controlling wind erosion 
by rheir effect on (a) the amount of loose 
eiodible material on the soil surface after 

(b) [he freestream 
and (c) abrasion of [he treated 
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(nust,). Tests ihowed that PAM is no mure cffecnw than natural rainfillfor wind crorion 

surface in [he laborarory and in [he field, 
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he use of vegetative and nonvegeta- 

is not new. Wheat straw and prairie hay 
(Chcpil et d. 1963a; Chepil et al. 1963b; 
Chepil e t  al. 1960),  cotton gin trash 
(Fryrear and Armbrust 1968), and feedlot 
manure (Woodruff et ai. 1974) are effec- 
tive in controlling wind erosion if appli- 
cation rates are high enough and materi- 
als are well anchored to the soil surface. 
According to Chepil  and  Woodruff 
(1963), desirable nonvegetative surface 
mulches are: 
1) indispersible in water and durable, yet 

porous to allow rainfall percolation; 
2) weak enough to allow seedling emer- 

gence; 

3) sticky indefinitely if used alone for 

4) easy to apply. 
Commercially available nonvegetative 

materials for temporary wind erosion 
control have been tested (Armbrust and 
Dickerson 1971; Lyles et ai. 1969; Lyles 
et al. 1974). Field and laboratory studies 
indicated that 25% of the manufacturer's 
recommended rate was effective if materi- 
al (a) covered the total soil surface, (b) 
was diluted and applied at the recom- 
mended rate with coarse-spray nozzles, 
and  (c) was applied wi th  fine-spray 
nozzles ar the recommended dilution 
(Lyles et al. 1969). Armbrust and Dicker- 
son (1971) identified additional desirable 

T.  tive mulches to control wind erosion permanent cover; and 

Laboratory rests. Haynie very fine 
sandy loam (fine-sandy, mixed, mesic, 
Pachic Haplusrolls) and Smolan silty clay 
doam (fine, montmorillonitic, mesic, 
Pachic Argiudolls) surface layers [O to 10 
cm (0 to 4 in)] were brought to a labora- 
tory, passed through a 0.64-cm (0.25-in) 
sieve, and air-dried in a greenhouse. Air- 
dried soil was placed in trays 1.48 m 
(58.5 in) long, 0.16 m (6.1 in) wide, and 
0.04 m (1.5 in) deep. Polyacrylamide for- 
mulations were applied to the soil surface 
at 25, 50, 100,200, and 400% of rhe rate 
recommended by the supplier and at the 
dilution recommended and allowed to 
dry in the greenhouse. Untreated soil (no 
PAM or rain) and soil exposed to rain 
only (no PAM) served as checks. All 
treatmenrs were replicared four times. 
Formulations, recommended rates, rec- 
ommended dilutions, molecular weights, 
and costs are shown in Table 1. 

Table 1. Polyacrylamide (PAM) formulations, recommended rates, and recommended dilutions tested in the wind tunnel' 

Formulation 

Liquid PAM 

HMW Dry PAM in H20' 
HMW Dry PAM + Rain 

LMW Dry PAM in H20 

LMW Dry PAM +Rain 
Rain Onlv 

Recommended Moiecuiar 
weight 

Rate Dilution (x 1O'Mg mol,) cost 

9.: 

5.i 
5.c 
5.f 
5.i 
- 

* HMW and LMW are high and low molecuia ' Simulated rain was applied after dry formc 

D.V. Armbrui t  i 
Wind Erosion R m b  

i I/ha (1 gal/A) i:1000 
5 kg/ha (5 Ib/A) 1:lOOO 
i kgha (5 ib/A) 

i kgiha (5 ib/A) 1:1000 
j kgiha (5 lb/A) 

0.5 cm rainf 

0.5 cm rain 
0.5 cm rain 

,r weights, respectively. 
ilations to activate the material. 

16-17 $5.81/1 ($'22.00/gai) 
16-17 $9.91/kg ($4.50/lb) 

kg ($4.50/ib) 
ko (%.5O/lbi 

- - 

Inc., Fort Cdiim, Colorado, Jor rGppiyinf PAM; 
and thr NRCS Plnnt Marcrids Cmtm, Manhat- 
tan. Kansas, &r wppiying thr field iite and ritt 
prrparation. Contribution /?om the WSDA-ARS 
war in cooperation with the Kanrai Agricuiturai 
Erpmmenr Station. Any we of @a&, product, OT 

jrm M ~ C I  is). dmriptive purporri oniy and doei 
not i m p l j  cndonrment  by the  United Stotcr 
governmmi 

- 
c characteristics: (ai cost was less than 
'- $123/ha ($50/a): ib) mulch initiallv ore- 

After drying, trays were placed In a 
wind runnel IO determine the loose erodi- 

I ,  ,. . , 
vented wind erosion and reduction at 
least 2 months; (c) there were no adverse 
effects on plant growth and emergence; 
and (d) the material was easy to apply 

Polyacryiamide (PAM) has been shown 
to greatly reduce irrigation-induced soil 
erosion at numerous locations (Sojka and 
Lentz 1996a). It can be applied as a 
liquid or as a dry powder through furrow 

bie material on the surface, freestream 
threshold velocity, and abrasion resis- 
tance. The trays were placed 10 m (32.8 
ft) downwind from the air inlet to the 
wind tunnel. The tunnel was 0.76 m (30 
in) wide and 1.0 m (39.3 in) high. 

Loose erodible material (LEM) was 
determined by exposing the trays for 
5 min to  a freestream wind speed of  
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Tabie 2. Polyacr) 
experlments' 

Formulation Rate Diiuiion 

tions, rates, and dilutions used in fieid 

Liquid PAM 18.6 iha (2 gal/A) 1:1000 

HMW Dry PAM in H20* 11.2kg/ha(10ib/A) 1:1000 
HMW Dry PAM + Rain 

Rain Only 

11.2 kgiha ( I O  ib/A) 0.5 cm rain' 

- 0.5 cm rain 

* HMW = high molecular weight 
' Simulated rain was applied after dry formulations to activate the material. 

Table 3. Effect of PAM formulations on loose erodible material, threshold wind veiocity, 
and abrasion of Havnie verv fine sandv loam tested in wind tunnel" 

Loose Threshoid 

g/tray m/s g soilis abrader 
Formulation erodible material veiocity Abrasion 

Check 174 a' 9.7 d 0.20 b 
Rain Oniy 14 c 19.4 b 0.19 b 

Liquid PAM 42 b 16.8 c 0.40 a 

HMW' Dry PAM + Rain 7 c  21.5 b 0.21 b 

LMW Dry PAM + Rain 7 c  25.3 a 0.16 b 

HMW Dry PAM in H20 7 c  21.7 b 0.34 a 

LMW Dry ?AM in H,O 7 C  21.9 b 0.38 a 

* If same within-column letter appears, differences are not significant at  the 5% level by 

+ HMW and LMW are high and low moleculai 
Duncan's multiple range test. 

13.4 mis (30 mph). Soil loss was deter- 
mined by weighing the travs before and 
after exposure. Wind spec i- 

sured 16 cm (6.3 in) abo 51 

floor with a pitot-static tub .e 
transducer. 

Freestream threshold velocity (U& was 
determined by measuring the soil loss 
from the trays after a 3-min exposure 
t o  a freestream wind  speed of 7 mls  
(15.6 mph) and  increasing the  wind 
speed in 1.0 mls (2.2 mph) increments 
until soil loss was > 10.0 g (0.02 Ib) for 
three exposures. The cumulative soil loss 
was plotted against wind  speed to 
determine the Ukr zt which soil loss was 
10.0 g (0.02 Ib). Ten grams was selected 
to be sure char a change in weighr of a 
tray was due only to wind-removed soil. 

Abrasion was determined by exposing 
the trays, from the LEM determination, 
to a freestream wind speed of 13.4 mls 
(30 mph) and 1.3 kg (29.5 lb) of sand 
[0.297-0.42 mm diameter (0.012-0.017 
in)]. Sand was placed 9 m (29.5 ft) up- 
wind of the trays. Abrasion by saltating 
sand grains was determined by weight 
loss/weight of abrader. 
Field tests. PAM formulations were 

applied to plots, each 3 X 10 m (10 X 33 
ft) in size, of Haynie very fine sandy loam 
soil that had been rototilled to produce a 

la- 
tions, rates, ana auutions usea are given 
in Table 2. Liquid materials were applied 
with a farm sprayer with coarse-spray 
nozzles. Dry materials were applied with 
a hand-held spreader and simulated rain 
[0.5 cm (0.2 in)] was applied with the 
farm sprayer. Untreated plots (no PAM or 
rain exposure) and "Rain Only" plots (no 
PAM) were included. Plots were replicat- 
ed three times. 

Plots were exposed when the soil sur- 
face was dry to a 17.3 mlsec (38.7 mph) 
wind velocity using a portable wind tun- 
nel that was 0.91 m (3 ft) wide, 0.91 m 
(3 ft) high, and 9.1 m (30 ft) long. Wind 
velocity was measured wi th  a Kurz  
anemometer located 8 m (26 ft) down- 
wind and 0.46 m (1.5 ft) above the soil 
surface. Soil loss was measured with two 
modified Bagnold catchers, located 0.3 m 
(1 ft) from the  tunnel  walls a t  the 
downwind end of the wind tunnel. The 
catchers are 0.61 m (2 ft) high with a 
I -cm (0.375-in) wide sampling slot. 

Loose erodible material (LEM) was 
determined by exposing the suiface for 
5 min to the wind and weighing the 
amount  o f  material caught in each 
catcher. Abrasion was determined by in- 
troducing 1.5 kg (3.3 Ib) of sand L0.297 
to 0.42 mm diameter (0.012-0.017 in)] 

at the upwind end of the wind tunnel. 
Exposure t ime was 5 min .  Material 
caughr in the catchers was passed through 
a 0.297-mm (0.012-in) sieve with finger 
pressure to assure chat any soil aggregates 
were broken, and the amounts of abrader 
and soil were determined by weighing. 
Crust  strength was measured with a 
penetrometer with a 1 cm2 (0.14 in') flat 
tip at five locations in each plot. 

Results and discussion 
Laboratory tests. Even though soil 

losses were less on the Smolan soil than 
on the Haynie soil, the effects of the 
PAM formulations were rhe same; there- 
fore, only the Haynie results will be dis- 
cussed. Application of PAM formulations 
to the soil surface significantiy reduced 
the amount of loose erodible material 
(LEM) (Table 3). PAM binds the surface 
particles to form a crust. Although the 
dry formulations performed better than 
the liquid formulation, the effects wete 
not different from results of applying 0.5 
an (0.2 in) of simulated rain. The rate of 
application of PAM made no difference 
(Table 4) .  

T h e  threshold wind velocity (Ufsr) 
required to initiate soil movement was 
increased by all PAM formulations (Tabie 
3). Only the LMW Dry + Rain formula- 
tion required a higher UhC than 0.5 cm 
(0.2 in) rain. Applying less or more than 
the recommended rate was of no benefit 
(Table 4).  

Abrasion by sand was increased by any 
PAM formulation applied as a liquid 
(Table 3) .  None of the formulations 
was less abraded than the Rain Only 
treatment.  Two and four times the 
recommended rate decreased abrasion, 
compared to the lower application rates 
(Table 4) ,  but were no different than the 
Rain Only treatment. The surface crusts 
formed by PAM were not well anchored 
to the soil below the crust and were pene- 
trated easily by salting particles. 
Field tests. Applying PAM to the soil 

surface at two times the recommended 
rate had no significant effect on loose 
erodible material, abrasion, or crust 
strength (Table 5 ) .  Rainfall [0.5 cm 
(0.2 in)] on the night after PAM treat- 
ments were applied may account for the 
check plots (no PAM or rain) having a 
crust, which reduced the loose erodible 
material. Resulrs agree with rests conduct- 
ed at Big Spring, Texas, with similar PAM 
formulations'. 

'Pcriond carrerpondencc from D.W. Fryrear, Big 
Spring, Texar. 

558 J O U R N A L  O F  SOIL A N D  W A T E R  C O N S E R V A T I O N  



Table 4. Effect of rate of application of PAM formulations on loose erodible material, 
threshold wind velocity, and abrasion of Haynie very fine sandy loam tested in the wind 
tunnel* 

Loose Threshold 
Rate' erodible material veiocity Abrasion 

gltray m / S  g soilig abrader 

0 174 a' 9.7 c 0.20 b 

25 47 b 17.3 b 0.35 a 

50 36 b 18.7 ab 0.31 a 

100 33 b 19.6 ab 0.29 a 

200 31 b 20.4 ab 0.20 b 

400 35 b 21.3a 0.19 b 

* Percent of recommended rate. 
i f  same within-column letter appears, differences are not Significant at the 5% level by 
Duncan's multiple range test. 

Table 5. Effect of field application of PAM on loose erodible material, abrasion, and 
Crust strenclth on Havnie V C ~ V  fine sand" loam 

. 
Treatment 

~ ~ ~ 

Loose C N d  
Erodible Material Abrasion Strength 

kgha g soilig abrader kg/cn? 

Check 9 a* 
Rain Only 25.6 a 

Liquid PAM 34.4 a 

HMW Dry in H20t 23.6 a 

HMW DN + Rain 28.4 a 

0.10 a 0.67 a 

0.14 a 0.48 a 

0.19 a 0.58 a 

0.16 a 0.83 a 
0.18 a 0.56 a 

* If same within-column letter appears, differences are not significant at the 5% level by 
Duncan's multiple range test. 
' HMW = High molecular weight. 

Summary 

Applicarion OF ?AM formulations will 
prorect the soil surface from wind erosion 
if the rreared area can be prorecred from 
incoming salration parricles. Application 
of twice rhe recommended rate gave max- 
imum resistance ro abrasion, bu r  rhe 
crusts formed by 0.5 cm (0.2 in) of simu- 
lared rain were more resisranr to abrasion 
than ?AM crusts. Because of the added 
cost of materials, rhe large volumes of 
water needed to apply the materials, and 
rhe need to ensure that sairation does nor 
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