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3. Executive Summary
Surface irrigation is the most widely used irrigation method in the world. In Kyrgyzstan, out of 1
million hectare of irrigated land, 85% is under furrow and surface irrigation. However, surface
irrigation systems are relatively inefficient and only ~60% of the applied water reaches the root.
zone immediately after irrigation. The overall aim of the current project is to improve the
technology and managerial practices regarding the use of polyacrylamide (PAM) and surge type
furrow immigation. Intake rate (IR) and rill erosion (RE) studies under controlled laboratory
conditions (using mini-flumes) allowed to study the effects of interrupted flow (simulation for
surge type irrigation), PAM application and soil type. Results showed that: (1) interrupted flow
led to the consolidation of the soil surface and to a decrease in IR; this decrease in IR was greater
for less stable soils than for stable ones, (ii) interrupted flow resulted in decreased RE
irrespective of soil type, (iii) application of PAM to the irrigation water led to a substantial
reduction in RE, (iv) PAM addition reduced IR only in in a weakly structured soil, (v} irrigation
with sediment-containing water decreased IR irrespective of irrigation method (continuous vs.
interrupted flow). The main conclusions of our studies were that main benefits of using
iﬁterrupted flow as a means for improving surface irrigation and controlling RE will be gained in
weakly structured soils. Addition 6f polymer to the irrigation water may enhance the effects of
interrupted flow in these soils. However, when the irrigation water contain sediments (i.e.,
tailwater), interrupted flow has no advantage over continuous flow in improving nrigation
efficiency. Another laboratory experiment has shown that use of salin-sodic water also
diminishes the efficiency of interrupted flow in decreasing the hydraulic conductivity of the soil
surface. Field experiments were conducted in Kyrgyzstan where the effects of flow type
(continuous and interrupted), inflow rate and PAM application on furrow erosion, water
infiltration and yield were tested. Results showed the following general trends: (1) surge
irrigation was effective in reducing furrow intake rate (IR), especially in the short (150 m) rather
than the long (200 m}) furrows, (ii) surge irrigation improved moisture uniformity over the entire
field, (iii) PAM was effective increasing furrow intake rate and inreducing furrow erosion, and
(iv) combined application of PAM with surge irrigation was not more effective than each
treatment alone. With respect to yield, results were not conclusive and varied with the crop
studied.

The studies preformed within the framework of this project indicated that surge type

flow, PAM application and water quality have complex effects on IR and RE, which depended



on soil type. Further studies are necessary to incorporate the knowledge gained in the laboratory
with that obtained in the field in order to develop guidelines for proper management of furrow

irrigation that will be suitable for a large array of soil types and field conditions.

4, Research objectives: |

The overall aim- of thé current project is to improve the technology and manageﬁ.al practices
regarding the use of polyacrylamide (PAM), surge type furrow irrigation and water quality; all in
order to better conirol furrow erosion and improve water infiltration and tailwater quality under
surface irrigation. _

More specifically, the research work will focus on studying the effects of (i) irrigation type
(continuous vs. surge); (it) addition of small amounts of PAM to irrigation water; (iii) soil properties
(mainly texture composition of exchangeable cations (Na, Ca and Mg); and (iv) irrigation water
quality_, namely level of salinity and sediment concentration.

-Sufface irrigation is the most widely used irrigation method in the world. In Kyrgyzstan, out
of 1 million hectare of irrigated land, 85% are uﬁder furrow and surface irrigation. Farmers in
Kyrgyzstan often experience poor aﬁd uneven water penetration in their land which leads to low
yields and large amounts of eroded soil being removed from the field. The latter, causes a
deterioration in the quality of the furrow discharge (tailwater), which frequently is reused for
imgation. Development of an irrigation rnahagement suitable for conditions in Kyrgyzstan, that will
reduce furrow erosion and improve water penetration, is essential for increasing field productivity,.
- and maintaining soil fertility and irrigation water quality. Better underStandiﬂg of the combined
effects of soil properties, soil amendments, and type of surface irrigation on the erosivity and
permeability of soils under furrow irrigation will enable the development of irrigation management

suited for individual farmers in Kyrgyzstan.

5. Methods and Results

5.1, Israel -
Research activities included laboratory studies, which were summarized in four manuscripts. Three
have already been published, and one is prepared for puﬁlication (see section 7)  The topics of these
studies were: _ '
Bt Polyacrylamide, sediments and interrupted flow effects on rill erosion and intake rate. -

1I. Flow interruptions effects on intake rate and rill erosion in two soils.



0. Water quality and sodicity effects on soil bulk density and conductivity in interrupted flow.
IV. Sodicity and water quality effects on intake rate and rill erosion in interrupted flow.
Abstracts of these manuscripts are presented herein. The full manuscripts are enclosed in

appendices 1, 2, 3 and 4.

1. Polyacrylamide, Sediments and Interrupted Flow Effects
on Rill Erosion and Intake Rate
D. Sirjacobs, I Shainberg, I. Rapp, and G.J. Levy.

Abstract

The reduction in the intake rate (IR) during interrupted irrigation is difficult to predict.
Sediments in irrigation water decrease the effect of interrupted imrigation on IR. Polyacrylamide
(PAM) reduces rill erosion , but its effect on IR is controversial. The effects of water quality
(tap water, tap water containing sediments, and 10 g m” PAM solution) and interrupted flow
on IR and rill erosion in an Alfisol (Calcic Haploxeralf) and a Vertisol (Typic Chromoxerert),
were studied using laboratory miniflumes. Rill erosion in both soils was eliminated by the PAM
treatment in both continuous and interrupted flow. PAM application reduced IR in the Alfisol,
and increased it in the Vertisol. In the Alfisol, interrupted flow reduced IR of PAM solution by
37% compared with only 18% for tap water. In the Vertisol, interrupted flow reduced IR only
slightty and the decrease was not affected by the polymer. When the water contained sediments,
cumulative infiltration was reduced by 22% for the Vertisol and 59% for the Alfisol, in
comparison with tap water. These reductions were attributed to depositional seal formation. The
IR of the Alfisol was more susceptible to depositional seal formation than the Vertisol. The
presence of sediments in water was effective in reducing rill erosion. The effects of interrupted
flow with PAM on reducing IR, were explained by partial blocking of the conducting pores
leading to greater suction and compaction of the soil surface. For sediment-laden imrigation
water, interrupted flow had no advantage over continuous flow in reducing IR, because of

depositional seal formation associated with the sediments in the water.
I1. Flow Interruption Effects on Intake Rate and Rill Erosion in Two Soils
D. Sirjacobs, I. Shainberg, 1. Rapp, and G.J. Levy

Abstract

The efficiency of surface irrigation is low because of poor field uniformity, resulting from high



intake at the upstream end and low iﬁtake at the end of the field. Surge irrigation, the intermittent
supply of water to furrows, generally reduces soil intake rate (IR) and improves .moisture
uniformity over the entire field. However, IR reduction varies from one irrigation scheme to
another, it depends on soil and water properties and is difficult to predict. Thus a laboratory
study, using miniflumes, was designed to investigate the effect of interrupted flow on IR and soil
loss from short rills. Two soils differing in their textures: a silty loam loess and clay soil were
studied. Intake rate in the clay soil was higher than that int the loess. Therefore, different inflow
rates were applied to the two soils, in order for the runoff flow rate to be similar. The results
showed that: (i) flow interruption reduced infiltration by 19% and 6% in the loess and the cléy
soil, respectively, compared with continuous flow, and (ii) interrupted flow E'educed cumulative
~ soil loss by 84% in the clay soil and had only a small effect on soil loss from the loess.
Consolidation of the wet soil with the unstable structure (loess) during the ﬂow interruption was
suggested as the explanation for the effects of flow interruption on intake rate. Consolidation of
the soil surface and the formation of cohesive forces between soil particles, was offered to
explain the large effect of interrupted flow on soil detachment in the clay soil. The results
obtained with miniflumes indicated that flow interruption could reduce IR in soils with an
unstable structure (loess) and reduce rill erosion in a clay soil. However, these results need to be

verified in field experiments.

II1. Water quality and sodicity effects on soil bulk density and conductivity in

interrupted flow

G.J. Levy, N. Sharshekeev and G.L. Zhurvskaya
Abstract '

Interruption of flow during furrow irrigation (e.g., use of surge technique), consolidates soil near
the furrow surface, causing reorientation and rearrangement of soil particles, and leads to
 increased surface bulk density (BD), and reduced hydraulic conductivity (HC) of this surface
layer. We hypothesized that soil consolidation could be affected by irrigation water quality and
soil sodicity; We studied in the laboratory changes in the BD and HC of an alfisol (Calcic
Haploxeralf) and two vertisols (Chromic Haploxerert) having different ex-changeable sodium
percentage (ESP) levels, that were subjected to 5 cycles of leaching and draining under matric
potential of up to -5 J kg, Four different water qualities (electrical conductivity (EC) of 0.01,
0.95, 2.0 and 4.0 dS m™) were tested. Final BD was significantly greater than the initial value



when matric potential was applied. Conversely, for continuous leaching (i.e., no application of
matric potential), differences between final and initial BD were imsignificant. Water quality and
sodicity did not affect BD, suggesting that for a given soil exposed to a low level of matric
potential, soil consolidation was not affected by water quality or ESP. Final HC values were
always lower than initial ones, with the decrease in HC after application of matric potential being
by far greater than that observed when continuous leaching was used. The decrease in HC
relative to initial HC dépended on both water quality and sotl sodicity, was greater with the
decrease in water EC and an increase in ESP. Adverse effects of low EC and high ESP on HC
were less pronounced in matric potential application than in continuous leaching. Qur results
suggest that the quality of water available for irrigation and soil sodicity should be taken into
account in cases where interrupted flow is considered for improving furrow irrigation efficiency

via reducing soil infiltration rate.

IV. Sodicity and water quality effects on intake rate and rill erosion in interrupted flow
N. Sharshekeev, G.L. Zburavskayaand G.J. Levy

Abstract |

The efficiency of surface irrigation is low because of poor field uniformity, higher intake at
upstream end and slow intake at the end of the field. Surge irrigation, the intermittent supply of
water to furrows, éenerally reduces soil intake rate (IR) and improves moisture uniformity over
the entire field. However, IR vanes from one irrigation scheme to another, it depends on soil and
water properties and 1s difficult to predict. The effect of water quality and soil sodicity on IR and
soil loss from short rills was studied in an alfisol and a vertisol using miniflumes under

interrupted and continuous flow. The infiltration rate was more sensitive to the sodicity of the
soil than to the electrolyte concentration. The results showed that: (i) interrupted flow reduced
soil loss in the vertisol and had small effect on soil loss from the alfisol, (ii) interrupted flow
reduced IR in both soils compared with that obtained in continuous flow; this reduction in IR was
more effective in the alfisol than in the vertisol, and (iii) the effect of interrupted flow in reducing

the IR depended on application of water quality mainly in the vertisol soil.

5.2. Kyrgyzstan
Research activities included Iaboratory and field studies, which were summarized in two reports.

The topics of these studies were:



V. Soil sodicity, water quality and interrupted flow effects on rill erosion and intake rate (2

laboratory study).

V1. Effects of polyacrylamide and surge type irrigation on intake rate, rill erosion and yield (a
long term field study)

Abstracts of these reports are presented herein. The full reports are enclosed in

appendices 5 and 6. For the long term field experiment due to space considerations, only the

complete report for the last season is provided in appendix 6.

V. Soil sodicity, Water quality and Interrupted Flow Effects on Rill Erosion
and Intake Rate in Soils from Kyrgyzstan
.N. Sharshekeev and G.L. Zhuravskaya

Abstract

The effect of interaction between water flow characteristics, soil sodicity and water quality on the
rill erosion and intake rate was studied in the laboratory. Specific objectives of these study were
to evaluate: (i) the use interrupted flow for reducing soil erosion and intake raté, (ii) the effect of
soil sodicity (exchangeable sodium percentage [ESP]) and water quality (0.01,0.95,2.0 and 4.0
dS m™) on the soil erosion and intake rate. Rill erosion in two ESP levels under the surge
irrigation decreased soil loss for all water qualities compared with continuous flow. Decreasing
soil loss was more effective in ESP 0.39%. The IR was more sensitive to the sodicity and water

quality, but the surge irrigation reduced IR only slightly m ESP 5.67% and had no effect in ESP
0.39%. |

VI. Effects of polyacrylamide and surge type irrigation on intake rate, rill erosion

and yield (a long term field study)
G.L. Zhuravskaya and N. Sharshekeev
Abstarct

Furrow erosion, soil intake rate arid crop yield were studied for 5 growing seasons (1998, 1999,

2000, 2001 and 2002) in the field. Bach growing season the experiments consisted of two stages,
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a preparatory stage and the main part. Preparatory stage included: (1) choosing the area for
conducting of field experiments, (2) leveling of the area with the and determining the surface
slope in the direction of the irrigation, (3) determination of soil permeability, (4) determination
of the chemical and mechanical composition of the soil, and (5) testing the irrigation with the
aim of determining the flow rate of the irrigation stream. In the main stage of the experiment
crop was grown in all but the first season. The study consisted of the determination of furrow
erosion and water losses to infiltration of the flow rates lengthways of 150-200 m furrows. The
treatments studied were (1) continuous flow with one inflow rate [q1], (2) continuous flow with
high inflow rate at the advancement stage [q1] and a lower inflow rate at the rest of the irrigation
[q2], (3) surge flow with inflow rates q1 and q2, (4) continuous flow as in treatment 2 with the
addition of polyacrylamide (PAM) at a concentration of 10 mg/L to the rmgation water at the
advancement stage of the first irrigation, and (5) surge flow with the addition of PAM. The study
consisted of determination of sediment concentration in the irrigation water and water losses
to infiltration in the lengthways of the furrow for each individual irrigation, as well as crop
parameters (e.g., yield, green material etc.) at the end of the growing season. Results with respect
to furrow erosion and water intake rate showed the following general trends: (1) surge irrigation
was effective in reducing furrow intake rate (IR), especially in the short (150 m) rather than the
long (200 m) furrows, (ii) surge irrigation improved moisture uniformity over the entire field,
(ii1) PAM was effective increasing furrow intake rate and in reducing furrow erosion, and (iv)
combined application of PAM with surge irrigation was not more effective than each treatment
alone. With respect to yield, results varied over the years. In 1999, PAM application gave the
best root and green yield of sugar beet, irmespective of the hrigation method (continuous vs.
- surge). In 2000,

the highest yield of sugar beet was obtained in surge immgation treatment. In 2001 and 2002 the

crop studied was maize and no treatment had a significant effect on yield.

6. Impact, Relevance and Technology Transfer

The principal investigator (PI) from Kyrgyzstan visited Israel every year during the project. The
visits were used to summarize the past experiments and plan future ones. These visits were also
used to transfer methodologies used in Israel, to the laboratory of the PI m Kyrgyzstan, for
- laboratory determinations of soil hydraulic conductivity, rill erosion, furrow intake rate, use of

soil amendments, use of interrupted flow as well as determination of various chemical soil



.properties. Participation in the project enabled the Kyrgyzian PI to purchase both standard
equipment for a soil science laboratory and specific equipment pertinent for conducting research

on rill erosion, and infiltration rate,

The ability of soil conditioners, namely synthetic organic polymers, to successfully control
rill erosion, improve water permeability and increase yield was recognized by the Kyrgyzian
investigators. It is hoped that this concept, whereby soil amendments rather than engineerically
based solutions, together with the use of surge type fiurow irrigation can be used to improve
furrow irrigation efficiency, will influence the design of new experiments for further

improvement of this commonly used irrigation method in Kyrgyzstan.

7. Project Activities/Outputs

The Israeli principal investigator visited Kyrgyzstan at the beginning of the‘ﬁr-st yéar of the
project. The visit was dedicated for a detailed planning of the field experiments. The visit helped
the Israeli investigator to better understand the problems and difficulties fuvolved in furrow
in‘igé.tion in Kyrgyzian. The visit also helped the Isracli PI to adapt the experiments in his
laboratory in Israel fo the needs of Kyrgyzstan. | |

The Kyrgzian PI visitéd Israel four times. The visits were used for analyses and summary
of data obtained in previous studied, and design of future experiments. In Addition, another
collaborator from Kjfrgyzstan, N. Sharshekeev, spent a 10 month in Istael (from October 1999 to
August 2000) for training in various laboratory techniques and analyses pertinent for proper
execution of the project. The studies of Mr. Sharshekeev in Israel and Kyrgyzstan, will serve as
part of his PhD thesis.

The out put of the project was summarized in three papers that have been published, a

paper that is currently being prepared and two reports:

L Siij acobs, D., I. Shainberg, L Rapp and G.J. Levy. 2000. Polyacrylamide, sediments and
interrupted flow effects on rill erosion and intake rate. Soil Sci. Soc. Am. J. 64:1487-1495.
il. Sirjacobs, D., . Shainberg, I. Rapp and G.J. Levy. 2001. Flow interruptions effects on intake
rate and rill erosion in two soils. Soil Sci. Soc. Am. J, 65:828-834.
1. Levy, G.J., N. Sharshekeev and G.L. Zhuravskaya. 2002. Water quality and sodicity effects on
“soil bulk density and conductivity in interrupted flow. Soil Sci. 167: 692-700
IV. Sharshekeev, N., G.L. Zhuravskaya and G.J. Levy. 2003. Sodiqity and water qﬁality effects

on intake rate and rill erosion in interrupted flow. (in preparation).

10



V. Sharshekeev, N. and G.L. Zhuravskaya (2003). The hydraulic conductivity {column studies)
and ril! erodibility (mini-flume experiments) of four soils from important cultivated regions
(report of laboratory studies).
" V1. Zhuravskaya, G.L. and N. Sharshekeev. (2003). The effect of flow rate, slope, irrigation
method and soil amendments (amount and mode of application) on furrow erosion, water

infiltration and crop yield (report of a long term field experiment)

8. Project productivity

The project made a contribution towards its goals and objectives. It is believed that furrow
irrigation efficiency in Kyrgyzstan can be improved by applying the management developed in

the project.

9, Future work

A new proposal entitled: ‘Improving water use efficiency and decreasing erosion in fields
irrigated with poor quality water using surge irrigation’ has been submitted by the Israeli and
Kyrgyzian Pls to the US-Israel CAR program. The proposal was developed based on the results

obtained in the current project, and is currently under evaluation.

10. Literature cited

List of relevant literature is given at the end of each manuscript/report appearing in the

Appendices.
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Polyacrylatmde, Sediments, and Interrupted Flow Effects on Rill Erosion
and Intake Rate

D. Sirjacobs, 1. Shainberg, 1. Rapp, and G. J. Levy*

ABSTRACT

The reduction in the intake rate (IR) during interrupted irrigation
is difficult to predict, Sediments in irrigation water decrease the effect
of interrupted irrigation on IR. Polyacrylamide (PAM) reduces rill
erosion, but its effect on IR is controversial. The effects of water
quality (iap water, tap water containing sediments, and 10 g m ™~ PAM
solution} and interrupted flow om IR and rill erosion in an Alfisol
(Calcic Haploxeralf) and a Vertisol (Typic Chuwromoxerert) were stud-
ted using laboratory miniflumes. Rill eroston in both soils was elimi-
nated by the PAM treatment in both continuous and interrupted flow.
The PAM application reduced IR in the Alfisol and increased it in
the Vertisol. In the Alfisol, interrupted flow reduced IR of the PAM
" solution by 37% compared with only 18% for tap water. [n the Verti-
sol, interrupted flow reduced IR oaly slightly and the decrease was
not affected by the polymer. When the water contained sediments,
cumulative infiltration was reduced by 22% for the Vertisol and 59%
for the Alfisol in comparison with fap water. These reductions were
attributed to depositional seal formation. The IR of the Alfisol was
more susceptible to depositional seal formation than the Vertisol
The presence of sediments in water was effective in redudng rill
erosion. The effects of interrupted flow with PAM on reducing IR
wete explained by partial blocking of the conducting pores leading
to greater suction and compaction of the soil surface. For sediment-
laden irrigation water, interrupted flow had no advantage over contin-
uous flow in reducing IR hecause of depositional seal formation assodi-
ated with the sediments in the water.

URFACE IRRIGATION is the most used irrigation practice
worldwide, but its water use efficiency is low (Wolt-

ers, 1992). Interrupted irrigation, which is the intermit-
tent application of irrigation water during the advance-
ment stage of furrow irrigation {Stringham, 1988), has
the potential to reduce IR and improve the efficiency
of surface irrigation by increasing field water application
uniformity. In spite of much research (Izuno et al., 1985;
Jalali-Farahani et al., 1993; Kemper et al., 1988; Samani
et al., 1985; Trout, 1991), the process is still not fully
understood and its effects on IR are difficult to predict.
Two basic phenomena have been identified during
interruption of flow: (i} moisture redistribution in the
soil profile and (ii) consolidation of the soil near the
rill surface. During the interruption of water application,
water drainage into the underlying dry soil and moisture
redistribution result in the development of negative
pressure suction near the soil surface. This negative
pressure increases the forces that pull water into the

D. Sirjacobs, L. Shainberg, I. Rapp, and G.I. Levy, Iastitute of Scils,
Water and Environmental Sciences, Agricultural Research Organiza-
tion {ARO), the Volcani Center, P.O. Box 6, Bet Dagan 50250, Israel.
Contribution from the Agricuitural Research Organization, the Vol-
cani Center, P.O. Box 6, Bet Dagan 50250, Israel, no. §29/98 series.
Received 24 Aug. 1999. *Corresponding author (vwguy@volcani.
agri.gov.il).

Published in Soil Sci. Soc. Am. J. 64:1487-1495 (2000).
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soil during the pext flow period (Samani et al.,, 1985),
and should increase the IR. However, the development
of negative pressure in the soil surface during flow inter-
ruptions consolidates the soil near the rill surface, in-
creases surface bulk density, and reduces the hydraulic
conductivity (HC) of this surface layer. Thus, this thin
layer can have a significant effect of reducing water
infiltration in succeeding irrigation events (Izuno et al.,
1985; Jalali-Farahani et al., 1993; Samani et al., 1985).

An additional important mechanism controlling IR
in furrow-irrigation, which is not necessarily related to
interrupted irrigation, is the formation of 2 depositional
seal at the furrow perimeter. The HC of depositional
seals has been reported to be two to three orders of
magnitude lower than that of the underlying soil
(Shainberg and Singer, 1985). Trout (1991) observed a
50% reduction in infiltration in the Portneuf {coarse-
silty, mixed, superactive, mesic Durinodic Xeric Haplo-
calcid) silt loam during interrupted imigation, and as-
cribed it to surface seal formation. The HC of the depo-
siticnal seal depends on the size and mineralogy of the
sediment particles, and on the electrolyte concentration
of the water (Shainberg and Singer, 1985). Thus, the
effect of sediment concentration on the IR varies from
one irrigation scheme to another.

Soil erosion can be preveated by amending the soil
with organic polymers, such as PAM, with high molecu-
lar weight and moderate negative charge deansity {e.g.,
Lentz et al., 1992; Shainberg et al., 1990; Sojka et al,,
1998a, 1998b). If rill erosion is prevented, no deposi-
tional seal is formed and the rill IR increases {Lentz et
al., 1992; Sojka et al, 1998b). Thus, an indirect effect
of the PAM treatment is the increase in [R. However,
Malik and Letey (1992) and Letey (1996) found that
the addition of 10 g m~? of PAM to water decreased
the HC of fine porous media to 50% of that obtained
when salt solutions were used. They suggested that the
effective viscosity of polymer solutions in porous media
was higher than would be anticipated according to stan-
dard viscosity measurements, and that the relative vis-
cosity depended on the pore-size distribution of the soil.
The effect of PAM in reducing the HC of porous media
could also be explained in terms of partial blocking of
conducting pores by the tails of the macromolecules
that were adsorbed on soil particles. This partial
blocking would probably become more pronounced in
soils with narrow pores. Letey (1996) proposed that in
furrow irrigation PAM treatment will reduce IR and
increase the advancement rate of water in the furrows.
It is possibie therefore that the effect of PAM on IR in

Abbreviationss HC, hydraulic conductivity; IR, intake wmate: PAM,
polyacrylamide.
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Table 1. Some basic physical and chemical properties of the soils used.

Particle-size distribution

Soil Classification Sand Silt Clay CaCo0, CECt ESP: EPP§ oMY

o g kg™ emok kg™t % gkg!
Alfisol Calcic Haploxeralf 413 362 225 180 177 21 9.1 21
Yertisol Typic Chromoxerert 438 156 406

107 342 23 29 k2

t CEC = Cation—exchange capacity.

1 ESP = Exchangesble sodium percentage

§ EPP = Exchangeable potassium percentage.
f OM = Organic matter content.

furrow irrigation depends on soil propertles a topic to
be clarified in this study.

The effects of interrupted 1mgat1on in reducing IR
depend on sediment concentration (Trout, 1991). As
sediment concentration increases, IR decreases and the

‘beneficial effect of interrupted irrigation for reducing
the IR is reduced (Trout, 1991). It could be argued
therefore, that PAM treatments will magnify interrup-
tion-induced effects on IR reduction. On the other hand, .
since PAM also stabilizes the structure at the soil surface
{Sojka et al.; 1998b), PAM may prevent the consolida-
tion of the surface by the interrupted flow and the net
effect of interrupted flow on IR in PAM treatments will
be negligible. Hence it is difficult to assess the effects
of PAM on the IR in interrupted flow.

Miniflumes have been used to evaluate the interaction
between flow characteristics, soil properties, and water
quality on rill erosion in the laboratory (Shainberg et
al., 1994, 1996). The rill erodibility data obtained with
the miniflumes agreed weil with field data (Shainberg et
al., 1994). Miniflume studies were also found to simulate
well the effect of PAM on rill erosion in the field (Lentz
et al., 1992; Shainberg et al., 1994). Using miniflumes,

. Shainberg et al. (1996) studied rill erosion in an Alfisol
and a Vertisol and found that rill erosion decreased with
aging of several hours and that it depended on water
content in the soil. These researchers postulated that
aging and water tension enhanced clay to clay contacts,
increased the cohesive forces between soil particles, and
led to reduction in rill erosion. We hypothesized that
miniflumes may also be. used to study the processes that
operat¢ in interrupted irmigation.

Interrupted flow reduced erosion in irrigated furrows
(Yonts et al., 1998). In miniflumes, the same effect has .
been observed and was attributed to consolidation of
the soil surface (Sirjacobs, 1999, unpublished data). If
rill erosion and depositional seal formation are reduced,
a high IR should be maintained. Interrupted flow may
therefore have two opposing effects on IR; that is, it
may reduce IR by consolidating the soil surface or in-
crease IR by reducing rill erosion and seal formation.
The net effect of interrupted flow on IR may be evalu-
ated either by preventing rill erosion (e.g., by irrigation
with water containing PAM) or by increasing the sedi-
ment content of the irrigation water. When rill erosion
is prevented, no depositional seal is formed and the
effect of interrupted flow in consolidating the rill surface
and reducing IR is predominant. Conversely, sediment
deposition and seal formation may be enhanced by the
use of sediment-laden water (Shainberg and Singer,
1985). Applying water containing sediments will, there-
fore, decrease IR in both continuous and interrupted

flow applications. However, the relative effects of water
containing sediments on the IR in continuous and inter-
rupted flow effect are not clear and will be studied.
The objective of our study was to investigate the ef-
fects. of PAM- and sediment-containing inflow on IR
and rill erosion under continuous and interrupted flow
conditions in two soil types. The interaction between
sediments, PAM, and soil properties on the effect of
interrupted flow on IR and rill erosion were evaluated
by comparing the results obtained with clear tap water
with those obtained with PAM solutions and sedmlent- :
laden inflow water. '

MATERIALS AND METHODS

Two arable soils of differing texture were chosen for this
study: a silty loam Alfisol (Calcic Haploxeralf) from Nevatim,
northern Negev, and a clay Vertisol (Typic Chromoxerert)
from Hafetz-Haim, Pleshet Plains, Isracl. Some basic physical
and chemical properties of the soils are given in Table 1.

The experiments were carried out with a 0.5-m-long, 0.047-
m-wide, 0.12-m-deep flume. Two 0.2-m-long “V”-shaped me-
tallic rills were connected on both of its sides. The miniflumes
were placed at a 10% slope in order to maintain high flow -
shear force, high soil detachment, and high rill erosion.

Air-dried soils, crushed to pass through a 4.0-mm sieve,
were slightly compacted in the flume to densities of 1390 kg
m™? for the Alfiso! and 1200 kg m™ for the Vertisol. The dry
volume of the Vertisol was slightly smaller than that of the
Alfisol. However, upon wetting and subsequent swelling, the
final volume of the wet Vertisol in the flume was similar to
that of the Alfisol. A “V”-shaped rill (44 mm wide and 22
mm deep) with a 90° angle between its sides was formed in

" the soil surface. Water was applied with a peristaltic pomp to

the upstream metallic rill, and the runoff containing sediments
was coliected from the downstream metallic rill in beakers.

Three water types were studied in the experiments: (i) iabo-
ratory tap water (electrical conductivity = 0.95 dS m™; Na
adsorption ratic = 2.5 [mmol, L™%; Ca + Mg = 5 mmol,
L~% Na = 4 mmol, L™} C! = 6.2 mmol, L™; (ii) tap water
containing 10 g m~ PAM; and (iii) tap water containing 7.5 g
L~! of suspended sediments. The PAM solution was prepared
from a concentrated polymer solution that contained 1 g L™}
high molecular weight (2 X 107 Da) anionic PAM with a
moderate negative charge {20% hydrolysis). Suspensions of
each soil were prepared by shaking 300 g of soil with 3 L of
tap water for 1 h. After shaking, the coarse particles were
allowed to settle out of the suspension for 3 min. Sediment
content of the suspensions was 7.5 g L™! for each soil. During
each miniflume run, the suspension was stirred continuously
in order to ensure its homogeneity. Samples of the suspension
were taken periodically during the run and the sediment con-
tent of the suspension was recorded.

Each individual experiment was divided into two stages. In
the first stage either continuous (control) or interrupted flow
was applied, and the three water qualitics were used. The -
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control treatment consisted of 4 min of flow; the interrupted
flow treatment consisted of four cycles of 1 min of flow and
10 min of interruption. Preliminary studies on the effect of
interruption time on rill erosion and IR indicated that for an
interruption time of <5 min, changes in interruption time
affected IR and rill erosion, but choosing interruption times
longer than 5 min did not affect the IR and rill erosion. Inflows
applied to the Vertisol (320 mL min~!) and the Alfisol (240
‘mL min~') were chosen in order to obtain a measurable out-
flow during the first minute and to obtain a similar flow rate
and runoff during the consecutive 3 min. Because the IR in
the Vertisol was higher than the IR in the Alfisol, it took 515
for the clear water to wet the soil and reach the end of the
rill in the Vertisol and 17 s in the Alfisol. However, during
the second, third, and fourth pulses of flow, the average out-
flow rates in the two soils were similar (Fig. 3 and 5). Total
inflow, outflow, and soil loss were recorded for every minute
of flow.

The second stage of the experiment started immediately at
the end of the 4-min flow in the control or after completion
of the four cycles of interrupted flow treatment. At this stage,
only clear tap water was used and inflow rate was reduced in
order 1o allow more precise measurements of IR, and it was
applied continuously to simulate field conditions. Again, in
order to maintain similar flow and shear force in the rills, a
coutinuous 100 mL min™* inflow was applied to the Vertisol
and 80 mL min™' was applied to the Alfisol. The second stage
was terminated when the moisture content front reached a
depth of =100 mm and the soil layer at the bottom of the
miniflume remained dry (i.e., after 10 min for the Vertisol
and 20 min for the Alfisol). The dry layer of soil at the bottom
of the flume assured the presence of the suction needed to
consolidate the soil surface. Total inflow, outflow, and soil
loss were recorded every minute for both soils.

Three replicates were performed for each of the twelve

combinaticns tested (two soils, intertupted and continuous
flow, and three types of irrigation waters). The effect of water
type on interrupted flow was analyzed separately for the Alfi-
sol and for the Vertisol. For each soil, the effects of two
factors (water type and flow type) on rill erosion and IR were
considered. Our experiments involved three levels of water
type (tap water, tap water with PAM, and tap water with
sediments) and two levels of flow type [continuous and mter-
rupted flow). For each minute and for each variable measured,
a full factorial analysis of variance, based on the Standard
Least Squares test (a = 0.05), was applied. When an interac-
tion between the two factors was found, the different levels
of water type were compared within each level of flow type
and vice versa. When no interaction was detected, each factor
was studied individually, without distinction between the lev-
els of the other factor.

RESULTS AND DISCUSSION

Because the effects of interrupted flow on IR depend
on rill erosion and depositional seal formation (Kemper
et al., 1988; Trout, 1991), the effects of water type on
rill erosion in continuous and interrupted flow are dis-
cussed first,

Water Type Effects on Rill Erosion
Polyacrylamide

Rill erosion in the Vertisol exposed to a continuous
flow of tap water was high (Fig. 1), and that in the
Alfisol was low (Fig. 2). Application of interrpted flow
caused a significant reduction in rill erosion only ia the
Vertisol. Most of the rill erosion in the two soils occurred
during the first 4 min, when the flow rate was high
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{320 and 240 mL min~! for the Vertisol and Alfisol,
respectively) and the flow shear force was high. In the
second stage of the experiment, when a continuous low-
rate flow was used, erosion was low (Fig. 1 and 2). In
the Vertisol, intraaggregate stability is greater than that
in the Alfisol (Shainberg et al., 1992). However, interag-
gregate cohesive forces in the Vertisol are weaker than
in the Alfisol {Shainberg et al., 1996), thus detachment
of aggregates by the flowing water could possibly be
easier in the Vertisol than in the Alfisol. At the same
time, it is expected that detached particles in the Vertisol
are larger than those in the Alfisol, because of the better
aggregation of the Vertisol, and would thus be less avail-
able for transportation by the flowing water. Our resulis
showed more erosion in the Vertisol, suggesting that
under ouir experimental conditions the size of the de-
tached particles in the Vertisol did not affect their trans-
portability. Therefore, Vertisols, owing to their high clay
content (Table 1), have a stable aggregated structure
with weak cohesive forces among soil particles, which
in turn, made them more susceptible to detachment and
subsequently to transportation than the aggregates of
the Alfisol.

Polyacrylamide addition to the inflow water during
the first stage of the experiment essentially eliminated
rill erosion in both continuous and interrupted flow.
The effect of PAM on soil loss was already evident
from the first minute of inflow. Its favorable effect was
especially impressive in the Vertisol, where with contin-
uous flow, the PAM treatment reduced cumulative soil

loss to 1% of the erosion obtained in tap water (Fig.
1). In the Alfisol, PAM application reduced soil loss
from 2.7 g per flume to only 0.3 g per flume in continuous
flow (Fig. 2). The PAM efficacy resulted from the fact
that the polymer adsorbed on the external surfaces of
the aggregates (Lentz et al., 1992) cemented the aggre-
gates together and prevented their detachment.

In the PAM treatment, erosion in both soils was very
low under continuous flow, and no further decrease in
erosion because of interrupted flow was possible (Fig.
1 and 2). As the binding between soil particles in the
presence of PAM was already strong enough to prevent
erosion, further strengthening of interparticle cohesive
forces by aging and compaction during flow interrup-
tions caused no further reduction of rill erosion.

Sediments

In the Vertisol, the use of sediment-loaded water led
to the formation of a visible and homogeneous seal at
the rill perimeter. This depositional seal dramaticaily
reduced rill erosion compared with inflow of tap water
(Fig. 1). For continuous flow, the presence of sediments
in the irrigation water was as effective as the presence
of PAM in preventing rill erosion. When interrupted
flow was applied, PAM was more effective than sedi-

‘ments in preventing rill erosion (Fig. 1). The difference

in cumulative ercsion between interrupted and continu-
ous flow appeared from the second minute (Fig. 1). The
higher erosion under interrupted flow was attributed to

18



SIRIACOBS ET AL: PAM, SEDIMENTS, AND INTERRUFTED FLOW EFFECTS ON INTAKE RATE 1491

3&- L ¥ T
e 2 b ESITW )
4 fea EZITW ()
Ba, = PAMCY
30 - BRE (OIID PAM )
- . SED
T 1N Vertisol Esenty
.é 250 =4 E
- I REE A
E ziki2
© 200 RN |
s INSH|E
= lﬁ H
2 104 g ? =
| 2 Q5
E INEEI NG
100 E 7 N =
NS £
1RE ] NE g
so- REH B NBH s
H A NEH =
INEI NE z
INE ] N H

Y
Lt
L

Cumulative flow time (min)

Fig. 3. Intake rate as a function of cumulative flow time for the Vertisol during {a) Stage 1 and (b) Stage 2 of the experiment. Significant
differences between water types for a given cumolative flow time and flow type are indicated by upper-case lettess (P < 0.G5). Significant
differences between flow types for a given cumulative flow time and water type are indicated by lower-case letters (P < 6.05). TW is tap
water, PAM is polyacrylamide-containing water, and SED is sediment-containing water, (C) and (i) denote coptinzous and interrupted

flow, respectively.

lower intake rate in the interrupted flow (see below),
which resulted in higher flow velocity and greater shear
force (Kemper et al., 1988). In our study, rill erosion
was high only in the second minute of inflow. Thereafter,
hardly any additional difference in soil loss between the
interrupted and continuous flow treatments was ob-
served. Apparently, aging and compaction mechanisms
that acted during the flow interruption created a suffi-
cient increase in soil cohesive forces that could resist
the high shear force and thus limit soil loss.

Unlike the case of the Vertisol, a net deposition of
sediments was observed in the Alfisol under both inter-
rupted and continuous flow during the 4 min of applica-
tion of water containing sediments. This is represented
in Fig. 2 by the negative values of cumulative soil loss,
which demonstrate that =20% of the sediments flowing
into the flume were deposited on the ril! perimeter. In
the second stage of the experiment when a continuous
low flow rate of tap water was used for 20 min (as
opposed to only 10 min in the Vertisol), a small amount
of sotl erosion was observed in the continuous flow
treatment. Conversely, in the interrupted flow treat-
ment, no sediments were measured in the tap water
runoff and no increase in cumulative erosion was dem-
onstrated (Fig. 2). :

Deposition of sediments at the soil surface filled the
pores and created a depositional seal with a smooth
surface on the rill perimeter. The fine particles within
the pores acted as a cementing material between soil
particles, and the sealed rill surface became more resis-
tant to erosion then the original soil surface. Similar
findings were reported by Brown et al. (1988), who
studied the effects of sediment-laden water on IR and
furrow erosion in the field. These researchers concluded

that deposition of the fine sediments oun the perimeter
decreased IR and thus increased soil water tension, con-
sequently leading to an increase in the forces that hold
the sediments at the perimeter, and to a decrease in
erosion. The presence of sediments in the inflow water
was effective in preventing net soil loss erosion in both
soils. The presence of sediments in the water in continu-
ous flow was more effective in decreasing rill erosion
than interrupted flow or the addition of PAM to the
inflow water. The beneficial effect of sediments in the
inflow water suggest that sediments in irrigation water
should not be removed prior to irrigation. This conclu-
sion corroborates the findings of Brown et al. (1988)
obtained in short furrows in the feld.

Water Type Effects on Intake Rate
Polyacrylamide

In the first stage of the experiment (i.e., first 4 min)
for both flow types in the Vertisol, addition of PAM to
the inflow water resuited in IRs that were higher than,
or similar to, those for tap water. Considering the effect
of PAM on advancement time, a similar conclusion is
derived. Whereas the time needed for the first pulse of
tap water to reach the end of the 0.5-m rill was 51 =
2 5, it took 57 = 3s wath the PAM solutions. Prevention
of rilt erosion and depositional seal formation prevented
the decrease in IR during the first minute, and the ad-
vance time for the PAM solution was longer than that
for tap water. Similar findings were reported by Lentz
at al. {1992) and Lentz and Sojka (1994) who observed,
in field experiments, that PAM reduced furrow erosion
and increased furrow IR,

The effects of PAM on the cumulative intake of the
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Vertisol exposed to continuous and interrupted flow are

presented in Fig. 3. The PAM treatment increased the

cumulative intakes under both continuous and inter-
rupted flow by 6%. This increase in IR and cumulative
intake was contrary to the predictions of Letey (1996)
and Malik and Letey (1992), who suggested that PAM
increased the apparent viscosity of the solution within
the soil pores, and therefore, that soil IR should de-
crease. The PAM-related IR increase observed in the
Vertisol was attributed to two possible mechanisms: (i)
PAM prevented rill erosion and the formation of deposi-
. tional seal {Lentz et al., 1992; Sojka et al.,, 1998a) and

(if) PAM stabilized the soii structure and prevented -

deterioration of the soil surface HC (Shainberg et al.,
1990). The effects of interrupted flow on IR in the PAM
and the tap water treatments were similar {Fig. 3); inter-
rupted inflow in the Vertisol decreased both cumulative
intakes by 6% (Fig. 4). Interrupted flow was as effective
in decreasing IR in tap water and the accompanying
high erosion as it was when PAM was used and only a
small amount of sediments was present in the water.
The similarity in the decrease in IR for the tap water
and PAM treatments is suggested to be related to the
structure of the seal formed. When sediments were de-
posited from a solution that had an electrolyte concen-
tration exceeding the flocculation value of the soil clay
(i.e., tap water), the seal formed had an open structure
(Shainberg and Singer, 1985) that was susceptible to
compaction and consolidation when exposed to suction,
in a way similar to that of an unsealed soil surface.
The effect of PAM on IR in the Alfisol was the oppo-

site of that in the Vertisol. In the Alfisol, PAM de-
creased IR significantly, both in continuous and in inter-
rupted flow, during the first and the second stages of
the experiment (Fig. 5). The same conclusion is derived
from consideration of advancement time. Advancement
times in the first minute in the Alfisol were 7 + 2 s with
PAM solution and 17 = 3 s with tap water. The high
advance rate of the PAM sotution in the Alfisol sug-
gested that 10 g m ™ of PAM in the inflow water reduced
IR. When rill erosion is low, as was the case in the
Alfisol, depositional seal effect on IR is minimal, and
the effect of PAM in reducing the HC (Letey, 1996)
predominates. The effect of PAM on HC is further
demonstrated from the consideration of the cumulative
intake in the Alfisol (Fig. 6). Final cumulative intakes
obtained in continuous and interrupted flows with PAM
solution were lower by 37 and 51%, respectively, than
those obtained with tap water for the respective flows
(Fig. 6). Only little erosion and clay deposition took
place in the Alfisol with either tap water or PAM sclu-
tion; therefore, the effect of PAM in reducing IR was
probably because of its effect on the HC of the soil
(Malik and Letey, 1992; Letey, 1996). Malik and Letey
(1992) suggested that the effective viscosity of polymer
solutions in porous media was higher than would be
anticipated according to standard viscosity measure-
ments and that the relative viscosity depended on the
pore-size distribution of the soil. The effect of PAM in
reducing the HC of porous media could also be ex-
plained in terms of partial blocking of conducting pores
by the tails of the macromolecules that were adsorbed
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on soil particles. This partial blockmg would probably
become more pronounced in soils with narrow pores.
Thus, it is to be expected that in the Alfisol, with its
unstable structure, low HC, and fine conducting pores,
PAM would be effective in reducing IR; conversely, in
the Vertisol, with its large conducting pores and high
HC, the effect of PAM on IR should be small. Our data
(Fig. 3-6) support this hypothesis. The PAM solutions
of 10 g m™ had a negligible effect on IR in the Vertisol
(Fig. 3 and 4) and a marked effect on IR in the Alfisol
(Fig. 5 and 6).

It is postulated that the effects of PAM on infiltration
depend on two opposing mechanisms: (i) enhancement
of IR by prevention of erosion and seal formation and
(ii) reduction of IR because of increased apparent vis-
cosity of the solution, or partial blocking of conducting
pores by the tails of the macromolecules adsorbed on
soil particles. The relative weight of each of these two
opposing mechanisms, which determines the actual ef-
fect on IR, depends on soil type. Thus, PAM increased
IR in the Vertisol by preventing scal formation and
erosion, but decreased IR in the Alfisol by decreasing
the HC, either by increasing the apparent viscosity of
the soil solution or by clogging the conducting pores.

Addition of PAM to the inflow water did not alter the
interrupted flow effect on IR in the Vertisol. Interrupted
flow decreased the final cumulative intake by 6% in
both the PAM and tap water treatments; however, in
the Alfisol, interrupted flow was more effective in de-
creasing the IR with PAM than with tap water. In the
latter case, it reduced cumulative intake by 18% com-
pared with continuous flow, whereas in the PAM solu-
tion it reduced cumulative intake by 38% (Fig. 6). The
beneficial effect of interrupted flow with PAM solutions
in the Alfisol can be explained as follows: PAM de-

creased the HC of the soil surface by partial blocking of
the conducting pores, thus also reducing air penetration
into the soil surface. Consequently PAM increased the
soil water tension that developed during the flow in-
terruptions (Kemper et al., 1988) and in tumn caused
enhanced compaction and consolidation of the wetted
perimeter, thus reducing the infiltration rate. It is hy-
pothesized that a similar phenomenor occurs in surge
irrigation and that the surge effect on irrigation effi-
ciency is improved in PAM treatments in silty loam soils
like the Alfisol.

Sediments

The effects of sediments in inflow water on IR in the
Vertisol and the Alfisol are presented in Fig. 3 and 5,
respectively. In both soils, IR was significantly lower
from the very first minute of flow with water containing
sediments than with tap water (Fig. 3 and 5). This de-
crease in IR led to total reductions in cumulative intake
of 22% in the Vertisol (Fig. 4) and 59% in the Alfisol
(Fig. 6), compared with that obtained when tap water
was used. The reduction in IR was related to sediment
deposition and the formation of a seat at the rill perime-
ter (Trout, 1991). The reduction in IR was more pro-
nounced in the Alfisol than in the Vertisol because the
Alfisol was more susceptible to seal formation (Ben-
Hur et al, 1985). The Alfisol, with its poor structure,
was more easily clogged with suspended clay particles
than the Vertisol, with its developed structure and large
water conducting pores. As a result of the low IR, this
treatment also increased the advancement rates on both
soils; the advancement times for irrigation with water
containing sediments and with tap water were 10 and
17 5, respectively, on the Alfisol and 36 and 51 s, respec-

i
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tively, on the Vertisol. Sediments decreased the ad-

vancement times in the Alfisol by 41% and in the Verti- -

sol by 29%. The effect of sediments in irrigation water
in increasing the advance rate in furrow irrigation may
be included in consideration of the efficiency of sur-
face irrigation. '

In the Vertisol, the use of interrupted flow caused a
significant decrease in cumulative intake for both tap
water and sediment-laden water (Fig. 4}. However, the
use of sediment-laden water did not have a greater bene-
ficial effect (in relative terms) in decreasing cumulative

intake than interrupted flow with tap water. Interrupted .
flow decreased the final cumulative intake in the Verti- -

sol by 7% with water containing sediments and by 6%
with tap water (Fig. 4). In the Alfisol too, the use of
interrupted flow caused a significant decrease in cumu-
lative intake for both tap water and sediment-laden
water (Fig. 6). However, in the Alfisol a trend was noted
whereby interrupted flow was more effective in decreas-
ing cumulative intake with tap water (18%) compared
with sediment-containing water (15%) (Fig. 6). This
trend may be explained by the greater IR reduction by
the formation of a-depositional seal in the Alfisol than
in the Vertisol (Fig. 3 and'S). When a seal with a low
HC is formed, the seal controls the IR and the effects
on IR of interrupted flow and the suction that develops
during the off time are negligible. Similar observations
were made by Trout (1991), who observed that infiltra-
tion was reduced by 50% (because of surface seal forma-
tion) when sediments were present in irrigation water

and that the interrupted flow effect was less pronounbed
when a depositional seal of low HC was present.

SUMMARY AND CONCLUSIONS

The effects of PAM and sediment concentration in
inflow water on the effect of interrupted flow on infiltra-

" tion rate and rill erosion was studied in a silty loam -

Alfisol and a clay Vertisol, using miniflumes. In both
soils, rill erosion was dramaticaily reduced by the PAM
treatment. Polyacrylamide increased the IR in the Verti-
sol and decreased IR in the Alfisol. The contradictory
effect of PAM on rill IR was explained by two opposing
mechanisms: (i) enhancement of IR by prevention of
erosion and of a depositional seal formation (Lentz et
al., 1992; Trout, 1991) and (i) reduction of IR because
of increased apparent viscosity of the solution in the
soil pores or by clogging of the conducting pores by the

_ tails of adsorbed polymer molecules (Letey, 1996). The

second mechanism dominates in the Alfisol with little
rill erosion and no depositional seal formation. The
polymer did not influence the interrupted flow effect
on IR in the Vertisol. In the Alfisol, interrupted flow
reduced the final cumulative intake by 37% in the PAM
treatment and by 18% with tap water. The effect of
interrupted flow with PAM solutions in the Alfisol was
explained by the partial blocking of the conducting
pores, which increased the suction and compaction of
the soil surface, and so reduced the IR.

When applying sediment-containing water, deposi-
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tional seal formation markedly decreased the IR of both
soils. The reduction of final cumulative infiltration was
more pronounced in the Alfisol (59%) than in the Verti-
sol (22%). The Alfisol, with its unstable structure and
narrow conducting pores, was more easily clogged by
sediments than the Vertisol, with its stable structure and
large pores. When the inflows contained sediments, the
interrupted flow effect on IR was limited. Continuous
irrigation with water containing sediments increased the
advancement rate and reduced rill erosion more effec-
tively than interrupted flow or PAM treatment. This
effect should be considered when water containing sedi-
ments is used in surface irrigation,

Our results indicate that the potential benefits of in-
terrupted flow as a means of improving surface irriga-
tion efficiency and controiling rill erosion will be gained
mainly in weakly structured soils. Addition of polymer
to the irrigation water may enhance interrupted flow
effects in these soils. When irrigation water contain sedi-
ments, interrupted flow has no advantage over continu-
ous flow.
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Flow Interruption Effects on Intake Rate and Rill Erosion in Two Soils
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ABSTRACT

Efficiency of surface irrigation is ofter low because of poor infiltra-
tion uniformity, resulting from relatively long periods of infiltration
af the upstream end and short perfods of infiltration af the downstream
end of the Held. Surge irrigation, the intermittent supply of water to
furrows, generally reduces soil intake rate (IR) 2nd improves moisture
uniformity over the entire field. However, IR reduction varies from
one irrigation scheme to another, depends on soil and water proper-
ties, and is difficult to predict. A laboratory study using miniflumes
was designed to investigate the effect of interrupted flow oo IR and
soil toss from short rills. Two soils differing in their textures, a silt
loam (Calcic Haploxeralf) derived from loess and a day soil (Typic
Haploxerert), were studied. Intake rate in the clay soil was greater
_ than that in the silt loam. Therefore, different inflow rates were applied
to the two soils to achieve similar runoff Dow rates from the two soils.
Cumulative infiltration decreased from 646 mL in coatinuous fow to
539 mL in interrupted fow for the silt Joam and from 1142 to 1068
mL in the clay soil. [nterrupted fow also reduced cumulative soil loss
by 84% in the clay soil but had only a small effect on soil loss from
the siit ioam. However, when flow rate was increased from 80 to 320
mL min~!, interrupted flow reduced soil loss in the silt loam as much
s in the day seil. Consolidation of the soil surface apd formation of
cohesive forces between soil particles of the silt loam with unstable
structure during flow interruption was suggesied as the explanation
for the effect of How interruption on intake rate and soil detachment.
These results need to be verified in Geld experiments.

SURFACE IRRIGATION is the most used irrigation practice
worldwide. However, water application efficiency
of surface irrigation is low, typically =45% (Wolters,
1992). Surge irrigation is the intermittent application of
surface irrigation water (Stringham, 1988). It has the
potential to increase infiltration uniformity of surface
irrigation application by (i) increasing the advance rate,
which decreases cross-field differences in infiltration op-
portunity time, and (ii) decreasing the IR at the up-
stream end of the furrows to compensate for the longer
infiltration opportunity times at these locations (Kemper
et al., 1988).

The infiltration decrease caused by surge flow is
highly variable, is not fully understood, and is difficult
to predict (Izuno et al., 1985; Kemper et al., 1988; Trout,
1991; Samani et al., 1985). Many studies have been con-
ducted to determine the mechanisms taking place during
the intermittent off period of surge flow irrigation. Sev-
eral basic phenomena have been recognized:

1. Moisture Redistribution in the Soil Profile. During
the interruption of water application, moisture redistri-

D. Sirjacobs, {. Shainberg, I. Rapp, and GJ1. Levy, Institute of Soil,
Water and Environmental Sciences, Agricultural Research Organiza-
tion (AROQ). The Volcani Center, P.O. Box 6, Bet Dagan 50250, Israel.
Contribution from the Agricuitural Research Organization, The Vol-
cani Center, P.O. Box 6, Bet Dagan 50-250, Israel. no. 625/98 series.
Received 21 Sept. 1998. *Corresponding author (vwguy@volcani.
agri.gov.il).

Published in Soil Sci. Soc. Am. J. 65:828-834 (2001).

828

bution is caused by the unbalanced capillary and gravita-
tional forces acting on the water that has infitrated.
The redistribution process results in development of
negative capillary pressure below the soil surface and a
greater hydraulic gradient that increases water infiltra-
tion during the succeeding water application in surge
flow irrigation (Samani et al., 1983). However, Izadi et
al. (1990} demonstrated that this effect is short lived
and that the net effect over a practical period of off
time is negligible.

2. Consolidation of the Soil near the Furrow Perime-
ter. Development of negative pressure at the soil surface
during flow interTuptions leads to consolidation of the
soil pear the furrow perimeter. Kemper et al. {(1988)
measured negative pressures of up t0 500 cm H.O in a
Portneuf soil (20% clay and 40% siit). The consolidated
soil surface has a greater bulk density, lower porosity,
and a lower HC; thus, even a thin consolidated laver
can have a significant effect on reducing infiltration
{Samani et al,, 1985).

3. Surface Seal Formation. Furrow erosion, and parti-
cle transport, and subsequent deposition and rearrange-
ment aiso significantly reduce infiltration by decreasing
the permeability of the surface layer (seal formation).
During surface irrigation, soil aggregates are weakened
or partially broken by wetting (Kemper and Koch,
1966). Fast wetting disintegrates large aggregates into
small aggregates, which then can be detached from the
soll bed by the shear force of water and can be easily
rolled along the bed of a furrow by moving water until
deposition {Kemper et al., 1988). Trout (1991) observed
a 50% reduction of infiltration because of surface seal
formation on the Portneuf silt loam soil. Shainberg and
Singer (1985) observed that depositional crusts (formed
when turbid water infiltrates into soil) reduced the rate
of water penetration by one 1o two orders of magnitude,
and the magnitude of this decrease depended on soil
properties and water quality.

In addition, other mechanisms related mainly 1o bed
load have been proposed to explain the effects of surge
nrrigation on furrow IR: (i) filling of cracks that develop
during flow interruption with bed load during the fol-
lowing surge (Kemper et al., 1988); (ii) greater sediment
detachment and movement caused by more rapid ad-
vance of the surge streamn front (Kemper et al., 1983;
Trout, 1991); (iii) forced deposition (and consolidation)
of suspended sediment on the furrow perimeter when
the water supply is interrupted (Kemper et al., 1985);
and (iv) air entrapment (Seymour, 1990) and its expan-
siont upon rewetting (Jalali-Farahani et al., }1993).

Miniflumes have been used to evaluate the interactive
effects of flow characteristics, soil properties and water
quality on rili erosion in the laboratory {Shainberg et

Abbreviations: HC, hydraulic conductivity: IR, intake rate.
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al., 1994, 1996). Rill erodibility data obtained with mini-
flumes agreed well with field data (Shainberg et al.,
1994). Miniflume studies were also found to simulate
well the effect of polyacrylamide (PAM) on furrow ero-
sion in the field (Lentz et al., 1992; Shainberg et al,,
1994}, Miniflumes were used by Shainberg et al, (1996)
to study rill erosion in a loess and a clay soil; it was
found that (i) ril! erosion decreased with aging of several
hours, (ii) the decease in erosion was more pronounced
in the clay soil, and (iii) erosion depended on water
content in the soil. These researchers postulated that
aging and water tension enhanced clay to clay contacts
and increased cohesive forces between soil particles,
thus leading to the observed reduction in erosion. Appli-
cation of these mechanisms to surge irrigation suggests
‘that the water tension that builds up during the off
period of the surge may cause an enhanced reduction
in erosion.

It is hypothesized that interrupted flow will affect
both soil IR and rill erosion, and that it can be evaluated
from laboratory miniflume studies. Thus, the objectives
of our study were (i) to study the effects of continuous
and interrupted flow on the IR and on rill erosion in a
silt loam and a clay soil and (ii} to improve the under-
standing of the mechanisms that cause interrupted flow
to reduce rill erosion and IR in the two soils. It was
assumed that the erodibilities of the two different soils
could be compared, provided similar runoff rates are
maintained.

MATERIALS AND METHODS

Two calcareous soils were chosen for this study: a silty loam
{Calcic Haploxeralf) from Nevatim, northern Negev, and a
clay sofl {Typic Chromoxerert) from Hafetz-Haim, the Pleshet
. plains, Israel. Samples of the cultivated layer {0-250 mm) of

each soil type were brought to the laboratory, air-dried, and
crushed to pass through a 4-mm sieve. Selected physical and
chemical properties of the soils are given in Table 1. Smectite
was the dominant clay type in the soils (=60%}, with kaolinite,
illite, and calcite also present (Banin and Amiel, 1970). The
fact that the clay content and cation-exchange capacity in the
clay soil were twice that in the silt loam indicated that the
clay mineralogy in the {wo soils was similar.

" The experiments were carried out with a 0.5-m-long, 0.047-
m-wide, and 0.12-m-deep flume; two 0.1-m-long V-shaped me-
tallic rills were connected on both ends of each flume. The
flume was placed at a 10% slope in order to maintain high
flow shear force, high soil detachment, and high rill erosion.
Water used in the experiments was laboratory tap water {elec-
trical conductivity = 0.95 d$ m™!; Na adsorption ratio = 2.5

Table 1. Physical and chemical properties of the soils used.

(mmol, L)% Ca+ Mg =3 uunolc L™ Na = 4 mmol, L™
Cl = 6.2 mmol, L™!).

Air-dried soil was slightly compacted in the flumes to field
densities of 1390 kg m™ for the silt loam and of 1280 kg m~*
for the clay soil. When dry, the volume of the clay soil was
intentionally kept smaller than that of the silt loam. However,
upon wetting and subsequent swelling, the final volume of the
wet clay soil in the flume was similar to that of the silt loam,
and the wet bulk density of the silt loam and clay soil was
1390 and 1200 kg m™’, respectively. A V-shaped rill {44 mm
wide and 22 mm deep) with a 90° angle between its sides was
formed in the soil surface. Water was applied with a peristaltic
purmnp to the upstream metallic rill, and runoff water containing
sediment was collected in beakers from the downstream metal-
lic rill. Runoff volume was measured by weighing the beakers
and sediment contentin the outflow was determined by drying.
Inflow and cutflow rates were continuously recorded and aver-
age IR for each minute of flow time was calculated from the
difference. Similarly rill erosion as a function of flow time
was calculated.

Each individual experiment was divided into two stages. In
the first stage either continuous (control) or interrupted flow
was applied. The control treatment consisted of 4 min of flow;
the interrupted flow treatment consisted of four cycles of 1
min of flow and 10 min of interruption. Preliminary studies
on the effect of off time on rill erosion and IR in the miniflumes
indicated that most of the changes in IR and erosion were
obtainéd in off periods of <5 min. Thus it was assumed that
an off time of 10 min would be sufficient for the changes in rill
erosion and IR caused by flow interruption to be completed. In -
order to obtain a measurable outflow during the first minute
and to obtain similar runoff during the consecutive 3 min, the
inflows applied to the clay soil and the silt loam were 320 and
240 ml min™', respectively. Because the IR in the clay soil
was higher than that in the silt loam, it took 57 s for the first
surge to reach the end of the rill in the clay soil, and only 17 s
in the silt loam. However, during the second, third, and fourth
surges, the outflow rates were similar in both soils because of
the higher IR in the clay scil. Thus, the shear stress of flowing
water on the rill perimeter and stream transport capacity were
similar for both soils.

The second stage of the expenment started unmedlately at

the end of the 4-min flow in the control or after completion
of the four cycles of interrupted flow in the interrupted flow
treatment. At this stage, the inflow was reduced to allow more
precise measurements of IR and was applied continuously to
simulate tield conditions. A continuous inflow of 100 mL mia ™
for 10 min was applied to the clay soil, and a continuous inflow
of 80 mL min™~' for 10 min was applied to the silt loam. Total
inflow, outflow, and soil loss were recorded every minute for
both soils. The second stage was terminated when the moisture
front reached a depth of =100 mm, and the soil layer at the
bottom of the miniflume remained dry. The length of the

] Particle-size distribution
Soil Classification Sand Silt Clay

CaCo, CECt ESP} EPP§ OM1
g kg™ gkg™ emol, kg™ Y% g kg™
Silt loam Caleic 413 362 225 180 17.7 5 | 9.1 21
Haploxeralf
Clay soif Typic 438 156 406 107 M2 - 23 29 34
Chromoxerert

T Cation-exchange capacity.

§ Exchangeable Na percentage.
§ Exchangeable K percentage.
§i Organic matter content.
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second stage was estimated from preliminary experiments
done on the same miniflumes packed with the same soils. The
dry layer of soil at the bottom of the flume assured the pres-
ence of the suction needed to consolidate the soil surface. The
suction was maintained at the bottom of the soil in the flume
to simulated the moisture profile prevailing under field con-
ditions.

Three replicates were performed for each of the soils and
the two flow patterns. Each replicate consisted of a miniflume
packed with a fresh dry soii sample. For each soil, the Honestly
Significant Difference test (Tukey-Kramer, « = 0.05) was
used to compare the means of the IR and rill erosion between
the two flow patterns studied. Differences in the IR and tilf
erosion between the two soils could not be statistically ana-
fyzed because inflow rates differed between the soils. How-
ever, because the outflow in the two soils were similar, the
flow shear force and the stream transport capacity at the down
stream end of the rill were similar and rill erodibility of the
two soils could be compared and discussed.

RESULTS AND DISCUSSION

Effects of Flow Type on Infiltration Rate
in the Two Soils

The effects of interrupted flow on IR (obtained from
the difference between the inflow and the outflow rate)
in the silt loam and the clay soil are presented in Fig.
1. Intake rate in the clay soil was significantly greater

200 1~
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Fig. L. Intake rate as 3 fuaction of cumulative Row time for the day
soil and silt loam at Stage 1 {a) and Stage 2 (b) of the experiment.
For a given comulative flow fime, and within a soil, bars labeled
by the same letter (lower case for the clay soil and upper case for
the silt loam) do not differ significantly at the 0.05 level.

than that in the silt loam. The high IR in the clay soil
{both the initial and the steady state values) was ascribed
to its aggregated structure and stable aggregates. Aggre-
gate stability of soils from semiarid regions generally
increases with increasing clay content, since the clay
acts as a cementing matenal, enhancing the formation
and stabilization of aggregates (Kemper and Koch,
1966). Stable aggregates lead to stable interaggregate
macropores, which are responsible for the high IR (Ren-
gasamy et al., 1984; Kay and Angers, 1999). Conversely,
in the siit loam the low IR values (Fig. 1) were ascribed
to its medium clay and high silt content {Table 1), which
resulted in a markedly less ageregated structure than
that of the clay soil (Kemper and Koch, 1966; Ren-
gasamy et al., 1984). Thus, difference in texture between
the two soils was considered as the main reason for the
large difference in IR between the two soils.

The IR decreased with increasing cumulative flow
time (Fig. 1). With increasing depth of water penetration
in the soil profile, the hydraulic gradient, which provided
the main driving force for water movement into the
soil, decreased and IR also decreased. Reduction of IR
between the first and the second minute in the continu-
ous flow was more pronounced in the clay soil than in

-the silt loam (Fig. 1). This was probably due to (i) more

water penetrating into the clay soil during the first mi-
nute, leading to a lower hydraulic gradient and lower
infiltration rate of water, and (ii) more clay swelling
and aggregate breakdown occurring in the clay soil,
which resulted in a decrease in the size of the interaggre-
gate macropores (Rengasamy et al., 1984; Kay and
Angers, 1999).

In the interrupted flow treatment, the first flow inter-
ruption (i.e., off period) was effective in reducing the
IR with the effect being similar (in relative terms) in
both soils (Fig. 1, second minute). The second off period
was effective only in the silt loam in reducing the IR
compared with that of continuous flow. The effect of
interrupted flow disappeared in the fourth and fifth
minute measurements (Fig. ). With the mtroduction
of continuous low-rate inflow in the second stage of the
experiment, the effect of interrupted flow in reducing IR
became evident again {Fig. 1). Four cycles of interrupted
flow reduced the final cumulative intake of the silt loam
by 19% and that of the clay soil by 6% (Fig. 1). The
effect of interrupted flow on intake rate was significant
in both soils, but its effect was more pronounced in the
sift loam.

During the period of flow interruption, compaction
and consolidation of the soil surface caused by the soil
water tension most likely occurred, and the hydraulic
conductivity of the soil surface is thus reduced (Kemper
etal., 1988; Samani et al., 1985). More surface consolida-
tion and a decrease in infiltration is expected in soils
with weak structure such as the silt loam (Mullins, 1999).
This conclusion was verified by a complementary exper-
iment similar to the one described by Samani et al.
(1985). In those experiments disturbed dry soil samples
(100 g) of the silt loam or the clay soil were placed
inside a funnel with a fritted disc (4060 pwm pores) in
the bottom. The internal diameter of the funnel was 63
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mm and the thickness of the soil samples was =22 mm.
The funnel was connected to 2 plastic tube filled with
water. The soil sample was saturated from the bottom by
raising the plastic tube. After saturation, the saturated
hydraulic conductivity of the soil sample was measured
by applying water to the top of the soil sample in the
funnel and collecting the outflow from the end of plastic
tube. After measuring the saturated hydraulic conduc-
tivity, the same soil was drained t0 a tension of 20 cm
by lowering the plastic tube. At the end of the draining
process, the soil sample was saturated again by raising
the plastic tube and new saturated hydraulic conductiv-
ity of the soil samples was measured. Finally, a tension
of 50 cm water was applied, the soil sample was satu-
rated, and saturated hydraulic conductivity following
50-cm tension was measured. Under no tension the hy-
draulic conductivities of the silt loam and clay soil were
11.8 and 55.6 mm-h™!, respectively. When a tension of
20 ecm H,0 was applied, the hydraulic conductivities of
the silt loam and the clay soils dropped to 0.69 and 0.94
of the reference values. When the silt loam and clay
soils were exposed to 50 cm suction, the hydraulic con-
ductivity dropped to 0.5 and 0.73 of the values at no

tension, respectively. The silt loam hydraulic conductiv-

ity was more susceptible to the effect of water tension
than the clay soil. = =

"The low IR (Fig. 1) and low hydraulic conductivity
of the siit loam suggests that its fraction of water-con-
ducting pores was small and a higher soil water tension
could develop before air penetrated the soil surface
(Kemper et al., 1988). Thus, the more pronounced ef-
fects of interrupted flow in the silt loam, compared with
the clay soil, is explained by both a greater consolidation
of the soil surface and a greater tension that can develop
during the off period.

Aggregate disintegration by fast wetting may have
also contributed to the beneficial effect of interrupted
flow in the silt loam. Rapid advance of the stream front
increases aggregate disintegration and seal formation.

Conversely, when soils are wetted slowly, entrapment
and subsequent explosion of entrapped air is limited,
and soil structure is maintained (Kemper et al., 1985,
1988). Fast prewetting predominated in the silt loam,
where the 0.5-m-long furrow was wetted in 17 s, com-
pared with 51 s for the clay soil. '

Opposing Effects of Interrupted Flow

Applying flow in surges should have two opposing
effects on IR: (i) water tension that is developed during
the off period consolidates the soil surface and reduces
the IR; and (ii) reduced intake leads to an increase in
the hydraulic gradient in the soil profile, which in turn
increases the IR (Izadi et al., 1990; Izuno et al., 1985).
In our study the effects of interrupted flow on reducing
the IR decreased with flow time (Fig. 1). Similar obser-
vations were made by Izuno et al. (1985), who concluded
from field data that the infiltration decrease with surge
irrigation occurred in the first cycie only. No further
reduction in infiltration rate was observed in subsequent
surges of a given irrigation (Izuno et al., 1985). The
disappearance of the effect of flow interruption on IR
with flow time is explained by the fact that less water
infiltrated during subsequent interrupted flow. This is
demonstrated in Fig. 2, where IR is presented as a func-
tion of cumulative intake for both continuous and inter-
rupted flow. Comparing IRs of continuous and inter-
rupted flow for both soils at identical cumulative intakes

. {e.g., during the second minute of water application;

Fig. 2) revealed that the intake rate in the interrupted
flow treatment was smaller than in the continuous flow
treatment. Conversely, in the third minute of water ap-
plication, less water penetrated the soil in the inter-
rupted flow treatment, and the effect of interrupted flow
on intake rate became less pronounced in both soils
(Fig. 2). The suction that developed in the interrupted
flow treatment (due to the smaller curnulative intake)
was high enough to cause an increase in the IR. Conse-

350
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| Silt loam —#— continuous flow
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Fig. 2. Intake rate as a function of cumulative intake for the silt loam and clay seil. The "/" on each curve indicates transition from Stage 1 to

Stage 2 of the experiment.
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quently, the IR in the interrupted flow treatment in-
creased to a level similar to that in the continuous
flow treatment.

The favorable effect of interrupted flow in reducing
the IR reappeared for both soils when flow rate was
reduced (Fig. 2). During the continuous low flow (80
and 100 mL min™* for the silt loam and the clay soil,
respectively), flow was limited to the bottom of the rills
as predicted by the Manning equation (e.g., Shainberg
et al,, 1994). This part of the ril! perimeter was more
affected by particle deposition and scil consolidation
caused by the interrupted flow, and had a lower HC
than the upper part of the wetted perimeter. Thus, con-
centrating the flow in the bottom of the rill, where the
effect of interrupted flow is more pronounced, caused
the reappearance of the interrupted flow effect (Fig. 2).

Effects of Soil and Flow Type
on the Erosion Process

Effects of continuous and interrupted flow on rill
erosion rate for the silt loam and the clay soil are pre-
sented in Fig. 3. For both soils, most of the erosion took
place during the first 4 min (Stage 1 of the experiment),
when high fiow rates (240 and 320 mL min~' for the silt
loam and clay soils, respectively) exerting high shear
stresses (Shainberg et al., 1994) were used. In the control
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-,-"':‘0.4- CDinterrupted flow -
T |
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Fig. 3. Erosion rate as a function of cumulative flow time for the day
soil and silt loam at Stage 1 (a) and Stage 2 (b) of the experiment.
For a given cumulative flow time, and within a seil, bars labeled
by the same letter (lower case for the clay soil and upper case for
the loess) do not differ significantly at the (.05 fevel.

treatment (i.e., continuous flow), rill erosion in the clay
soil was one to two orders of magnitude greater than
that in the silt loam (Fig. 3).

The rill erosion in the two soils can be compared,
despite the difference in inflow rate (240 and 320 mL
min~"), because runoff flows in the two soils were simi-
lar. The IRs in the clay soil exposed to continuous flow
during the second, third, and fourth minute of Stage {
were 145, 105, and 90 mL min ™ (Fig. 1), which resuited
in respective runoff flow of 175, 213, and 230 mL min ™%,
Similarly, for the silt loam the IRs were 90, 63, and 595
mL min~ for the second, third, and fourth minute of
the first stage (Fig. 1), and the corresponding runoff
flows were 150, 175, and 185 mL min~*. Runoff in the
clay soil were only slightly higher than runoff from the
siit loam, and a comparison between the rill erodibilities
of the two soils was possible. The fact that under these
conditions inflow rate and shear stress at the upper end
of the flume were higher in the clay soil than in the
silt loam cannot expiain the observed differences in rill
erosion between the two soils. Shainberg et al. (1996)
used similar inflow rates and observed greater rill ero-
sion in the clay soil than in the silt loam.

The differences in runoff between the two soils could
not explain in full the differences in rill erodibility of
the two soils (Fig. 3). Thus, the higher erodibility of the
clay soil was ascribed to the weak cohesive forces that
existed between the aggregates (Shainberg et al, 1996).
Agperegate stability increases with increase in clay con-
tent (Kemper and Koch, 1966). Soils with high clay
content, such as the one used in our study {Table 1),
have stable aggregates and high interaggregate macro-
porosity (Rengasamy et al., 1984; Kay and Angers, 1999)
leading to greater distance and fewer contacts between
adjacent aggregates. The larger distance between aggre-
gates contributes to weak cohesive forces among the
aggrepates, which in turn makes the aggregates more
susceptible to detachment from the soil surface. This
may explain the higher erodibility of the clay soil com-
pared with the silt loam. Our results seem not to agree
with many observations suggesting that clay soils are
less erodible than silt loams (e.g., Laflen et al, 1991;
Ben-Hur et al., 1985). Studying the effect of clay content
on crusting, runoff, and erosion in soils exposed to simu-
Iated rain, Bea-Hur et al. (1985) found that soils with
20% clay were susceptible to crusting and that soils with
higher clay content had more stable aggregates and less
runoff and erosion. The low erosion in clay soils was
because of low runoff. When soil erosion from two soils
with sirnilar runoff is compared, as in the conditions of
this study, erosion from the clay soil may exceed erosion
from the silt loam.

The first flow interruption of 10 min significantly re-
duced the erosion rate of the clay soil compared with
that obtained in continuous flow (second minute, Fig.
3). This decrease in erodibility of the clay soil during the
first flow interruption became even more pronounced
during the subsequent surge cycles (Minutes 3-3, Fig.
3). Four fiow interruptions, each of 10 min, had a lasting
effect on the nll erosion of the clay soil during the
following 10 min of continuous flow (Fig. 3). In the

2<
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clay soil interrupted flow reduced cumulative erosion
by 84% (Fig. 3).

Rill erosion in the silt loam exposed to inflow of 240
and 80 mL min~! was too small for accurate measure-
ment, and for evaluation of the effects of interrupted
flow on erosion (Fig. 3): Thus, a complementary experi-
ment was performed. Following the continucus and in-
terrupted flow in Stages 1 and 2, the miniflumes with
the silt loam were exposed to an additional 3 min of
continuous inflow of 320 mL min™. Amount of erosion
obtained 'in these last 3 min in the silt loam decreased
from 42.6 g in the continuous flow to 7.6 g in the inter-
rupted flow treatment. Evidently, the silt loam was less
erodible than the clay soil, but when the silt loam was
exposed to high flow rate, interrupted flow reduced
rill erosion to 18% of the erosion in continuous flow,
Interrupted flow in the silt loam was as effective in
reducing rill erosion as in the clay soil.

The observed effects of interrupted flow on rill ero-
sion can be attributed to two mechanisms that are active

" during flow interruption. First, the suction developed
at the soil surface during the off period pulled the soil
particles closer together and increased the cohesive
forces between the surface particles and reduced erosion
rate (Kemper and Roseneau, 1984; Shainberg et al.,
1996). Second, aging (four periods of 10 min) increased
the cohesive forces between soil particles (Kemper and
Roseneau, 1984). These authors postulated that slightly
soluble components diffusing to and cementing points
of contact between particles were responsible for the
bonding mechanism of the cohesive forces. Realizing,
that net attractive forces acted between clay edges and
clay surfaces, and also between clay surfaces with high
charge densities, Shainberg et al. (1996) suggested that
under conditions of high water content supplemented
by an adequate aging period, clay to clay contacts occur,
and clay cementing was responsible for the development
of a cohesive structure that resisted rill erosion.

Interrupted flow reduced cumulative erosion in the
two soils to <20% of the erosion in continuous flow.
These results suggested that surge irrigation can be con-
sidered as an effective management tool for the control
of furrow erosion problems in surface irrigation.

SUMMARY AND CONCLUSIONS

Effects of interrupted flow on rill erosion and IR of
a silt loam and a clay soil were studied. Interrupted
flow reduced the IR in both soils compared with that
“obtained with continuous flow. This reduction in IR was
more effective in the silt loam because of its unstabie
structure than in the stable structured clay soil. The
effect of interrupted flow in reducing the IR decreased

with increase in the number of flow cycles and depended

on soil type. Interrupted flow consolidated the soil sur-
face and reduced the depth of water that infiltrated.
Eventually, the higher hydraulic-gradient created by the
interrupted flow (due to the reduced depth of infiltrating
water) compensated for the consolidation of the soil
surface, and the favorable effect of interrupted flow on
decreasing IR vanished.

Rill erosion in the clay soil was higher than rill erosion

in the silt loam. However, interrupted flow reduced rill
erosion in both soils and to a similar degree. Flow inter-
ruption reduced rill erosion to 16 and 18% of the rill
erosion in continuous flow for the clay soil and silt
loam, respectively. '

Qur results show that, vnlike many studies have
shown for interrill erosion, rill erosion is higher in clay
soil than in silt loam. However, the results also suggest
that interruption of flow might be considered as an
effective management tool in surface irrigation to en-
hance infiltration uniformity and for the control of fur-
row erosion in the two soil types.
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WATER QUALITY AND SODICITY EFFECTS ON SOIL BULK

DENSITY AND CONDUCTIVITY IN INTERRUPTED FLOW1
G. J. Lewy® N. Sharshekeev3, and G. L. Zhuravskaya®

Interruption of flow during furvow irrigation (e.g., use of surge tech-
nique)} consolidates soil near the furrow surface, causing reorientation
and rearrangement of soil particles, and leads to increased surface bulk

density (BD) and reduced hydraulic conductivity (HC) of this sorface _

layer. We hypothesized that soil consolidation could be affected by irri-
gation water quality and soil sodicity. We studied in the laboratory
changes in the BD and HC of an alfisol (Calcic Haploxeralf) and two ver-
tisols {Chromic Haploxerert) having different exchangeable sodium pez-
centage (ESP) levels that were subjected to five cycles of leaching and
draining under matric potential of up to —3 J kg~!. Four different water
qualities (electrical conductivity (EC) of 0.01, 0.95, 2.0, and 4.0 dS m™1)
were tested. Final BD was significantly greater than the 1mtlal value when
matric potential was applied. Conversely, for continuous leaching (i.e.,
no application of matric potential), differences between final and initial
BD were m51gn1ficant Water quality and sodicity did not affect BD, sug-
gesting that for a given soil exposed to a low level.of matric potendal,.

soil consolidation was not affected by water quality or ESP..Final HC val- ..

ues were always lower than initial ones, with the decrease in HC after ap-.
plication of matric potential being by far greater than that observed when
continuous leaching was used. The decrease in HC relative to initial HC
depended on both water quality, and soil sodicity, was greater with the
decrease in water EC and an increase in ESP. Adverse effects of low EC

and high ESP oo HC were less pronounced in matric potendal applica-

tion than in continuous leaching. Our results suggest that the quality of
water available for irrigation and soil sodicity should be taken into ac-
count in cases where interrupted flow is considered for improving fur-
row irrigation efficiency via reducing soil infilcration rate. {Soil Science
-2002;167:692-700)

Key words: Interrupted flow, bulk density, hydraulic conductivicy,
electrical conductivity, sodicity.

URFACE irrigation is the most common irri-
gation practice worldwide, buc its water use
efficiency is-Tow (Wolters, 1992). [ntercupted ic-
rigadon, which is the incermittent applicaton of
irrigadon water during the advancement stage of
furcow irrigadon (Stringham, 1988), has poten-
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dal to reduce infiltradon rate (IR} and improve
efficiency of surface irrigacion by increasing feld
water applicaton uniformiry. In spite of much
research {lzuno et al, 19835; Jalali-Farahani ez al,,
1993; Kemper er al., 1588; Samani er 3, 1985;
Trour, 1990), che processes mwolved in inter-
rupted Bow are sall not fully undersiood and is
effects on [R are difficult to pradice.

Three basic phenomena have been idennfed
during interruption of dow: (i) water redistribu-
don in the soil profile, {ii) air encapment, and
(iii) consolidation of soil near the fuczow surfics.
During interrupdon of water applicaZon, water
drainage into ur-dermng dry soil and moisture
redistribution resule in the developmenst of nega-
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tive pressure (suction) near the soil surface. This
negative pressure increases capillary forces that

pull water into the soil during the next fow pe--
riod (Samani et al., 1985), and should increase

[R.. It has also been recognized that development
of negative pressure in the soil surface during
flow interruptioas, consolidatas soil near the fur-
row sucface, increases surface bulk densicy, and re-
duces hydraulic conductivity {HC) of this surface
layer. Furthermore, upon tewetting, significanc
trapping of air may occur in the soil surface layer
(Jalali-Farahani et al., 1993). Thus, this thin layer
can have a significant effect of reducing water in-
filtration in succeeding irrigaticn evenes (Izuno
et al., 1985, Jalali-Farahani et al., 1993; Samard st
al., 1985).

Reported changes in HC due to consolida-
tion vary. Samani et al. (1985) studied in the lab-
oratory changes in HC and bulk density {BD) of

four wetted soils subjecred to a series of matic -

potentials. In all soils, HC decreased and BD in~
creased with an increase in muatric potential.
Magnitude of changes in HC and BD resulting
from consclidadon of previously wetted soil de-
pended on matric potential gradient and varied
among soils (Samani er al., 1985).

Saleh and Hanks (1989) tested in the field
surge type flow in three soils, twa of which, Nib-
ley silty clay loam and Milville silt loam, had been
also srudied by Samani et al. (1585). Saleh and
Hanks (1985} reported consolidation and. a sig-
nificant reduction in HC' following 30 min of
drainage in the coarse-textured Millville soil, and
no consolidation and a nonsignificant reduction
in HC in the fine textured Nibley soil. An oppo-~
site phenomenon wich regard to consolidation
and soil texture was found by Jalali-Farahani et al.
(1993). They noted that consolidation due to ma-
tric suction was nearly five times greater in the
fine-textured Greeley soil than in the sandy
Poudre soil. Jalali-Farahani et al. (1993) conciuded
that conseolidation could not be the dominating
tactor reducing IR in coarse-textured soils sub-
jected to wetting and draining cycles (i.e., simula-
ticn for interrupted” Aow). Jalali-Farahani et al.
(1993) further suggested that air entrapment dur-
ing rewetting of drained soils could explain ob-
served expansion in the Poudre soil and preven-
ton of its consolidation in the subsequent
draining evenc. However, effect of soil expansion
on soil permeability was noc clear; permeability
could increase due to the increase in void space,
or decrease due to entrapped air.

Soll HC, whether of the soil profile or the
upper soil layer (i.e., as in crusted soil), is strongly
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affected by electrolyte concentration of the soil

solution and sodicity of the soil {Shainberg and -

Levy, 1952, and references cited therein). The
lower the concentration of the electrolytes and the
higher the exchangeable  sodium percentage
(ESD), the lower the HC. Clay swelling and dis-
persion have been idendfied as responsibie for sod-
icity and salinity telated decreases in HC {Quirk
and Schofield, 1955). These mechanisms reduce
HC by narrowing and/or blocking conducting
pores, and by aggregate destabilization.

Seil consolidation is che collapse of pore chan-
nels by marric forces which develop in a draining
soi], followed by recrientation, rearzangement, and
deformation of soil particles. Soil consolidadon is

commonly characterized by an increase i BD and.

changes (usually a decrease) in HC. We hypothe-
size that soit consolidazion during cycles of wetting
and draining under matric potential could be af-
fected by the level of electrolytes in irrigation wa-
ter and ESP of the sol. Effects of water saliniry and
soil sodicity could also explain some of the varia-

tion reparted in che lceratute, with regard to ef-

fects of matric potential on HC. The objective of

the current study was to investigate effects.of élec-

trolyte concentration in irrigation water and soi
sodicity on soil consclidation as represented by
changes in BD and HC during cycles of irrigation
and draining under matric potential in arable soils.

MATERIALS AND METHODS
Soils '

Two soil types were chosen for this study:
alfisol (Calcic Haploxeralf) from Beer Shewa,
nocthern Negev; and two. vertisols (Chromic
Haploxerert), one from Hafecz-Haim ‘and the

ather from Qedma, the northern part of the
Pleshec Plain, Israel. Samples from alfiso] Beer

‘Sheva and vertisol Haferz-Haim were taken from

two adjacent fields in each location where field
crops were grown, one from a field irrigaced wich
fresh water (low ESP) and the other from 2 field
irrigated with treated waste water (medium
ESP). Samples from vertisol Qedma were taken

from a rain-fed cultivated field having naturally -

occurring high ESP. Selected physical and chem-
ical soil properties, determined by standard ana-
lytical methods (Klure, 1986; Pagc et al., 19863,
are presented in-Table 1.

Experimental Procedures.

© Effects of matric potential that develops dur-
ing off-time in interrupeed fow on BD and HC
were determined in the laboratory using a proce-

A
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TABLE 1
Some basic physical and chemical propetties of che soils used”
. I . Paricle-size distribution o - -
—_ E ESP N 2
Soil cype Classificagon Location Chy Sk Sand CEC GO, OM
zgkg™! cmol_ kg™ % %
Alfisol Calcic Haploxeralf Beer Shews 234 66 &0 14.9 27 8.2 1.2
224 165 610 6.4 8.3 18.: | e
Verusol Typic Haploxerert Hafeez-Haim 419 131 450 332 1.9 1.3 27
375 &11) 475 31.0 5.0 9.12 21
Qedma 230 200 250 41.6 12.0 130 0.96
600 188 212 49.3 20.0 12.7 097

"CEC = cadon exchange capacicy; ESP = exchangeable sodium percentage; OM = organic mamer.

dure similar to that of Samani et al. {1985). Air-
dried soil samples, crushed to pass through a 1.0-
mm sieve, were placed in 63-mm i.d. vertically
sided funnels ficeed with a fricced disk that had a
nominal maximum pore size of 40 to 60 wm.
Prior to-placing a sample in the funnel, the disk
was saturated from the bottom using a perisealtic
pump at 2 weeting race of 14.5 mun b~ After sat-
uradon of the disk, the sample (100 g} was gendy
packed and smooched in the fuanel. [nidal aver-
age height of dry samnples was 2.6 for the alfisol
and 2.8 em for the vertisols (Hafetz-Haim and
Qedma). Saturadon of the soil sample was ob-
tained by wetting it from the bottom at a rte of
30.1 mm h~% After saturadon, tnital saturated
soil height was measured and BD calculaced.
Therealter, the sample was leached from the top
of the funnel with a constanc head device. Hy-
draulic head was maintained at 4.5 J kg™ resule-
ing in hydraulic gradients of 16.7,15.0, and 13.6,
for alfisol, vertsol Haferz Haim, and vertsol
Qedma, respectively. Leaching lasted for 5 min,
durting which drainage water was collected and
its volume recorded. After determining saturated
HC, the sample was allowed to drain until free
water reached the soil surface. The soil was then
further drainéd by applying a matric potenaal of
—1 J kg™!. This was obtained by lowering the
water column connected to the bottom of the
funnel so chac the meniscus in the piperee {ar-
tached to the drain tube} was 10 cm below the
surface of the sample. Drainage under matric po-
tential was applied for 6 min. Ac the end of the
draining process, sample height was measured and
BD calculated. Thereafter, che soil sample was re-
saturated by applying water from the bottom us-
ing the same water quaiicy and wetting race as be-
fore, and new sawurated HC of the sample was
measured. These steps were tepeated five umes,
and matric potential was increased each dme by

—1] kg™ undl it reached —3 J kg~1. The con-
ol treatment consisted of leaching the sample
for 30 min at zes matric potendal {i.e., no apph-
cadon of suction). Quddlow volume and sotl sam-
ple height were recorded every 5 min for deter-
mination of BD and HC. -

Four water qualides differing in salinity were
seadied. Electrical conductviry (EC) of the water
used was 0.01, 0.95, 2.0, and 4.0 dS m~!, repre-
sentng disdlled water, tap watey, saline water of
low salinity, and saline water of high salinicy, re-
spectively. Sodium adsorption rado (SAR) of each
of the water types was adjusted to equal che ESP
of the soil under study. Sodium chloride {(NaCh
and calcium chlocide dihydrace {CaCl,"2H,0}
were used to prepare the solutions.

Each treatrnent (i.e., control or marric poten-
tal application X water qualicy X soil type X soil
sodicicy) was duplicatéd. Coefficient of variation
of BD or HC data berween replicates was <1435,

RESULTS AND DISCUSSION

Examples of changes in BD and HC for the
control treatment (i.¢., when no marric potendal
was applied; herein referred o a5 contnuous
leaching} vs. interrupeed How combined with ap-
plicadon of matric potendal are presented in Figs.
1 and 2. Changes in BD and HC of verdsoi Haferz
Haim with ESP 3 subjected to continuous leach-
ing with disdiled water showed a slight incease in
BD from 1.02 1o 1.04 g cm™3,and a moderats de-
crease in HC from an inical value of .70 com ™t
o 3.20 em h™! (Fig. 1). When leaching was tnter-
rupted by marric potendal applicadon, BD in-
creased with esvery inctease In matmic poteadal
{Fig. 2). Some swelling was noted upon e-wetung
at each step, but this re-swelling did not being the
sotl back to its previous heighe; thus BD ac the end
of re-saturation was higher chan BD ac che previ-
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Fig, 1. Changes in hydraulic conductivity and bulk den-
sity for continuous leaching (i.e., no matric potential ap-
plied) with distilled water in vertisol Hafetz Haim with
ESP 5. 8ars indicate 2 SO.

ous step. Furthermore, application of matric po-
- tential caused also a sharp decrease in HC to about
one-quarter of the initial HC (Fig. 2). Similar
trends were noted in other soils and treacments
(data not presented). '
Reesults of initial and final BD for the various
trearments are presented in Table 2. Final BD
data refer to data measured at the end of 30 min
of continuous leaching or after applied matric
potential reached —35 J kg™*, Note that for alfisol
with ESP 2.7 data for saline water of low sahmty
(EC = 2 dS m™1) and of high salinity (EC =
dS m~Y were similar and hence only those for
the low salinity are presented. In addition, in ver-
tsol Qedma, use of distilled water led to a com-
plete blocking of the soil column due to sever
swelling, and no measurement of HC could be
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Q 1 2 3 -+ .5
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Fig. €. Changes in hydraulic conductivity and oulk den-
sity when matric potential was applied in vertiscl Hafetz
Haim with ESP § leached with distilted water. Bars indi-
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made; hence, BD data for this treatment are not
presented.

For continuous leaching, differences between
final and initial BD were insignificant; however, 2
trend was noted whereby final BD was consis-
tently higher than initdal BD (Table 2}. For con-
tinwous leaching, BD was assumed to depend on
two opposing rriechanisms: clay swelling and hy-
draulic gradient. Clay swelling leads to a decrease
in BD, especially in the vertisols with high clay
coatent (> 40%). Conversely, subjecting clay ro
high hydraulic gradient may cause its compres-

sion (Kemper et al., 1972) and a subsequent in-.
" ¢rease in BD, Mouder et al. (1998) reported that

2 hydraulic gradient of 12.7 led to a significant
compression of a vertisol. In the current study, a
hydraukic gradient = 13.6 was maintained, sug-
gesting that some compression of the soil column
could have taken place. The fact that no signifi-
cant changes were noted between initial and final
BD (Table 2) indicated thac the two opposing
mechanisms (i.e., clay swelling and hydraulic gra-
dient) had similar effects on BD, thus canceling

. each other out. It could be argued that neither

mechanism operated. However, the fact thac final
BD was consistently higher than inidal BD and
evidence in the literature as to clay swelling in
our particular soils (Sigacobs et al., 2001} sup-
ported our conclusion that these two mecha-

‘nisms affected BD in a sinular magmrude but op-

posite direction.

In the matric potential apphcauon treatment,
final BD. was, as observed in previous. studies
(e.g., Samani et al., 1983), significancly higher
than the initial one (Table 2), The significantly
higher final BD values compared with the initial
ones clearly demonstrated thar application of ma-
tric potential of —5 Jkg™! was effective in con-

solidating the soil and increasing its final BD. This |

matric potendal was similar to the matric poten-
dal developed under field conditions during 20
min of fow interruptions (Kemper et al,, 1988;
Trout, 1990).

In order to evaluate specific effects of water
qualicy and sodicity on BD under conditions of
continuous fow or applicadon of matric poren-

- tial, we calcujated the ratio of final BD to it ce-

spective initial value, tecmed relative BD. As ex-
pected, higher relatve BD wvalues were noted in
all soils when matric potential was applied com-
pared with continuous leaching (Figs. 3 and 4).
Similar relative BD values were cbtained for the
alfisol and the verosol Hafetz Haim (different soil
types but wich similar ESP levels). Clay content in

2
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TABLE 2
Effeces of soil type, sodicity, and wacer quality on soil bulk densicy

Marric gotenaal 2policadon

Connauous teaching

Seil type ESP Wacer qualicy _
Inidal BD Final BD imcal 3D Final 3D
dSm=! gem™? gem™? g3 gem™?
Alfisol 2.7 0.01 1.19 1.29 1.19 1.33
0.95 117 128 119 20
2.0 1.1% 1.29 119 120
6.5 0.01 .15 1.27 115 116
095 1.09 1.19 .11 L.13
2.0 1.10 21 11t 113
4.0 1.12 1.20 112 i13
LSD (0.053t 0.023 0.021 0.023 4019
LSD {0.05)% . 0.049 0.031
Vertisol 1.5 0.01 1.01 1.09 1.01 .02
Hafetz-Haim 0.95 0.96 1.05 0.98 100
2.0 1.0 105 1.01 L2
4.0 0.9% 1.04 1.00 1o
5.0 0.01 1.02 LIt 1.02 (A1)
0.95 1.00 1.10 .01 12
2.0 1.02 112 1.03 1.95
4.0 102 L1 1.02 .03
Vertsol Qedma 12 0.95 0.91 1.02 091 0.93
2.0 0.92 1.04 093 0.9+
4.0 0.93 1.05 0.95 03%6
< 20 0.95 0.86 0.96 036 0.37
2.0 087 0.99 0.39 .30
4.0 0.90 (R 0.91 0.2
LSD (0.05) 0.026 0.024 0.02% 2.0927
LSD (0.05) 0.041 0.029 '

L ease significanc diffecence for weacmenes (ESP X water qualicy) for a given soil type.

¥Least significant for inidal and final HC for a given soil type.

the alfisol (Table 1}; therefore, based on che resules
of Jalali-Farahani et al. (1993) for a soil with a
strnilar texcure, vertisol Haferz Haim was ex-
pected to be more vulnerable to consolidation.
However, the alfisol had a considerably higher
sife-to-clay ratio and half che amount of organic
macter content than the vertisol Haferz Haim
{Table 1), thus suggesang a weaker structure. Soils
with weak structure were considered more sus-
cepable to consclidation than soils wich a stable
structure (Miulling, 1999). The similar increase in
BD in th€ alfisol and vertisol Haferz Haim, and
thus the similar degree of consolidadon, could be
explained by the opposite effects of clay content
and structural seabilicy on soil consolidation.

In the alfisol, electrolyte concentradon of the
leaching soludon and soil ESP had no efiect on
relative BD, irrespective of whether matric po-
tental was applied or not (Fig. 3). [n the vertisol,
similar to alfisol, electrolyte concenttion of che
soll solution and sodicity did not affect relacive
BD when conanuous leaching was applied (Fig.

da}. When matric potental was applied, reladve
BD within a given ESP was similar for the differ-
ent electrolyte congentranons used (Fig. 4b).
However, a trend was noted whereby relacive BD
in the vertsol Qedma with ESP 12 and 20 was
higher than that in the verdsol Hafetz Haim wich
ESP 1.9 and 5 (Fig. 4b). This observagon could
be ascribed to the fact that the higher the soif
ESP the weaker its structure; thus the greacer i
tendency to consolidate and yield higher BD.
Reesults of initial and final HC for the various
trearments ace presented in Table 3. Simifar o
BD, Anal HC data reier to data measured ac the
end of 30 min continuous leaching or after ap-
plied matric potenaal reached —3 ] kg™, Final
HC values were always lower than inigal cnes
(Table 3). The decrzase in HC in contnuous
How was ascribed to clay swelling, while in che
matric potendal applicadon wearment it was as-
cribed to soil consolidadon supplemencad by clay
swelling. [n order to qualitatively assess che afecrs
clay swelling and consolidation on the change
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Fig. 3. Relative bulk density in alfisol as a function of ex-
changeabie sodium percentage (ESP) and water quality
for a} continuous leaching {no matric potential applica-

tion), and b) matric potential application. Bars indicate .

130.

from initial to final HC, we expressed this change
in HC {AHC) as a percentage of initial HC:

AHC = 100*{Initial HC~Final HC)/Initial HC (1)

Reesults for continuous leaching and the matric
potermal application treatments are presented in
Table 3. As expected, and as noted in the exam-
ple of vertisol Hafetz-Haim (Figs. 1 and 2), AHC
in the matric potential application was by far
greater than that in contnuous leaching (Table
3).

The data in Table 3 also indicate that AHC
depended on water quality and sodiciry level not
only in continuows” leaching (a5 expected), but
also in the matric potential application treazment.
Within a soil type, the level of AHC for matric
patential applicadon increased with an increase
in soil ESP and a decrease in the EC of the ap-
plied water (Table 3). For matric potencial appli-
cation in a given soil rype, similar BD values were
noted for the different levels of water qualiey and
sodicity {Figs. 3 and 4}. It 1s posculated, cherefore,
that within a soil type, degree of consclidation
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was similar among the various water guality and
sodicity levels. Hence, the observed differences
among AHC values could be ascribed to effects
of water quality and sodicity on clay swelling
rather than on soil consolidadon.

The ratio of AHC for matric potential apphi--
cadon (AHC,,) for z given treazment to that for
continuous leaching (AHCe) of the same treac-
ment showed the magnitude by which the de-
crease in HC for matric potential application was
greater than that for continuous leaching. The
higher chis ratio, the greater the effect of consol-
idadion on decreasing HC. The data presented in
Figs. 5 and 6 show that, in general, the rato of
AHC,,/AHC,, increased with an increase in the
EC of the applied water and 2 decrease 'in soil
ESP. Thus, under conditions where clay swelling
was limited [i.e., high EC and/or low sodicity),

‘the impace of soil consolidadon on HC™ was

greater than that for coanditions favoring clay
swelling. These observations could be explained
as follows. At high salinity and/or low sodicity,

1.20 Vertisal | :
£C {dS m™)
. 11813 Cantinugus leaching I s T
] B2 0.55
g 110 =320
s KX334.00
I 108
3 =0
T 095 =9
=
.90 -+ ey AL
1.20 -
o) Matric potential application
1.15 4
ey i
g 1o s = =
7 = e == 08| —
2N | = B
s {13 = = =S
g i / =a%y / = / E»‘o‘ / ==
PRI = 7= R = =)
13 5 ' 12 20
- ESP

Fig. 4. Relative bulk density iry vertisol a3 a function of ex-
changeabie sodium percentage (ESP) and water quality
for a) continuous leaching (no-matric potential applica-
tiort), and ) matric potential application. 8ars indicate
ane standard deviation. :
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TABLE 3
Effects of soil type, sodicity, and water quality on soil hydraulic conducgvity

Matric potendal application

Cootinuous lzaching

Sadl type ESP Warer
qualicy Inidal HC  Final HC AHC [nidal HC  Fnal WC AHC
dS m™? em h~! e h~! % em ™! cm ¢ %
Alfisol 22 0.0t £.90 0.50 73.7 2.5% 202 229
0.95 2.61 118 54.8 2.64 226 4.4
20 2.48 1.04 38.1 2.48 218 12t
6.5 0.01 1.94 0.33 830 182 19 7 e
© 0.95 372 1.69 54.6 387 3040 2ne
20 3.51 1.61 34.1 i 2.33 123
4.0 3.37 1.72 49.0 lea) 2.76 140
LSD {0.05)F 0.581 0.380 0.477 0.7
LSD (0.05) 03509 0.459
Vertsol 1.9 0.01 7.88 3.36 57.4 9.35 7.03 243
Haferz-Haim 095 T8.43 5.56 34.1 8.81 7.85 109
2.0 9.30 6.54 29.7 9.10 8.38 79
40 9.04 7.49 171 9.09 8.63 51
5.0 a0t 435 094 0.3 4.6% 3.20 3:.8
0.93 770 3.94 488 7.93 7.02 113
2.0 8.10 4.80 40.7 7.84 6.88 2.2
4.0 7.65 4.14 439 8.76 7.92 X
Verusol Qedmaz 12 095 397 1.33 66.5 4.41 3.0 31.7
20 4.30 1.54 64.2 4.30 345 218
4.0 4.12 1.5% 613 a7 297 213
20 0.95 1.79 0.42 76.5 1.60 0.95 40.6
2.0 278 078 s 2.82 1.52 31.9
4.0 kv r 1.39 63.1 kX0) | 2.35 219
LSD {0.03) 0.730 0.561 0.783 0.657
LSD (0.05) 1.290 1.473
¥Lease sigmificant difference for ereannents (ESP X water quality) for a given soil type.
TLeast significant difference for initial and final HC for 2 given soil cype.
AHC in continuous leaching was in most cases
< 25% (Table 3), suggesting thar swelling was
limited, leading to a small reduction in the size of
the water conducting pores. In matric potental ] —e—EsP27 .
application, degree of swelling was not expected o5 —e—ESPES .
to change from that noted for.continuous flow, 2.
thus swelling rematned limited. However, because 20 ’
of soil consolidation, average pore size decreased, 26 /
and the effects of swelling on further narrowing € 5 *
water conducting pores and reducing HC was 5 4]
now greater; consequently, che rato of AHC,,/ 3% ;]
AHC_ was high (Figs. 5 and 6). Conversely, at 24 g Alfisot
low salinity and/or high sodicity, AHC in con- 23] ./
dnuous leaching was already hugh (Tabie 3}, indi- 181
cating distinct swelling, The contribution of con- 154 . : . : . . .
solidadon to further reduction of pore size was o 085 2 .
Elecuical conducihty {65 m™

thus of lesser importance, leading to a lower
AHC,/AHC, rdo compared with thar ob-
tained for conditions of high salinity and/or low
sodicity (Figs. 5 and 6).

Our observations show thac soit consolidation
resulted 1n a significant decrease in HC. These ob-

Fig. 5. The ratio of decrease in hydraulic conductivity for
matric potential application to the cecrease in hy-
draulic canductivity for continuous leaching [AHC)/
AHC,) in alfisol as a function of the electrical conduchy-
ity of the water used.
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Fig. &. The ratio of decrease in hydraulic conduétivity for
matric potential application to the decrease in- hy-
draulic conductivity for continuous leaching (AHC/
AHC,) in vertisol as a function of the electrical conduc-
tivity of the water used.

servations agreed with the results reported by
Samani et al. (1983) and Jalali-Farahani et al.
(1993) for medium- and fine-textured soils. Con-
versely,.our observation did not agree with those
of Saleh and Hanks (1989), who did not observe

an effect of consolidation on HC in a fine<tex-

tured sod {n addition, we also noted that the mag-

ajtude of the decrease in HC depended o, Water..

qualicy and soil sodiciey via their effect.on:. clay
swelling. A lesser decrease in HC was noted under
conditions favoring clay swelling (L.e., lcw EC
and/or high sadicity).

SUMMARY AND CON CLUS_IONS

We studied the effects of water quality and

sodicity on BD and HC in condnuous leaching
and matric potential applicadon {simulating con~
ditions leading o soik consolidation in interrupted
flow). For condnuous leaching, differences be-
rween final and intal BD were insignificans. Con-
. versely, finai BD was significantly higher thana the
initial one when matric potential was applied, in-
dicating that the soil columns consolidated upon
subjecting it to matric potental. Water quality
and sodicity did not affect BD and hence soil
consolidation. Final HC values were always lower,
than initdal ones, with the decrease in' HC after
application of matric potental being by far
greater than thac observed when countinuous
leaching was used. This observation emphasized
the ngmﬁcanc negacive impact of soll consolida-
tion on HC. Unlike BD, the decrease in final HC
relative to inital HC depended oa both water
quality and soil sodiciry, tending to increase with
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the decrease dn water EC and in -increaseaid

ESP. Comparison of the-decredse-in HE. for na-

tric potential applxcatlon for a gwen trea.trnent to

the decrease in HC for continuohy ledch

showed that conditions favormg cl.ay sweihng

(L.e. low EC add’ hlgh ESP);csulted ing smaﬂer
hy

cia.y swchg was hrm

In surface irvigatior
(e.g., surge ‘technique), durmg the -advaneemient
stage of. furruw Lrng:mon has the: potenual tei re—-

cnbed o soil consohdanon at the’ 3011 surface

during Aow interruptions. Qur results suggest

that the qualicy of water available for irrigation

and soil sodicity should be taken imto account in_

cases where intecrupted How is considered for

xmprowng furrow irrigation eﬂiuency via reduc- .
ing soil infiltration rate.
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Appendix 4: Sodicity and water quality effects on intake rate and rill erosion in
interrupted flow

N. Sharshekeev, G.L. Zhuravskaya and G.J. Levy

ABSTRACT

The efficiency of surface irrigation is low because of poor field uniformity, higher
intake at upstream end and slow intake at the end of the field. Surge irrigation, the
intermittent supply of water to furrows, generally reduces soil intake rate (IR) and
improves moisture uniformity over the entire field. However, IR varies from one
irrigation scheme to another, it depends on soil and water properties and is difficult to
predict. The effect of water quality and soil sodicity on IR and soil loss from short
rills was studied in an alfisol and a vertisol using miniflumes under interrupted and
continuous flow. The infiltration rate was more sensitive to the sodicity of the soil
than to the electrolyte concentration. The results showed that: (i) mterrupted flow
reduced soil loss in the vertisol and had small effect on soil loss from the alfisol, (ii)
interrupted flow reduced IR in both soils compared with that obtained in continuous
flow; this reduction in IR was more effective in the alfisol than in the vertisol, and

(iii) the effect of interrupted flow in reducing the IR depended on application of -

water quality mainly in the vertiso! soil.



Introduction

Interrupted - 1mgat10n (also termed surge Iirrigation), the intermittent
application of surface irrigation water (Stringham, 1988), has been proposed as a
potential altemative to overcome low water use efficiency, ~45% (Wolters, 1992),
commonly found in traditional surface irrigation. Surge irrigation may increase
uniformity (and thus efficiency) of surface irrigation application by: (i) increasing the
advance rate, which decreases cross-field differences in infiltration opportunity time;
and (ii) decreasing intake rate (IR) at the upstream end of the furrows to compensate
for longer infiltration opportunity times at these locations (Kemper et al., 1988).
Numerous studies were devoted to surge irrigation (e.g., Izuno et al., 1985; Samani et
al., 1985; Kemper et al., 1988; Trout, 1991), yet the processes involved in interrupted
irrigation are still not fully understood and its effects on IR are thus difficult to
predict. For instance, a recent laboratory study has shown that effects of interrupted
flow on decreasing IR depended on soil type, the decrease in IR was greater for a silt
loam than a sandy clay (Sirjacobs et al., 2001). Conversely, interrupted flow reduced
rill erosion in both soils to a sumilar degree.

Three basic phenomena have been identified during interruption of flow: (i)
water redistribution in the soil profile, (ii) air entrapment, and (1ii) consolidation of
soil near the furrow surface. During interruption of water application, water drainage
into underlying dry soil and moisture redistribution result in the development of

. negative pressure (suction) near the soil surface. This negative pressure increases -

capillary forces that pull water into.the soil during the next flow period (Samani et al.,
1985), and should increase IR. It has also been .recognized that development of
negative pressure in the soil surface during flow interruptions consolidates soil near
the furrow surface, increases surface bulk density, and reduces the hydraulic
~ conductivity and the IR of this surface layer. Furthermore, upon rewetting, significant
trapping of air may occur in the soil surface layer (Jalali Farahani,et al., 1993). Thus,
this thin layer can have a significant effect of reducing water infiltration in succeeding
irrigation events (Izuno et al, 1985 Jalali Farahani et al., 1993 Samani et al., 1985). -

~ An additional important mechanism which may affect IR during flow
interruption  is furrow erosion and subsequent depositional seal formation. Furrow
erosion, and particle transportation, deposition and rearrangement may significantly
reduce water IR by decreasing the permeability of the surface layer (depositional seal
formation). Trout (1991) observed a 50% reduction of infiltration  during interrupted
irrigation because of depositional seal formation in the Portneuf silt loam soil.
Shainberg and Singer (1985) observed that depositional seals reduced: the rate of
water penetration by 1-2 orders of magnitude.

The response of soils to saline and sodic conditions has been summarized in
numerous reviews (e.g. Shainberg and Letey, 1984; Sumner and Naidu 1998; Levy
1999). These reviews demonstrated that soil properties (e.g., soil texture, clay
mineralogy, pH, sesquioxide content, lime, and CO, concentration) affect the
response of soils to saline-sodic conditions. Soils with high clay content, high portion
of 2:1 clay minerals, high pH, and low sesquioxides content were found to be
susceptible to these conditions. The significant effects of soil sodicity and the
electrolyte concentration in the irrigation water on water movement in the soil (e.g.,
Shainberg and Letey, 1984), and soil erosion (Levy et al., 1994) have been attributed
to their effects on clay swelling and dispersion and aggregate destabilization. Water
flow decreases and soil erosion increases under conditions favoring clay dispersivity
and aggregates instability, 1.e., low concentration of electrolytes and/or high levels of
exchangeable sodium percentage (ESP).



Recently, some studies tested the effects of dispersive conditions on some of
the processes that occur during flow interruption. Shainberg and Singer (1985)
showed that depositional seals made of flocculated particles had much faster
permeability than seals made of dispersed clay and silt particles. Even for a soil with
ESP <1, differences in seal structure and permeability were noted when solutions of
different salinities were used (Shainberg and Singer, 1985). In addition, Trout (1991)
observed that with the decrease in IR due to an increase in sediment concentration, the
beneficial effect of interrupted irrigation on reducing IR decreases. Combining the
observations of Shainberg and Singer (1985) and those of Trout (1991) suggested that
conditions favoring formation of a depositional seal of low permeability, i.e.
dispersive conditions, may limit the efficiency of interrupted flow in reducing IR.
Levy et al., (2002) who compared the effects of sodicity and water quality on the
hydraulic conductivity (HC) under consolided and non-consolidated conditions noted
similar effects to sodicity and salinity. They observed that for a consolidated soil, as
occurs during interrupted flow, the decrease in hydraulic conductivity following
consolidation was less pronounced under conditions favoring clay swelling and
dispersion than under a flocculated soil system.

The results of the aforementioned studies on the individual processes that take
place during interrupted flow indicated that soidc and saline conditions have an
adverse on the efficiency of interrupted flow in reducing IR. We proposed to test
whether these observations hold true under interrupted flow conditions. Our specific
objective was to evaluate in a sysiematic way the effects of soil sodicity and water
quality on IR and rill erosion under conditions of interrupted flow in two soil types
using 4 sodicity and 4 water salinity levels.

MATERIALS AND METHODS
Soils

Two soil types were chosen for this study: an alfisol (Calcic Haploxeralf}
from Beer Sheva, northern Negev, and two vertisols (Chromic Haploxerert) one from
Hafetz-Haim and the other from Qedma, the northern part of the Pleshet Plain, Israel.
Samples from alfisol Beer Sheva and vertisol Hafetz-Haim were taken from two
adjacent fields in each location where field crops were grown, one from a field
nrrigated with fresh water (low ESP) and the other from a field irrigated with treated
waste water {medium ESP). Samples from vertisol Qedma were taken from a rain-fed
cultivated field having naturally occurring high ESP. Selected physical and chemical
properties of the soils studied, determined by standard analytical methods (Klute,
1986; Page et al., 1986), are presented in Table 1.

Experimental procedure

The expertments were carried out with a 0.5-m-long, 0.047-m-wide, and 0.12-
m-deep flume; two 0.1-m-long V-shaped metallic nills were connected on both of its
sides. The flume was placed at a 10% slope in order to maintain high flow shear force
, high soil detachment and high rill erosion.

Samples from the 0 - 250-mm depth were air-dried, crushed to pass through a
4-mm sieve, and slightly compacted in the flume to densities of 1.39 Mg m™ for the
alfisol and 1.23 Mg m™ for the vertisols. The dry volume of the vertisols was slightly
smaller than that of the alfisol. However, upon wetting and subsequent swelling, the
final volume of the wet vertisols in the miniflume was similar to that of the alfisol. A
V-shaped rill (44 mm wide and 22 mm deep) with a 90° angle between its sides was
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- formed in the soil surface. Water was applied with a peristaltic pump to the upsiream
metallic ril], and sediment containing runoff water was collected from the downstream
metallic rill in beakers. For accurate measurement of the applied water, the water
reservoir was placed on an electronic balance, and the change in weight with tune
was recorded and used for calculation of inflow rate.

Four different salinity levels were studied. Electrical conduct1v1ty (EC) of the
water used was 0.01(DW), 0.95(TW), 2.0(SW-L) or 4.0(SW-H) dS m™. The sodium
adsorption ratio (SAR) of each of the water types was adjusted fo be equal to the
exchangeable sodium percentage (ESP) of the soil under study. Sodium chloride
(NaCl) and calcium chlonde dihydrate (CaCl»2H;0) were used to prepare these
solutions.

Each individual experiment was divided into two stages. In the first stage
either continuous (control) or interrupted flow was applied. The conirol treatment
consisted of 4 min of flow; the interrupted flow treatment consisted of four cycles of 1
min of flow and 10 min of interruption. Studies by Sirjacob et al. (2000, 2001) who
used a similar experimental set up showed that off time of 10 min was sufficient for
changes in rill erosion and IR, caused by flow interruption, to be completed. In order
to obtain a measurable outflow during the consecutive 4 min, the inflow applied to the
vertisol and the alfisol was 320 and 240 mL min™, respectively. Total inflow, outfiow,
and soil loss were recorded for every minute of flow.

The second stage of the experiment started immediately at the end of the 4 min
flow in the control or after completion of four cycles of interrupted flow treatment.
Again, in order to maintain similar flow and shear force in the rills, 6 min of
continuous flow of 100 mL min'l was maintained in the vertisol and a continuous
flow of 80 mL min™ in the alfisol. Total inflow, outflow and soil loss, were recorded
every minute for each soil.

Three replicates were performed for each treatment tested. Effects of

‘treatments, soil sodicity, water quality and flow type (continuous and interrupted),
were analyzed separately for the Alfiso!l and the Vertisol.

RESULTS
Effect of water quality and type of irrigation on rill erosion ‘

The effects of interrupted flow on rill erosion rate for the alﬁsol and the
vertisol are presented in figures 1-6 and tables 2 and 3. For both soils, most of the
erosion took place during the first 4 min (stage 1 of the experiment) [Fig. 18], when
high flow rates exerting high shear stresses were used. Application of interrupted flow
caused a significant reduction in rill erosion only in the vertisol. The high erodibility
of the vertisol was ascribed to weak inter ~ aggregates cohesion forces ( Shainberg et
al 1996). Vertisol with high clay content (Table 1) has a stable aggregated structure,
with weak cohesive forces among soil particles, which in tum, made them more
susceptible to transportability, compared with the aggregates of the alfisol. No
significant effect of interrupted flow on rill erosion in the alfisol was observed in this
experiment, although the trends were in the same direction as those noted in the
vertisol.

Water quality (0.01[DW], 0.95 [TW], 2.0[SW-2] and 4 [SW-4] dS m™) had
inconsistent effects on rill erosion under sorge and continuous flow. When the ESP
was high (ESP 20 for vertisoil ) increasing the electrolyte concentration from 0.01 to
0.95 dS m"', increased the erodibility; upon further increases in  electrolyte
concentration to 2.0 and 4.0 dS m™ erodibility remained unchanged for the surge and
the continuous flow (Fig. 6). Conversely, in the vertisol with ESP 12 the effect of the

yo



electrolyte concentration was opposite, i.e., rill erosion decreased in continuous flow
when the electrolyte concentration in the water used was increased (Fig. 12). In a
different instance, the same increase in the electrolyte concentration decreased the rill
erosion in the vertisol with ESP 5 for continuous flow, and not affected soil erosion in
the surge flow with the same ESP (Fig. 4). In the alfisol soil (ESP 6.5) nli erosion
decreased, but decreasing rill erosion stopped at 0.95 dS m™ and then remained
unchanged up to EC of 4.0 dS m™ for the surge and the continuous flow (Fig. 2)

Soil particles at the rill bed are held by interparticle cohesive forces (and
gravity) against the shear stress of the flow. Low electrolyte concentration in the
solution and high ESP enhance clay swelling and dispersion, leading to an easier
breakdown of the soil aggregates (Agassi et. al., 1981; Kazman et al. 1983). In sodic
soils the ability of the clay particles to cement adjacent soil particles (or being
cemented) is diminished by the presence of exchangeable sodium on the external
surfaces of quasicrystals and increasing the concentration of the soil solution reduces
the tendency of the clay particles to disperse and improve the development of
cohesive forces. Therefore, when dispersive conditions prevailed (ESP> 5), increasing
the electrolyte concentration of the eroding water decreased the erodibility of the
soils. It was noted in continuous irrigation for ESP 5 and ESP 12 in the vertisol (Figs.
4 and 5). However, in the moderate and high ESP levels of the vertisol use of surge
irrigation led to the development of a negative pressure in the upper layer of the soil
during the off period, thus ,increasing the electrolyte concentration of the eroding
water increases the intra-aggregate cohesion forces. Consequently, it increases the
relative number and stability of microaggregates, while reducing interaggregate
cohesion forces and increasing the transportability of soil particles and the erodibility
of the soil (Figs. 4-6). The results with low ESP soils are explained by the following
observations. At low ESP levels for continuous and surge irrigation, spontaneous
dispersion dose not occur (Rengasamy et al, 1984) and, hence, mechanical dispersion
of clay is the main mechanism. Therefore increasing the electrolyte concentration of
the eroding water had no effect on preventing rill erodibility for both flow type.

Ejffect of sodisity on soil loss

The effect of ESP on the soil erodibility is presented in Fig. 15. 1t is evident
that rill erosion increased with an increase in soil ESP for both flow type. Increasing
soil ESP increased the repulsion forces between clay particles clay surface (Van
Olphen, 1977) and decreased cohesion forces between clay particles, thus leading to
increase in soil particles detachment and increased soil erodibility. Also the size of
soil particles decreased with increase in soil ESP (Abu-Sharar, 1988) and the
transportability of the detached microaggregates was higher.

Effect of water quality and flow type on intake rate

The effects of electrolyte concentration (0.01[DW], 0.95 [TW], 2.0[SW-2] and
4 [SW-4] dS m™) on intake rate (IR) under the surge and continuous flow were
studied. When ESP of the vertisol was high (ESP 12 and 20) increasing the electrolyte
concentration from 0.01 to 4.0 dS m™ increased IR of the soils for both type of
irrigations, but 1nterrupted flow had no effect on IR when electrolyte concentration
was 0.01 dS m’ (Flgs 11 and 12). In ESP 12 of the vertisol increasing IR stopped
under 2.0 dS m (Fig. 11). For interrupted flow in the vertisol soil with low ESP,
increasing the electrolyte concentration to 0.95 dS m™, had tendency to increase IR,
whlch then remained unchanged when electrolyte conccntratton increased to 4.0 dS
m’'. The same increase in the electrolyte concentration decreased IR in the continuous



flow (Fig 9). In the alfisol with low level of ESP the electrolyte concentration had
small effects on IR. Upon comparing surge and continuous irrigation, interrupted flow
was more effective in decreasing the intake rate in the alfisol than in the vertisol soil

(Fig. 7).

" Effect of sodisity on Intake Rate '

Comparing effects of ESP on the intake rate we observed the following. When
ESP of the vertisol and the alfisoi soils was low their intake rates were high (Figs. 13
and 14). At the moderate ESP of the alfisol (ESP 6.5) interrupted flow was more
effective in reducing the IR for all water qualities, but vertisol (ESP 5) lost effect of
interrupted flow under 4.0 (SW-H) dS m™' (Fig. 9). The IR of the vertisol with ESP
12 dramatically decreased and decreasing the IR was continued by ESP-20. It is
proposed that the IR is sensitive to soil sodisity.

SUMMARY
7 The effect of water quahty and soil sodicity on IR and soil loss from short rills
was studied in a silty loam alfisol and a clay vertisol, using miniflumes and applying

interrupted and continuous flow. The intake rate was more sensitive to the sodicity

of the soil and to the electrolyte concentration than rill erosion.- The results showed
that: (i) interrupted flow reduced soil loss in the vertisol and only had small effects on

- soil loss from the alfisol, (ii) interrupted flow reduced IR in both soils compared with
that obtained in continuous flow; this reduction in IR was more effective in the alfisol
than in the vertisol, and (iii) the effect of interrupted flow in reducing the IR
depended on application of water quality mainly in the vertisol soil.
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Table.1

Some basic physical and chemical properties of the soils used.

Soil | Classification Particle-size CEC ESP |CaCO| OM

distribution 3

Clay | Silt |Sand

% % % |meg/100g| % % %

m

Alfisol | Calcic  |23.38[16.63 | 60 | 14.86 | 2.71 | 182 | 1.22

Haploxeralf | 22.5 | 16.25 [61.25 1638 6.5 18.44 | 12 |

Vertisol|  Typic  [41.88|13.13| 45  33.16  1.86 11.26 4.44
Chromoxerert| 37.5 1 15 475 31.01 498 912 253

55 | 20 | 25 | 4157 11.82 1301 296

!
60 ‘18.7’5;.‘21.25l 49.37 . 204 1274 3
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Appendix 5: Soil sodicity, Water guality and Interrupted Flow Effects on
Rill Erosion and Intake Rate in Soils from Kyrgyzstan

N. Sharshekeev and G.L. Zhuravskaya

ABCTRACT

The effect of interaction between water flow characteristics, soil sodicity and
water quality on the rill erosion and intake rate was studied in the laboratory. Specific
objectives of these study were to evaluate: (i) the use interrupted flow for reducing
soil erosion and intake rate, (ii) the effect of soil sodicity (exchangeable sodium
percentage [ESP]) and water quality (0.01, 0.95, 2.0 and 4.0 dS m™) on the soil
erosion and intake rate. Rill erosion in two ESP levels under the surge irrigation
decreased soil loss for all water qualities compared with continuous flow. Decreasing
soil loss was more effective in ESP 0.39%. The IR was more sensitive to the sodicity
and water quality, but the surge trrigation reduced IR only slightly in ESP 5.67% and
had no effect in ESP 0.39%.

INDRODUCTION

Surfase irrigation is the most used irrigation practice worldwide, but its water
use efficiency is low (Wolters, 1992). Interrupted irrigation, which is the intermittent
application of irmgation water during the advancement stage of fumrow irrigation
(Stringham, 1988), has potential to reduce IR and improve the efficiency of surface
irrigation by increasing field water application uniformity.

Several studies have been conducted to determine the processes acting during
the interruption of flow (Izuno et.al, 1985; Jalali-Farahani et al, 1993; Kemper et al.,
1988; Samani et al,, 1985; Trout, 1991) and basic phenomena have been identified: (i)
moisture redistribution in the soil profile; and (ii) consolidation of the soil near the
soil surface. During the interruption application, water drainage into the underlying
dry soil and moisture redistribution result in the development of negative pressure
suction near soil surface. This negative pressure increases forses that pull water into
the soil during the next flow period (Samani et al., 1985), and should increase the IR.
However, the development of negative pressure in the soil surface during flow
interruptions, consolidates the soil near the rill surface, increases surface bulk density,
and reduces the HC of this surface layer. Thus, this thin layer can have a significant
effect of reducing water infiltration in succeeding irrigation events (Izuno et al, 1985
Jalili-Farahani et al. 1993 Samani et al., 1985).

An additional important mechanism controlling IR in furrow irrigation, which
is necessarily related to interrupted irrigation, is the formation of depositional seal at
the furrow perimeter. The HC of depositional seals has been reported to be two-to-
three orders magnitude lower than that of the underlying soil (Shainberg and Singer,
1985). Trout (1991) observed a 50% reduction in infiltration in the Portneuf silt loam
during interrupted irrigation, and ascribed it to surface seal formation. The hydraulic
conductivity of the depositional seal depends on the size and mineralogy of the
sediment particles and on the electrolyte concentration of the water (Shainberg and
Singer 1985). Thus, the effect of electrolyte concentration on the IR varies from one
irigation scheme to another. The permeability of the soil also depends on the
exchangeable sodium percentage (ESP) of the soil, tending to decrease with
increasing ESP and decreasing salt concentration (Agassi, Shainberg, and Morin,
1985; Quirk and Schofield, 1955; McNeal et al., 1968).



Miniflumes have been used to evaluate the interaction between flow
characteristics, soil properties and water quality on rill erosion in the laboratory
(Shainberg et al, 1994; Shainberg et al, 1996). The rill erodibility data obtained with
the miniflumes agreed well with field data (Shainberg et al, 1994). Using miniflumes
Shainberg et al (1996) studied rill erosion in an alfisol and a vertisol, and found that
rill erosion decreased with aging of several hours and that it dependent on water
content in the soil. These researches postulated that aging and water tension enhanced
clay to clay contacts, increased the cohesive forces between soil particles and led to
reduction in rill erosion. It was hypothesized (Sirjabobs et al., 1999), that the
miniflumes would also be used to study the processes that operate in interrupted
trrigation.

Soil sodicity and water quality may also influence the sediment transport
capacity of the furrow stream. Water quality affected flocculation, which determined
the size and density of detached soil material (Arora and Coleman, 1979; Goldberg
and Glaubig, 1987). Gerard (1965) found that increasing Na saturation of the
exchange complex of a fine sandy loam from 1.2 to 13.5% increased the tensile
strength of the soil by 50%. Dowby and Larson (1971) and Warkentin and Yong
(1962) showed that shear strength of Na montmorillonite was greater greater than
comparable Ca-saturated cores.

Sirjacobs et al (1999) found that significant reduce rill erosion by
consolidating the soil surface. When depositional scal is formed and effect of
interrupted flow in consolidating the rill surface and reducing IR is predominant.

The objective of the present study was to investigate the effect of water quality
and ESP on IR and rill erosion, in continuous and interrupted flow.

MATERIALS AND METHODS
SOILS

A soil Serozem-meadow from northern part and Kastanosem from southemn
part of Chuy valley Kyrgyz Republic were chosen for this study. The levels of
exchangeable sodium percentage of the kastanosems soil was 0.39%. The ESP values
of the serosem soil sample was 5.67%. Some basic physical and chemical properties
of the soils are given in Table.1

Table 1
Some basic physical and chemical properties of the soils used.
Soil - Particle-size CEC ESP OM
distribution
Clay | Silt | Sand

% % % | meq/100gm % %

Kastanosem | 23.1 | 61.2 | 15.7 16.18 0.39 32
Serosem 25 37.9 | 36.6 11.41 5.67 0.88

Rill infiltration and erosion- laboratory Miniflume study.

The experiments were carried out with a 0.5-m-long, 0.047-m-wide, and 0.12-
m-deep flume; two 0.1-m-long V-shaped metallic rills were connected on both its
sides. The flume was placed at a 10% slope in order to maintain high flow shear force.

Samples from the 0 - 250-mm depth were air-dried, crushed to pass through a
4-mm sieve, and slightly compacted in the flume to densities of 1.31 Mg mm>. A V-
shaped rll (44 mm wide and 22 mm deep) with a 90° angle between its sides was
formed in the soil surface. Water was applied with a Mario bottle to the upstream
metallic rill, and sediments containing runoff water was collected from the



downstream metallic rill in beakers. For more exact measurement of the applied
water, the using Mario bottle with water solution reserve was placed on an electronic
balance, and the change in weight with time were recorded.

Four different levels of water salinity were studied. The electrical conduct1v1ty
(EC) of the waters was used 0.01 (DW), 0.95 (TW), 2.0 (SW-L) and 4.0(SW-H) dS m’
' The sodium adsorption ratio (SAR) of each of the water types was adjusted to be
equal to exchangeable sodium percentage (ESP) of the soils under study. Sodium
chloride (NaCl) and calcium chloride (CaCly) were used to prepare these water
solutions.

Each individual experiment was divided into two stages. In the first stage
either continuos (control) or interrupted flow was applied. The control treatment
consisted of 4 min of flow; the interrupted flow treatment consisted of four cycles 1
min of flow; and 10 min of off time. Preliminary studies on the effect of off time on
1ill erosion and IR indicated that during <5 min, changes in IR and rill erosion were
obtained but in off periods longer than 5 min the IR and rill erosion have been
stabilized. In order to obtam a measurable outflow during the consecutive 4 min, the
inflows applied 320 mL m™. Total inflow, outflow, and soxl 1oss were recorded for
every minute of flow.

The second stage of the experiment started immediately at the end of the 4 min
flow in the control or after completion of four cycles of interrupted flow treatment.
Again in order to maintain similar flow and shear force in the rills, a continuous flow
of 100 mL min™” was maintained for 6 min Total inflow, outflow and soil loss, were
recorded every minute for each soil.

The effect of water concentration, ESP and flow type was studied separately.
Three replicates were performed for each treatment.

RESULTS
Effect of water quality and type of irrigation on rill erosion
The effect of interrupted flow on rill erosion rate for serozem-medow and

kastanosems soils are presented in figures 1 and 2 and tables 2-5. For both soils, most

of the erosion process took place during the first 4 min (stage 1 of the expérime_nt),
when high flow rates exerting high shear stresses were used. No significant effect of
interrupted flow on rill erosion in the ESP 5.67% was observed in this experiment,
although the trends were in the same direction as those noted in the ESP 0.39%.
 The effect of water quality {0.01[DW], 0.95[TW], 2.0[SW-2] and 4.0[SW-4]
dS m™) on rill erosion by the surge and continuous flow were studied. When ESP was
5.67% increasing the electrolyte concentration from 0.01 to 0.95 dS m™, unchanged
the erosion process for continuous and interrupted flow, and was slightly mcreased by

continuous flow when electrolyte concentration increased to 2.0 and 4.0 dS m’ Flg (1

and 5). However, in the interrupted flow with the same ESP effect of electrolyte
concentration had conversely action on the same range Fig 5. The increase of the
electrolyte concentration in the ESP 0.39%, increased the rill eros1on for interrupted
flow, and not affect on the soil in the continuous flow.

The results with low ESP soils are explained by following observations. At low ESP
levels for continuous and interrupted flow, spontaneous dispersion dos not occur
(Rengassamy et al, 1984) and, hence, mechanical dispersion of clay is the main
mechanism. Therefore increasing the electrolyte concentration of the eroding water
had no effect on preventing rill erosion process for both flow type of irrigation

Effect of sodicity on rill erosion
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The effect of ESP on the soil erodibility is presented in Fig. 5. It is evident that rll
erosion decreased with an increase in soil ESP for both type of flow. Our results are
explained by following observations. Gerard (1965) found that increasing Na
saturation of the exchange complex of a fine sandy loam from 1.2 to 13.5% increased
the tensile strength of the soil by 50%. Dowdy and Larson (1971} and Warkentin
Yong (1962) showed that shear strength of Na-montmorolonite was greater than
comparable Ca-saturated cores. Soil structure research by Kemper and Koch (1966)
and many others have shown that aggregate stability is directly related to soil clay
content and increasing clay content increases the strength by which soil particles are
bonded into aggregates. Soil strength and aggregate stability increase with better
mineral to mineral contact, facilitating fusion-type mineral bonding in low organic
matter soils (Kemper et al., 1987). Increases in soil ESP in the range between 0 and
10% apparently increases clay dispersion and improves the contacts between clay
particles, sufficient to increase the soil tensile strength. It was noted in the continuous
and surge irrigation at the ESP5.67%.

Effect of water quality and floew type on intake rate

The data from all experiments are given in tables 6-9. The effect of electrolyte
concentration (0.01[DW], 0.95[TW], 2.0{SW-2] and 4.0[SW-4] dS m’ on intake rate
under the interrupted and continuous flow were studied. When ESP of the soils was
0.39% increasing electrolyte concentration from 0.01 to 2.0 dS m’! increased IR of the
soil for continuous flow and was unchanged when water concentration was 4.0 dS m™
Fig. Interrupted flow had the same tends but it stopped an increase of IR in range
from 0.95 to 2.0 dS m™' (Fig.4 and 6) continued increase to 4.0 dS m™. The electrolyte
concentration had small conversely action in ESP 5.67% for continuous and
interrupted flow. Type of irrigation for both ESP had small effect in decreasing IR. It
is evident that IR was not pronounced dependence of the electrolyte concentration and
flow type.

Effect of sodicity on Intake rate

Comparing action of ESP on the intake rate we observed following data When
ESP of the soil was 0.39% its IR for all water qualities and flow type except for DW
was high if compare with ESP 5.67% (fig. 6). When distilled water is applied to a soil,
even with levels of exchangeable sodium, chemical dispersion of the soil clay also
occurs, the dispersed clay particles are washed into the soil with the infiltrating water,
and the pores immediately beneath the surface become clogged. It explains why IR by
distilled water was independent of the ESP of the soil. The effect of interaction
between the electrolyte concentration and the ESP is also seen when salinity waters
are used (Fig. 6). A concentration of 0.95 dS m™ is enough to decrease the chemical
dispersion in soil with ESP 0.39% for all water type of irrigation. For ESP 5.67%
responded to the electrolyte concentration of the applied water, as expected, however,
soil with ESP 0.39% was more responsive to the electrolyte concentration of the
applied water than soil with ESP 5.67%. The presence of electrolytes in the solution
prevented the chemical dispersion of the soil aggregates, and IR was maintaining at
high values.

SUMMARY
The effects of ESP, water quality and interrupted flow on intake rate and rill
erosion in serozem-meadow and kastanosem soils were studied, using mmiflumes.IR
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reduced when ESP was increasing by interrupted and continue flow. The increasing
the electrolyte concentration of water had small effect on the intake rate and soil
erosion. Type of irrigation for both ESP had small effect in decreasing IR. However,
interrupted flow reduced rill erosion for both ESP compared with continuous. This
reduction was more effective in the 0.39%ESP than in the ESP 5.67%.
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Seil loss

Kastanosem soil
Tabla 2
SURGE
IRRIGATION
Time, 0.01 dS/m 0,95 dSim 2,00 dS/m 4,00 dS/m
min ESP 0.39 STDV |ESP0.39 STDV |ESP0,33 STDV |ESP0.38 STOV
1 433 T.12 3,68 0,69 3,09 0,43 4,70 1.21
2 2,05 0,73 2,03 0,54 2,48 0,82 2,55 0,31
3 0,89 0,39 1,08 0,55 1,25 0,67 1,60 0,13
4 0,60 0,31 0,82 0,49 0,81 0,51 1.57 0,59
5 0,03 0,02 008 0,03 0,10 0,06 0,09 0.0t
8 0.03 0,03 0,11 0,06 .10 0,04 0,15 0.03
7 0,05 0,05 0;10 0,06 0,12 0,05 0,14 0,03
8 0,08 0,07 0,06 0,03 0,10 0,02 028 0.c6
9 0,08 0,06 0,07 0,05 0,79 1,08 023 0.10
10 0,07 0,03 0,06 0,03 0,13 0,09 042 0,13
Total 8.70 2,44 8.09 1,64 8,94 1,76 11,73 2,61
Table3
CONTINUE iIRRIGATION
Time, 0,01 dS/im 0,95 dSim 2,00 dS/m 4,00 dSim
min ESP0,39 STDV |ESP0,39 STDV |ESP0,33 STDV {ESP0.39 STOV
1 4,70 0,53 452 0,76 4,23 0,22 2,88 0.34
2 3,18 1,72 4,70 0,97 3,08 0,74 477 0,81
3 318 1,07 4,93 1,28 3.81 0,94 5,01 0,87
4 2,57 0,50 442 0,32 4,06 1,51 6,02 0,65
5 0,12 0,09 037 0,10 045 0,42 1,18 0,91
6 0,07 0,06 0,17 -0,01 0.3 0,31 0,20 0,05
7 0,10 0,10 0,25 0,08 021 0,08 0,15 0,07
8 - 014 0,10 0,15 0,05 0,30 0,30 0,21 0,11
9 0,14 0,13 0,37 Q.20 0,48 0,40 027 0,16
10 0,12 0,10 0.41 0,28 0,50 0,37 0,19 0.09
Total 14,34 2,70 20,36 2,63 17.42 4,37 2097 1,44




Soil loss -

Serosem-meadow soil

Tabled

SURGE
IRRIGATION
Time, 0,01 dS/m 0,95 4S/m 2,00 dS/m 4,00 dS/m
min ESP 5.67 STDV |ESP567 STODV 1ESPS.67 - STDV ESP567 STDV
1 2,86 . 0,75 2,80 0,74 2,31 0,69 2,46 0,20
2 0,36 0.24 0,18 0,09 0,33 0,23 0,15 0,06
3 0,13 0,08 0,08 0,03 0,68 0,03 a1 0,03
4 0,10 0,05 0,07 0,03 0,08 0,05 0,09 0,03
5 0,01 0,01 0,01 0,01 0,01 0,01 0,03 0,03
5} 0.0 0,01 0,02 0,01 0,00 0,0t 0,02 0,03
7 0,01 0,00 0,02 0,02 0,02 0,02 0,03 3,03
8 0,01 0,01 Q.02 0,01 0,02. 0,01 0,03 0.02
.9 0. 0,01 0,01 0,01 0,02 0,01 0,03 0,03 .
10 o, 0,01 0,02 [+R0] o.M 0,01 0,02 0,02
Total 3,50 0,35 324 0,76 2,85 0,34 2,97 0,45
) : Taoles
CONTINUE IRRIGATION
Time, 3,01 dS/m (1,95 dS/m 2,00 dS/m 4,00 dS/m
min ESP 5.67 STDV |ESP5.67 STOV |ESP5.67 STRV ESP 5.67 ' STOV
1 2,22 0,18 2,34 0,30 2,69 0,50 2,60 0,05
2 0,24 0,18 0,37 0,10 0,43 0,08 0,27 0,10
3 6,05 0,03 0,19 0,09 0,26 0,09 0,34 0,05
4 0,18 0,16 0,21 0,08 0,20 0,10 0,32 0,04
5 0,03 0,02 0,08 Q,02 0,09 0,08 0,1 0,02
6 0,01 0,01 0,02 0,01 0,03 0,01 0,08 0,03
7 0,00 0,01 - 0,02 q,01 0,03 0,01 0,09 0,03
.8 0,00 0,01 0,01 0,01 0,03 - 0,01 0,09 4,03
9 0,00 0,00 0,01 . 0,02 0,02 0,02 0,08 G0N
10 0,00 0,01 0,02 0,01 0,08 0,02 0,29 0,27
Total 2,78 - 0,34 3,25 0,13 3,82 0,46 427 . 0,36




Intake rate

e

Kastanozem s0il
Table 6
SURGE IRRIGATION
Time, 0,01 dS/im 0,85 dS/m 2,00 dS/m 4,00 dS!m

min ESP0,39 STODV [ESPO0.,39 STOV ESP 039 STOV | ES5P0.,39 STDOV
1 125,26 12,26 162,20 17.73 203,46 8,12 179,52 23,12

2 34,32 N 47,61 2,82 53,79 2,53 52,31 4,51

3 25,08 4,47 39,65 487 46,93 1,76 48,34 175
4 22,87 1,06 39,53 2,55 47.81 2,08 42,78 1,43
S 21,06 3,00 32,71 3.43 37,33 0,70 42 54 1.40
6 6,08 1.52 16,89 156 16,35 381 16,68 1,29
7 8,32 2,09 16,79 4,86 15,22 2,73 19,04 1.87

3 6,69 2,90 13,76 1,52 16,83 324 16,79 397

9 523 1,68 12,22 2,67 15,88 173 18,58 2,29
10 4,52 1,16 10,81 1.21 7.60 353 11,97 0,03
{  Tatal 260,45 25,09 382,17 35,06 461,20 7.4 448,55 17.10

Table 7
CONTINUE IRRIGATION .
Time, 0,01 dSim 0,95 dS/m 2,00 dSim 400 dSIm

min_1ESP (0,33 STDV |ESP0,39 STDV ESP 0,33 STOV | ESP 0,39 STDV
1 135,30 22,52 165,12 466 163,43 23.82 218,88 2161

2 37,89 2,70 60,50 1,44 55.64 298 62,60 386

3 30,42 5,75 34,15 1.38 36,33 9,50 47,83 3,75
4 14,07 4,73 30,19 2,14 32,81 9,82 338,17 8,40
5 16,50 12,15 24,57 6.18 26.87 724 29,91 6,29
8 26,07 1113 27,73 2,26 27,34 3589 3359 3.15
7 12,17 2,28 25,37 1,91 24,52 2,76 30,57 0,60

8 " 16,33 3,25 24,45 1,83 . 22,58 216 29,93 153
9 13,02 167 23,33 1,75 23,85 0,87 29.45 272
10 879 2,54 18,83 3,89 15,73 1,18 21,87 1.41
Total 310,58 18,15 434,24 18,08 | 429.08 43,73 54338 35.30




Intake rate

Serosem-meadow 30il

Tabie 8

SURGE IRRIGATION
Time, 0,01 d8/m 0,95 dS/m 2,00 dS/m 4,00 dS/m
min ESP5.67 STDV | ESP5.67 STOV | £ESPS67  STDV [ESP 567  STDV
1 127,80 20,48 103,50 10,51 128,11 36,91 87,89 15,93
2 37,94 322 39,11 5,02 59,11 31,13 31,21 5.59
3 36,54 32t - 41,74 16,06 34,40 13,01 22,44 3,53 .
4 35,21 3.77 26,54 .. 12,23 " 3561 11,48 2304 - 3.28
5 30,01 4,39 29,33 1,91 29,04 3.3 21,80 5,93
6 13,09 1,29 16,76 1,94 12,53 3,75 9,85 473
7 13,69 0,78 16,54 3,36 12,46 3,34 9.31 4,14
8 14,36 1,73 16,86 0,63 11,70 5,06 11,15 50
9 13,07 0,46 14,14 2,79 11,26 5,46 8,41 1,66
10 10,09 6,37 9,93 1,13 11,34 573 §,22 2,98
Total 331,81 27,07 314,86 32,31 34656 46,89 234,32 27,27
) Table 9
CONTINUE IRRIGATION
Time, 0,01 dS/m 0,95 dS/m 2,00 dSim 4,00 dS/m
min ESP567 STDV |ESP567 STOV |ESPS.67  STDV |ESP 567 STDV
1 118,69 17.21 96,08 3,96 126,99 9,38 74,72 8,31
2 40,52 562, 36,88 5,44 31,44 4,66 30,18 1,35
-3 2558 8,59 - 24,19 1,95 24,54 5,16 24 65 3.48
4 23,27 9,24 2542 2,70 19,99 - 6,34 23,11 475
5 11,68 2,52 8,72 3,48 11,99 3,63 18,20 587
B 15,50 1,97 16,26 0,73 15,14 2,186 15,38 4,88
7 15,31 0.37 14,09 2,12 13,48 3,75 15,45 0,87
8 14,12 1,55 14,67 2,58 12,02 0,87 -12,60 0,93
9 13,62 0,85 12,62 1,02 12,38 346 13,94 2,64
10 8,39 0,69 6,23 1,44 5,12 2,90 10,21 147
Tatal 286,66 12,68 255,17 13,27 273.10 17,14 239,43 7.21
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Soil loss
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INTRODUCTION

The gquestion  application of polyacrylamide {paM} in
an agriculture 1s not new. The first researches on application PaM
for formation of soil structural were conducted in USA in 40 years
of the last century. Then was marked, that PAM is most often used
preparation in foreign researches for these purposes. Later N. A.
Kachinski /1/ confirms, that PAM gives strongest structure forming
effect. Applying artificial the structure formational for
saturation of natural particles, he has received a increase of
quantity steady for water of particles on 67 %.

Data received by E. A. Aripov /2/ K. C. Bhmedov /3 /, V. P.
Batuk/4 /, D. Icmatov /5 /, 1. V. Matoshko /&/ T. B. Mahlin /7 /,
I. A. Romanov /8,9 /, L. H. Taimurzaev /10 /, I. Eshanov /1i/ and
many others, showed, that with PAM application in scil the
quantity of a firm for water of particles is increased and a
resistance of so0ll to erosion, are increased an infitrability of
soil and, due to improvement of water-physical properties it, the
productivity of agricultural cultures raises. In all described
cases, PAM has improved conditions for growth of plants: density
of soil has decreased, the soil structure, water and thermal modes
of soil were improved, more favorable became conditions for
development of microbiological activity and education of
nutritious substances accessible to planté. On words cof
Academician D. L. Turin, the effective use of the artificial the

- structure - formational in an agriculture, would be the sanme

revolutionary achievement, as opening of mineral fertilizers by
Libkih.

However, recommended for formation of the structural arable
layer a doze PAM reached 1-1,5 t/hec /12/ and there was no less
than 0,015 % from weights of air-dry soil. That is for formation
of the structural only top 10-cm layer in irrxigated area is
required not less than 250 kg / hec, that is equivalent to a doze
of used fertilizers.

The new Israeli technology differs by Pam's doze:
the polyacrylamide at concentration of 10 g/m’® moves with
irrigation water at first irrigation and only until che entire

furrow is wetted. The expenditure of PAM has made 2 kg on 1

g
2
il
L

hectare of irrigated area in the researched us conditions. As hav

{1

shown our researches during last of five years, structure -~
ation

r

forming the effect of PAM was preserved to the end zirr:i

[te]

period, the efficiency of application of polymer ampiifisd at
surge technology of irrigation and disappeared at machining to
soil.

LA
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1. CONDITIONS FOR REALIZATION OF THE FIRLD EXPERIMENTS 2002

The field experiments 2002 were conducted at the upper part
plot for field experiments 200l. We realized the one irrigatiocn for
a moistening and the four experimental irrigation. Making use of
PAM that will in stock from last year, we did not receive of
PAM’s effect in perilod the first irrigation. Therefore we repeated
an use of other PAM for the second irrigation. This other PAM was
in concentrated solution.

The results that we received in 2001 and 2002, do not
complement each other. Practically we had the other conditions in

2002 for soil (HC), a weather and a sort of maize even. Twice a
rain was watering together with us (the second and the fourth
irrigation}. Only the third irrigation went without problems and
calmliy. -

We were studying: - _

1. The effect of surge irrigation on furrow erosion and
infiltraticn raters (IR).

2. The effect of PAM on furrow erosion and IR.

3. The interaction between surge irrigation and PAM in their
effects on erosion and IR.

4. The effect of surge irrigation and PAM treatment on water

content in the profile along the. furrows.

A depth of soil moistening was determined before the first
irrigation, after the first irrigation, before the second
irrigation and after the second irrigation at the wvariants of
experience and on distance 20 m, 75 m, 130 m from beginning of
furrow. '

1.1. General conditions for realization of the field
experiments in 2001 and 2002.

1. The field experiments were made on peasant farm “Ulan”.

2. Experimental area had thickness soils; underlying bed
consists of gravel and course gravel from a depth more 3 m.

3. Experiments were conducted with an agricultural culture.

4. The maize were sowed very densely and the space between
furrows was made 60 cm.

5. We could determine a productivity of the green mass and the
malze on grain.

1.2, Distinctive features of conditions for realization
of the field experiments in 2002.
1. The maize for popcorn were sowed of June 4. The sowing

will be made late, as April and May 2002 were rainy very.

2. June was rainy also, July and August stood out by

unsettled weather and were characterized with rare precipitation
and 40%s heat.

2. The first wetting irrigation was made of July 16 and 17.
Then the weeds have went in active growth but a new plants of the
maize appeared also. The weeding of the sowing was conducted two
times by hand.

3. The cutting of the furrows was made on July 31 for

experimental irrigation.
4, We conducted the flrst experimental irrigation of the maize
on July 31 and August 1.

Vo
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5. Length of an irrigated furrow was 150 m.

6. The sediment concentration in the irrigation water, which
is given to the furrow, was not a constant value during vegetative
period. It changed during the first irrigation, at the variants of
experiment and from irrigation to irrigation.

7. The interruption at the water application was given after
wetting by a jet of the entire furrow for two variants of surge
irrigation (surge irrigation and surge irrigation + PAM). fter
the interruption at the water application, the irrigation was
applied continuously with decreasing an inflow rate after 30
minutes.

The field experiments were finished October 20, 2002.

2. THE PREPARATORY WORKS AND THEM RESULTS

The preparatory works included: :

1.The leveling of the area with the purpose to make more
precise of the surface slope in the direction of the irrigaticn.

2.The determination of some physical and chemical properties
of the irrigation water and irrigated soils of experimental plot.
3.The determination of the soil infiltration capacity.

4.The determination of the soil moisture content.

5.The conducting of test irrigation for more precise of the
inflow rates value. However we did not realized the test
irrigation. We accepted a results of test irrigation 2001.

2.1. Geodetic leveling of the area showed that a surface slops
of a field fluctuated from 2,2% to 3,7% in the direction o¢f the
irrigation (Fig.1l).

The mean the surface slops of the field was equal 3.0%. The
mean slope for 2001 was 2.7%.

Slope of ground surface
in plot for field experiments
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2.2. Some physical and chemical properties of the irrigation
water and soil of irrigated plot.

. The soil of plot belongs to light-chestnut mountain-flat of
type. This type of old-irrigated soils characterized by rather
high wvalues of a close packing, an apparent density and maximum
field carrying capacity. We determined maximum field carrying
capacity in soil profile to depth 150 cm. The maximum field
carrying capacity (this is the guantity of water what a soil can
contain on the third day after copious moistening) was determined
for establishment date of regular irrigation. Method was used a
coated lot .with water. The experiment was repeated three times.
The results are presented on Table 1. The maximum field carrying
capacity changes from 21,99% to 24,80% on the average for the soil
stratum O .. 150 cm. This is more high wvalue than in 2001. The
apparent density changes on the average from 1.40 g/cm® to 1.56
g/cm® and increases with depth [13].

Table 1

THE VALUES OF APPRRENT DENSITY AND MAXIMUM FIELD CARRYING CAPACITY IN SOIL
) PROFILE OF FIELD PLOT

The maximum field
The depth.of s0il The apparent | carrying capacity, %
stratum, cﬁ _ density{ g/cm® {to weight)

0-30 | 1.40 2434

30-60 1.48 ~ 21.99

60-590 | 1.52  24.08

50-120 1.56 | " 24.74
120-150 | 1.55% . 24,80

0-150 ~1.50 ~ 23.99

* This is took conditionally

The soil of the plot were selected, were dried, were crushed
and sifted through a sieve with diameter of the orifice 2 mm and
were deliver to special chemical laboratory for more detailed
study. Soil was characterized for their the Dbasic chemical
properties and soil texture. The irrigation water was selected and
was deliver also to special chemical laboratory for the study. The
results of these analyses are presented bellow (Tab.2, Tab.3). The
soils of plot are not salinized. They are contained small number
of soil particles with size less 0.01 (28.8%). Content of sand
composed 35.20 %, clay is 41.1 % and silt is 23.7 %.

The irrigation water has a sulfate-hydrocarbonate-calcium-
secdium composition and contains much of solid particles.



Table
CHEMICAL COMPOSITION OF A IRRIGATION WATER 1IN VEGETATIVE PIRIOQD
{(The river Alamedin)
Chemical composition, meq/L EC,
The SAR
year PH . . meqg/ L
anion cation -
HCO; 504 Cl Ca Mg Na
2000 8.31.17/0.8010.96|0.75(1.2010.30} 1.C1 2.51
2001 7.8 0.45 0.61 | 0.56 [ 0.03|0.70]0.20| 0.30 1.20
2002 8.1 0.83 0.64|0.720.56{0.98|0.28| 0.66 : 1.92
On the | :
average | 8.1 10.85 0.68|0.75 0.45 0.96|0.26| 0.66 1.88
Table 3
THE SOIL CHEMICAL CCMPOSITION OF THE PLOTS
{Name for nomenclature is the light kastanozem,
classification is loam)
Chemical composition, meq/L
The Crganic
year PH CEC ESP, anion cation mater,
% %
HCO3 504 Cl Ca Mg Na
2000 [ 8.1]1.25| 4.00{0.40|0.56[0.29{1.00{0.20| 0.05 3.2
2001 |7.210.43[0.98}0.10}0.33} not 0.20 0.20}( 0.03 3.14
2002 1 7.3 1.07 '8.41 0.5110.3310.2310.65;0.33] 0.0¢9 1.18
; : , i
Table 3a
THE $OIL PHYSICAL COMPQSITION OF THE PLOTS
(Name for nomenclature is the light kastanoczem)
Physical composition, % Classification of
The year slim silt | sand M. A. Kachinski
2000 18.10 66.20 15.70 silty clay
2001 13.16 52.20 34.64 sandy loam
2002 23.70 41.10 35.20 silty loam




2.3. Method for determination of a soil infiltration capacity.

We make more precise the socil infiltration capacity every
year. For this, the circle metallic frames drove  intce scoil, the
water poured and measured the intensity c¢f water imbibition under
pressure H=8 cm (in the corresponding intervals ¢f the time). The
application of the water and a maintenance of the determinate
level its was accomplished by hand with help of the beaker.

The two frames were used for determination of the soil
infiltration capacity in every variant:

1) a big frame is outward, protective frame, restricting

spreading of the water from inward frame, its the diameter is

70 cm;
2) a small frame is inward, register frame, the diameter of
the inward frame is 30 cm. '

The determination of the infiltration capacity of the soil
made with double control. The distance between control circles was
equal 0.7 m. -

At the first, we installed the big circle, then The small
circle. The soil was press well from ocutward side of the circle.
Into every circle installed a ruled line, with which tock into
account the level of the water for maintenance of the constant

pressure its on surface of the soil. The pressure of the water was’
equal 8 cm. The protective and register circles poured

simultaneously. With this moment we began to measure the water,
which adds in the register circles from beakers during all period
of the observation. We measured the water, which is poured out in
inward circle, and maintained on constant level (8 cm) of the
water into outward circle. The cocunting of the time made when the

infiltration the volumes of water composed 1000 milliliters. The

soil infiltration capacity computed for -every interval of the time
on formula:

Ve = AQ*60/ (S*At), | (1)

where Vi is the soil infiltration capacity, cm/h;
AQ is a guantity poured out water, cm3;
60 are a conversion factor from min to hour:
S is a area of the register cirxcle, 706,5 cmé;

, At is a interval of time between the measurements
of water veolumes, min.

The value of the scil infiltration capacity and the intervals
of time written down in the table and design in diagram form.
Duration of the every experiment was egual 1in total 480 min
(approximately). The experiment was repeated four times. The
results are presented on the Fig.2. The data of the figure
testified the mean soil infiltration capacity of irrigated land, a
stage of filtration came at the first 100 min, steady the soll
infiltration capacity composed 5,85 cm/h on the average. Local
factors (for example, of consolidation, of scil moisture content),
as showed a field experiments then, influenced on value of the
soil infiltration capacity at experiments version. :
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2.4. Soil moisture content. The sample soil collection on the
moisture content and the data processing showed that the plot had
not uniform water distribution along the contour lines and had
uniform water distribution in the depth preofile along furrow of
July 30 (Fig. 3). Irrigation .for a moistening, <that will be
conducted July 16 and 17 with beg depth, was a cause for uniform
the soil moisture content at stratum 45..150 c¢cm and uneven the
water distribution along a contour line to start of main field
works. : :
The scil moisture content reduced to 57 % from maximum. field
carrying capacity in upper stratum 0.30 cm and approached to 85%
from maximum field carrying capacity in stratum 80..150 cm. The
disparity at the soil moisture content composed less 10 % along a
contour line and it composed less 30% along vertical.

July 30 and August 1 was conducted the first experimental
irrigation. '

2.5, Inflow rate.

We did not conducted test irrigation in 2002. The results of
fest irrigation 2001 were accepted for base. Water was applied at
inflow rate of 30 L/min. Continued the flow at 30 L/min for
additicnal 30 min after water to reach the end of the furrow. Then
reduced inflow to 16.8 L/min and continuous irrigation for 5 h.
Thus ql=30 L/min for period (Tc+3C min) and ¢g2=16:8 L/min for 5 h.-

Conclusions

1.The surface slope of this area is typical for conditions use
of the surface irrigation ({(on the average slcpe had composed
3,0%). - | .

2. Experiments were conducted with an agricultural culture on
the maize silage and the maize on grain, in spite of a hard
weather conditions. .

3. The maximum field carrying capacity changes on the average
from 21.99% to 24,80 for scil stratum from 0 to 150 cm. The
apparent density changes on the average from 1.48 g/cm®  to
1.56 g/cm3 and increases with depth that is typical for a light-
kastanczem type loam and old-irrigated soils of Chui valley.

4. The soils of plot are not salinized. They are contained
much c¢lay (41.1%). In conformity with classification of N. A.
Kachinski {1], they belong to silty loam. _ n

5. The irrigation water has a sulfate-hydro-carbonate-calcium-
sodium composition. '

6. The infiltration capacity of the soil had - composed
5,85 cm/h on an average for 8 hour (it had changed from
8.73 cm/h to 2.44 cm/h in repetitions). This is typical for loam
s0il with infiltration coefficient 5..10 cm/h {1l41. .

7. The inflow rate was taken gl=30 L/min (0.50 L/s) in
eXperiment version for the wetting period and g2=16.8 L/min

(0.28 L/s) for the after wetting period (at results of test
irrigation 2001).
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3 .MATN WORKS AND THEM RESULTS

Were determined:
- the depth and the uniformity of soil moistering after
second irrigation, the water distribution in scil on wversions;
‘ - the water losses lengthways of a furrow for each version of
the experiments;
- the furrow erosion;
-an yleld of a maize on variants of experlence

3.1. Method of experiments

3.1.1. Continuous irrigation with gl (Control).

a. Furrows of 130 m long. Water was applied at inflow rate of
gl=30 L/min. We were measuring the time (Tc) for water to reach
the end of the furrow. : :

b. Continued 1rr1gatlon for 5 h at gl=30 L/min t¢ end
irrigation, and took samples of water with sediments from the
furrows at distances of 150 m. Dried the water samples to measure
sediment concentration. Repeated the measurement of sediment
concentration (at the 150 m) at 10, 20, 3¢, &0, 90, 120, 150, 210,
270 and 330 min after the water reached cof the furrow end.

c. Measured inflow and outflow rates during these 5 h at 30
or 60 min intervals. Calculated the change in average IR with time
~and the total volume of water that infiltrated the furrows.

d. We repeated the above measurements in 4 furrows.

: e. When irrigation is completed measure the water content in
the profile along the furrows at 20, 75 and 130 m. Determined the
uniformity of water distribution in the field after the second
irrigation. : '

3.1.2. Continuous 1rr1gatlon with gl and g2.

a. Furrows of 150 m long. Water was applied at inflow rate of
qi=30 L/min. We were measuring the time (Tc) for water to reach
the end of the furrow.

b. Continued the flow at gl=30 L/min for. additional 30 min,
and took samples of water with sediments from the furrows at
distances of 20, 75 and 130 m. Dried the water samples to measure
sediment concentration. Repeated the measurement of sediment
concentration (at the 3 locations) at 10, 20, and 30 min after the
water reached the end of the furrow. '

c. After measuring sediment concentration, reduced inflow to
g2=16,8 L/min.and continued irrigation for 5 h. Measured inflow
and outflow rates during these 5 h at 6C, 90, 120, 150, 21¢, 270
and 330 min after ‘the water reached the end of the furrow.
Repeated the measurement of sediment concentration at 60, 80, 120,
150, 210, 270 and 330 min after the water reached the end of the
furrow. Calculated the change in average IR with time and the
total volume of water that infiltrated the furrows.

d. We repeated the above measurements in 4 furrows.

e. When irrigation is completed measure the water content 1in
the profile along the furrows at 20, 75 and 130 m. Determined the
uniformity of water distribution in the field after the second
irrigation.

71
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3.1.3. Surge irrigation with gl and g2.

a. Divided the time it took for continuous water flow
gl=30 L/min to reach the end of the furrow (Tc) into 3 egual time
intervals (Tc/3). Applied surge irrigation of Tc/3 ON, and Tc/3
OFF with inflow rate of gl=30 L/min until the surges reach the end
of the furrow. Recorded the ON time it took to wet the entire
furrow. When the water reaches the end of the furrow continued
with continuous flow of gl=30 L/min for additional 30 min and
repeated steps "b" through "e" in the continucus flecw with gl and
g2 procedure.

3.1.4. Continuous irrigation with PAM applicaticn and
gl and g2.

Mixed PAM, 10 mg/L, with the irrigation water and follow step
"a" in 3.1.2., but the PAM is mixed with the irrigation water only
until the entire furrow was wetted (i.e., the advancement stage
was completed). Recorded the advancement time (Tc). Then continued
with steps "b" through "e"' in 3.1.2., using PAM-free water.

3.1.5. Surge flow with PAM application and gl and g2.

The same as 3.1.3. - surge irrigation in conventiocnal water
except that PAM in concentration of 10 mg/L was mixed with
irrigation water during the surges (i.e., the advancement stage)
using Tcp/3 time intervals for the ON and OFF periods.

The balance method was used for determination of water losses
lengthways of a furrow. Static head measured with a portable water
meter (Photo 1}. Employment of the welr particularly is efficient
for realization technology of a surge irrigation: orifice in
diaphragm is easily re-cover with blind diaphragm in period of the
interruption at the water application. Support & constant pressure
h=4 cm. Inflow rate changed with an orifice in diaphragm.

Furrow erosion was studied by the standard method with a
sample collection of water in glasses (Photo 2). The metallic
chute exploited for those purposes (Photo 3). The metallic chute
has a parabolic form and very well establishing in a transverse
section of a furrow.

We researched the five versions 1in field experiments and
conducted the four experimental irrigation. The each of the four
irrigation had a duration:

Tirr = Te + 30 min + 5 h, (2}

where “Tc¢” is the time to reach the end of the furrow.
Time to reach the end of the furrow is for a version
with surge irrigation:
Tes = (Ts*n + At}, (3)

Ts = T./3 (the duration of ON and OFF periods},
n is the number of ON or OFF periods,
At is the time for water to reach the end of the wet
furrow when inflow rate is 30 L/min.
The some conditions and indexes of the field experiments are
presented in the Table 4. The scheme of the versions in the field
experiment is presented in Fig.5.

1



SOME CONDITIONS AND INDEXES OF A FIELD EXPERIMENTS

Table 4

Rain M_§ Date of Irrigation
o soil
L ©
3-3 samplg
date | norm, 3+ collection | number version of the date the water
mm 3 irrigation application,
0 technology m3/hec
07.16
cont. irr. with gl and
06:05:¢ 5. 2 | 07.15 07.30 (moisten) 07.17 1840
06.05] 20.6 | 07.31 08.04
06.09 | 18.7 08.13 1 cont. irr. with gt | 07.31 875
and g2 )
06.10 5.0 08.18 cont. irr. with gl | C7.31 898
and g2 + pam
06.15 5.3 08.22 surge irr. with gl | 08.01 924
and g2 :
06.15| 21.7 surge irr. with gl | 08.01 | 1046
and g2 +pan ’
06.23 2.8 cont. irr. with gl j 08.01 1321
07.03 7.8 )
07.05| 5.7 2 cont. irr. with gl | 08.14 1153
and g2 .
07.19 3.6 cont. irr. with gl | 08.14 1663
' and g2 + pam :
07.22 2.8 cont. irr. with gl [ 08.14 1483
08.14 1 13.1 surge irr. -with gl | 08.19 962 -
and g2
¢2.15 4.4 surge irr. with gl | 08.18% 88e
and g2 +pam
3 cont. irr. with gl | 09.01 204
and g2
cont. irr. with gl | 09.01 1113
and g2 + pam
cont. irr. with gl | 0%.01 1313
surge irr. with gl | 09.02 863
and g2 .
surge irr. with gl | 09.02 923
and g2 +pam
4 cont. irr. with gl | 09.15 §24
and g2 )
cont. irr. with gl j 09.15 880
and g2 + pam '
cont. irr. with gl | 09.15 1223
surge irr. with gi | 09.186 86l
and g2 i
surge irr. with gl i 09.16 943
and g2 + pam
Total} 116.7

17
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The water meter for the water

Photo 1

The metallic chute

Photo 2

application
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Fig. 4
Table 5
THE TIME FOR WATER TO REACH THE END OF THE FURROW AND THE ON (OFF) PERIOD
IN THE SURGE IRRIGATION
The 1°° The 2°¢ The 3% The 4"
The version of irrigation | irrigation | irrigation irrigation
the irrigation Tc, Ts, Tc, Ts, Tc, Ts, Tc, Ts,
technology min | min | min | min | min | min min min
Cont. irr.+ PAM 71 3C1* 136 66
Cont. irr. 65 148* 73 49
Cont. irr. with gl | 66 115* 64 43
Surge irr. 79 20 91 45 61 25 6O** 15
Surge irr.+ PAM 116 20 19 45 go**. | 20
Cont. irr.+ PAM 68

*it 1s raining
**it is after raining
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3.2. Selected mode of irrigation

The maize strongly differs from others agricultural plants. It
has a large over ground weilght and arrangement of a root system in
high layers of soil. According to data of V. V. Kolpakov [le], the
maize has 65 % of the root zone in the upper 20-cm layer, 29 % has
in a layer 20-80 cm and only -6 % has in a layer more than 80 cm. -
By it the maize differs from other plants, for example, from sugar
beet which has, on the one hand, less over ground weight is
significant, and with another hand, in the upper 20-cm layer it
has only 20 % of root weight, 50 % of the root weight has in a
layer 20-80 cm and 30% has of the root weight are deeper than
80 cm [17]. It provides to sugar beet a capability to use a
moisture of  more steep layers of soil. The maize almost
dispossessed of such capability. The sufficient the moisture
content of the upper 30 cm layer in critical periocds its
vegetation (ejection of the sultan, beginning of formation of a
grain) 1is optimal wvariant of the irrigation. Therefore, in
conditions, when we irrigate maize by furrow irrigation, a problem
to come to maintenance of a high moisture in the upper layer of
the soil. This problem may be sclved with big amounts - of
irrigation and small irrigation rate.

But maize that was showed on plot was earmark for popcorn,
She has a thin stem and a weak root system. The maize was falling
with winds and from supermoistening. Thus we watered our maize
with the four experimental irrigation and the one irrigation were
given for moistening too. On an output of green weight and grain.
it 1is visible that the moisture content of the soil  was
sufficient. The rains helped ' us for this.

The field experiments did not go coff smoothly. It is wvisible
from results of Table 5. The advanced time of furrows (Ts) was
less of norm during the first irrigation (we did not receive of
PAM’s effect). The advanced time of furrows (Tc) was increased
considerably during the -second irrigation because of a rain and
has increased during the fourth irrigation (a rain went at night}.
- The data of the third experimental irrigation will the most:
objective. The intervals for ON and OFF periods are presented in
Table 5.

The first irrigation
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3.3. Effect of Pam on depth and uniformity of soil moistening

The depth and the uniformity of soil moistening at irrigation
was determined with method of a sample collection from different
depths of soil stratum. Was used a following formula at processing
of results:

f=——me- *100, % (4)

where B 1is the soil moisture content, % to weight of absclute
dry soil; -

V, is the weight of sample before drying, g;

V., is the weight of sample after drying, ¢.

The average geometrical for the increment of soil moisture
content was determined on formula:

AR = (40*AB,+70*AR,+40*AB3) /150, % (3)

. where AP;, AB,, APs; are increment of the soil moisture content
at distances of furrow 20, 75 and 130 m accordance;
150 is the length of furrow in experiments, m.

The samples of soil were collected before and after the first
irrigation, before and after the second irrigation. The results
for the second irrigation will be subjected to the further
analyse how having a science interest. The results of the second
irrigation are presented in Annex 1 and Fig. 6 and 7.

Tabie ©
The increment of the soil moisture content for
experimental version (the second irrigation)
The increase of a soil Uniformity
The wversion of the| moisture content (AB,%) at of water
irrigation technology furrow length, m distribution
on the in soil, ¥
20 75 130 average
Cont. irr. + PAM -with
1 and g2 (it is raining) 1.87 1.81 2.49 2.086 1.33
Cont. irr. with gl
and g2 (it is raining) 2.11 1.73 1.07 1.65 G.51
Cont. irr. with ql
(it is raining) 2.79 2.15 1.52 2.15 0.54
Surge irr. with gl and
g2 (it does not raining) .86 1.41 1.58 1.31 1.84
Cont. irr. + PAM with '
gl and g2 (it does not| 1.04 1.34 1.44 1.29 1.38
raining)

14
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The results for the first irrigation Wlll not be subjected to
the further analyse for reason:

1. The sediment concentration of irrigation water greatly
differed on version experiments.

2.We did not receive of PAM’s effect for erosion. Making use
of PAM that will in stock from last year.

The increment of the soil moisture content was determined as a
difference between the soil moisture content before and after
second irrigation (Please see Table 6). We had not of uniform
distribution along furrow and on depth (Annex 1). But we had a
deep percclation for all versions of the second irrigation.

On  the average the increment -of a s0il moisture content had
composed from 1.29 to 2.15 % in a stratum 0-150 cm. At the most
value is related to version continuous irrigation with gl (it is
raining) and at least value is related to wversion continuous
irrigation + PAM with gl and g2 (it does not raining). The
reduced infiltration rates are the result of reduced an -advanced
times in this wversion. The reduced the irrigation water
distribution uniformity in version surge irrigation are the result
of increased an advanced times {(the advancement stage was a large:

Ts=148/3=45 min). The uniformity of soil m01stenlng at irrigation
was determined on formula: K= AB3/AP:.

The uniformity for the water distribution in the soil along
furrow > 1 points to more a high the increment of the soil
meisture content to end furrow. Was the two reason for this:

1. The products of erosion was depositing teo end furrow and
formed a wide shallow water. The perimeter of imbibition and
infiltration rates increased.

2. PAM, moving with sediments, participated in a forming of
the more permeable bed. '

Rain did not influence on improves uniformity of distribution
irrigation water along furrow.. But the rain influenced on an
increase of the so0il moisture content. '

Polyacrylamide (PAM) at concentration of 10 ¢/l in irrigation
water was demonstrated to increase IR. The rain reinforced this.

The second irrigation
(it is raining)
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The increase of soil moisture content

after second irrigation
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The water meter is at the furrow end

(the first irrigation)
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3.4. Effect of surge flow and Pam on water infiltration
and water management '

The balance method was used for determination of the water
losses to infiltration lengthways of a furrow. Following formulae
were used:

W=Wapp._ W oo, o . (6)

where Wapp. 1s the volume of water application for the one
irrigation period, m’/hec; :

Wapp.= Wapp.1 + Wapp.27 -

Wapp.1 1s the water application with flow rate gl=30 L/min for
the one irrigation period:;

Wapp.1 = 30%(Tc+30)*N/1000, m’/hec;

Wapp.2 15 the water application with flow rate g2=16.8 L/min
for the one irrigation periocd;

W@pz = 16.8*300*N/1000, m’/hec;

N is number of furrows for the one hectare;

N=10000/(b*L); _

b is a space between furrows (b=0.60 m);

L is a length of an experimental furrow (L=150 m);

300 is duration of the one irrigation with a flow rate g2=16.8
L/min, min; '

W o¢.is a outflow volume in a furrow end, m’/hec:

"We.r. =Wo.¢, *N/1000, m’/hec;

Wo.:. 1s a outflow volume from one furrow in an observed
period,
. ®s . £, —E(qavr At), L.
Gavr 1s the average value of outflow rate from one furrow
between the two measurements, L/min;

At is a time interval between these two measurements, min;
Qavr = (ql+q1+l) /2, L/min;
gi is an outflow rate from the one furrow in a moment of time
“L/min;
gi =f(hi, ty),
‘hiy is an observed value of a water head at water meter in a
moment of time ti, cm; S

We used following formulae too:
qi =0.254%(h;)%%, L/s and q; =0.139%(h;)®®, L/s.

The every irrigation had their partlcularltles

The first irrigation. We bring in soil a PAM that will in
stock from last year, we did not receive of PAM’'s effect in
period the first irrigatioen.

The second irrigation. We bring in scil a PAM for the second
time. It is raining in the first day of irrigation. We continue
the irrigation across four days.

The third irrigation has went calmly.

The fourth irrigation. Weak rain has went between the first
and the second days of irrigation.

Therefore the results is impossible to summarizing. They will
be discerned the every individually. The methods calculations has
presented at Annex 2, 3 and 4, the results calculations has
presented Table 7, Fig. 8.
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Table 7
THE WATER APPLICATION AND WATER INFILTRATION FOR
IRRIGATION PERIOD
The water The The water The irriga-
The version of the application, cutflow infiltra- tion applica-
irrigation technoiogy m’/hec volume, tion, tien
m®/hec m}/hec efficiency
The first irrigation
Cont. irr. + PAM with
1 and g2 898 381 517 0.58
Cont. irr. with =~ ql
and g2 875 446 425 G.49
Cont. irr. with gl 1321 888 433 0.33
Surge irr. with gl and
g2 824 496 428 0.46
Surge irr. + PAM with
gl and g2 1046 424 622 0.5¢%
The second irrigation
Cont. irr. + PAM with !
gl and g2 (it is raining) 1663 330 1333 0.80%*
Cont. irr. with gl
and g2 (it is raining) 1153 548 605 0.52%*
Cont. irr. with gl
{it is raining) 1483 783 700 0.47*
Surge irr. with gl and
g2 (it does not raining) 962 504 458 0.48
Cont. irr. + PAM with
gl and g2 (it does not 886 506 380 0.43
raining)
The third irrigation
Cont. irr. + PAM with
gl and g2 1113 427 686 0.62
Cont. irr. with gl
{and g2 904 516 388 0.43
iCont. irr. with ql 1313 878 435 0.33
' Surge irr. with gl and
g2 , 863 493 370 0.43
Surge irr. + PAM with
gl and g2 923 500 423 0.46
i The fourth irrigation
Cont. irr. + PAM with
gl and g2 880 378 502 .57
Cont. irr. with ql |
and g2 824 487 337 g.41
Cont. irr. with gl 1243 872 371 g0.3¢
Surge irr. with gl and
g2 86l 281 585 0.67*
i Surge irr. + PAM with !
iql and g2 943 292 651 0.69*

* the

rain had an influence on these results

gf
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The data of Table 5 were used for calculations o¢f the water
applicaticn (Annex 2). . _

The irrigation application efficiency was rather high for the
four version, 1f shall not take into consideraticon the results of
version Cont. irr. with gl . The wvalue 0.36 of this efficiency
is ordinary for conditions of Kyrgyzstan. In the whole, a size of
the irrigation application efficiency decreases from irrigation to
irrigaticn, as decreases total volume of water that infiltrated
furrows: by the end irrigation period the scil is condensed, the
roughness surface of a furrow decreases, time (Tc and Ts) for
water to reach end of the furrow decreases and outflow rates. is
increased.

The results that were rece;ved in 2002 essentially differ from
results 2001 (please, look the table 8). This distinction
consists, first of all, in volumes ¢f the water application. on
irrigation. The time for water to reach end of the and total time
for irrigation has changed little with reduction length of furrow
from 200 M -in 2001 up to 150 M in 2002. Obviously, cenfiguration
furrow has affected it: she was deeper and wide in 2002. Buit the
number furrow in one hectare has increased with reduction length
of furrow in 2002. In this connection vélume of water that
application and outflow has increased from unit of the area in the
period after the water reached the end of the furrow and for
everybody irrigation. In second, if to compare the results of
first irrigation, - the total volume infiltration practically has
not changed in 2002 for the appropriate variants of experiments
including for PAN's of versions. Last year's PAM, brought in soil
with irrigation water at first irrigation, has given small effect
for increase infiltration capacity of soil and increase of the
irrigation application efficiency.

' We have not received expected effect from surge irrigation in
PAM treatment: Surge irrigation in PAM treatment will not be
effective in consolidation of soll surface and reducing IR. The
surge irrigation in PAM treatment will be effective in lncrease
infiltration rate during all irrigation.

Table 8
THE WATER APPLICATION AND WATER INFILTRATION FOR IRRIGATION PERIOD
2001
The water The The water The irriga-
The version of the irrigation appllcatlon, cutflow | infiltra- | tion applica-
technology nd/hec volume, tion, tion

i/ hec m*/hec efficiency

The first irrigation

Cont.irr.+PAM with gl

and g2 783 280 562 0.64
Cont. irr. with ql

and g2 680 307 373 0.55
Cont. irr. with gl 1010 520 490 0.49
Surge irr. with gl and{

q2 755 282 473 0.63
Surge irr.+PAM with gl

jand g2 895 236 659 0.74
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The Jlosses on deep percolation {(more 150 cm) are not taken
into account in the above given results. But we could appreciate
a size those water losses for second irrigation as we have
dispose by soil descriptions in vertical profile (please look
the Tables 1 and 7). _ : .

The water content o¢f soil will be defined on formula for
conditional the second irrigation this year:

W w.c.=100*H*y*AB, m°/hec, _ (7)
W d.p.=W inf. + Wrain - W w.c., m’/hec, (8)

where H is a soil stratum (H=1,50 m};

y is the weight apparent density (y=1.50 g/cm® on the average
for soil stratum 0..150 cm);

ABp is the increment of soil moisture content,
absolute dry soil:

W rain is the additional moistening by rain, m3/hec.

The calculation results of the water content in soil and the
water losses on deep percolation are presented in Table 9.

% to weight of

Table 9

THE WATER CONTENT OF SOIL AND THE WATER LOSSES TO DEEP PERCOLATION
{the second irrigation)

_ The version of the irrigation technology
The index of cont. irr. cont. irr. cont. irr. surge irr. cont. irr.
irrigation + PAM with with with gl with + PAM with
gl and @2 gl and g2 gl and g2 gl and g2
The water '
application,
m3/hec 1663 1153 1483 962 886
The water
infiltration,
m3/hec 1333 605 700 458 380
The additional
moistening by :
rain, m3/hec 131 131 131
The water
content in soil
stratum 0..150
cm, m3/hec 464 371 484 295 2590
The water
losses on deep
percolation,
m3/hec 1000 365 347 163 90
% 60.1 31.7 23.4 16.9 10.2

The method used by us for an estimation of water losses on
deep percolation, does not differ by sufficient accuracy and first
of all the method of definition water moisture content in soil by
drilling, selection of so0il sample from different depth, drying
and weighing is not exact. But this method has allowed us to make
the impertant conclusions:
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« Efficiency 'a washing irrigation, an irrigation for
accumulation moisture in soil and an irrigation for replenishment
of stored soil moisture raise in some, if them to conduct during a
rain. Use PAM will strengthen this efficiency.

¢ The surge irrigation is effective for these purposses too, if
time intervals for the ON and OFF periods will be large enough.

Bring the results 2001 for firs irrigation (Table 10).

THE WATER CONTENT OF SOIL AND THE WATER LOSSES TO D
(the first irrigation, 2001)

G
(&)
i+
-]
E”;
}
[o]
K
k3
&)
@)
“

The version of the irrigation technology

The index of conk. irr. cont, irr. cont. irr. surge irr. surge irr.
irrigation + PAM with with with ql . with + PAM ?u-i'-:h
ql and g2 gl and g2 gl and g2 gl and g2
The water
application,
m3/hec 783 680 1110 755 895
The water
infiltration, :
m3/hec 502 373 490 ? 473 659

The water
content in soil
stratum 0..150

cm, m3/hec . 409 335 389 391 534
The water i :
losses in deep

percolation, :
m3/hec 93 38 101 ; 82 ; 125
% 11.9 5.6 10.0 : 10.8 1 13.9

The given results 2001 do not contradict results 2002. The
general tendency is saved of influence PAM and surge irrigation on
water losses and on deep percolation (more 150 cm): the smaller
size of these losses took place at a conducting with wvariazble
inflow rite, more took place at surge irrigation with PAM
application.

We shall not compare results others irrigation, there wsre
their features (or there was an additional moistening by rain, or
‘the weed vegetation has increased a roughness of furrow surface}.

The third irrigation
(PAM's version)
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3.5. Effect of Pam and of surge irrigation on furrow erocsion

Furrow ercsion, the concentration of sediments in the furrow
water, were studied as a function of the follow;ng variables:

a) flow rates (30.0 and 16.8 L/min);

b) slope of furrow (on the average 0.03 m/m);

c) irrigation method (continuous irrigation and surge
irrigation); :

d) water quality {(without PAM and with.PAM 10 g/m’).
Following formulae were used:

My = ( Gg / G ) * 100, % (9)
Hei = 10%pii, g/L
Pui = Wi*pes, kg

where l;; and Mp; are the sedimerits concentration in furrow
water at the moment time t;, % to weight of absolute dry soil:

Gg is the weight of the sample after drying, g;

G 1s the weight of the sample before drying, g;

W; is the water volume at the moment time t; that contents the

sediments, L;

Py; 1s the weight of the sediments in this volume of water at
the moment time t;, kg.
We have for the observed period:

2 Pui =2 (Wi * M), kg (10}

The sediment concentration in the irrigation water, Lhat gave"

to the furrows, was not a constant value during vegetative period.
It changed during one irrigation, at the wvariants of experiment
and from irrigation to irrigation (Fig 9..11}. The wvariable the
‘sediment concentration in the irrigation water was reflected on
the results of our experiments. Every experimental irrigation was

conducted during 2 days: all the technology versions with
continuous irrigation were in first day and the versions with
surge irrigation were 1in second day (please, look Table 4}. 1In

connection with, an analysis of results was carried out on each
day of irrigation and not for all versions of experiments. For
reception of reliable conclusions, the results of experiments were
united to a value of sediment concentration in irrigation water.
They are shown in the Table 11 and are selected with 1dent1cal
colour,

The conclusions received as a result of the carried out
" analysis are come down to the following (Table 11, Fig. 9.11,
Annex 3 and 5): :

» content of the sediments in furrow water for our conditions

-~ decreases from irrigation to irrigation at .versions a

continuous irrigation and a surge irrigation and increase from

irrigation to irrigation in Pam’s versions (Annex 3);

- decreases with increase of the observed time (Annex 3);

- increases with length of a furrow to the appointed bounds:
the dependence E=f{L}) has a point of inflection after 150 m
(Fig.12).

d



28

BALANCE OF THE SEDIMENTS.
The summary data

Table 11

Weighted averazge
The version of the Balance of the sediment
irrigation technology sediments, kg concentration of
irrigation water, &%
The first irrigation

Cont. irr. + PAM with ql
and g2 -40,07 0.954
Cont. irr. with gl and

2 -7,60 0.785

{Cont. irr. with gl
Surge irr. with gl and
g2
Surge irr. + PAM with gl
and g2
The second irrigation

Cont. irr. + PAM with ql
and g2 46.12 0.294
Cont. irr. with gl and =
g2
Cont. irr. with gl
Surge irr. with gl and

2
Cont. irr. + PAM with gl
and g2

The third irrigation
Cont. irr. + PAM with gl
and g2 19.380 0.583
Cont. irr. with gl and
2
iCont. irr. with ql
{Surge irr. with gl and
a2
Surge irr. + PAM with gl
and g2
The fourth irrigation
Cont. irr. + PAM with ] o

gl and g2 ! -25.35 0.179
Cont. irr. with gl and |-

2 : -57.27 0.17¢
Cont. irr. with gl L -120.02 0.178
Surge irr. with gl and R & R R AR
g2 -13.76 0.151
Surge irr. + PAM with gl ; . e ' '
and g2 Lo =20 §.155

Qﬂ
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the technology of irrigation in a continuocus mode is more
preferable at irrigation by muddy water (Table 11, Fig. 10,
the third irrigation); '

the technologies irrigation in a surge mode should be given
back the preference at irrigation by bright water (Table
11, Fig. 11, the fourth irrigation):

the balance of sediments develops for the benefit of
irrigation by the variable inflow rite at irrigation in a
continuous mode (Table 11, Fig. 10, the third irrigation);

the PAM application strengthens efficiency irrigatioh by
the variable inflow rite (Table 11, Fig. 10 and 11, the
third and the fourth irrigation):;

the positive effect is received at irrigation in rainy
weather, the balance of sediments has developed as for the
benefit of PAM's version and ‘irrigation by the wvariable
inflow rite = (Table 11, Fig. 10, the second irrigation).

Balance of the sediments for one furrow

The first irrigation

100

-15¢

The sediments on furzow {(kg)

=200

Gont. ire. with qi v urge ire. Surga irr.ePAd
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Yhe sadimant coneankration o

Fig. 9
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Balance of the sediments for one furrow
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Let's compare the results 2001 and 2002 for finding - out of
influence of furrow length on furrow ercosion (Table 12).

Table 12
RESULTS INFLUENCE OF FURRCW LENGTH ON FURROW EROSION -
(version: continuous irrigation with gl)
2001 2002
Weight of Weighted average Weight of Weighted average
sediment in sediment sediment in - sediment
Number §{outflow for | concentration of outflow for | concentration of
irrigation | one furrow, -“irrigation one furrow, irrigation
kg water, % kg water, %
1 129.17 0.621 315.27 1.09%
pA 120.18 0.392 113.05* 0.366
3 78.00 0.540 188.36 0.614

it is raining

Thus, the reduction of length furrow increased the volumes

sediments, carried out the bounds of furrow. The results of the
last researches showed that the intensive sedimentation was
observed on distance more 150 M from a beginning furrow

(fig. 12). The increased outflow rite too had a meaning in it.

2
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The content of sediments in irrigation water
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3.6. Effect of Pam and surge irrigation
on maize yield

Maize yield was determined for silage and dgrain individually
at norm 30 thousand plants at hectare.
Distinctive features 2002, influenced on an output of a maize:
* other grades of maize was sown; '
* the attention to a leaving of crops (weeding was made
twice, carrying of fertilization was made insoll also twice.

The data for a yield are presented in Annex &, Tables 13 and
14, '

The results showead:

Pam’s addition in irrigation water was effected an increase
of maize vyield on silage and grain at her combination with
technology irrigation in a continuos mode for all furrow length.

Surge irrigation has ensured a accelerated promotion of
fertilizers to the furrow end and increase of yield in her end.

Surge irrigation in PAM treatment was be effective in
consolidation of soil surface and reducing IR (and absorbing
fertilization by scil) in the furrow beginning. Permeable layer of
sediment, mixed with PAM and fertilizers, was formed in the furrow
end (PAM and fertilization were inserted at the same time}. This
permeable and good fertilized layer has ensured increase of yield

maize silage and grain in the end of a irrigation plot. The same-

effect was received on version continuos irrigation + PAM but
less pronounced.

Surge irrigation without PAM treatment gave a high unevenness
distribution of crop along furrow length.

The calculations of the water application on creation of the

unit crop, as a complex parameter of influence set of the factors,

and, first of all, technologies of irrigation, on yield of maize,
showed (Table 13 and 14) that the highest water expenditure on
creation of a maize silage and a maize grain took place in version
continuous irrigation with gl (control). The wversion surge
irrigation had the most low the indexes of the water expendlture
on creation of a crop.

The high value of water infiltration for creation of unit of a
maize crop took place in version continuous irrigation with gl and
g2 + PAM. The high value of the water expenditure indicates on the
large losses to deep percolation to soil {please look Table 9).

The results of field experiments 2002 and 2001 differed by
yield of maize (especially.grains) a little, but differed by wvalue
of water expenditure on creation of a crop unit and uniformity of
distribution of a crop eon furrow length (Table 13..15). Took place
a water deficit for furrow end in 2001 and, in connection with
this, high wunevenness distribution of crop along 200 m furrow
length,. Coefficient K, which was received as quotient from
division of vyield in furrow end and furrow beginning, did not
exceed 0.79 for maize silage and maize grain in. 2001. These the
low indexes were by result of a big furrow length. Reduction of
furrow length te 150 m in 2002 was reflected effectively on maize
yield. :

of



WATER APPLICATION ON CREATION OF CROP

Table 13

Version of
irrigation
technology

Cont. irr. with gl
and g2 + PAM

Cont. irr. with gl
and g2
Cont. irr. with gl

Shrge irr. with gl
and g2

Surge irr. with gl
and g2 + PAM

Water
applica-
tion for
4 irriga-

tions,

m3/hec

4554

3756
5360
3610

3798

Water
infiltra-
tion for
4 irriga-

tions,

m*/hec

3036

1759
1938
1836

2074

Yield of the maize silage
(cen/hec) Water Water
at length of furrow application infiltration
on the one on the one
on the center of a center of a
20 m 75 m .| 130 m |average | crop (on the crop (on the
average), average),
m3/cen m3/cen
369 383 453 398 11.44 7.63
404 354 344 365 10.29 4.82
361 | 385 354 374 14.33 5.18
340 [ 367 381 364 9,92 5.04
311 354 425 361 10.52 5.75

GE



WATER APPLICATION ON CREATION OF CROP

Table 14

Yield of grain maize

Water | Water {cen/hec) Water Water
Version of applica- | infiltra- at length of furrow application infiltration
irrigation tion for tion for on the one on the one
- technology 4 irriga- | 4 irriga- ‘ on the center of a center of a
tions, tions, 20 75 m 130 m | average c¢rop (on the crop {(on the
m’/hec m’/hec average), average),
m*/cen m3/cen
Cont. irr. with gl 4554 3036 34 37 39 37 123.08 82.05
and g2 + PAM ;
Cont. irr. with ql .
and g2 3756 1759 33 29 29 30 125.20 -58.63
Cont. irr. with ql 5360 1938 35 34 34 34 157.65 57.00
Surge irr. with gl : - '
and g2 3610 1836 32 34 - 34 33 109.39 55.64
Surge irr. with gl i
and q2 + PRM 3798 2074 29 33 38 33 115.09 62.85

ot
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Table 15
Marze YIELD IN 2001
Yield of maize grain Yield of maizes siiage
Version of (cen/hec) {cen/hec)
irrigation at furrow length at furrow length
technology on the on the
20 m 100 m | 200 m | average 20 m | 100 m | 200 m | average
Cont. irr. with
gl and g2 + PAM 47 38 37 40 363 | 303 278 310
Cont. irr. with
gl and g2 45 29 23 31 326 | 239 202 249
Cont. irr. with ’
gl 45 35 31 36 348 | 285 273 285
Surge irr. with g §
1 and g2 42 33 32 35 361 | 268 256 284
Surge irr. with : 3 ‘
gl and q2 + PAM 47 | 31 = 21 32 371 237 | 154 | 247
Conclusions

The results 2002 showed that the experiments conditions 2002
has some difference from conditions 2001. This difference was:

- surface slop of a plot increased from 2.7 % to 3.0 %;

- maximum field carrying capacity increase £from 20.74% to
24%;

- chemical and physical compositions of soil changed a
little;

- infiltration capacity of soil reduced;

- a furrow length reduced from 200 m to 150 m;

- mode of irrigation changed.

However, some general conclusions can are made £for £field
researches 2001 and 2002. They consist in the following:

1. The PAM, is mixed with irrigation water in concentration
of 10 g/m3 and given with the irrigation water only until the
entire furrow 1is wetted, increased an infiltration capacity the
soil, reduced an advancement speed of stream at furrow, increased
a resistance of a surface furrow to erosion ancd made low Zield
uniformity of the water distribution along furrow.

2. Surge irrigation was not effective at conditicns & high
infiltration capacity the soil of plot and big furrow length in
2001. The improvement of quality irrigation was reached with
diminution of furrow length in 2002. This technology irrigation,
in comparison with continuous irrigation, is low effective beczuss
take place higher intake at upstream end and low intake at the end

f
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of the field. Surge irrigation generally reduced scil intake rate,
reduced wvalue of irrigation applicaticn efficiency, improved
moisture uniformity cover the entire field, and 1s heavy in
performance. However, the technologies irrigation in a surge mode

gave positive effect for uniformity distribution of crop along.

furrow length and should be given an other effects at lrrlgatlon
by bright water.

3. Surge flow with PAM appllcatlon (PAM in concentration of
10 g/m3 is mixed with irrigation water during the surges} was be
effective in consolidation of soil surface and reducing IR in the
furrow Dbeginning. Intermittent £low could increase aggregate
breakdown and sediment ercsion and deposition, thus the formatiocn
of depositional surface seals in the furrow beginning. Sediment,
PAM and fertilizers were moved to furrow end. Permeable laver of
sediment, mixed with PAM and fertilizers, which was formed near to
-the furrow end, increased an infiltration capacity the soil,
decreased an outflow volume, increased the irrigation application
efficiency, increased a resistance of a surface furrow to erosion
and increase of productivity maize silage and grain in the end of
a irrigation plot. At the same time, surge irrigation in PAM
treatment made worse an unlformlty of the water distribution and
maize crop along furrow.

Discrepancy an inflow rite to furrow length and the other
conditions of plot field experiment brought to increased a
sediment concentration in furrow end and the other negative
effects 1in 2002. But did not influenced on content of basic
conclusions.
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46.73

144,63
42.20
51.46

47.48
141.14
61.64

57.22
56.43

175.29

42.34
45,41
46,32

134.07

The increase of soil

3.90

443
4.42

12.75
4.11

6.30
4.37

14,78
4.82
6.19

5.66
16.67
8.58

7.1
6.65

22.34

4,49
4.65
5.08

14.23

The soil
moisture
content,
%
13.37

14.08
12.82

13.40

19.25
18.18
17.27

18.18
21.70
20.18

20.99
20.88
21.27

20.84
19.86

20.70

20.38
19.13
20.12

19.86

002

g5

006

014
061
007

M3
008

012

005

016
003

009
004
010

moisture content

22.95

20.51
22.43

65.89

21.10
20.31
21.43

62.84
21,27
21.12

19.99
62.38
20,79

21.01
21,31

63.11
20.78

23.11
21.02

64.92

After irrigation 2

63.96

53.20
54.91

172.07
51.64

53.79
51.17

156.60
62.31
56.24

54.18
172,73
63.50

52.46
69.85

185.81

53.93
68.66
48.16

170.75

57.39

47.83
49.63

154.85
46.10

47.85
45.75

139.70
54.56
49.72

47.76
152,04
55.93

46.68
61.25

163.86

48.24
60.74
43.67

152,55

6.57

537
528

17.22

5.54
5.94
542

16.90

7.75
6.52

8.42
20.69
7.57

578
8.60

21.95

5.89
7.92
4.59

18.20

The sail
moisture

content,
%
19.08

19.66
19.41

19.36

22.16
21.57
22.29

21.99
23.28
22.80

23.12
23.08
21.54

22,62
21.83

21.79

20.73
21.05
20.35

20.77

on the average 1

Annex 1

Increase
of moisture

content,
%

5.95

3.81

2.20

1.09

0.91
2,79

v



120-150

Soil
stratum,
cm

0-30

30-60

60-80

90-120

point 2
017
020
032

023
024
019

038
026
018

029
- 021
030

036
034

037

Before irrigation 2

August 13
20.26
21.24
21.89
63.39
22.73
23.04
19.83
65.60
22.16
22.36
21.28
65.79
22.58
21.48
21.74
65.80
22.48
22.80
21.55

66.83

56.65
57.13 -
67.37
181.15
61.74
53.66
51.97
167.37
48.90
48.25
68.18
165.33
44.93
35.28
57.82
138.03
53.77
44,72
53.32

151.81

52.03

52.83
61.50

166.36
55.48
48.72
47.24

151.44

44.06
43.63
59.82

147.51
40.92

32.87

51.27

125.06
47.81
40.52

47.36
135.69

462
4.30
5.87 .
14.79
6.26
4.94
4.73
15.93
4.84
4.62
8.36
17.82
4.01
2.41
6.55.

12.97

5.06
4.20

5.96
16.12

" The soil

moisture

content,

%
14.54
13.61
14.82
14.36
19.11

19.24

17.26

. 18.56

22.09
21.72

21.69 .

"21.81
21.86
21.16
22.18
21.89
23.53
23.70

23.09

23.41

After irrigation 2

point2 August 18

034
021
017

024

036

019

023
029
037

030
038
026

018

020

032

22.80
- 21.48
20.26

64.54
23.04
22.48
19.83
65.35
22.73
22.58
21.55
66.86
21.74
22.15
22.36
66.25
21.28
21.24
21.89

64.41

77.68
59.49
56.98
194.15
58.36
60.32
57.561
176.19
7207
55.69
63.06

190.82

-50.12
- B0.69

62.64

182.45
69.98
49.90

64.87
184.75

69.25
53.41
51.29

173.95
51.97
53.54
50.49

156.00
62.92
49.29
55.08

167.29
52.14
53.54
55.23

160.91
60.65
4443
56.49

161.57

Continuation Annex 1

8.43
6.08
5.69
20.20
6.39
6.78
7.02
20.19
9.15
6.40
7.98
23.53
6.98
7.15
7.41
21.54
9.33
5.47
8.38

23.18

The soll
moisture
content,
0/0
18.15
19.04
18.34
18.46
22.09
21.83
22.90
22.27
22.77
23.96
23.80
23.43
22.96
22.78
22.54
22.76
23.70
23.59
24,22

23.86

on the average 2

fncrease
of moisture
content,
%

4.10

3.7

1.62

0.87

0.45
2.15

¥




Continuation Annex 1

Before irrigation 2 ) Adfter irrigation 2
Soil The soil The soit  The increas
stratum, moisture moisture  of moisture
cm content, content, content,
point 3 August 13 % point 3 August 18 % Yo
0-30 053 2164 40.32 37.74 2.58 16.02 044 20.96 55.43 49.91 5.52 19.07
048 22.68 48.45 44.73 3.72 16.87 043 2272 £65.66 58.18 7.48 21.09
055 23.11 46,94 43.56 3.38 16.53 045 21.58 61.00 54.62 6.38 19.31
67.43 135.71 126.03 9.68 16.52 65.26 182.09 162.71 19.38 19.89 3.37
30-60 049 20.80 51.65 46.47 518 20.02 042 21.66 51.60 46.42 5.48 22.13
039 2225 66.39 59.63 6.76 18.08 055 23.11 71.89 63.14 8.75 21.86
042 21.66 61.29 54.97 6.32 18.97 040 20.48 49.87 44,66 5.21 21.55
64.51 179.33 161.07 18.26 18.91 ©65.25 173.66 154.22 19.44 21,85 2.94
80-90 044 20.96 61.05 £53.85 7.20 21.88 048 22.68 60.31 53.26 7.05 23.05
052 22.60 57.35 51,01 6.34 22.32 047 22,80 58.33 51.64 6.69 23.20
047 22.80 58.94 £2.26 6.68 22.67 039 22,25 55.14 49.09 6.05 22.54
66.36 177.34 1587.12 20.22 22.28 87.73 173.78 153.99 19,79 22,94 0.66
90-120 045 21.58 66.07 57.48 8.59 23.93 052 22,60 59.23 52.09 7.14 24.21
046 23.25 638.53 60.82 a.mM 23.18 049 20,60 59.30 51.85 7.45 23.84
041 22.50 69.92 61.00 8.92 23.17 053 21.64 48.47 43,29 5.18 23.93
67.33 205.52 179.30 26.22 23.42 64.84 167.00 147.23 19.77 24.00 0.58
120-150 040 20.48 70.41 50.78 9.63 23.80 041 22.50 65.85 57.58 8.27 23,57
043 22,72 70.34 61.14 9.20 23.95 054 22.53 56.83 50.19 6.64 24.01
054 22.53 75.29 65.35 9.94 23.21 046 23.25 63.48 55.78 7.70 23.67
685.73 216.04 187.27 28.77 23.67 68.28 186.16 163.55 22,61 23.73 0.06

on the average 3 1.52

&
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Sail
strafum,
cm

0-30

30-60

60-90

90-120

120-150

point 4
056
063
060

058
067
082

059
065
066

064
072
069

070
071
061

Before irrigation 2

August 13
22.80
21.51
21.09

65.40
22.54
22.99
2269

68.22
21.92
21.85
22.39
66.16
22.85
20.98
22.72
66.55
22.55
22.82
21.60

66.97

68.03
47.91
69.85
185.79
45.02
58.16
54.46
157.64
48.60

44.78

59.56
152,95
50.48
58.28
50.40

159,16

60.65
66.17
56.04

182.86

63.40
4542
65.06

173.88 .

41.86
53.26
50.05

14517

44 10

40.96
53.26

138.32
45.84
51.96
45.92
143.72
53.91
58.65
50.16

162,72

4.63
249
4.79

11.91

3.16
4.90

- 441

12.47
4.50

383

6.30
14.63

464

6.32

4.48

15.44
6.74
7.52
5.88

. 20.14

The soil

moisture

content,
%

- 11.40

10.41
10.89
10.98
16.36
16.19

16.12-

16.21
20.29
20.04
20.41
20.27
20.18
20.40
19.31
20.01
21.49
20.99
20.59

21.03

paoint 4
056
071
069

065
066
058

067
072
063

062
070
060

. 064

059
061

After irrigation 2

August 18
22.80
22.82
22.72
68.34
21.85
22.39
22.54

66.78
22.99
©20.98
21.51

65.48
22.69
. 22.55
21.09
66.33
22.85
21.92
21.60

66.37

60.79
50.83
51.46

162.88
42.99
53.36
53.95

1560.30
48.056
60.33
45.86

154.24
49.93
56.87
48.32
155.12
57.33
48.69
61.44

167.46

55.40
46.49

- 47.56

149.45

130.56

48.53
48.85

137.04
43.58
53.21
41.49

138.28

45.33
50.95
4365
139.93
51.42
44.08
54.38

. 149.88

Continuation Annex 1

5.39
414
3.90

13.43
3.43
483
5.00

13.26
4.47

712
437

15.96
460
592
4.67
15.19
5.91
4.61
7.06

17.58

The soil
moisture
content,
%
16.53

- 17.49

15.70

16.56
19.37

18.48

18.93

18.87
21.71
22,09
21.87

21.92
20.32
20.85
20.70
20.64
20.69
20.80
21.54

21.05

on the average 4

increase
of moisture
content,
%

5.58
2.67
1.65
' 0.63

0.02
2.11

€y




Continuation Annex 1

Before irrigation 2 After irrigation 2
Soil The soit The scil Increase
stratum, moisture moisture  of moisture
cm content, content, content,
point 5 August 13 % point & August 18 % %
0-30 073 22.48 51.39 47.59 3.80 15.13 086 2267 57.53 52.55 498 16.67
075 21.88 56.74 52.92 3.82 12.31 091 20.88 52.64 47.68 4.96 18.51
081 22.56 53.50 £0.581 2.99 10.70 075 21.88 59,80 54.60 5.20 16.90
66.93 161.63 151.02 10.61 12.62 65.44 169.97 154.83 15.14 16.94 4.32
30-60 091 20.88 47.27 43.26 - 4.01 17.92 090 21.83 63.76 56.50 7.26 20.94
093 20.42 57.25 51.45 5.80 18.69 094 21.48 75.90 66.62 9.28 20.56
087 20.57 52.88 47.92 4,96 18.14 095 21.34 60.97 54.35 6.62 20.05
61.87 157.40 142.63 14.77 18.29 04.66 200.63 177.47 23.16 20.53 2.24
60-90 080 21.83 48.28 43,94 4,34 19.63 085 21.16 54.11 48.35 576 21.18
OB4 22.43 52.29 47.36 4,93 19,78 078 22,20 55.24 49.51 573 20.98
078 22.20 61.29 54.83 6.48 19.80 092 21.06 59.12 52.43 6.69 21.32
66.46 161.86 146.13 15.73 19.74 64.41 168.47 160.29 18.18 21.47 1.43
90-120 094 21.49 49.80 44.75 5.05 21.71 093 20.42 50.45 4496 549 2237
082 22.68 60.84 54.15 6.69 21.26 087 20,57 63.91 56.14 7.77 21.84
085 21.16 44.68 40.44 4.24 21.99 073 22.48 66.27 58.28 7.99 22.32
65.33 155,32 139.34 15.98 21,59 63.47 180.63 159.38 21.25 2216 0.56
120-150 086 22,67 54.93 48,78 6.15 23.55 082 22.68 61.48 54.23 7.25 22.98
095 21.34 68.89 £60.32 8.57 21.99 081 22.56 60.92 53.82 7.10 22.71
092 21.05 59.11 51.86 7.25 23.53 084 22.43 68.80 60.04 B8.76 23.29
65.086 182.93 160.96 21.97 22.91 67.67 191.20 168.09 23.11 23.01 0.10

on the average 5 1.73

X
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V2

Sail
stratum,
cm

0-30

30-60

60-90

90-120

120-150

point6 August13

098
108

106

100
101
098

111
108
096

103
107
097

102

105
110

Before irrigation 2

22.54
21.32
22.79

66.65
123.04
22.75
21.38
67.17
22.45
23.42
21.18
' 67.05
22.35
22.84
21.90
67.09
21.61
22.73

23.04

67.38

63.69
58.12
45.45

167.26
56.81
51.56

59.80

168.17
64.90

82.46
61.75

209.11
54.33
58.57
63.66

176.56

54.49

54.77 -

60.40
169.66

58.02
53.20
42,74

1563.96
51.19
47.03
53.87

152.09
57.55
72.24
54.75
184.54
48.42
51.92
56.07
156.41
48.07
48.68

53.26

150.01.

567

4.92
271

13.30
562
4.53
5.93

16.08
7.35
10.22
7.00

24.57
5.91
6.65
7.59

20.15
6.42
6.09

7.14

19.65.

The soil
moisture
content,
%
15.98

15.43
13.58

16.23
19.96
18.66

18.25 -

18.94
20.94
20.93
20.85
20.91

22.67

. 22.87
2221

| 22.56

24.26
23.47

23.63
23.78

After irrigation 2

point6 August 18

110
102
101

108
108
106

103
097
100

096

105
0989

107
098

111

23.04
21.61
2275

67.40
21.32
23.42
22.79
87.53
22.35
21.90
23.04
67.29
21.18
2273
2254
66.45
22.84
21.38
22.45

66.67

'+ 56.20
6052

58.15

174.87
59.23
58.82
54.38

172.43

60.69
47.06
58.10
165.85
65.72
58.78
58.12
182.62
62.40
67.87
69.56

199.83

51.36
54.90
52.59

158.85
52.77
52.68
48.96

154.41
53.90
42.56
51.86

148.32

57.26
52.03

-51.61

" 160.90
54.83

'58.94
60.41

174.18

Continuation Annex 1

4.84
5.62
5.56
16.02
6.46
6.14
5.42
18.02
6.79
4.50
6.24
17.53
-8.46
6.75
6.51
21.72
7.57
8.93
9.15

25.65

The soil
moisture
content,
%
17.09
16.88
18.63

17.52
20.54
20.98
20.71

120.74

21.62
21.78
2165
21.83
23.45
23.04
22.39

23.00
23.66
2378

2410
23.86

“on the average 6

The increas
of moisture
content,
%

2.28

1.81

0.72

0.44

0.08
1.07

- S¥




Before irrigation 2 After irrigation 2

Soil The soil The soil Increase
stratum, moisture moisture  of moisture
cm content, content, content,
point 7 August 13 % point 7 August 18 % %
0-30 113 22.64 64.12 58.65 5.47 156.19 122 21.66 49.56 44,96 4.80 19.74 20m
121 22.71 £66.44 61.24 52 13.60 112 22.91 58.34 52.57 5.77 19.45
126 21.99 54.96 50.71 « 4.25 14.80 119 22.24 61.39 54.98 6.41 19.58
67.34 185.52 170.60 14,92 14.45 66.81 169.29 152.51 16.78 19.58 513
30-60 118 22.18 51.06 46.57 4.49 18.41 121 22.71 53.00 48.07 4,93 19.44
114 21.89 56.66 51.13 5.53 18.91 126 21.99 54.02 48.76 526 19.65
112 22.91 59.8 54.21 5569 17.86 127 21.91 50.04 45,52 4.52 19.14
66,98 167.52  151.91 15.61 18.38 66.61 157.06 142.35 14.71  19.42 1.04
60-90 125 22.13 51.88 46.70 518 21.08 118 22.18 61.41 54.43 6.98 21.64
117 22.95 51.13 46.26 4.87 20.89 120 22.49 64.77 57.08 7.69 22.23
123 21.53 60.08 53.43 6.65 20.85 125 2213 67.33 59.25 8.08 21.77
66.61 163.09 146.39 16.70 20.93 66.80 193.51 170.76 2275 21.88 0.95
90-120 115 22.86 54.5 49.01 5.49 20.99 123 21.53 60.74 5379 695  21.54
120 22.49 54.33 48.82 5.51 20.93 115 22.86 60.50 53.68 6.82 22.13
124 22.28 70.39 61.91 8.48 21.40 124 22.28 67.13 59.21 7.92 21.45
67.63 179.22 159.74 19.48 2115 66.67 188.37 166.68 21.69 21.69 0.54
120-150 119 22.24 44.14 40.31 3.83 21.20 114 21.89 71.48 62.09 9.39 23.36
127 21.9 48.93 44,13 4.8 21.60 117 22.95 51.21 45.90 531 2314
122 21.66 48.97 4417 4.8 21.32 113 22.64 57.74 51.26 6.48 22.64
65.81 142.04  128.61 13.43 21.39 £§7.48 180.43  159.25 2118  23.08 1.69

on the average 6 1.87

/b/
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Continuation Annex 1

Before irrigation 2 After irrigation 2 )
Soil The soil ) - The soil Increase
stratum, moisture . moisture  of moisture
cm ' content, content, content,
: point 8 August 13 ' % point8  August 18 % %
0-30 141 22.60 50.88 55.7 418 12.63 134 2262 73.81 65.92 7.89 18.22 75 m
139 21.40 £1.18 £6.53 4.65 13.24 139 21.40 53.94 48.84 510 186.59
133 20.80 60.16 55.24 4.92 14.29 133 20.80 - 48.27 44,23 4.04 17.24
64.80 181.22 167.47 13.75 13.39 64.82 176.02 158.99 17.03 18.08 4.69
30-60 135 22.43 64.57 - 67.79 6.78 19.17 135 22.43 52.36 47.40 4.96 19.86
140 22.91 63.89 58.22 5.67 16.06 137 22.91 53.97 48.76 5.21 20.15
137 2291 - 506 46.99 3.61 14.99 128 22.82 59.51 53.19 6.32 20.81
68.25 179.06 163.00 16.06 16.95 : 68.16 165.84 149.35 16.49 20.31 3.36
60-90 142 22.87 50.22 4561 4.61 20.27 132 2273 62.67 5572 895 21.07
131 21.05 60.11 - 53.49 6.62 2041 130 22,76 59.55 53.16 6.39 21.02
130 2276 67.41 58.84 7.57 20.42 131 21.05 51.93 46.74 5.19 20.20
: 66.68 177.74 158.94 18.80 20.38 66.54 174.15 155.62 18.53 20.80 0.42
90-120 © 129  22.81 52.44 47.26 5.18 21.19 136 2324 55.12 49.44 5.68 21.68
134 22.62 48.17 43.67 4.50 ©21.38 141 22.60 54.13 48.55 5.58 21.50
136 23.24 50.38 45.74 4.64 20.62 138 21.79 55.03 49.18 5.85 21.36
68.67 150.99 136.67 14.32 21.06 67.63 164.28 14717 17.11 21.51 0.45
120-150 138" 21.79 57.29 50.75 6.54 2258 140 22.91 64.78 56.46 8.32 24.30
128 22.82 65.62 57.49 8.13 23.45 129 22.81 4473 40.65 4.08 22.87
132 . 22.73 54.71 48.47 6.24 24.24 142 22.87 61.34 . 53.94 7.40 23.82
67.34 177.62  156.71 20.91 .23.40 68.59 170.85 151.05 19.80 24.01 0.61

on the average 8 1.91

4
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Continuation Annex 1

Before irrigation 2 After Irrigation 2
Soil The soil The soil Increase
stratum, moisture moisture  of moisture
cm content, content, content,
point 8 August 13 % point 9 August 18 % %
0-30 151 22.90 52.58 48.58 4.00 15.58 146 22.08 6520 49.86 5.34 19.21 135 m
143 22,25 69.43 63.82 5.61 13.50 162 21.73 68.70 61.91 7.79 19.39
158 2284 50.9 47.62 3.28 13.24 158 22.84 64.74 57.96 6.78 19.31
67.99 172.91 160.02 12.89 14.01 66.63 189.64 169.73 19.81 19.31 5.31
30-80 157 22,44 50.63 46.4 423 17.65 157 22.44 45.27 41,13 4.14 22.15
145 21.39 60.85 54.57 6.28 18.93 147 22.69 £9.59 61.10 8.49 22.10
155 22.75 49.97 46.16 381 16.28 155 22,75 50.86 45,99 487 20.96
66.58 161.45 147.13 14,32 17.78 67.88 165.72 148,22 17.50 21.78 4.00 =
60-90 144 21.80 59.75 53.35 6.40 20.29 159 20.64 61.48 54.01 7.47 22.39 @«
152 21.73 46.23 42.24 3.99 19.45 154 22,49 64.24 56.64 7.60 22.25
149 22.47 52.23 47 .4 483 19.37 149 22.47 55.59 49.81 5.78 21.14
66.00 158.21 142,99 15.22 19.77 65,60 181.31 160.46 20.85 21.98 2.21
90-120 156 21.16 47.03 42.07 4.96 23.72 143 22.25 67.45 58.74 8.71 23.87
147 22.69 68.81 60.08 8.73 23.35 144 21.80 58.11 51.37 8.74 22,79
146 22.06 52.36 46.88 5,48 22.08 156 21.16 72.69 62.91 9.78 23.43
65.91 168.20 149.03 19.17 23.06 65.21 198.25 173.02 25.23 23.40 0.34
120-150 153 2217 52.79 46.91 5.88 23.77 153 22.17 68.64 55.58 9.06 24.22
159 20.64 52.21 46.17 6.04 23.66 145 21.39 65.74 57.05 8.69 24,37
154 22.49 64.00 56.00 8.00 23.87 161 22.90 76.41 65.86 10.55 24.56
65.30 | 169.00 149,08 19,92 23.78 66.46 210.79 18249 28,30 24.39 0.61

on the average 9 2.49
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/10

Soil
stratum,
cm

point 10

0-30 . 167
171
173

30-60 174
' 1656
168

£0-90 169
' 166
164

90-120 160
170
161

120-150 172

- 163
175

August 18

21.98
21.66
22.58
66.22
22.44
22.87
21,13
66.44
22.35

21.90 -
22.06

66.31
21.50
21.92
2316

- 66.58

22.01
23.15
22.74

67.90

Before irrigation 2

50.39

53.57

51.92
155.88
46.58

4484

55.1
146.52
51.54
57.94
50.15

159.63

56.78
56.38
58.54
171.70
58.93
61.68
61.74

182.35

46.92
49.58
48.29
144.79
43.12
41.83
50.05

135.00
46.47
51.94
46.46

144.87
50.58
50.36
52.19

153.13
51.93
54.25
54.52

160.70

3.47
3.99
3.63

11,09 .

3.46
3.01
5.05

11.52
5.67
6.00
3.69

14.76
6.20
6.02
6.35

18.57 .

7.00
7.43
7.22

21.65

The soil
moisture
content,
%
13.91
14.29
14.12
14.11
16.73
15.88
17.46

16.80
21.02
19.97
15.12

18.79
21.32
2117
21.87
21.46
23.40
23.89
22.72

23.33

point 10
173
164
170

165
168
160

166
161
174

169
167
172

175
163
171

After irrigation 2

August 22
22.58
22.06
21.92
66.56
22.87
21.13
21.50
65.50
21.90

23.16 -

22.44

67.50
22.35
21.98
22.01

66.34

2274

23.18
'21.66

67.55

49.61
42.44
45.58

137.63

46.14
411
48.50

135.75
58.37
52.29
53.93

162.59
€9.08
48.36
64.32
181.77
68.15
66.29
5935

193.79

45.98
39.82
42.66

128.36
42.51
38.10
44.13
124.74
50.12
47,16
48.35

145.63
60.79
43.74
56.81

161.34
59.62
58.15
52.49

170.26

Continuation Annex 1

. 3.83
2.62
3.02

9.27
3.83
3.01
4.37

11.01
. 625
5.13
558

16.96
8.30
4.62
7.56%1

20.43

8.53
8.14
6.86

23.53

on the average 10

The soil
moisture
content,
%

16.51
14.75
14.63

15.00

18.48

17.74

12.31

18.59

22.15

21.38
21.54

21.71
21.59
21.23
21.58
21.61
23.13
23.26
22.25

22.91

Increase
of moisture
content,
%
20m

.89
1.78
2.92

0.05

-0.42
1.04

6V




Continuation Annex 1

Before irrigation 2 After irrigation 2
Soil The soil The sol) Increase
stratum, moisture . moisture  of moisture
cm content, content, content,
point 11 August 18 % point 11 August 22 % %
0-30 188 21.99 56.67 52.83 3.84 12.45 181 22.58 58.93 54.58 4.35 13.59 75m
179 23.18 74.83 69.03 5.80 12.65 182 22.09 60.91 56.27 4.64 13.58
180 21.94 66.24 61.31 493 12,62 188 22.87 56.38 52.46 3.92 13.25
67.11 197.74 183.17 14.57 12.55 67.54 176.22 163.31 12.91 13.48 0.93
30-60 176 22.39 67.98 61.97 6.01 15.18 190 22.84 56.58 50.92 5.66 20.16
190 22.84 54.04 50.01 4.03 14.83 176 22.39 59.20 53.23 5.97 19.36
184 2279 51.11 47.36 3.75 15.26 187 22,70 64.16 57.37 6.79 19.58
68.02 173.13 159.34 13.79 15.10 67.93 179.94 161.52 18.42 19.68 4,58
60-20 183 2227 60.39 53.62 8.77 21.59 189 21.99 57.31 51.17 6.14 21.04
181 22.58 67.21 59.66 7.55 20.36 180 21.94 66.58 58.64 7.94 21863
178 22.85 68.93 61.62 7.31 18.85 184 22,79 58.90 52.75 6.15 20.563
67.70 196.53 174.90 21.63 2018 66.72 182.79 162.56 20.23 21.11 0.93
50-120 177 21.83 54.89 48.92 5.97 22.04 179 23.18 61.84 54.98 6.86 21.57
193 22.99 5612 49,57 555 20.88 183 22.27 58.33 59.85 8.48 22,57
185 22.60 64.43 57.03 7.40 21.49 178 22,85 54,83 49,10 573 21.83
67.42 174.44 155.52 18.92 21.48 68.30 185.00 163.93 21.07 22.03 0.56
120-150 188 22.87 53.54 47.72 5.82 23.42 185 22.60 55,37 49.36 6.01 22.46
187 22.70 56.56 50.65 6.31 22.58 177 21.83 51.21 45.68 5.53 2318
182 22.08 52.64 46.87 577 23.28 193 22.99 72.55 63.35 9.20 22.79
67.66 163.14  145.24 17.90 23.07 67.42 179.13  158.39 20.74  22.80 -0.27

onthe average 11 1.34

V/44
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Soil_
stratum,
cm

0-30

30-60

60-90

90-120

120-150

7z

point 12
208
210
209

207
203
195

201
202
186

197
194
205
206

204
199

Before irrigation 2

August 18
21.83
2295
23.19

67.97
211
22.14
21.03
64.28
22.86
21.84
21.24
65.94
22.55
2226
20.28
65.09
21.82
22.65
22.26

66.73

50.91
61.41
58.84

171.16
56.38
63.8
56.2

176.38
68.01
59.81
62.38

190.20
61.3
62.06
57.33
180.69
£8.12
57.03
63.87

179.02

47.34
56.85
54.53

158.72
51.13
57.6
50.38

159.114
60.56
53.38
55.42

169.36

54.78
55.19

- 50.81

160.78
50.95
49.97

© 55.78

156.70

3.57
4,56

4.31

12.44
5.25
6.20
5.82

17.27

7.45
6.43
6.96

20.84

6.52
6.87
6.52
19.91
7.17
7.06
8.09

22.32

After irrigation 2
The soil
moisture
content,
% point12  August 22
13.89 197 22.55

- 13.45 210 22.95

13.75 204 22.65

13.71 68.15
17.49 205 20.28
17.48 206 21.82
19.83 207 211

18.21 . 63.21
19.76 199 . 22.28
20.39 195 21.03
20.36 203 22.14

20.15 65.43
20.23 201 22.86
20.86 208 21.83
21.36 209 23.18
20.81 67.88
24.61 202 21.84
2584 196 21.24
24.13 194 22.26

24.81 65.34

57.50 .

58.08
72.83
188.41
55.34
55.07
58.02

169.43

57.80
62.29

61.00 -

181.09
63.18
74.10
62.86
200.14
85.72
67.39
68.46

221.57

52.51
53.38
65.80

171.69
49.40
49.26
52.50

151.16
51.67
55.10
54.26

161.03
56.03
64.83
55.81

176.67
72.85
~ 58.04

59.03
189.92

- Continuation Annex 1

4.99
4.70
7.03

16.72

5.94
5.81

652

18.27
6.13
7.19
6.74

20.06

7.15
9.27
7.05

23.47

12.87
9.35

943

31.65

on the average 12

The soil
moisture
content,
%
16.66
15.45
16.29
16.15
20.40
21.47
20.77
20.77
20.84
21.10

. 20.88

20.98
21.56
21.56

2161 -

21.57
2523
2541
2565

25.41

Increase
of moisture
content,
%
130 m

2.44

2,56

0.83

0.77

0.60
1.44

18




Continuation Annex 1

Before irrigation 2 After irrigation 2
Soil - The soil The soil  Increase
stratum, moisture moisture  of moisture
cm content, ' content, content,
point 13 August 18 % point 13 August 22 % %
0-30 262 23.38 €6.66 60.65 6.01 16.13 223 21.97 53.75 49.15 460 16.92
272 22.59 48.37 44.74 3.63 16.38 259 22.83 55.82 51.12 4.70 16.61
273 22.24 51,96 47.99 3.97 15.42 273 22.24 60.55 55.17 5.38 16.34
68.21 166.99 153.38 13.61 15.98 67.04 170.12 155.44 14.68 16.61 0.63
30-60 253 21.28 46.46 42.41 4.05 19.17 260 22.75 42.91 38.51 3.40 20.29
216 21.76 62.21 55,28 6.93 2067 272 22.59 50.22 45.30 4.92 21.66
222 22.23 58.57 52.76 5.81 19.03 231 22.54 50.79 4578 5.01 21.56
65.27 167.24 150.45 16.79 19.71 67.88 143.92 130.59 13.33 21.26 1.55
60-90 242 22.51 44.40 40.46 3.94 21.95 275 20.69 52.80 47.04 5.76 21.86
246 22,77 58.36 52.16 8.20 21.10 246 2277 47.41 42,74 467 23.39
223 21.97 49.81 44.96 4.85 21.10 262 23.38 4573 41,65 4.08 22.33
67.25 152.57 137.58 14.99 21.31 66.84 145.94 131.43 14.51 22.46 1.15
80-120 231 22.54 63.95 56.19 7.76 23.06 248 22,23 52.64 46,92 572 23.17
253 22.83 57.19 50.80 6.39 22.85 253 21.28 45.88 41.16 4.72 23.74
248 2223 53.22 47.77 5.45 21.34 222 22,23 54.73 48.62 6.11 2315
67.60 174.36 154.76 19.60 22.49 65.74 153.25 136.70 16.55 23.32 0.84
120-150 211 22.12 49,01 43.47 5.54 25.95 216 21.76 50.47 4465 582 2543
260 2275 48.10 43.00 5.10 25.19 242 22.51 65.22 56.55  B8.67 = 2547
275 20,69 42.13 37.93 4.20 24.36 211 22.12 57.56 50.44 7.12 25.14
65.56 139.24  124.40 14.84 25,22 66.39 173.25 15164 2161 2535 0.13

on the average 13 0.86

/73
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i

Soil
stratum,
cm

0-30

30-60

60-90

90-120

120-150

paint 14
328
306
305

292
324
285

327
288
313

325
318
321

300
307
282

Before irrigation 2

~ August 18

22.61
20.72
19.66

62.99
22.11
20.49
19.84

62.44
23.24
21.72
20.42

65.38
22.41
20.67
22.98
66.06
20.72
21.51
22.25

64.48

69.73
79.32

53.62
202.67
38.54

49.81

' 39.55
127.90 -

55.30
49.89
49.65

154.84
56.44

- 54.30

50.07

160.81
62.66
56.50
82.28

181.44

64.48 .
72.20
49.50

186.18

36.34
46.05
36.92

119.31

49.87

45.33

44.90
140.10
50.34

48.12

4521

143.67

55.28

50.01
54,91

160.20

5.25
7.12
412

16.49
2.20
3.76
2.63

8.59
5.43
4.56
4.75

14.74
6.10
6.18
4.86
17.14
7.38
6.49
7.37

21.24

The soil
moisture
content,
%

12.54
13.83

13.81

13.39

15.46

14.71

15.40

15.10
20.39
19.31
18.40
18.73

21.84
22.51

21.86

22.08
21.35
2277
22.57

2219

point 14
307
300
292

306
282
298

324
318
313

305
328
285

325
327
321

After irrigation 2

August 22
2151
20.72
22.11
64.34
20.72
22.25
21.72

64.69
20.49
20.67
20.42

61.58
19.66
22.61
19.84
62.11
22.41
23.24
22,98

68.63

64.86
50.18
51.16
166.20
47.30
52,32
65.68
165.30
53.00
56.01
61.13
170.14
57.46
50.57
50.98

168.01

54.44

72.16

57.08 .

183.68

59.23
48.44
47.35
153.02
43.37
47.79
59.17

150.33
47.19
49.68
53.89

150.86
50.47
4522
52.40
148.09
48.60
63.15
50.83

162.58

Continuation Annex 1

563

3.74

3.81
13.18
3.93

453

6.51

14.97
5.81
6.33
7.14

15.28
6.99
5.35

7.58

19.92
5.84
9.01
6.25

21.10

on the average 14

"The soil

moisture
content,
%

14.93
14.54
15.10
14.86
17.35
17.74
17.38
17.48
21.76
21.82
2127
21.58
22.69
23.66
23.28
23.17
22.30
22.58
22.44

22.46

increase
of moisture
content,
%

1.48
2.38
1.87
1.Q8

0.27
1.41

€S




Contihuation Anpex 1

Before irrigation 2 After irrigation 2
Soil . The soil The soil Increase
stratum, moisture moisture  of moisture
cm content, conlent, content,
point 15 Auwgust 18 % point 15  August 22 % %
0-30 334 20.07 55.77 51.64 413 13.08 351 22,53 63.98 58.23 575 16.11
349 23.30 56.66 53.04 3.82 1217 349 23.30 58.01 53.36 4.65 15.47
332 22.73 62.31 57.75 4.56 13.02 333 22.93 58.37 53.35 5.02 16.50
66.10 174.74 162.43 12.31 12.78 68.76 180.36 164.94 15.42 16.03 3.25
30-60 338 22,93 59.23 5427 4.96 15.83 346 20.49 "57.85 52.16 5.69 17.97
330 23.04 54.64 50.15 4.49 16.56 330 2310 57.05 51.74 5.3 18.54
361 22.48 56.80 5217 463 15.59 334 20.07 53.62 48.34 5.28 18.68
68.45 170.67 156.58 14.08 15.97 63.66 168.52 152.24 16.28 18.38 2.40
60-50 335 22.39 58.72 52.83 5.89 19.35 357 22.98 53.63 48.45 5.18 20.34
351 22.53 53.60 48.66 4.94 18.91 338 2293 49.99 45.38 461 20.53
346 20.49 48.63 44.91 4,72 19.33 335 22.39 65.49 58.30 7.19 20.02
65.41 161.95 146.40 15.55 19.20 68.30 169.11 152,13 16.98 20.26 1.06
90-120 357 22.98 47.96 43.93 403 18.24 356 23.14 56.35 50.64 5.71 20.76
360 21.60 59.90 53.41 6.49 20.40 361 22,48 65.64 58.27 7.37 20.59
356 23.14 52.39 47.68 4.71 19.19 366 23.09 59.70 53.43 6.27 20.67
87.72 160.25 145.02 15.23 19.70 68.71 181.69 162.34 19.35 20.67 0.96
120-150 333 23.10 59.16 52.00 7.16 24.78 360 21.60 63.91 55.19 8.72 25,96
355 22.85 56.73 49.96 6.77 24.97 355 22,85 64.32 56.02 8.30 25.02
366 23.09 59.72 52.44 7.28 24.80 332 22,73 67.08 58.42 8.66 24.26
69.04 175.61 154,40 21.21 24.85 67.18 195.31 169.63 25.68 25,07 0.22

onthe average 15 1.58

S
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Annex 2

The calculation of the water aplication for irrigation period

Irrigation 1
Duration | Duration [Duration of irrigation | The water aplication
Version of furrow of {min) with flow rate | (m3/hec) with fow rate
wetting, |irrigation,| q1=30 ] q2=168 | q1=30 | g2=16.8] Total
min min Umin i/min L/min L/min
Cont. irr. +PAM with g1 and g2 71 401 ' 101 300 338 580 848
Cont. irr. with q2 and g2 65 395 95 300 315 560 875
Cont. irr. with g1 66 396 396 o 1321 0 1321
Surge irr. with g1 and q2 79 409 109 300 364 580 924
7Surge irr. + PAM with g1 and g2 116 446 146 300 486 580 1045
Irrigation 2
Duration | Duration [Duration of iffigation] The water aplication
Version of furrow of (min) with flow rate m3/hec) with flow rate
wetting, |irrigation, | q1=30 | q2=16.8 | q1=30 | q2=16.8 Totai
min min U/min Umin L/min L/min
Cont. irr. +PAM with qiand q2* 301 631 331 300 1103 560 1663
Cont. irr. with g2 and g2 148 478 178 300 593 560 1153
Cont. irr. with g1 115 445 445 0 1483 0 1483
Surge irr. with g1 and g2 91 421 121 300 402 560 §82
Cont. irr. + PAM with g1 and g2** 68 398 98 300 326 560 886

* 1t is rainning

** it does not raining

lrrigation 3
Duration | Duration ] Durafion of irrigation| The water aplication
Version of furrow of {min) with flow rate m3/hec) with flow rate
wetting, |irrigation, | q1=30 | q2=16.8 | q1=30 | q2=16.8 | Total
min min L/min L/min L/min L/min
Cont. irr. +PAM with q1 and q2 136 466 166 300 553 560 1113
Cont. irr. with g2 and g2 73 403 103 300 344 560 S04
Cont. irr. with g1 64 394 394 0 1313 0 1313
Surge irr. with q1 and q2 61 391 91 300 303 560 863
{Surge irr. + PAM with g1 and g2 79 409 109 300 363 560 923
Irrigation 4
Duration | Duration [Duraticr of irngation] The water aphcaton
Version of furrow of {min) with flow rate (m3thec) wiu_1 flow rate
wetting, |irrigation,| q1=30 | 92=16.8 | q1=30 | q2=16.8 | Total
min min L/min L/min L/min L/min
Cont. ir. +PAM with q1 and q2 66 396 g6 300 320 560 880
Cont. irr. with q2 and q2 49 379 79 300 264 560 824
Cont. irr. with g1 43 373 373 0 1243 0 1243
Surge irr. with q1 and q2° 60 30 g0 300 301 560 861
Surge irr. + PAM with g1 and g2* 85 415 115 300 383 580 843

*it 1s after raining

e
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Annex 3
The outflow volume, the sediments
. 2002
[rrigation 1 July 31
The irrigation tehnology: continuous irrigation + PAM with g1 and g2 Furrows 5,6,7,8
The water The sediments
Qut flow rate Qutflow :
qi gav  volume, L : m, % m, gfl m av, Pmi, kg
T, min  dti,min s Us Wo.f, : . glL
10 0.200 6.98 69.8 _
10 0.209 125.45 66.831 8.38
20 - 0.218 6.39 63.9 _
10 0.223 133.81 63.763 8.53
30 0.228 ' . 6.36 63.6
: 30 ' 0.195 350.25 49.057 . 17.18
60 ' 0.161" , _ ‘ 3.45 34.5
30 _ 0.171 307.05 . 36.187 11:11
90 0.180 3.79 37.9
30 0.187 336.26 _ 36.368 12.23
120 0.194 : 3.48 34.8
© 30 0.188 337.80 34.443 11.63
150 0.182 3.40 34.0
60 0.179 646.04 32.017 20.68 .
210 0.177 , 3.00 30.0 _
60 0.170 610.78 30.960 18.91
270 0.162 3.19 31.9 _
80 0.161 578.84 1 29.339 16.98
330 0.160 2.67 26.7
TOTAL 3426 L : 125.65
' 381 . m3fhec '
T, min 10 C20 30 60 90
h q h q h q h q h q
2 0.197 2.3 0.211 2.3 0.211 27 0.158 25 0.152
1.8 0.192 28 0233 3 0.241 3.8 0.187 4.2 0.197
24 0.215 2.8 0.233 3.1 0.245 2.2 0.142 3.3 0.174
2 0.197 2 0.197 . 2.4 0.215 2.7 0.158 42 0.197
0.200 ' 0.218 , 0.228 ' 0.161 L 0.180
T, min 120 150 210 270 330
h q h™ q h q h q n q
46 0.206 3.8 0.187 4 0.192 2.8 0.161 2.4 0.149
4.6 0.206 .44 0.201 4.3 0.199 3 0.166 34 0477
42 0.197 3.2 0.172 3 0.166 27 0.158 2.5 0.152
3 0.166 3 0.166 25 0152 289 0.163 2.8 0.161

0.194 0.182 0477 0162 0.160
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Irrigation 1 July 31 Continuation of Annex 3
The irrigation tehnology: continucus irrigation with g1 and g2 Furrows 1,2, 3,4
The water The sediments
Out flow rate Outflow
qi gav  volume, L m, % m, g/l m av, Pmi, kg
T,min  dtimin Lis Us Wo.f afl

10 0.232 477 47.73
10 0.238 142.92 52.789 7.54

20 0.245 5.78 57.85
10 0.250 149.94 62.685 9.40

30 0.255 : 6.75 67.52
30 0.236 42483 49.190 20.90

60 0.217 3.09 30.86
30 0213  383.22 ' 31.402 12.03

a0 0.208 ) 3.19 3195
30 0.213 383.68 21.550 8.27

120 0.217 1,12 11.15
30 : 0.212 380.94 . 10.249 3.90

150 0.206 - 0.93 9.34
80 0.202 727.70 9.040 6.58

210 0.198 0.87 3.74
60 0.198 714.43 7.705 5.50

270 0.199 0.67 6.67
60 0.196 706.55 6.936 490

330 0.194 0.72 7.20
TOTAL 4014 L 79.03

446 m3/hec

T, min 10 20 30 60 g0
h q h q h q h q h q
2.8 0.233 3 0.241 34 0.256 1.9 0.192 29 0.237
2.1 0.201 28 0.233 3 0.241 23 0.211 1.9 0.152
3 0.241 -3.4 0.256 38 0.264 28 0.224 2.4 0.201
33 0.253 3.2 0.249 is 0.260 3 0.241 2.2 0.206
0.232 0.245 0.255 0.217 0.20%8
T, min 120 150 210 270 330
q h q h q n q h q
2.5 0.220 . 2 0.197 1.5 0.170 1.6 0.176 1.6 0.176
28 0.233 2.5 0.220 23 0.21 22 0.206 27 0.228
2.2 0.206 2.3 0.211 2.2 0.206 2.1 0.201 1.5 0.170
2.3 0.211 2 0.197 2.2 0.208 2.3 0.211 2.1 0.201

0.217 0.206 0.198 0.199 0.194
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Continuation of Annex 3
Irrigation 1 August 1

The irrigation tehnology: continuous irrigation with g1 Furrows 17, 18, 19, 20

The water ' The sediments
Qut flow rate Outflow
_ qgh gav . volume, L m, % m, gil m av, Pmi, kg
T, min dti,min L/s i/s Wo. f _ g/L
10 0.379 420  41.99 |
10 0.387  232.49 ' 43.913 10.21
20 . 0.39% 458 4584 -
10 0.407 244.33 46.525 11.37
30 0.418 4.72 47.21
30 0.418 749.63 ' 47.930 35.93
60 0.415 : 4.87 48.65 '
30 0.422 759.35 46.164 = 35.05
90 0.42¢9 ‘ 4,37 4368 .
30 . 0.422 - 758.85 _ 40.608 30,82
120 0.414 375 37.54 _
30 0.415 747.53 38.594 28.85
150 0.416 3.96 3865
60 - 0.415 1495.13 36:519 54.60
210 _ 0.414 3.34 33.39
60 0.416 1488.03 36.519 54.71
270 ' 0.418 3.96 - 39.65
60 : 0.419 1507.56 : 35.648 53.74
330 0.420 . 316 . 3165 ' -

TOTAL 7993 L 315
- 888 m3/hec

T min 10 | 20 30 60 90 -
h q h g h q - h q k q
25 0.402 2.3 0.385 3 0.440 3 0.440 2.9 0.433
2 0.359 23 0385 24 0.368 23 0.385 28 0425
23 . 0385 31 0.447 32 . 0454 28 0.425 2.3 0.425
24 0.368 2.1 0.368 26 0.410 26 0.410 29 0.433

0.379 0.396 0.418 0.415 0.429

T min 120 150 210 270 330
h q h o h q h q h g
3 0.440 3.2 0.454 3.1 0.447 3.2 0.454 3.3 0.461
3 0.440 27 0.417 28 0.425 31 0447 31 0.447
2.1 0.268 2.1 0.368 2.1 0.268 2.1 0.368 2.2 0.377
26 0410 28 0.425 27 0.417 25 0.402 2.4 0.303

0.414 0.416 : 0.414 B - 0.418 0.420
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Irrigation 1 August 1
The irrigation tehnology. surge irfigation with q1 and g2 Furrows 13, 14, 15, 18
The water The sediments
Out flow rate Outflow
qi gav volume, L m, % m, g/l m av, Pmi, kg
T, min dti,min Lis L/s Wo.f g/
10 0.338 4.82 48.18
10 0.357 21425 53.824 11.53
20 0.376 5.95 59.47
10 0.383 229.91 61.017 14.03
30 0.380 6.26 62.56
30 0.307 552.47 46.882 2590
60 0.224 312 31.20
30 0.230 413.90 30.137 12.47
90 0.236 2 29.08
30 0.237 425.73 31.677 13.49
120 0.237 343 34.28
30 0.230 414.19 33.515 13.88
150 . 0.223 3.28 32.75
60 0.213 765.89 31.984 24.50
210 0.202 3.12 31.22
80 0.201 724.98 . 28.450 20.83
270 0.201 ‘ 2.57 25.68
60 0.202 726.01 21.834 15.85
330 0.203 1.80 17.99
TOTAL 4467 L . 152.28
496 m3thec
T, min 10 20 30 &0 ag
h q h q h q h q h qQ
1.8 0.341 2.2 0.377 1.8 0.341 16 0.176 1.6 0.176
1.5 0.311 1.8 0.341 2.8 0.425 1.5 0.311 1.6 0.321
1.9 0.350 2.4 0.393 2.4 0.393 2.2 0.208 24 0.215
1.8 0.350 2.4 0.393 25 0.402 21 0.201 28 0.233
0.328 0.376 0.390 0.224 0.236
T, min 120 150 _ 210 270 330
h q h q h q q n q
21 0.21 2.2 0.2086 1.5 0.170 1.5 0.170 1.6 0.176
1.5 .31 1.1 0.266 1.7 0.181 1.6 0.176 1.8 0.186
22 0.206 21 0.201 2.8 0.233 27 0.228 2.7 0.228
2.7 0.228 2.5 0.220 26 0.224 27 0.228 25 0.220
0.237 0.223 0.202 0.201 0.203

/70



Irrigation 1

The irrigation tehnoiogy: surge irrigation + PAM with gl and g2 9,

Furrows

T, min
10

20

30
&0

90

120
150
210
270

330
TOTAL

T, min

24
2.3

T, min -

1.7
2.6

1.9
2.3

dti,min
10
10
30
30
30
30 -
60

60

60

10

0.393
0.21

0.241

0.197
0.260

120

0.181
0.224

0.192

0.211
0.202

August 1

The water
Cut flow rate
qi qav
/s Lis
0.260
0.240
0.221
0.222
0.223
0.200
0177
0.179
0.181
0.191
0.202
" 0.198
10.194
0.198
0.198
0.199
0.200 _
0.203
0.206
20
h q
2.8 0.233
2.3 0.211
2.8 0.233
2.2 0.206
: 0.221
150
h q
1.7 0.181
2.8 . 0.233
1.8 0.188
1.8 0.176
0.194

60

Cutflow
valume, L
Wo. f
| 144.28
133.01
359.77
322.03
344.54
356.38
- 705.43
716.90

731.07

3813
424

27
28

2.8
2.2

=

2.8
1.8
1.8,

L
mithec

30

q
0.228 -

0.224
0.233

0.206
0.223

210

q
0.197

0.233
0.186

0.176
0.198

Continuation of Annex 3

10, 11, 12

m, %

2.94

2.42

2.21

1.52

0.80

$2.82

1.22

073

0.42

0.19

1.8
1.4

1.5
1.8

1.8

2.3
1.3

m, g/l

294

242

221

152

8.0

28.2

12.2

7.3

42

1.9

60

0.188
0.164

0.170

0.186
0.177

270
0.192

0.241
0.2

C0.158

0.200

The sediments

m av,
g/k

26.811
23.160
18.631
12.086
18.616
20.218
 9.768

5.749

3.018

1.8
1.5

1.5

1.8
2.6

2.2
2.2

Pmi, kg

3.87

3.08

8.70

3.89

6.41

7.21

6.89

412

221 .

44.38

90

0.186
0.170

0.170

0.197
0.181

330
q .
0.186
0.224
£.206
0.206
0.206

JAl
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The outflow volume, the sedimenis

Irrigation 2 August 14
The irrigation tehnology: continuous irrigation + PAM with q1 and g2 Furrows §, 10, 11, 12
The water” ) The sediments
Qut flow rate OQutflow ]
qi qav volurne, L m, % m, g/l m av, Pmi, kg
T.min  dli,min s us Wo.f g/L
10 0.100 0.31 3.1
10 0.149 89.63 3.259 0.29
20 0.199 0.34 3.4
10 0.207 124.24 3.226 0.40
30 0.215 . 0.30 3.0
30 0.183 328.82 2.312 0.76
60 0.150 . 0.16- 1.6
30 0.146  263.22 1.347 0.35
90 0.142 0.11 1.1
30 0.144 259.02 1.041 0.27
120 0.148 0.10 1.0
30 0.147 264.83 0.979 0.26
150 0.149 0.10 10
60 0.150 541.11 0.915 0.49
210 0.152 0.08 0.8
60 0.152 546.60 0.830 0.45
27Q 0.152 0.08 0.8
60 0.154 554.94 0.658 0.37
330 0.157 0.05 0.5
TOTAL 2973 L : 3.65
330 m3/hec
T, min 10 .20 30 60 g0
h q h q h q h q h q
0.3 0.076 09 - 0132 1.2 0.152 1 0.139 0.9 0.132
0.5 0.098 1.3 0.158 1.6 0.176 1 0.139 1 0.139
0.7 0.116 1.7 0.331 1.8 0.341 1.4 0.164 1.2 0.152
0.8 0.108 1.6 0.176 1.9 0.192 1.3 0.158 1.1 0.146
0.100 0.199 0.215 0.150 0.142
T, min 120 150 B 210 270 330
h q n q n q h q h q
1 0.139 1 0.139 1 0.138 1 0.139 1.1 0.146
13 0.158 1.2 0.152 1.3 0.158 1.4 0.164 1.4 0.164
11 0.148 1.4 0.164 1.4 0.164 1.4 0.164 1.5 0.170
1 01439 1 0.139 1.1 0.146 1 0.139 1.1 0.146
0.148 0.149 0.152 0.152 0.157
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lrrigation 2 August 14
The irrigation tehnology: continuous irrigation with g1 and g2 Furrows 13,14, 15, 186
The water : "The sediments
Qut flow rate Qutflow
qi gav volume, L ' m, % m,gfl  mav, Pmi, kg
T, min dti,min Lfs Lis Wo.f. g/l
10 ' 0.323 : 0.99 9.92
10 0.339 203.35 9.477 1.93
20 0.355 0,90 9.03
10 ) 0.377 226.26 . 8.784 1.99
30 . 0.399 0.85 8.54
30 0.326 587.13 7.206 423
80 0.253 0.59 588
30 0.2286 407.45 .- 4967 2.02
90 0.200 0.41 4.06
30 0.220 3595.81 4117 1.63
120 0.240 _ ' 0.42 418 o
‘ 30 0.251 452.66 - 5.450 2.47
150 0.283 0.67 6.72 '
60 0.253 5811.28 . ‘ 6.077 5.54
210 0.243 0.54 5.43
60 0.242 869.64 . 5073 . 441
270 0.240 ' 0.47 472
' 80 0.244 877.50 5.010 4.40
330 0.248 : 0.53 530
TOTAL 4931 L ‘ . 28.81
543 m3ihec
T, min 10 20 30 60 80
h q h q h - q ~oh q. h- q
1.3 0.290 1.1 0.268 2.3 0.385 1 0.254 2.3 0.21
1.6 0.321 2.3 0.385 2.7 0.417 13 0.290 @ 24 0.215
1.9 0.350 2.7 0.417 32 0.454 0.9 0241 1.8 0.186
1.7 0.331 1.9 0.350 1.8 0.341 0.8 = 0.227 1.8 0.186
: 0.323 0.355 . . 0.399 - 0.253 0.200
T, min 120 150 210 . . 270 330
h q h q h q ) n q ~h . q
3.8 0.271 6.8 0.362 4 0.278 2.9 0.237 3.3 0.253
2.8 0.233 3.6 0.264 3.3 0.253 34 0.256 3.6 0.264
2.9 0.237 26 0.224 3.4 0.256 3.5 0.260 36 0.264
2.5 0.220 2.1 0.201 1.8 0.186 2.2 0.2086 2.3 0.21

0.240 0.263 0.243 0.240 0.248 -
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Irrigation 2 August 14

The irrigation tehnology: continuous irrigation with g1

The water
Out flow rate Qutflow
qi gav  volume, L
T, min dti,min Us L/s Wo.f
10 0.325
10 0.340 203.84
20 0.354
10 0.353 211.84
30 0.352
30 0.368 659.37
60 0.330
30 0.384 691.48
90 0.388
30 0.370 665.59
120 0.352
30 0.363 653.32
150 0.374
&0 0.369 1327.73
210 0.363
860 . 0.367 1316.44
270 0.370
80 0.365 1314.24
330 0.381
TOTAL 7047
783
T, min 10 20
h q h q h
2 0.359 22 0.377 1.9
1.5 0.311 1.9 0.350 2.1
1.3 0.290 2 0.359 2
1.8 0.341 1.7 0.331 1.7
0.325 0.354
T, min 120 150
h q h q h
2.2 0.377 25 0.402 2.3
1.8 0.341 2 0.359 1.9
1.6 0.321 2 0.359 2
2.1 0.368 2.2 0.377 2
0.352 0.374

m3/hec

30

0.350
0.368
0.359
0.331

0.352
210

0.385
0.350
0.358
0.358
0.363

Continuation of Annex 3

Furrows 17, 18, 19, 20

m, %
0.88
1.10

0.95

1.21

1.89
144
2.08

1.80

1.70

22
25
24
1.9

2.5

1.8
2.2

m, g/l
8.85
11.01

9.51

12.09
11.86
19.87
14.41
20.60

18.00

16.99

60

0.377
0.402
0.393
0.350

0.380
270

0.402
0.359
0.341
0.377
0.370

m av,

a/L
9929
10.260

10.798

11.974
15.865
17.142
17.505
19.296

17.492

2.8
2.5
2.4
1.7

2.2
2.4
17
1.8

The sediments

Pmi, kg

2.02

217

712

.28

10.56

11.20

23.24

25.46

22.99

113

90

0.425
0.402
0.393
0.331

0.388

330

0.377
0.393
0.331
0.341
0.361
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Irrigation 2 August 19
The irrigation tehnology: surge irrigation with g1 and g2 Furrows 1,2,3,4
The water _ The sediments
Out flow rate Qutflow
qi gav  volume, L m, % “m, g/l m av, Pmi, kg
T, min dti,min Lis - /s Wo.f. : g/l
10 0.397 2,96 296 -
10 _ 0397  237.¢1 © 32.050 7.63
20 0.396 3.45 34.5
10 : 0.387 232.25 30334+ .7.05
30 0.378 262 26.2
30 0.296 53267 ‘ 21.746 11.58
60 0.214 1.73 17.3 :
30 0.216 388.26 18.124 7.04 .
90 0.218 : 189 . 18.9
30 0.217 390.03 . 16.663 6.50
120 0.216 : . 1.44 14.4
30 0.217 390.34 : 14.535. 5.67
150 0.218 1.47 14.7 7-
: 680 0219 - 789.29 15.569 12.29
210 0.221 ' 1.65 16.5
60 0.219 789.94 156.545 12.28
270 0.218 : 1.46 14.6
60 0.217 782.54 15.118 11.83
330 0.217 , 1.56 15.6 _ '
- TOTAL : 4533 L 7 81.86
504 m3/hec
Tomin 10 20 30 60 @
h q h q h g h q - h q
2.8 0.425 2.9 0.433 2.5 0.402 2.7 0.228 .26 0.224
28 0.410 2.8 0.425 3 0.440 2 0.197 24 0.215
2 0.359 2.1 0.368 1.5 0.311 2.3 0.211 . 2.5 0.220
2.4 0.393 2 0.359 2 0.359 2.5 0.220 2.3 0.211
0.397 0.396 0.378 0.214 0.218
T, min 120 150 210 270 330
h q h q h q q h q
3 0.241 3.1 0.245 3 . 0241 3 - 0.241 29 . 0.237
2.5 0.220 2.8 0.220 2.5 0.220 2.2 0.206 2.2 0.206°
2.1 0.201 2.9 0.237 -3 0.241 3.1 0.245 2.9 0.237
21 0.201 1.5 0.170 17 0.181 1.7 0.181 1.8 0.186

0.216 - 0.218 0.221 0.218 0.217
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Irrigation 2 August 19
The irrigation tehnology: continuous irrigation + PAM with g1 and g2 Furfows 9,6.7,8
The water The sediments
Out flow rate Outflow
qi gav  volume, L m, % m, gl m av, Pmi, kg
T, min  dti,min s iis Wo.f gL
10 0.381 0.25 2456
10 0.370 221.93 3.021 087
20 0.379 0.36 3.59
10 0.386 231.32 4179 097
30 0.392 0.48 4.77
30 0.309 556.85 4.264 2.37
60 0.226 0.38 3.76
30 0.222 400.30 3.500 1.40
90 0.219 0.32 3.24
30 0.216 388.46 4.322 1.68
120 0.213 0.54 5.40
30 0.215 387.16 5.809 225
150 0.247 0.62 6.22
60 0.218 786.36 5538 436
210 0.220 0.49 4.86
60 0.220 791.05 4685 3.71
270 0.220 0.45 4.51
&0 0.221 794.93 3.417 272
330 0.222 0.23 2.32
TOTAL 4558 L 20.12
506 m3fhec
T, min 10 20 30 60 90
h q h q - h q f q h q
1.8 0.341 2 0.359 2.2 0.377 2.5 0.220 22 0.206
2 Q.359 2.4 0.393 2.3 0.385 2.6 0.224 26 0.224
2.2 0.377 24 0.393 3 0.440 2.7 0.228 2.5 0.220
21 0.368 2.1 0.368 21 0.368 2.8 0.233 26 0.224
0.381 0.379 0.392 0.226 0.219
T, min 120 150 210 270 330
h q h q h q h q n q
24 0.215 24 0.215 2.5 0.220 2.4 0.215 2.5 0.220
2.3 0.211 3 0.241 26 0.224 2.7 0.228 2.7 0.228
24 0.215 22 0.206 2.4 0.215 2.5 0.220 2.4 0.215
2.3 0.211 2.2 0.206 2.5 0.220 24 0.215 286 0.224
0.213 0.217 0.220 0.220 0.222
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The outfiow volume, the sediments

'Irrigation 3 Septemberﬁ
The irrigation tehnology: continuous irrigation + PAM with q1 and g2 Furrows 9,10,11,12
The water _ The sediments
Out flow rate Qutflow
: qi gav  volume, L m, % m, g/l m av, Pmi, kg
T.min  dti,min Lis Lfs Wao.f g/L
10 0.191 1.88 18.8
10 0.223 133.78 20.109 2.69
20 0.255 ' 2.14 21.4
10 0.265 159.26 24.500 3.80
30 0.276 2.78 276 -
30 0.228.  409.93 - 21.436 8.79
60 - 0.179 : 1.53 15.3
30 _ 0.185 - 333.83 15.862 5.29
90 0.197 . 1.64 16.4
- 30 0.192 345.52 13.785 478
120 0.193 1.12 11.2 _ :
30 - 0189 340.72 10.249 3.49
150 0.186 0.93 9.3
60 0.187 672.38 : 9.040 6.08
210 -0.188 0.87 87
60 0.200 721.23 ) 7.705 5.56
270 0.213 ' _ 0.67 6.7 '
60 0.203 729.95 6.936 5.06
30 - 0.193 0.72 7.2 :
TOTAL : 3846 L , - 45,62
427 m3/hec '

T, min 10 20 30 . © . 80 ' 90
h q h q h q h q h . g
1.3 0.280 1.9 0.338 1.6 0.321 1.3 0.158 1.3 0.158
1 0.139 1.2 0.152 1.5 0.170 2.5 0.220 1.1 0.146 -
2 0.197 23 0.385 2.5 0.402 1.7 0,181 3 - 0241
1 0.139 1.1 0.146 2.3 0.211 1.3 0.158 2.5 0.220

0.191 0.255 0.276 0.179 0.191

T, min 120 150 : 210 270 330
h q h q h q h q h q
12 0.152 1 0.139 0.7 0.116 05 - 0.098 0.5 - 0.098
1.1 . 0.146 1.1 0.146 1.3 0.158 4.1 c.281 2.7 0.228
3.2 0.249 3.3 0.253 3.9 0.275 33 0.253 2.8 0.233 -
286 0224 22 0.206 21 0.201 25 0.220 2.3 0.211

0.193 0.186 0.188 0.213 _ 0.193

137
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hrrigation 3 September 1
The irrigation tehnology: continuous irrigation with g1 and q2 Furrows 13,14,15,16
The water The sedimenis
Out flow rate Qutflow
qi qav  volume, L m, % m, g/t m av, Pmi, kg
T, min  dti,min L/s Lis Wo.f giL
10 0.336 2.27 22.65
10 0.339 203.17 23.087 469
20 0.341 2.35 23.52
10 0.352 210.82 24609 519
30 0.362 2.57 25.70
30 0.279 502.27 23.896 12.00
60 0.196 2.21 22.09
30 0.202 362.72 23.013 8.35
80 0.207 2.39 23.93
30 0.219 393.85 20.738 8.17
120 0.231 1.75 17.54
30 0.229 412.26 17.172 7.08
150 0.227 1.68 16.80
60 0.228 821.44 16.483 13.54
210 0.229 1.62 16.17
60 0.237 852.22 14.496 12.35
270 0.244 1.28 12.83
60 0.245 883.07 12.228 10.80
330 0.248 1.16 11.63
TOTAL 4642 L 8217
516 m3fhec
T, min 10 20 30 60 90
h q h q n q h  q h q
1.6 0.321 1.3 0.290 1.1 0.266 25 0220 23 0211
1.7 0.331 2.2 0.377 2.3 0.385 1.5 0.170 2.8 0.233
1.8 0.341 2.1 0.368 2.5 0.402 25 0.220 1.8 0.186
1.9 0.350 1.7 0.331 24 0.393 1.6 0.176 2 0.197
0.336 0.341 0.362 0.196 0.207
T, min 120 150 210 270 330
h q h q n q h q h G
32 0.249 2.8 0.233 3.8 0.271 33 0.253 38 0.271
3.1 0.245 3 0.241 3.9 0.275 37 0.267 4.1 0.281
25 0.220 28 0.224 15 0.170 27 0.228 2 0.197
23 0.211 2.3 0.211 2.1 0.201 27 0.228 29 6.237
0.231 0.227 0.229 0.244 0.246
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Irrigation 3 September 1

The irrigation tehnology: continuous irrigation with g1 Furrows 17,18,19,20

The water The sediments
QOut flow rate Cutflow . '
- gi qav volume, L m, % m, g/l m av, Pmi, kg
- T, min dti,min L/s L/s “Wo.f. g/L
10 0.370 2.57 25.71
10 0.374 224,56 : 27.587 6.20
20 o 0.379 C 2,95 29,47
10 0.379 .227.59 27.249 6.20
30 0.380 2.50 25.03 ' :
30 ' 0.395 710.21 24.933 17.71
60 0.409 : 2.48 24.84 ,
30 0.408 734,76 24.855 18.26
aQ . 0.407 2.49 24.87 o
30 0.411 740.31 : ‘ ' 24.866 18.41
120 0.415 2.49 24.86
30 ' 0.417 750.26 . 25,287 18.97
150 0.418 2.57 25.71
60 ‘ 0.418 1503.24 . 24.651 37.06
210 0.417 2.36 - 2359
60 0.418 1504.39 22.656 34.08
270 0.419 . 217 21.72
60 : 0.418 1504.41 20.924 31.48
330 ‘ 0.417 _ 2.01 20.12 .
TOTAL 7900 L 188
878 - m3/hec
T, min 10 20 _ 30 60 90
h q h q h q h q h q
1.8 0.341 21 .0.368 2.5 0.402 2.8 0.425 2.8 0.425
.23 0.385 2.4 0.393 2.5 (.402 2.8 0.425 2.8 0.425
2.3 0.385 2.1 0.368 1.7 0.331 2.5 0.402 2.4 0.393
2.1 0.388 2.3 0.385 2.3 0.385 2.3 0.385 2.3 -~ 0.385
0.370 0.279 0.380 0.409 0.407
T, min 120 150 210 270 330
h q n q h . q -h q h q
27 0.417 2.8 0.425 2.3 0.385 2.4 0.393 .24 0.393
2.8 0.425 3 0.440 3 0.440 3 0.440 2.9 0.433
26 0.410 3 0.440 2.8 0.425 29 0.433 3 0.440
26 0.410 2.1 0.368 2.7 0.417 26 0.410 2.5 0.402
0.415 0.418 - 0.417 0.419 0.417
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Irrigation 3 September 2
The irrigation tehnology: surge irrigation with q1 and g2 Furrows 1,234
The water The sediments
Out flow rate Quiflow
qi qav volume, L m, % m, gft m av, Pmi, kg
T, min dti,min tis s Wo f. gL
10 0.377 317 317
10 0.387 232.33 31.450 7.31
20 - 0.397 312 3.2
10 0.338 238.79 30.944 7.39
30 0.399 3.07 307
30 0.298 536.93 25217 13.54
60 0.198 1.98 19.8
30 0.203 365.39 18.314 6.69
g0 0.208 1.68 16.8
30 0.211 379.84 18.380 6.98
120 Q.214 1.99 19.5
30 0.214 385.73 18.803 7.25
150 0.215 .77 7.7
60 0.214 769.43 15.906 12.24
210 Q.213 1.4 14.1
60 0.213 765.32 12.369 9.47
270 0.213 1.06 106
80 0.213 767.31 11.414 8.76
330 0214 1.22 12.2
TOTAL 4441 L 79.63
433 m3/hec
T, min 10 20 30 60 90
h q h q h q h q h q
2.7 0.417 2.8 0.425 2.8 0.425 2.7 0.228 3.2 0.249
2.7 0.417 2.1 0.368 2.7 0.417 1.5 0.170 1.3 0.158
2.3 0.385 25 0.402 2.3 0.385 23 0.211 24 G6.215
1.3 0.290 2.4 0.393 2.1 0.368 1.7 0.181 2.3 0.211
0.377 0.397 0.399 0.198 0.208
T. min 120 150 210 270 334
h q h q h q q h q
2.9 0.237 2.7 0.228 25 0.220 2.4 0.215 2.7 0.228
23 0.211 2.4 0.215 2.8 0.233 2.8 0.233 2.7 0.228
2 0.197 1.9 0.192 2 0.197 1.9 0.192 2 0.197
2.3 0.211 26 0.224 2.1 0.201 23 0.211 2.1 0.201
0.214 0.215 0.213 0.213 0.214
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irrigation 3 September 2

The irrigation tehnology: sufge irrigation + PAM withq1 and g2  Furrows 5,8,7,8

The water The sediments
Out flow rate Qutfiow
qi qav  volume, L m, % m, g/t m av, Pmi, kg
T, min ~ dti,min Lis s “Wo.f. g/l ‘
10 0.354 222 2247 .
' 0 0.363 217.95 19.679 4.29
20 0.372 1.72 17.19
: 10 g o 0375 ° 22522 18.076 4.07
30 0.378 ’ 1.80 18.96
30 ' 0.293 526.79 14.019 7.39
60 0.247 0.81 9.07 :
30 0.211 379.67 - 8.903. 3.38
90 0.215 0.87 8.73 '
30 : . 0.216 389.17 7.072 2.75
120 ‘ 0.217 0.54 5.41
30 ' 0.220 395.28 3.196 1.26
160 . 0.222 . 0.10 0.98
60 - 0219 790.16 2.910 2.30
210 0217 ' 0.48 4.84 _
60 0.218 785.99 4.466 3.51
270 0.219 0.41 4.09
_ 60 0.220 792.19 3.248 2.57
330 0.221 . 0.24 2.40
TOTAL , 4502 L 31.52
500  m3/hec ' '
T, min 10 20 30 60 80
h ' q. h q h q h q h q
2.1 "0.368 2 0.359 1.8 0.350 22 0.206 24 0.215
2.2 0.377 23 0.385 25 0.402 26 0.224 28 0.233
1.7 - 0.331 2.2 0.377 2.2 0.377 2.3 0.211 2.4 0.215
1.8 0.341 2.1 0.368 2.3 0.385 1.8 0.186 2 0.197
0.354 0.372 0.378 - 0.207 0.215
T, min 120 150 210 : 270 330
h q h q h q h q- h q
2.3 0.211 26 0.224 2.5 0.220 2.7 0.228 2.6 0.224
27 0.228 26 0.224 2.6 0224 ~ 28 0.233 2.8 0.233
25 0.220 2.8 0.233 2.7 0.228 2.4 0.215 25 0.220
2.3 0.211 22 - D.206 2 0.197 2.1 0.201 2.2 - 0.206

0.217 ' 0.222 0.217 0.219 0.221
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The outflow volume, the sediments

Irrigation 4 September 15
The irrigation tehnology: continuous irrigation + PAM with g1 and q2 Furrows 9, 10, 11, 12
The water The sediments
Qut flow rate Qutflow
qi qav volume, L m, % m, gl m av, Pmi, kg
T, min  dti,min Us Us Wo.f g/l
10 0.207 1.83 18.3
10 0.230 137.87 20.172 2.78
20 0.253 220 22.0
10 0.260 155.78 22.325 348
30 0.266 2.26 2286
30 0.232 416.73 15.357 6.40
60 0.197 0.81 8.1
30 0.191 343,13 . 9.972 342
g0 0.185 1.19 11.9
30 0.174 313.48 11.659 3.65
120 0.164 1.15 11.5
30 0.165 29766 10.724 319
150 0.167 1.00 10.0
60 0.161 578.91 10.795 8.25
210 0.155 118 116
60 0.159 571.45 10.511 6.01
270 0.163 0.94 94
60 0.164 588.77 9.870 5.81
330 0.164 1.03 10.3
TOTAL 3404 L 40.99
378 md/hec
T, min 10 20 30 60 g0
h q h q h q h q h q
1.2 0.278 1.3 0.278 1.3 0.290 -1 0.139 1 0.138
1.6 0.176 2 0.197 25 0.220 2.7 0.228 3 0.241
1.9 0.192 1.9 0.350 1.9 0.350 2.8 0.233 2.5 0.220
1.7 0.181 1.8 0.186 2.2 0.206 1.8 0.186 1 0.139
0.207 0.253 0.266 0.197 0.185
T, min 120 150 210 270 330
n q n q h q h q h q
0.5 0.098 0.5 0.098 0.5 0.098 0.5 0.098 0.5 0.098
28 0.224 2.8 0.233 2.5 0.220 2.1 0.201 19 0.182
1.8 0.186 1.9 0.192 1.6 0.176 22 0.208 2 0.197
1.1 0.146 1.1 0.146 0.8 0.124 1.4 0.146 1.5 0.170

0.164 0.167 0.155 0.163 6.164
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lrrigation 4 September 15
The irrigation tehnology: continuous irrigation with q1 and g2 Furrows 13, 14,15, 16
The water The sediments
Out flow rate Outflow
qi gav  volume, L m, % m, gl m av, Pmi, kg
T, min dti,min (E] /s Wo.f. : g/L.
10 0.352 2.34 23.36
10 0.358 215.07 24,359 5.24
20 0.365 ' 2.54 25.36
’ 10 0.364  218.39 27185 . 5.94
30 0.363 ' _ 2.90 29.01 .
30 0.293 = 526.69 _ 19.245 10.14
60 ‘ 0.223 0.95 9.48 -
30 - ' 0.219 39453 12.378 4.88
0 0.216 1.53 15.28
30 ' 0.217 389.87 : 17.243 - 6.72
120 0.217 1.92 19.21 '
30 0.215 387.06 ' 17.975 6.96
150 0.213 : ‘ 1.67 16.74 ]
: 60 ' 0.211 758.35 16.512 12.52
210 0.209 1.63 16.28
i 60 ' 0.207 746.05 14.314 10.68
270 ~ 0.206 : : 1.23 1234
60 0.208 750.56 11.921 . 8.95
330 0.211 1.15 11.50
TOTAL o 4387 L ' 72.02
487 m3/hec
T, min 10 : 20 : - 30 60 90
‘h q h ' q h q h q h . q -
2.3 0.385 . 24 0383 = 2 0.359 33 0.263" 33 0.253
2 0.35¢ = 22 0.377 2.2 0.377 2.7 0.228 25 0.220
1.8 0.341 1.9 0.350 2.4 0.393 31 - 0245 28 0.233
1.6 0.321 1.8 0.341 1.6 0.321 14~ 0.164 1.3 0.158
- 0.352 : 0.365 o 0.363 _ 0.223 0.216
T, min 120 1580 ' 210 270 330
h q h q h ' q . h q h q
28 0.233 28 1 0.224 3 0.241 26 0.224 3.2 0.249
2.7 0.228 2.5 0.220 = 25 0.220 2.6 .0.224 2.6 0.224
2.8 10233 29 0.237 2.4 0.215 2.3 0.211 2.8 0.233
1.8 0.176 1.5 0.170 1.3 0.158 1.4 0.164 1 0.139
0.217 0.213 - 0.209 : 0.206 0.211
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The irrigation tehnology: continuous irrigation with g1

T, min
10

20
30
60
a0
120
150
2190
270

330
TOTAL

T, min

22
2.7
2.3
1.8

T, min

2.4
3.1
3.3
2.4

dii,min
10
10
30
30
30
30
60
60

60

10

0.377
0.417
0.385
0.341
0.380

120

0.393
0.447
0.461
0.393
0.424

The water

Qut flow rate

qi

Lis
0.380
0.422
0.425
0.413
0.415
0.424
0.428
0.424
0.377

0.378

2.4
3.5
29
23

2.4
3.5

25

qav
L/s

0.401
0.424
0.419
0.414
0.419
0.426
0.426
0.400

0.378

20

- 0.393
0.475
0.433
0.385
0.422

180

0.393
0.475
0.440
0.402
0.428

Outflow
volume, L
Wo.f
240.49
254.12
754.98
745.53
754.99
766.32
1532.56
1441.54
13598.58

7850
872

2.7
36
27
23

2.7

3.3
22

L
m3/hec

30

0.417
0.482
0.417
0.385
0.425

210

0.417
0.440
0.461
0.377
0.424

Furrows 17,18, 19, 20

m, %

293 .

2.79

3.43

1.37

1.82

1.66

1.75

1.68

1.56

1.26

2.4
34
29

1.9

2.7
1.4

m, g/l
29.26
27.38
34.30
13.74
18.17
16.61
17.55
16.90
15.56

12.61

60

0.393
0.468
0.433
0.359
0.413

270

0.350
0.440
0.417
0.301
0.377

The éediments
m av, Pmi, kg
g/t
28.569 6.87
31.088 7.90
24.020 18.13
15.857 11.90
17.388 13.13
17.077 13.08
17.226 26.40
16.234 23.40
14.087 19.15
140
S0
h q
23 0.385
3 0.440
27 0.417
27 0.417
0.415
330
h q
1.8 0.341
3 0.440
32 0.454
1.2 0.278
0.378
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Irrigation 4 September 16
The irrigation tehnology: surge irrigation with q1 and g2 Furrows 1,2, 3,4
The water The sediments
Out flow rate Qutflow
. g gav  volume, L m, % m, g/ m av, Pmi, kg

T, min dti,min L/s L/s Wo. f gL
10 0.326 : ' 2.30- 23.0

o 10 0.312 187.00 21.695 4.06
20 - 0.298 2.04 20.4 :

10 0.295 176.95 18.752 3.32
30 0.292 : 1.71 17.1 .

30 0214 - 38589 12.943 4.99
60 0.137 0.88 8.8

30 0.127 228.85 ' : 7.941 1.82
20 0.118 _ o 0.71 71 - :

30 0.114 205.48 7.825 1.61
120 0.111 0.85 8.5 - '

30 0.112 201.05 8.128 1.63
150 . 0.113 0.77 7.7 :

60 _ 0.108 39153 6.829 2.67

210 0.105 0.59 59

_ 60 0.103 370.73 8.213 2.30
270 0.101 0.65 6.5

80 0.106 382.77 : 6.889 264

330 : - 0.111 ' 0.73 7.3 -

TOTAL ' 2530 L 25.04

' ' 281 m3/hec -

T, min 10 _ 20 - 30 60 - - 90
h q h q ~h q h q h q
1.8 0.341 1.3 0.290 1.3 0.290 g.5 0.098 0.3 0.076
1.4 0.301 1.3 - 0.290 1.3 - 0.290 1 0.139 0.8 0.124
1.8 0.350 1.4 0.301 1.5 0.311 1 0.139 0.8 o 0124
1.5 0.311 1.5 0.311 1.2 g.278 1.5 0.170 1.1 0.146

0.326 - 0.298 . 0.292 0.137 ' 0.118

T, min 120 150 210 - ' 270 330
h q h q h q q h q
0.2 0.062 0.4 0.088 0.5 0.088 04 . 0.088 0.4 0.088
0.9 0.132 1K) 0.108 0.5 0.098 0.3 0.076 0.4 0.088
0.8 0.124 0.7 0.118 0.5 0.098 0.8 0.124 0.8 0.124
0.8 0.124 1 0.139 0.8 0.124 0.7 0.116 1.1 0.146

0.111 0.113 0.105 0.101 0.111
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The irrigation tehnology: surge irrigation + PAM with g1 and g2

T. min
10

20
30
60
90
120
- 150
210
270

330
TOTAL

T, min
h
0.6
1.7
1.3

13

T, min

0.8
1.6
0.3
0.3

dti,min
10
10
30
30
30
30
60
60

60

10

0.197
0.331
0.280
0.280
0.277

120

0.124
6.176
0.076
0.076
0.113

The water

Qut flow rate

qi

Us
0.277
0.279
0.272
0.141
0.134
0.113
0.112
0.112
0.119

0.120

0.8
1.6
1.2
" 1.3

0.7
1.7
0.2
0.4

qav
/s

0.278
0.275
0.208
0.137
0.123
0.113
0.112
0.118

0.119

20

0.227
0.321
0.278
0.290
0.279

150 -

0.116
0.181
0.062
0.088
0.112

Outflow
volume, L
Wo.f
166.76
165.27
371.36
24713
222.21
202.50
403.63
416.00
429.79

2625
292

0.7
1.3

1.7

08
1.7
0.2
0.5

L

m3/hec

30

0.213
0.2890
0.254
0.3
0.272

210

0.1C8
0.181
0.062
0.098
0.112

Furrows 5,86,7.8

m, %

0.92

1.02
0.92
0.68

0.46

0.34

0.32

0.33

0.31

0.7
1.9
0.7

0.6
1.7
0.4
0.5

Continuation of Annex 3

m, gA
9.22
10.95
10.24
9.18
68.75
4.61
343
3.21
334

3.08

60

0.116
0.192
0.116
0.139
0.141

270

0.108
0.181
0.088
0.098
0.119

The sediments
m av, Pmi, kg
g/t
10.085 1.68
10.595 1.75
3.710 361
7.969 1.97
5.682 1.26
4.021 0.81
3.323 1.34
3.276 136
3.208 1.38
1517
g0
h q
038 0.124
15 0.170
0.7 0.116
0.8 0.124
0.134
330
h q
0.5 0.098
1.7 0.181
03 0.076
0.8 C.124
0.120
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Annex 4

Irrigation 1
- Water Outflow Water | irrigation
Version application, | volume, |infiltration,| application
m3/hec m3/hec | m3/hec | efficiency
Cont, irr. +PAM with g1 and g2 898 Ly 517 0.58
Cont. irr. with q2 and q2 875 446 429 0.48
Cont. irr. with g1 1321 888 433 0.33
Surge irr. with q1 and q2 8924 - 496 428 0.48
Surge irr. + PAM with g1 and g2 1046 424 622 0.59
Irrigation 2
T Water Qutflow Water | Irrigation
Version application, | volume, [infittration,] application
m3/hec m3/hec | m3/hec | efficiency
Cont. irr. +PAM with g1 and q2* 1663 330 1333 0.80
Cont. irr. with q2 and g2 1153 548 605 0.52
Cont. irr. with g1 1483 783 700 0.47
Surge irr. with g1 and g2 862 504 458 0.48
Cont. irr. + PAM with g1 and g2* 886 506 380 0.43
*itis rainning ¥t dées not raining
frrigation 3
. Water |Outflow Water Irrigation
- Version applicatio | volume, [infiitration,| application
m3/hec | m3thec | m3lhec | efficiency
Cont. irr. +PAM with q1 and g2 1113 427 686 0.62
Cont. irr. with q2 and g2 204 516 388 0.43
Cont. irr. with g1 1313 878 435 0.33
Surge irr. with g1 and g2 863 493 370 0.43
Surge irr. + PAM with q1 and g2 923 500 423 0.46
frrigation 4
‘Water Outflow | Water | Irrigation
Version application, | volume, |infiltration,| appiication
m3/hec | m3/hec | m3/hec | efficiency
Cont. irr. +PAM with g1 and g2 880 378 502 0.57
Cont. irr. with g2 and g2 824 487 337 0.41
Cont. irr. with q1 1243 872 371 0.30
Surge irr. with g1 and g2* 861 281 580 067
Surge irr. + PAM with 91 and g2~ 943 292 651 0.69

*it is after raining
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Balance of sediments for one furrow

Annex 5

irrigation 1
“Duration, min Application
iririgation Weight of sediments, kg
Version wetting | with g1=| with q2= |sedimen.,| water, applic. | outflow | balance
30 Umin | 16.8 Limin % L
71 101 1.589 3030 48.28
Cont. irr. +PAM with q1 and g2 300 0.740 5040 37.30
8070 85.58 125.65 | -46.07
65 95 1.556 2850 44.35
Cont. irr. with g2 and g2 300 0.542 5040 27.08
7850 71.43 79.03 -7.60
66 396 1.098 11880 | 130.56
Cont. irr. with q1 0 0.000 0 0.00
11880 | 130.56 | 315.27 | -184.71
79 109 1.214 3270 39.70
Surge irr. with q1 and g2 300 1.129 5040 56.99
8310 96.69 152.28 | -55.59
118 146 1.105 4380 48.40
Surge irr. + PAM with q1 and g2 300 0.986 5040 4964
5420 98.04 44.38 53.66
Irrigation 2
Duration, min Apphlication
iririgation Weight of sediments. kg
Version wetting | with g1=] with 2= |sedimen.,| water, applic. | outflow | balance
30 Umin_{ 16.8 L/min % L
301 331 0.426 §930 42.30
Cont. irr. +PAM with g1 and g2 300 0.150 5040 7.47
iﬁys raining) 14970 4977 3.65 46.12
r 148 178 0.498 | 5340 | 2659
Cont. irr. with g2 and q2 300 0.269 5040 13.83
(it is raining) 10380 40.12 28.61 11.51
115 445 0.366 13350 48.83
Cont. irr. with g1 o 0.000 o 0.00
(it is raining) 13350 48.83 113.05 | -6422
| 91 121 0.515 3630 18.69
iSurge irr. with q1 and q2 300 0.384 5040 19.28
(it does not raining) 8670 37.97 81.88 | -43.89
i : 68 a8 0.561 2940 16.49
ICont. irr. + PAM with g1 and q2 300 0.401 5040 20.20
lﬂoes not rainin: 7980 36.69 20.12 16.57
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Balance of sediments for cne furrow

Irrigation 3
Duration, min Application
iririgation Weight of sediments, kg
Version wetling | with g1=| with g2= |sedimen.,| water, applic. | outflow | balance
30 Umin | 16.8 Limin % L
136 166 0.909 4880 4527
Cont. irr. +PAM with g1 and g2 300 0.403 5040 20.25
10020 65.52 45.62 19.90
73 103 0.814 3080 25.15 :
Cont. irr. withg2 and g2 ' 300 0.534 5040 26.96 _
_ 8130 52.11 §2.17 -30.06
64 394 0.614 11820 | 72.56
Cont. jrr. with g1 _ 0 0.000 0 0.00
' ' L 11820 |° 72.56 188.36 | -115.80
61 g1 0.435 2730 11.88 . :
Surge irr. with g1 and g2 300 0.534 5040 26.91
: ' 7770 38.79 79.63 -40.84
79 109 0.479 3270 15.64
Surge irr. + PAM with g1 and g2 : : 300 0.516 5040 26.01
' 8310 41.65 31.52 10.13
Irrigation 4
Duration, min Application
irrigation Weight of sediments, kg
Version wetting | with 1= with g2= |sedimen.,| water, applic. | outflow | balance
: ' 30 Umin_| 16.8 L/imin % L
66 - 96 0.282 2380 8.41
Cont. irr. +PAM with g1 and g2 300 0.143 5040 7.23
: 7920 15.64 40.99 | -2535
48 79 0.321 2370 7.61
Cont. irr. with g2 and g2 300 0.141 5040 7.14 :
: ' 7410 14.75 72.02 -57.27
: 43 373 0.178 11190 18.95
Cont. irr. with q1 _ 0 0.000 0 0.00
. 11190 [ 19.95 139.97 | -120.02
60 90 : 0.119 2700 3.21
Surge irr. with g1 and g2 ' 300 0.160 5040° 8.08 :
(it is after raining) 7740 11.28 25.04 -13.78
85 115 0.105 3450 3.62
Surge irr. + PAM with g1 and q2 . 300 0.174 5040 8.78
(it is after raining) 8490 12.40 15.17 -2.77
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Yield capacity of maize silage

Annex 6

welght grairnig) for verslion
Number of cont. irr. with q1 and q2 cont. Irr. with q1 and q2 conl. irr. with q1 surge irr, with g1 and g2 | surge br. with q7 and g2
stalk + PAM I AT + PAM
e dlstance from furrow begianing m
o 20 75 130 ] 20 75 730 ] 20 75 130 ] 20 . 75 13020 78 130
1 1512 1713772267 2010 1550 1320 1708 Z1E5 2125 1485 2005 7755 1505 1595 2205
2 1409 1669 2244 1980 1540 1290 1540 2085 1895 1445 1675 1700 1120 1500 1830
a 1451 1400 1906 1575 1520 1265 1510 1420 1425 1260 1490 1870 1400 1300 1675
4 1391 1313 1663 1575 1265 1265 1510 1375 1290 1240 1380 1445 1310 1270 1600
5 1377 1204 1519 1440 1250 1245 1405 1315 1280 1225 1340 1445 1090 1230 1500
6 1377 1288 1494 1415 1140 - 1205 1190 1270 1120 1205 1325 1420 1045 1215 1455
7 1161 1294 1481 1310 1125 1200 1070 1175 1045 1130 1210 1335 1035 1205 1390
8 1154 1244 1400 1245 1125 1165 1065 1140 1035 1085 1130 1208 955 1150 1340
g 1141 1238 1369 1180 1115 1110 1065 1120 1025 1045 1190 1140 930 1148 1295
10 1121 1206 1344 1130 1100 1085 1060 1080 950 1035 1015 1130 925 1115 1235
11 1107 1181 133 1105 1015 103§ 1055 1060 935 1025 985 1035 900 1100 1165
12 1067 1144 1266 1100 1015 1038 1045 1055 920 590 965 1020 890 1080 1155
13 1067 1125 1225 1075 1015 1030 1025 1045 910 080 945 1000 885 940 1135
14 1019 1056 1181 1050 975 990 905 1035 880 960 890 885 785 920 1125
15 1006 1006 956 1015 955 960 900 930 870 920 800 875 750 805 1045
16 952 200 238 970 930 930 880 930 815 895 775 B45 750 835 1045
17 952 831 506 865 885 865 865 890 805 870 780 840 735 825 1010
18 932 750 894 510 885 855 860 845 726 845 730 750 690 820 985
19 918 73 875 680 875 840 820 835 700 840 690 735 655 775 980
20 905 650 725 B30 800 810 755 795 665 890 570 730 610 745 980
Total
1-20, kg 2311 | 2303 | 2699 | 2476 | 22.09 | 21.49 | 2223 | 2354 | 2144 2115 | 2169 | 2296 | 1897 | 2168 | 26824
On the average 1.16 1.15 1.35 124 110 1.07 1.11 1.18 1.07 1.08 1.09 1.15 0.95 1.08 1.31
Tolal
1-15, kg 18.45 | 1947 | 2265 | 2021 | 1771 | 1748 | 1808 | 1824 | 1771 1701 | 1835 | 1906 | 1553 | 1768 | 21.24
On the average 1.23 1.28 1.5 135 118 1.15 1.20 1.28 1.18 1,13 1.22 1.27 1.04 1.18 1.42
Tolal 1...15,
centhac 369 | 383 | 453 404 | 354 | 344 361 | 385 | 9354 40 | 367 | 381 31 | 354 | 425
On the averago
centhec 398 365 374 364 361
k 1.23 0,85 0.08 1.12 1,37

6L



Cominuation of Annex 6

Yield capacity of grain maize

Weight rain(gy for version
Number of cont. ier. withqland g2 | cont irr. with g1 and g2 cont. . with q1 surge irr, with q1 and q| surge irr. with gt and q2
stalk + PAM - , : + PAM
distance from furrow beginning, m
20 75 130 [ 20 75 130 | 20 75 130 | 20 75 130 ] 20 75 130
1 71 160 204 166 171 137 167 196 131 143 180 173 164 T164 219
2 134 154 178 143 122 134 159 195 125 142 166 154 140 142 163
3 129 139 163 138 118. 100 146 167 120 134 152 138 128 151 155
4 118 138 162 130 108 96 143 132 118 110 149 135 122 121 138
5 114 136 153 125 104 93 139 127 119 108 116 129 111 112 131
& 114 129 141 112 90 92 125 1086 118 103 116 126 as 107 130
7 110 126 135 104 90 3 111 100 117 101 109 125 87 106 129
8 109 118 131 101 8¢ 89 108 94 17 100 106 110 86 101 110
9 106 118 117 98 87 83 102 93 114 98 98 100 85 101 108
10 101 114 105 a5 86 85 100 89 108 95 96 98 81 89 106
1 99 109 105 g5 85 85 06 89 106 94 95 83 80 98 103
12 98 105 98 92 85 - 85 93 82 105 94 88 88 78 86 101
13 93 104 89 a0 82 85 91 82 101 91 77 81 76 86 101
14 91 104 88 89 78 83 90 79 90 o1 74 . 80 74 86 98
15 80 101 81 87 77 83 90 78 - 88 .90 73 76 70 83 a5
16 88 94 79 87 75 80 a0 78 89 88 71 72 68 82 9
17 83 86 72 83 73 77 87 77 83 85 68 72 68 72 90
18 83 81 89 75 71 75 84 68 83 82 63 72 64 70 89
19 78 7% 68 67 68 71 80 58 8t 80 59 70 63 71 89
20 76 60 66 28 68 68 75 58 77 72 58 70 53 66 88
Total ) .
1-20, kg 208 | 225 | 230 200 | 183 | 1.80 218 | 204 | 200 200 } 200 | 208 179 | 200 | 234
On the average |- 0.10 0.11 . 012 0.10 0.09 0.09 6.11- .10 0.10 0.10 0.10 0.10 0.09 0.10 0.12
Total '
1-15, kg 168 | 185 | 1.95 166 | 147 | 1.43 1.76 | 170 | 168 158 | 170 | 171 | 147 | 164 | 189
On the average 0.11 6.12 0.13 0.1 0.10 0.10 0.12 0.11 0.11 011 - 0.1 0.11 010 0.1 0.13
Tatal 1...15, - :
cen/hec 34 | 37 | 39 33 | 29 | 28 3 | 34 | 34 32 | 34 | 34 29 | 33 | 38
On the average ) : :
centhec : 37 . 30 34 . 33 33
K 1,16 0.86 0.95 1.07 . 1,28

08
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