ON-FARM CoMPARISON OF POLYACRYLAMIDE AND
STRAW MuLcH oN Dry BEaN YIELD, IRRIGATION
PERFORMANCE AND EROSION

byB.A. King, B. Izadi, M.S. Ashraf,
R.H. Brooks and W.H. Neibling

Quantity and quality of water re-
sources are a major cencermn in Idaho.
which is ranked fourth in the nation
in terms of irrigated area. Approxi-
matelv 690,000 ha. in Idaho is imi-
gated by some form of surface irri-
gation, Soil erosion due to surface
irrigation significantly contributes to
surface water quality degradation and
threatens the sustainability of irri-
gated agriculture. The predominately
silt loams soils of southern Idaho are
highly erosive and typically have thin
A horizons. Carter (1993} showed
that the yield potential of these soils
is significantly reduced if the A hori-
zon is removed. Many fields in south-
em Idaho have little or no topsoil re-
maining on their upper reaches result-
ing from years of surface irrigation-
induced soil erosion.

Surface irrigation in southem
Idaho is common on slopes ranging
from 0.5 to 4% which often vary
within a field. As a result of erosion.
furrows develop into narrow deep
channels on slopes greatar than 1-
1.5%. This change in furrow shape
decreases the wetted perimeter of the
furrow and infiliration ratz. Produc-
ers often consider crops such as dry
beans and sugar beets adequately ir-
rigated when the wetting front moves
5-10 cm beyond the plant row. Re-
duced infiliration rates resulting from
furrow erosion lead to irriganon set
times of 24 hrs or longer. These long
irmigation set tmes exacerbate furrow
erosion. increase the volums of sedi-
ment laden runoff and reduce imiga-
tion efficiency. Producers ofien view
adequate irrigation for maximum
crop production more important than
sediment losses in runoff and associ-
ated long-term productivitv reduc-
tions. Surface irrigation management
practices are needed to reduce surface
irmigation-induced erosion. maintain
or increase infiltration rates so that ir-
fgation efficiency can be increased
while sustaining crop vields and soil

productivity and reducing offsite wa-
ter quality degradation and associated
societal costs.

Use of plant residues such as straw
selectively placed in furrows, some-
times referred to as straw mulching,
greauy reduces erosion and increases
infiltration. Several research studies
(Aarstad and Miller, 1981, Brown,
1985; and Brown and Kemper, 1987 )
have shown 52-90% reductions in
furrow sediment loss and 30-110%
increase in infiltration by straw
mulching. Placement of residue in
furrows greatly increases advance
times as a result of increased infiltra-
tion rates. This increases the charac-
teristic nonuniform infiltration along
the furrow length resulting in in-
creased deep percolation and reduced
irrigation efficiency,

Surge irmrigation, which employs
multiple on/off periods of increased
flow rates during the advance phase
of irrigation, has been shown to pro-
vide advance times equivalent or
slightly longer with straw mulching
than conventional continuous flow ir-
rigation with clean furrows tMiller et
al., 1987: Evans eral., 1987). The use
of surge irrigation combined with
straw mulching has been shown to
maintain or improve irrigation unifor-
mity while greatly reducing erosion
and increasing infiltration rates. The
increased infiltration caused by straw
mulching is partally compensatad by
the decrease in infiltration resulting
from surge flow application. Adop-
ton of this irrigation management
practice will require a significant
modification to many existing surface
irrigations systems in southerm Idaho.
Additionally. straw mulching ¢an oc-
cur at inconvenient times for the pro-
ducer, cause problems during culti-
vation and straw can move in the fur-
row, damming them and causing them
to overflow into adjacent furrows.

The treatment of furrow irrigation
water with 10 g m” of PAM during
the advance phase of irrigation
gready reduces furrow erosion and
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increases infiltration. Recent re-
search studies (Lentz er al., 1992,
Lent= and Sojka, 1994) have shown
80-99% reductions in furrow sedi-
mentloss and -8-57% increases in in-
filiration. The low concentration of
PAM required. which is used onlv in
the advance phase of irrigation, re-
sults in a minimwm amount of mate-
ral being required which minimizes
cost. Additonally, minimal equip-
ment and litde modification of exist-
ing irrigation systems is required de-
pending upon the method used to ap-
ply the material.

Irrgation management techniques
such as sraw mulching and PAM for
erosion control and infiltration modi-
fication are not widely practiced or
recognized in many surface irrigated
areas of the state. The objective of
this snudy was to obtain site-specific
information on the effect of straw
mulching under surge flow immigation
and PAM with continuous flow fur-
row irrigation on irrigation perfor-
marnce, erosion control and crop yield
1o be used as a basis for dissemina-
tion of information on the potential
advantages and disadvantages of
these practices in the study area.

Study methods

The study site near Paul, ID, was
on a Pormeuf silt loam on a field con-
ventonaily planted to dry beans. Two
expenmental sites within the field
were established. Site 1 has a slope
of 1.6% and furrow length of 198 m
(630 ft). Site 2 has a siope of 0.8%
and furrow length of 213 m (700 ft).
The smal! furrows were 15 cm deep
(approximately) and parabolic in
shape with a spacing of 112 ¢m (44
ins). The water source was ground-
water and sediment free,

Each experimental site was estab-
lished using a block of 18 furrows
constituting a complete randomized
block with six replicates and three
treaments. The treatments consisted
of the control, PAM and straw muich-



ing combined with surge irrigation.
Trafficked and non-trafficked furrows
were not differentiated as field scale
results were of primary interest. Both
experimental sites were irrigated by
individually regulated siphon tubes.
Site 1 was irrigated from an earthen
ditch and site 2 from a cement-lined
ditch. The irrigation duration for all
reaments was equal and approxi-
mately 12 h. half the 24-h duration
employed by the producer on the re-
mainder of the field. The control
treamment consisted of continuous in-
flow over the 12-h period at a rate of
15.1 L min* (4 gpm).

The PAM treament consisted of
polymer addition to furrow inflow
throughout the advance phase of irri-
gation. Water inflow to the furrow
was continuous over the 12-h immiga-
tion period at the same rate as the
control. The polymer used was
Superfloc A-836 (Cytec Industries
Inc.. West Paterson, NJI). a commer-
cially available PAM formulation for
soil erosion control. The PAM was
injected at the turbulent point of wa-
ter inflow at the furrow head from the
siphon tube. The PAM injection sys-
tem consisted of a portable constant
head supply tank of stock PAM solu-
tion, 2250 g m3, connected to a fixed
3.8¢m (1.5 in.) diameter PVC mani-
fold laid adjacent to the water supply
ditch. The manifold was equipped
with individually regulated outlets
atong the length. Clear plastic tub-
ing was used to pipe the PAM stock
solution from the manifold outlet to
the appropriate furrow in each experi-
mental block. The predetermined
PAM injection flow rate was set prior
to the start of water inflow to each
furrow. The injection flow rate was
predetermined to provide a PAM con-
centration of 10 g m? in the furrow.
The duration of PAM injection was
constant for all furrows and deter-
mined by the time for the last PAM-
treated furrow to advance across the
field.

The straw mulch treatment con-
sistedof 931 kgha' (8321b ac!) straw
hand-placed in each furrow prior to
the first irrigation, Site 2 received a
second equivalent straw application
following a single culdvation be-
tween irrigation 1 and 2. Site | was
not cultivated after planting,. but did
receive additional straw application

following straw movement probiems
in the furrows during the first irriga-
tion as a result of initially using to0
large of flow rate during advance.
Water inflow to the straw-treated fur-
rows was manually surged with an in-
flow rate of 22.7 L min-1(6 gpm) (ex-
cept first irrigation at site 1) during
irmigaton advance using 1 hr on/off
cycles until most furrows advanced
across the field (2 or 3 cycles). There-
after. a continuous inflow of 13.9 L
min” (5 gpm) was used throughout
the remainder of the 12-h imigation.

Site 1 received seven irrigations
and site 2 received six irrigations dur-
ing the season, Irrigations 1, 2.4 and
Satsite 1 and 1, 2.3 and 4 at site 2
were monitored for inflow, outflow
and sediment loss. Furrow inflow
was monitored periodically during ir-
dgaton. Furrow outflow was con-
tinuously recorded throughout tha ir-
rigation using a data logger and in-
strumented. individually calibrated V-
notch flumes (Honkers Supreme.,
Twin Falls, ID)Trour, 1986). Sedi-
ment loss was monitored by collect-
ing one-liter runoff sampies from the
free-flowing flume discharge every
15 min during the first hour, every 30
min for the next 2 to 3 h and every 60

min thereafter. The weight of sedi-
ment per liter of runoff was deter-
mined from the settied volume in
Imhof cones, by catibrating the vol-
ume of settled sediment and sediment
weight per unit volume of runoff (R*
=0.90). Irrigations where furrow out-
flow was not monitored. the same in-
flows (periodically measured during
irrigation ), PAM injection rates and
surge times as described for esach
treatment were employed to maintain
consisted treatnents effects through-
out the season. One exception was
irrigation number seven at site |
which the producer performed unex-
pectedly,

Dry bean yield was measured at
three locations in each furrow in the
experimental sites. Two-meter of
bean row was sampled on each side
of the furrow atdistances 0of 30.5, 122
and 182.9 m (100, 400 and 600 f1)
from the furrow head. Yield samples
were aiso taken adjacent 1o each ex-
perimental site under the producers
irmigation regime for comparison,

Net furrow infiltration depth was
determined by dividing the difference
between cumulative furrow inflow
and outflow volumes by furrow spac-
ing and measured furrow Iength, Net

Table L. Inflow, outflow, et infiloation. sediment losy, percent sediment reduction and

percent increase in net infiltration at size 1.

Cumuijative Cumulative Sediment Sediment
infow outflow Net infiltration loss reduction
Treatment mm mm mm % kgha' % of controi
Urmigation |
control 51.4% 2254 2894 56.2 7382* o
PAM 5238 17.4* 35.0* 66 % 25509 oG
straw 51.6% 16.6* 35.0% 67 8 3768 549
Lrrigation 2
control 51.3* 211 30.3* 591 3033+ 0
PAM 510 14.5*% 36.5% 716 3978 869
sraw 49.9* 3.07 47.0° 942 158 99 3
Irrigation 4
contro! 5394 15.8% 3714 688 1995+ q
PAM 53.3% 123 4174 78.2 3g90° 303
straw 50.3% 3.48 47 48 93.3 e 995
Irmigation 5
contrad 54.0* 16.0* g2t 707 1935* G
PAM 541~ 14.6* 39.64 73.2 1438 926
straw 43 48 7.0 412% 85 6° 99 7

'Similar uppercase ieters indicate nonsgrificance (P=0.10} berween treatments in each uTigation
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infiltration percentage was compuied
as the ratio of net infiltration depth to
cumulative inflow depth. Sediment
reduction was computed as the ratio
of sediment loss difference (control
minus Teatment) to sediment loss of
the control. Analysis of variance was
employed to test for significance of
treatment effects within each irriga-
ton. The Tukey muitiple comparni-
son procedure was employed 1o ex-
amine mean separations of cumula-
tive inflow, cumulative outflow, net
infiitration and sediment loss foreach
irrigation and yield.

Results and discussion

Irrigation and sediment loss data for
the four monitored irrigations at ex-
perimental site 1 (1.6% slope) are pre-
sented in Table 1. For the first and
second irmgations cumulative inflow
for the 12-hrirrigations were not sig-
nificantly different between the treat-
ments. Cumulative inflow for the
fourth and fifth irmigations were less
for the straw treatment due to less ir-
rigation on time as a resuit of employ-
ing three surge irrigation cycles rather
than two. Cumulative outflow from
the control and PAM treamnent were
not significantly different for any of

the four monitored irrigations. Cu-
mulative outflow for the soraw treat-
ment was significantly less than ihe
control or PAM weamnent for irmiga-
tions two, four and five. In the first
irrigation we initially staried with too
large of surge flow which washed
most of the straw from the furrows
and resulted in rapid advance and cu-
mulative outflow nearly equivalent 1o
the ¢lean furmrow treatments.

Net inftitration for the straw treat-
ment was signiificanty greater that the
control or PAM treament for imriga-
tions two and four Net infiltration
for the straw treatment in imigations
two and three is significantly in-
creased despite less cumulative in-
flow. Less cumulative inflow in irri-
gation five is partialty responsible for
the nonsignificant increase in net in-
filtration in the straw treatment. Net
infilration percentage for the PAM
treatment was consistently greater
than the contro! for all monitored ir-
rigations.

Sediment loss was significantly re-
duced by both treamments for all four
monitored irrigations. The siraw
treatment consistently resulted in less
sediment loss than the PAM treat-
ment. Despite the modest difference

Table 2. Inflow, outflaw, net infiltration, sediment loss, percent sediment reduction and

percent increase io net infiltration at site 2.

Cumulagive Cumulative Sedimemt  Sediment
infiow outflow Net infiiration Loss Reduction
Treatment mm mm mm % kg ha' % of control
Imgation |
comrol 4824 16.4* T 85.7 382 0
PAM 48 3* 15.5* 3284 &57.9 T8 79.6
SITAW 49.54 77 41.8* Bs4 454 BEZ
Irmigation 2
control 5174 18 54 33.2* 642 1298 0
PAM 43.6* 1424 3434 703 g7e 833
straw 65.5% 10.0* 5568 347 418 %6.8
Lrrigation 3
control 52.6* 1078 39384 75.6 628" 0
PAM 5314 16.5* 35.6* 68.3 1438 72
straw 46 4° . 3.0° 38.4* 3238 258 S6 0
Irrigation 4
control 52,44 22.5* 29.6* 56.5 B4 0
PAM 51.1* 19.4* 3158 61.6 17e 86.2
urzw 50 4+ 734 432* 387 218 97.5

'Simmiar uppercase lesters indicate nonsignificance {P=0.10} berwesn treatments in each rigation
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in sediment loss between the two
treamments, it is not siatistcally sig-
nificant. Furrow infiltration and ero-
sion processes are often inherently
variable making it difficult to detect
small treatment differences. For the
field conditions encountered in this
study, more than the six replicates em-
ployed are necessary to differendate
small treatment differences as they
arz obscured by the occumrence of one
or two anomalous exreme values in
gach immgadon, Sediment reduction
relative to the controi for site 1 was
70 to 93% for the PAM treatment and
94 10 99% for the straw mulch treai-
ment.

Immigardon and sediment loss data for
the four monitored irrigations at ex-
perimental site 2 (0.8¢¢ slope) are pre-
sented in Table 2. Cumulative out-
flow for the control and PAM treaz-
ment were not significantdy different
for any of the four irrigations. Net
infiltration for the straw treament
was sigrificanty greater than the con-
trol or PAM treatment for irrigation
two which is parnially due to the
greater cumulative inflow. The non-
significant difference in cumulative
outflow for the straw treatment in ir-
rigation two is also partially due to
the greater curnuladve inflow. Net
infiltration percentage was consis-
tently greater for the straw treatrnen:
in ali monitored irrigations compared
to the control and PAM treaument.
Sediment loss was significantly re-
duced by both treatments for all bus
the first imgation. The straw meai-
ment consisiency resulted in less sedi-
mernt loss than the PAM treatment, but
the modest difference was not signifs-
cant. Sediment reduction relative to
the control at site 2 was 77 to 93%
for the PAM treatment and 88 to 975%
for the straw treatment.

Dry bean yield at three furrow lo-
cations within each experimental site
are presented in Table 3 (next page).
The PAM treatment did not signiti-
cantly increase yield at any furmow
location at either site compared to the
control though it generally produced
increased yields. The straw treatment
significantly increased yield at 20.3
and 122 m from the furrow head com-
pared to the control at site 1 and
nearly always resulted in the largest
yields at both sites. Yield increases
in both treatments over the control is



Table 3. Drv bean vield (kg ba''y for the rwo

experimental tites for each trestment.

Distance from furrow head (m)
Treammnent 3058 122 1829
Site !
control 2389 2790 3516*
PAM 2501% 3248% 3695+
straw 3past 3T 3695+
Site 2
coatrol 3486" 2ot 470"
PAM 3465 3256* 3057*
straw 3674% 3711 3040

'Simitar uppercase leters (P=0 10) or similar io
berween wearments in £ach irnganon.
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attributed to increased total infiltra-
Hon and lateral wetting resulting in
higher soil moisture levels during
water sensitive growth stages of the
Ccrop.

Dry bean yietds from Table 3 along
with yields from the producer's irri-
gaton regime which were taken ad-
jacent w each experimental site are
shown in Figure 1 for site 1 and Fig-
ure 2 for site 2. Yields art site 1 in-
creased with distance from the fur-
row head which is attributed to loss
of yield potential in the upper portions
of the fieid due to years of sustained
imgaton-induced soil erosion. The
producer's irrigation regime resulted
in greater yields than the control for
all furrow locations at site 1. Yield
under the producer’s irrigation regime
along the upper portions of the fur-
rows were similar or less than that of

the straw treatment. Yields at site 2
(Figure 2) decreased with distance
from the furrow head which is attrib-
uted to nutrient deficiencies or dis-
ease. The producer’s irrigation re-
gime resulted in reduced yields com-
pared 1o the PAM or straw treaunernts.
Nearly equivalent or greater yields
were obtained using PAM or straw
mulch at both experimental sites un-
der the 12-h irrigations compared to
the producer's 24-h irrigation which
used twice as much water and cer-
tainly resulted in greater soil erosion
and sediment laden runoff than was
observed under the study conditions.

Summary

Our on-famm swudy showed that
PAM injected duning the advance
phase of irrigation and straw rmulch

both significandy and effectively re-
duced soil zrosion. No significant dif-
ference in sediment loss was found
berwesn the PAM and straw treai-
menis used in this study, however the
straw treamment consistently resulted
in lower sediment losses. On the
1.6% slope. dry bean yield was sig-
nificantly increased along the upper
reaches of the furrow by the straw
mulch treamnent while the PAM treat-
ment did not significantly increase
yield. On the 0.8% slope, dry bean
yield was not significantly increased
by either wreatment. Comparison of
dry bean viald under the 12-hr trriga-
tion duration employed in this study
with the 24-hr irfigation duration em-
ployed by the producer revealed that
nearly equivalent or greater yields can
be obtained by using PAM or straw
mulch o increase infiltration with ap-
proximately half as much water as
current!y used by the producer. Based
on our resuits, straw mulch will likely
provide greater infiliration. erosion
control and yield on slopes greater
than approximately 1.5% compared
to PAM but at a greater expense 10
the producar,

References

1. Aarstad, J.S. and D.E. Miller
1981. Effects of smail amounts of
residue on furrow erosion. Soil Sci.
Soc. Am. J. 45:116-118.

2. Brown. M.L. 1985, Effect of
grain straw and furrow irrigation
stream size on soil erosion and infil-
traton. J. Soil Water Conserv. 35:367-
370.

3. Brown.M.J. and W.D. Kemper.
1987. Using straw in steep furrows
to reduce soil erosion and increase dry
bean yields. J. Soil Water Conserv,
42:187-191.

4. Evans.R.G.,J.8. Aarstad. D.E.
Miller and M. W. Kroeger. 1987. Crop
residue effact on surge furrow irriga-
tion hydraulics. Trans. ASAE
30(2):424-429,

5. Lemz, R.D,, [. Shainberg. R.E.
Scjkaand D.L. Carnter. 1992. Prevent-
ing irrigation furrow erosion with
small applications of polymers. Soil
Sci. Soc. Am. J. 56:1926-1932.

6. Lentz. R.D. and R.E. Sojka.
1554, Field results using polyacryla-
mide t0 manage furmow erosion and
infiltration. Soil Science 158:274-
282.



4 — Cantrol
4000+ —— PaM
3800- —=— Straw

- = © —— Preoducer

Yield (kgiha)
[ ¥]
[~ ]
(=]
2
i ] 'l

2200 A L S -1 v r 7 r .

0 20 40 80 80 100 120 140 180 180 200
Distance from furrow head {m)

Dry bean yield for each treatmer:: and producer's irmigation regime at excerimenial site 2.

7. Miller, D.E.. J.S. Aarstad and
R.G. Evans. 1987. Control of furrow
erosion with crop residues and surge
flow irrigation. Soil Sci. Soc. Am. .
51:421425,

8. Trout. T.J. 1986. Pressure sen-
sor configurations for open channel
flow recorders. Appi. Engr in Agri-
culture 2(2):129-132,

About the authors

B.A. King, B. Izadi, M.S. Ashraf,
R.H. Brooks and W.H. Neibling—
Urniv. of Idaho. Aberdeen. Univ. of
Idaho. Moscow, Univ. of Idaho, Mos-
cow, Univ. of Idaho, Buriey and Univ.,
of Idaho, Twin Falls



