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Foreword

This report entails the synthesizing and evaluation of the field data on irrigation practices for
small bunded fields (basin irrigation systems), collected from sample fields in three command
areas of Fordwah and Azim distributaries, which encompass the tail reach of the Fordwah
Eastern Sadigia Irrigation System. The data were collected during the wheat season Rabi ‘95 -
'96. The data collection activities are part of IIMI’s research on Surface Irrigation Methods and
Practices.

I would like to express my gratitude to Dr. M.S. Shafique for his continuous feedback during the
analysis of the field data and sharing his long time field experience with me. I would like to
thank Prof. G.V. Skogerboe for editing the report in so much detail and providing me new
suggestions. Last, I would like to express my appreciation to the field team working with me,
stationed at IIMI’s field station in Hasilpur -- Hafiz Nafees, Hamid Mehmood and Nadeem
Sarwar -- for all their time and effort in collecting the field data with so much care and
dedication.

Ineke Margdt Kalwij

Associate Expert (Irrigation Methods and Practices)
Pakistan National Program

International Irrigation Management Institute



Table of content

Page

Preface i
Introduction 01
Research Specifications 03
Research locale 03
Methodology 03
Sample farms and fields 04
Soil characteristics : 04
Meteorological data 06
Cultural and Irrigation Practices 08
Discharge Data 13
Discharge calculations 13
Adjustment in the discharge 13
Water source 20
Advance Behavior 26
Introduction 26
Advance front 27
Field 3 27
Field 33 28
Advance functions 32
Theory 32
Two-point fitting method 33
Least regression technique 33
Comparison between the two approaches and the field observations 34
Advance graphs 39

Relationship between discharge and r and p 39

ii



Infiltration Behavior 45

Introduction 45
Gauge readings 45
Infiltration functions 50
Sensitivity analysis of the basic intake rate, C 61
Soil Moisture Behavior 66
Introduction 66
Soil Moisture Deficit 66
Evaluation of the irrigation duration 69
Irrigation performance 72
Conclusion 79
References 78
Annexure 1 Soil physical data 80
Annexure 2 Soil texture and chemical data 81
Annexure 3 : Advance data and calculated advance functions 82
Amnexure 4 Monitored recession data and calculated infiltration rates and
graphical presentation of the infiltration rates 91
Annexure 5 Calculated soil moisture deficits 104
Annexure 6 Calculation of the irrigation time period, t_, 118
Anmnexure 7 : Calculation of the distribution uniformity, DU 120
Boxes
Box 1 : Irrigation applications and crop development for Fields 3 and 33 10
Box 2 : Irrigation applications and crop development for Fields 4 and 6 11

Box 3 : Irrigation applications and crop development for Field 8 12

i



Tables

Table 1
Table 2

Table 3
Table 4
Table 5
Table 6
Table 7

Table 8
Table 9

Table 10
Table 11
Table 12
Table 13
Table 14
Table 15
Table 16
Table 17
Table 18
Table 19
Table 20
Table 21

Table 22

Table 23

Surface irrigation field data collection

Characteristics of selected farms for monitoring surface irrigation
practices

Sample fields for monitoring surface irrigation practices

Soil classification of the sample fields

Soil types of a disturbed soil (Field 8)

Rainfal! data (p) in the research area during Rabi ‘95-’96 season
Minimum and maximum temperatures at Bahawanagar and
Bahawalpur

Rabi “95-96 wheat yields for the sample fields

Average discharge and standard deviation for each monitored
irrigation event on the sample fields

Calculation of the seepage losses for the sample fields

Water source used for each irrigation event on the sample fields

03

04
04
05
06
07

07
12

19
20
21

Total volume of water applied per irrigation event for the sample fields 25

Advance time (t, ) for each irrigation event on Field 3, W/C Fordwah

14-R, Rabi ‘95-’96 season

Advance time (t, ) for each itrigation event on Field 33, W/C Fordwah

14-R, Rabi ‘35-’96 season

Values of the calculated advance constants r and p, based on the
least square regression technique and the two point fitting method
Determination of the time (t ;) when the infiltration rate becomes
almost constant

Ponding and recession data for the monitored events on the sample
fields

Calculation of the infiltration function for selected irrigation events
on the sample fields during Rabi ‘95-’96 season

Sensitivity analysis of the basic intake rate for Event 1 on Field 3
Sensitivity analysis of the basic intake rate for Event 1 on Field 6
Soil moisture deficit for each irrigation event on the sample fields
during the Rabi '95-'96 season

Calculated and practiced irrigation durations for selected irrigation
events on the sample fields during the Rabi ‘95-'96 irrigation season
Application and storage efficiencies and distribution uniformity
for selected irrigation events on the sample fields

iv

28

31

35

48

49

52

62

63

67

71

73



Figures

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6

Figure 7
Figure 8
Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14

Figure 15
Figure 16

Figure 17

Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23

Figure 24
Figure 25

Figure 26

Discharge variation for each irrigation event on Field 3

Discharge variation for each irrigation event on Field 33

Discharge variation for each irrigation event on Field 8

Discharge variation for each irrigation event on Field 4

Discharge variation for each irrigation event on Field 6

Discharge rate at the field inlet of Fields 3 and 33, W/C

Fordwah 14-R

Discharge rate at the field inlet of Field 8, W/C Fordwah 62-R
Discharge rate at the field inlet of Fields 4 and 6, W/C Azim 111-L
Advance contour lines for selected irrigation events on Field 3,
W/C Fordwah 14-R, Rabi ‘95-"96 season

Velocity profile of advance front, Field 3, Event 1

Velocity profile of advance front, Field 3, Event 2

Velocity profile of advance front, Field 33, Event 1

Velocity profile of advance front, Field 33, Event 3

Advance contour lines for Event 1 and 3 on Field 33, W/C Fordwah
14-R, Rabi ‘95-'96 season

Advance curves and field data for Field 3, Events 1 and 2, W/C
Fordwah 14-R

Advance curves and field data for Field 33; Events 1 and 3, W/C
Fordwah 14-R

Advance curves and field data for Field 8, Events 2 and 4, W/C
Fordwah 62-R

Advance graphs for Field 3, W/C Fordwah 14-R, Rabi '95-'96 season

Advance graphs for Field 33, W/C Fordwah 14-R, Rabi '95-'96 season

Advance graphs for Field 8, W/C Fordwah 62-R, Rabi '95-'96 season
Advance graphs for Field 4, W/C Azim 111-L, Rabi '95-'96 season
Advance graphs for Field 6, W/C Azim 111-L, Rabi '95-'96 season
Infiltration rate and cumulative infiltration for Event 1, Field 3,

W/C Fordwah 14-R

Infiltration graphs for selected itrigation events on Field 3, W/C
Fordwah 14-R

Infiltration graphs for selected irrigation events on Field 33, W/C
Fordwah 14-R

Infiltration graphs for selected irrigation events on Field 8, W/C

v

14
15
16
17
18

22
23
24

27
29
29
29
29

30
36
37
38
40
41
42
43
44
47

54

55



Figure 27
Figure 28

Figure 29
Figure 30

Figure 31

Fordwah 62-R

Infiltration graphs for selected irrigation events on Field 4, W/C
Azim 111-L

Infiltration graphs for selected irrigation events on Field 6, W/C
Azim 111-L

Infiltration graphs during Event 4 for different soils, Rabi *95-°96
Infiltration rates for different values of C, A and B, for Event 1 on
Field 3

Infiltration rates for different values of C, A and B, for Event 1 on
Field 6

vi

56

57

58
59

64

65



‘Introduction

This field report entails the outcome of the field research activities on Surface Irrigation
Methods and Practices, based on the data collected during the Rabi 1995-1996 irrigation season.
The research forms part of IIMI's program on Irrigation Methods and Practices which forms part
of the Watercourse Management Sub-component under the Netherlands Govt. Grant Project
Managing Irrigation for Environmentally Sustainable Agriculture in Pakistan. The main
focus, -as elaborated in its short and long term objectives is: (i} the application of surface
irrigation simulation technology to small bunded fields; (i1) the assessment of irrigation
performance at the field (and farm) level; and (iii) the development of improved surface
irrigation methods and practices for water and salinity management, which are applicable to
irvigated agriculture in Pakistan.

Under the research on Irrigation Methods and Practices, other research activities are undertaken:
(i) Testing of Low-Cost Pressurized Irrigation Systems at Malik Ghulam Hussain Farm near
Hasilpur in collaboration with the Water Resources Research Institute (WRRI) in Islamabad, (ii)
Surface Irrigation Scheduling at the Ali Tareen Farm, located near Lodhran, where field activities
are undertaken by a national student of the Center of Excellence in Water Resources
Engineering, University of Engineering and Technology, Lahore; (iii) simple flow measuring
techniques, such as measurement of tubewell discharges by Pitot tube, determination of
discharges in rectangular channels, and the calibration of a Vane Flow Meter to measure
discharges; and (iv) socio-economic research on the adaptability of improved irrigation methods
and practices, undertaken by one international student (Wageningen Agricultural University)
and two national students (University of Agriculture, Faisalabad).

At present, the research on Surface Irrigation Methods and Practices has a focus on: (i} the
surface and subsurface irrigation processes during the different irrigation events (i.e. the advance
and infiltration and the factors which influence these processes under the traditionally used
irrigation systems); (i) the soil moisture behavior; and (iii) the simulation of these processes
through an irrigation simulation software program (SIRMOD), developed by the Department of
Biological and Irrigation Enginecring, Utah State University (USA) in order to evaluate the field
itrigation performance in terms of application efficiency, storage efficiency and distribution
uniformity. The software provides three options, based on the assumptions used for solving the
Saint-Venant Equations: (i) hydrodynamic model; (ii) zero-inertia model; and (iii) kinematic
wave model. Although preliminary analyses have been conducted, the model verification awaits
a more comprehensive set of field data and a more in-depth study on calibrating the empirical



parameters'. For the traditional irrigation systems, Ph.D. rescarch will be carried out by a
Pakistani student on the "Application of Zero-Inertia Technique for the Design and Management
of Existing Small Basin Irrigation Systems in Pakistan".

In the near future (Kharif ‘97), there will be in-depth focus on the bed & furrow irrigation
system, which is considered as a less commonly used irrigation method in Pakistan, The focus
will be on the possibilities of adapting this method by the farmers on a larger scale, where
improved operation and management strategies will be proposed in order to achieve: (i) a more
efficient use of canal water (i.e. to reduce the use of -often of poor quality- tubewell water); and
(i) an increase of crop productivity through improved irrigation operation and management at
the farm. During Kharif ‘96, some existing bed & furrow irrigation systems have already been
monitored; the results will be synthesized in a later report.

In this report, all of the field data being synthesized and analyzed are of fundamental importance
for the model simulation and can provide insights for further improving the data collection
activities.

The following sections discuss: (i) research specifications; (ii) cultural and jrrigation practices;
(iii} discharge data; (iv) advance behavior; (v} infiltration behavior; and (vi) soil moisture
behavior.

! The empirical parameters to be calibrated are the Manning's Roughness Coefficient ', and the parameters 'k’, '8’ and
'f,’ of the Modified Kostiakov Infiltration Equation.



Research Specifications

Research locale

This research program has been undertaken in one of IIMI's  research sites in Pakistan. It
concerns the Fordwah-Eastern Sadiqia Irrigation System, which has two main canals {Fordwah
and Eastern Sadigia) taking off from the left bank of the Suleimanki Headworks, located on the
Sutlej river. Fordwah canal bifurcates into Fordwah Branch Canal and MacLeod Ganj Branch
Canal (IIMI, 1996). Each branch has many distributaries allocating the water between the
moghas (outlets) to the watercourse channels. IIMI's research site with respect to Watercourse
Management is confined to the command areas of Fordwah, Azim and Mehmood distributaries
which are at the tail of the Fordwah Branch Canal. From an administrative point of view, the
area encompassed by these distributaries forms part of the Chistian Sub-division. For the
research on Surface Irrigation Methods and Practices, three watercourse command areas (W/C)
of the Fordwah and Azim distributaries have been selected: W/C Fordwah 14-R; W/C Fordwah
62-R; and W/C Azim 111-L, respectively.

Methodology
The field research activities form a main core of the research. During the Rabi *95-'96 irrigation
season, sample fields were selected for collecting the irrigation related data for each irrigation

event. The irrigation data collection activities are elaborated in Table 1.

Table 1: Surface irrigation field data collection.

Irrigation Data (i) Irrigation duration for one feld; (ii) Advance trajectory; (iii) End of advance
time; (iv) Time of recession; (v) Water level at cutoff time (4,) and (vi) the
ponding water level afterwards at the head and tail of the sample fields.

Soil Moisture Data Sampling of the soil at four different depths (6",12",24" and 36™) at the head and
tail of the sample field; before and after an irrigation event.

Discharge data A current meter is placed at three fixed locations in a rigid rectangular chaonel. The
number of revolutions per 50 seconds of the current meter are noted.




Sample farms and fields

For this research, three sample farmers were selected. The basic selection criteria was to obtain a
diversity in soil characteristics. From a practical peoint of view it was convenient that there was
no overlap in the warabandi timings. Additionally, farmer's approval was required for performing

the monitoring of the irrigation practices. Some of the farm characteristics are presented in Table
2.

Table 2: Characteristics of selected farms for monitoring surface irrigation practices.

Location Farmer Tenure type [Area (kila) |{Warabandi
W/C Fordwah 14-R M. Yasin {tenant 12.5 Thu. 12.46-16.53
W/C Fordwah 62-R A. Majeed |owner 10 Tue. 12.00-14.30
W/C Azim 111-L M. Nawaz |lessee 6 -none-

Note: 1 kila 1 acre.
The tail-end area of Azim Distributary does not generally receive any water. For this reason, the

sample farmer in W/C Azim 111-L entirely relies on tubewell water, which he rents from the
actual owner of the landholding.

For the research, two sample ficlds were selected at each farm. Table 3 presents the sample
fields.

Table 3: Sample fields for monitering surface irrigation practices.

Location Field Number Field length (m) |Crop
(block/square/kila) |x width {(m)

W/C Fordwah 14-R 3 550/01/14 58.40 x 17.50 wheat
W/C Fordwah 14-R 33 550/01/21 60.25 x 14.30 wheat
W/C Fordwah 62-R 8 352/9/4 57.10x 17.30 wheat
W/C Fordwah 62-R. 17 352/9/7 59.80x 16.05 wheat
W/C Azim 111-L 4 173/15/18 71.35 % 62.05 wheat
W/C Azim 111-L 6 173/15/22 66.65 x 37.90 wheat

Note: Field 17 will not be used for further analysis.

Soil characteristics

The soil characteristics determine to a large extent the infiltration behavior in the sub-surface
and, consequently, the advance and recession behavior. Additionally, certain soil characteristics
determine the water holding capacity of a soil and are needed for the determination of the soil
moisture deficit (SMD). Figures on specific weight of the soil particles and volumetric moisture
content at field capacity for each soil type are required for calculating the SMD. In July 1996, a



team of the Soil Survey of Pakistan (SSP) took undisturbed soil samples from these sample
fields. The results are presented in Annexure 1. The data will be discussed later in this report.

Additionally, SSP undertook in collaboration with ITMI-Pakistan a detailed soil survey of eight
watercourse command areas in the Chistian and Hasilpur Tehsils. The soil characteristics for the
sample fields, listed in Table 3 are described in Table 4, which are mostly based on the findings
of this survey (SSP, 1IMI, 1996).

Table 4: Soil classification of the sample fields.

Location Field [Soil name Surface soil texture |Subsoll texture
W/C Fordwah 14-R |3 Haroonabad fine Fine sandy loam Loams
sandy loam
W/C Fordwah 14-R |33 Bagh loam Loam Silt loams/ very fine
sandy loam
W/C Fordwah 62-R |3 Rasulpur loam Loam Sandy loams/ fine
‘disturbed soil’ sandy loams
W/C Fordwah 62-R |17 Rasulpur loam Loam Sandy loams/ fine
‘disturbed soil’ sandy loams
W/C Azim 111-L 4 Nabipur loam with [Loam Loams
alkali crust
W/C Azim 111-L 6 Nabipur loam with |Loam Loams
alkali crust

Initially, Fields 8 and 17 were selected as lighter soils; however, the infiltration characteristics
were more similar to a heavier soil. Being in the field with SSP, this phenomenon was checked;
SSP concluded that both fields were ‘disturbed soils', which are quite common in this area.
According to the farmer, their grandparents used to tell the story that:

"In the past, the water used to come straight from the river (before the English made this
irrigation system). An old river channel used to pass these fields. Whenever the water level was
high in the channel, the area around the channel was inundated. After building the irrigation
system, this channel was leveled and filled with sand, which caused this mixture of soil types.
There may be more remainders of the old times" (field note July *96).

According to the SSP field team, this type of old channel contours have been identified on aerial
photographs (in 1951). The profile of the disturbed soil is presented in Table 5 (the pit was
excavated and interpreted by the SSP team).



Table 5: Soil types of a disturbed soil (Field 8).

Horizon |Depth (cm) |[Seil Type

AP 0-18 ) Loamy

BWI1 18-35 Very fine sandy loam
BW2 35-45 Silty loam

2BW3 45-95 Sandy loam

BW4K 95-120 Very fine sandy loam
BC 120-150 Sandy loam

C 150- Loamy-sand

Some direct observations during the sampling: (i) dark layer at about 50 cm implied an Ap layer,
which once was at the surface; (ii) it is a moisturized soil; and (iii) no water saturation, the
profile is dry.

The pit at Field 3 showed a loamy profile up till 47 cm. The BC layer (47-80 cm) is of very fine
sandy loam, and the C layer (80-113) of mainly loamy-sand. Over the depth, the measured pH is
8.2. The profile is moisturized throughout the depth of the pit. A low water table was identified
(at 100 cm).

The pit at Field 6 showed a loamy profile up till 71 cm, followed by a very fine sandy loam (Cl1
layer; 71-111). The C2 layer (111-150 cm) is mainly sand. The measured pH was 8.4 for the first
30 cm: 8.3 at 30-71 cm and 8.2 for 71-150 cm. This soil has an alkali crust with a pH of 8.6-8.8.

Salinity problems do not seriously occur at our sample fields; however overall high pH values
indicate that the soil quality is not very good. The frequent use of tubewell water might be a
cause of this phenomenon. As additional information, Annexure 2 shows data on pH, ECe,
soluble ions, SAR and ESP for the sample fields.

Meteorological data

The climate in the south of Punjab is arid to semi-arid. During Rabi ‘95-'96, three rains did occur
in the research area, elaborated in Table 6.



Table 6: Rainfall data (p) in the research area during Rabi ‘95-'96.

Date W/C Fordwah 62-R |W/C Azim 111-L
p (mm) p (mm)

25-02'96 (8.2 8.1

18-03'96 [16.9 14.7

22.03'96 134 39

Source: Cylinder data (1IMI).

Temperature data are obtained from Bahawanagar and Bahawalpur Meteorological Stations for
the period November ‘95 - April *96 ( Rabi *95-'96), which are presented in Table 7.

Table 7: Minimum and maximum temperatures at Bahawanagar and Bahawalpur,

Month Bahawalnagar |Bahawalnagar |Bahawalpur Bahawalpur
Max. temp. °C| Min. temp. °C | Max. temp. °C | Min. temp. °C

November 95  |29.2 13.1 29.6 11

December '95  {22.2 8.9 23.0 7.3

January '96 20.2 6.5 21.5 57

February '96 233 10.1 242 8.5

March '96 283 16.7 29.2 14.8

April '96 36.7 19.2 36.2 18.4

Source: Regional meteorological center, Lahore.



Cultural and Irrigation Practices

During the entire season, farmers are occupied with on-farm activities in order to maintain the
land, apply the irrigations and to apply the necessary fertilizers and chemicals in order to achieve
the best possible yield. Some observation were made about the activities of the sample farmers
during the Rabi ‘95-'96 irrigation season.

The farmer has divided the landholding into small bunded units or basins. The number of bunded
units per acre (or kila) varies. Farmer Nawaz, who has his landholding in W/C Azim 111-L, has
divided his six acres into eleven bunded units. For the wheat crop, the farmer made large bunded
units of almost one acre. Also some smaller bunded units (less than half an acre) were made for
cultivating wheat. One small bunded unit was made for the cultivation of onion and melon on
beds, in which the water was applied through furrows (bed & furrow irrigation system). Two
small bunded units were made for the cultivation of fodder crop. Farmer Majeed, who has his
landholding in W/C Fordwah 62-R, has divided his landholding into twenty-four bunded units.
Basically, he divided each acre into about four bunded units of about the same size. He mainly
cultivated wheat during the Rabi ‘95-'96 season. Some fields were left fallow and on some fields
fodder and grams were cultivated. Yasin, who has his landholding in W/C Fordwah 14-R, has
divided his land into fifty-nine bunded units, with a number of bunded units ranging between
three to five per acre. On almost all of the land, wheat was cultivated. A few bunded units were
used for fodder crop, vegetables and sugarcane.

The bunds surrounding the fields are shaped after the first irrigation by means of a plow, which
creates a small furrow near the bund. The height of the bunds are about one foot and ofien are
made stronger; otherwise, the bunds are washed away by the irrigation water. However, leakage
through the bunds have been observed during the season.

Each bunded unit has one or sometimes two field inlets, called nakka, made of soil "kachcha
nakka" or concrete "pacca nakka". The nakka is opened when the farmer wants to irrigate the
field. The general practice is that before closing the nakka of the field being irrigated, the farmer
opens first the nakka of the following field to be irrigated, before closing the nakka of the
irrigated field.

Box 1, 2 and 3 summarizes the irrigation applications and crop development for the sample fields
during the season. The date of sowing, harvesting, the irrigation interval and occurred rainfalls
are included.



The wheat season starts around November with applying a soaking irrigation (rouni irrigation),
mostly when the cotton is still on the field, and ends towards late April when the harvest of the
wheat takes place. Another rouni irrigation is sometimes applied before the seeds are sown.
Before the sowing of the wheat starts, some cultural practices do occur on the field. With a
rutavator the remaining roots from the crop of the previous secason are removed from the soil.
Next, several ploughings (mostly two times) and plankings (one or two times) are done in order
to make the soil homogeneous and loose and to level the field. These activities are done by
animal traction and/or by a tractor which has been temporarily hired by the farmer. Some of these
cultural practices are repeated during the season. In the stage when the crop is not high, a
plowing is done in order to remove the weeds and the soil becomes loose again. Because of these
activities, small corrugations are created due to the shape of the plow. The first fertilizers are
applied along with the first irrigation. Both the application of fertilizers and chemicals are
repeated during the season.

The first irrigation is applied between two weeks and one month after the day of sowing (sample
farmers). The number of irrigation events is around 5 to 6 per wheat season. It can be observed
from the presented boxes that two irrigations are applied during the vegetative stage, which
often covers the third irrigation as well; one during the flowering stage; one during the yield
formation stage; and one or two during the ripening stage. Concerning Field 3 and 8, it has not
been clear whether a sixth irrigation was applied or not.

Table 8 presents some yicld data of the sampie fields. These data were additionally collected.
Three samples were taken at the head, middle and tail of each sample field. One sample covers
one square meter. The samples were weighed and the results were extrapolated for the whole
field into maunds per acre (1 maund equals 40 kg).

From the results, the wheat yields for Fields 3 and 8 are above average, while Field 33 is more
close to an average yield. The average yield is considered to be around 20-25 maunds per acre.
Fields 4 and 6 show very low yields. From field observations, towards the end of the season, the
crop at this farm was affected by a virus which damaged the crop tremendously.



Box 1: Irrigation applications and crop development for Fields 3 and 33.

W/C Fordwah 14-R Rabi "95-'96 irrigation scason
Field 3 Wheat crop
Establishment Flowering/Yield Formation
[ R Vegetative Stage - | Ripening---------
Tillering / head development
25-02 18-03 22-03
Rainfall Rainfall Rainfall
(8.2 mm) (16.9 mm (3.4 mm)
| P
23-12'95 . 14-01 06-02| 29-02 12-03  28-03 24-04'96
Sowing Ist 2nd 3rd 4th 5th Harvesting
irrigation n L1} n 1"
W/C Fordwah 14-R Rabi "95-'96 irrigation season
Field 33 Wheat crop
Establishment Flowering/Yield Formation
[=m|mmmmmmem Vegetative Stage---|«----e-n ~mmmmuammu -- |Ripening|
Tillering / head development
25-02 18-03 22-03
Rainfall Rainfall Rainfall
(8.2 mm) (16.9 mm (3.4 mm)

| - I
23-1295  23-0t  07-02| 29-02 12-03  21-03 11-04 09-04
I |

4th 5th 6th Harvesting

n r 1

Sowing Ist 2nd 3rd
irrigation "

10



Box 2: Irrigation applications and crop development for Ficlds 4 and 6.

W/C Azim 111-L Rabi '95-'96 irrigation season
Field 4 Wheat crop
Establishment IFlowering/Yield Formation
. i Vegetative Stage----|-----------m-mmmsse ==- |----Ripening---|

Tillering / head development

25-02 18-03 22-03
Rainfall Rainfall Rainfall
(8.2 mm) (16.9 mm (3.4 mm)
| | |
21-12'95 1901 07-02| 02-03 17-03 01-04 ~15-04

Sowing Ist Z2nd arvesting
irrigation " " " "
W/C Azim 111-L Rabi '95-'96 irrigation season
Field 6 Wheat crop
Establishment Flowering/Yield Formation
| =] == Vegetative Stage----{-----------=n=nmmmm =o- |----Ripening---|

Tillering / head development

25-02 18-03 22:03
Rainfall Rainfall Rainfall
(8.2 mm) (16.9 mm (3.4 mm)
I Lo
21-12'95 - 18-01 07-02] 02-03 17-03 01-04 ~15-04

Sowing st 2nd 3rd 4th 5th Harvesting
irrigation "

11



Box 3: Irrigation applications and crop development for Field 8.

W/C Fordwah 62-R Rabi '95-'96 irrigation season
"tField 8 Wheat crop
Establishment Flowering/Yield Formation
R e Vegetative Stage | [Ripening]

Tillering / head development

25-02  18-03 22-03
Rainfall Rainfall Rainfall
(8.2mm) (16.9 mm (3.4 mm)

| ||
24-12'95  19-01  06-02  21-02| 07-03  27-03 27-04'96

“2n ath 5th Harvesting

n LL " "

Sow g o [
irrigation

_ Table 8: Rabi '95-'96 wheat yields for the sample fields.

Location Weight Avg. yld, Area Tot. yld. Tot. yld. Toet. yld
(g/m2) (g/m2) (m2) (kg) {maund (maund/acre)

Field 3 Head 27726 35871 1,022 366.61  9.17 36.29
" Middle 340.72
" Tail 458.16

Field 33 Head 242,13  269.86 661.58 17853 4.46 27.30
" Middle 26341
" Tail 304.04

Field 8 Head 480.09 47291 987.83 467.15 11.68 47.85
" Middle 495.96
" Tail 442.68

Field 4 Head 212.01  188.19 4,427.27 833.17 20.83 19.04
" Middle 1759
" Tail 176.66

Field ¢ Head 24441  207.73  2,526.04 52474 13.12 21.02
" Middle 231.25
" Tail 147.54




Discharge Data

Discharge calculations

In the farm or watercourse channel, the revolutions per 50 seconds of a current meter placed at
three fixed locations in a rigid rectangular channel were noted during the time that the sample
field was irrigated. Basically, observations took place whenever the water level changed. At that
time new measurements were taken. Sometimes, an interval was kept as an indication for
measurement. The measurements were taken at 0.4 of the observed water depth at three locations
along the width of the channel (i.e. right, center and left side, respectively). A calibrated rating
table for the current meter was used for converting the number of revolutions into velocity. The
discharge is obtained by multiplying the velocity with the cross sectional area (width of
rectangular flume multiplied by the water depth). These calculations have been completed for the
sample fields and are graphically presented in Figures 1 - 5.

From the graphs it can be observed that variations in the discharge do occur during the irrigation
event; however, in most of the cases, the variation is not significant. On some occasions, only
one measurement was obtained, related to practical reasons. Table 9 presents the average
discharge (Q) and the standard deviation (Std) for each monitored irrigation event.

Adjustment in the discharge

In the previous calculations, water losses in the farm or watercourse channel have not been
included, which concerns those water losses or seepage losses which occur in the channel
between the location of the discharge measurement device and the field inlet. In order to quantify
the actual amount of water applied to the field in a more accurate manner, corrections have to be
made. Proper guidelines were not really available on this matter. For this reason, the
approximation of the seepage losses in the channel are based on the report written by Barral
(1994). Basically, he provided figures on seepage losses for different discharge rates for the main
watercourse channel of Fordwah 62-R and 14-R. Through extrapolation, a quite satisfactory
result has been obtained. The calculated losses for the sample fields in W/C Azim 111-L are

13
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based on the seepage loss data of watercourse channel Fordwah 14-R, since it was assumed that
the soils in the W/C. Azim 111-L show more or less the same characteristics as the soils in W/C
Fordwah 14-R.

Table 9: Average discharge and standard deviation for each
monitored irrigation event on the sample fields.

Event Date Average Standard
discharge deviation
Q (I/s) Std
W/C Fordwah 14-R; Field 3
Event 1 {14-01) 2043 0.385
Event 2 (06-02) 23.08 0.408
Event 3 (29-02) 2042 2.945
Event 4 (12-03) 21.44 0512
Event 5 (28-03) 52.77 6.243
W/C Fordwah 14-R; Field 33
Event 1 (23-01) 27.27 1.070
Event 3 (29-02) 24.27 0.826
Event 4 (12-03) 23.98 1.424
Event 5 (21-03) 48.94 1.573
W/C Fordwah 62-R; Field 8
Event 2 (06-02) 57.31 3.051
Event 4 (07-03) 66.35 0.940
Event 5 (27-03) 17.48 1.790
W/C Azim 111-L; Field 4
Event 1 (19-01) 26.52 0.195
Event 2 (07-02) 23.62 0.784
Event 3 (02-03) 24.34 0.000
Event 4 (17-03) 27.66 0.133
Event 5 (01-04) 21.60 0.000
W/C Azim 111-L; Field 6
Event 1 (18-01) 23.83 1.231
Event 2 (07-02) 2323 0.331
Event 3 (02-03) 24.47 0.000
Event 4 (17-03) 27.48 0.639
Event 5 (C1-04) 20.08 0.000

The seepage losses and adjusted discharges are presented in Table 10.

The adjusted discharge for each monitored irrigation event are now assumed to be the real
discharge applied to the field, which will be used for the further calculations.
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Table 10: Calculation of the seepage losses for the sample fields.

Event Flume Length Secpage Length Seepage Adjusted
discharge watercourse (losses w.c.  |field channel |losses f.c. discharge
Q (I/s) (w.e), (m)  [(Vs/100m)  [(f.c), (m) [(Us/100m)  [(V/s)
W/C Fordwah 14-R; Field 3
Event 1 20.43 - 0.5 104.75 0.65 19.75
Event 2 23.08 - 0.5 104.75 0.65 22.40
Event 3 20.42 - 0.5 104,75 0.65 19.74
Event 4 21.44 - 0.5 104.75 0.65 20.76
Event 5 52.77 - 1 104.75 L3 51.41
W/C Fordwah 14-R; Field 33
Event 1 27.217 - 0.5 228.55 0.65 25.78
Event 3 24.27 - .5 228.55 0.65 22.98
Eventd4 23.98 - 0.5 228.55 0.65 22.49
Event 5 48.94 - 1 228.55 13 45.97
W/C Fordwah 62-R; Field 8
Event 2 57.31 50 7 50.6 9.1 4921
Event 4 66.35 50 9.75 50.6 12.68 55.006
Event 5 17.48 50 3 50.6 39 14.01
W/C Azim 111-L; Field 4
Event 1 26,52 - 0.5 130.78 0.65 25.67
Event 2 23.62 - 0.5 130.78 0.65 22.77
Event 3 24.34 - 0.5 130.78 0.65 23.49
Event 4 27.66 - 0.5 130.78 0.65 26.81
Event 5 21.60 - 0.5 130.78 0.65 20.75
W/C Azim 111-L; Field 6
Event 1 23.83 - 0.5 257.41 0.65 22,16
Event 2 23.23 - 0.5 25741 0.65 21.56
Event 3 24.47 - 0.5 257.41 0.65 228
Event 4 27.48 - 0.5 257.41 0.65 2581
Event 5 20.08 - .5 257.41 0.65 18.41

Water source

As described in the second section, the farmers rcccive water from the watercourse through a
warabandi schedule. However, the sample farmer of W/C Azim 111-L relied entirely on tubewell
water, since the canal water does not come in this reach of the distributary at the timings when
the water is needed. Additionally Azim distributary is a non-perennial canal and does not
officially get water during the Rabi season. Also the other sample farmers are using tubewell
water very frequently, especially for the first irrigation events. Due to canal closure, water was
not available till mid-February. Additionally, in many instances, water was not available in

Fordwah distributary even after the end of the canal closure.
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Both the farmers of W/C Azim-111L and W/C Fordwah 14-R do not have constraints in terms
of access to tubewell water, since both can use the tubewell of the actual owner of the farm. The
sample farmer of W/C Azim 111-L has a fifty-fifty agreement with the owner which has his
landholding adjacent to his landholding. The sample farmer of W/C Fordwah 14-R is a tenant but
the tubewell water is available directly on the farm. The farmer of W/C Fordwah 62-R relies on
the tubewell near the outlet and uses the water during his water turn or during the night, related
to the availability of the tubewell for his purpose. Table 11 presents the frequency of canal and
tubewell water use during the Rabi ‘95-'96 season.

Table 11: Water source used for each irrigation event on the sample fields,

W/C Azim 111-L W/C Fordwah 14-R W/C Fordwah 62-R
Field 4 Field 6 Field 3 Field 33  (Field 8

Event 1 tubewell [tubewell (tubewell [tubewell |- no data-

Event 2 tubewell Jtubewell |tubewell [tubewell [tubewell

Event 3 tubewell  |tubewell [tubewell |tubewell |- no data -

Event 4 tubeweil tubewell tubewell  |tubewell |canal

Event 5 tubewell {tubewell |canal canal canal

Event 6 tubewell |tubewell |- canal -

Figures 6, 7 and 8 present the bar diagrams representing the actual discharge applied to the field
during each irrigation event and the water source used.

Table 12 presents the total amount of water applied to each sample field during each monitored
irrigation event, based on the data on the adjusted discharges and the irrigation duration (t_).



1gjem [[9M2QN) = M1 tI91eA JBUED = @D

J—FT Yemplod D/M ‘€€ PUB ¢ SPI9I4 JO 12[Ul plal} 2U) e 2jel oFa1eydsiq "9 2Andlg

(pp/Wumi) JUaa@ UOT}RSIIAl JO 93B(

g8g/¢ 18/¢ 21/¢
i _

ve/1 +1/1

7K

9/2
|
| T T | O
/// i// N+
W /i o
/ /// T
(¢
I 4
o N
o
0g
0¥
\\ -
D5 _ T 0¢
€6 QTd-MLJ €8 Q1d-MO[) € G1I-MLIEJ € T1d-MD[X] T
pesn 20Jnos Jajesm wWnd sprsly srdweg HH
09

[(s/1) sFaeyosiqg



J91BM [J9M2QR], = M1 'Is1es [EUBD = MD

‘q-29 YemPIod I/ ‘8 PIPLd JOo IO[Ul PIAI) 2Y) e 2jel 281eyosiq "L 2InFig

(pp/wWw) JUSA2 UOIJEFIIII JO 23B(

L2/¢ L/e 8/2
/% | 0
/ )
N T
0g
1 &
0g
oF
0e
8 01d-MLEF 8 ATI-MO[Y -+
pesn 82anos Jajem wnd spiayy sjdures 1
09

(s/1) edieyosiq



191EM |[amaqQN] = ML

"T-TT7 WIzZy )/4 ‘9 pPue § Sp[214 JO 12[Ul P[RIJ @Y} e 3jBI 251eYosIQ 'g 2InTiY

(pp/uwil) JU2A8 UOIIESLLIT JOo a3eB(

/% L1/8 2/€ L/C 6
i | N

—
\
—_

81/1

m

%

7

Ge

9 CId-MLg ¥ QLd-ML(§ T
PaSn a2IN0S J2jem Wnd sp[al) ajduies

0g¢
(s/1) e5aeyosiqg



Table 12: Total volume of water applied per irrigation cvent for the sample fields.

Event Date Adjusted Cutolf time  [Applied
discharge t, volume
(I/s) {min) (m")
W/C Fordwah 14-R; Field 3
Event 1 (14-01) 19.75 90 106.7
Event 2 (06-02) 22.40 44 59.1
Event 3 (29-02) 19.74 6l 72.2
Event 4 (12-03) 20.76 46 57.3
Event 5 (28-03) 51.41 25 77.1
W/C Fordwah 14-R; Field 33
Event 1 (23-01) 25.78 78 120.7
Event 3 (29-02) 2298 55 75.8
Event 4 (12-03) 22.49 54 72.9
Event 35 (21-03) 45.97 29 80.0
W/C Fordwah 62-R; Field 8
Event 2 (06-02) 49.21 27 797
Event 4 (07-03}) 35.00 22 72.7
Event 5 (27-03) 14,01 26 219
W/C Azim 111-L; Field 4
Event 1 (19-01) 25.67 303 466.7
Event 2 (07-02) 22.77 164 2241
Event 3 (02-03) 23.49 155 2185
Event 4 {17-03) 26.81 147 2365
Event 5 (01-04) 20.75 182 226.6
W/C Azim 111-L; Field 6
Eventl |(18-01) 22.16 223 296.5
Event 2 {07-02) 21.56 150 194.0
Event 3 (02-03) 22.8 147 201.1
Event 4 (17-03) 25.81 142 2199
Event § (01-04) 18.41 180 198.8
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Advance Behavior

Introduction

When the field inlet is opened, the water takes off from the (farm) channel and flows into the
basin in an advance pattern which generally is subjected to different (physical) factors, such as (i)
applied discharge; (ii) discharge fluctuation; (iii} position of the field inlet; (iv) crop type and
density; (v) cultural practices; (vi) weed growth; (vii) topography; (viii) soil type; (ix) infiltration
rate; and (x) basin geometry. In other words, the advance behavior is not an isolated process, but
is a process exposed to its {physical) environment. This phenomenon makes the advancement of
the irrigation water a complex process to interpret and foremost very difficult to simulate in an
exact manner.

During the Rabi '95-'96 irrigation season, the advance front has been monitored for the sample
fields during the different irrigation events. The comprehensiveness of the collected advance data
has been the criteria for selecting some fields and corresponding events for this analysis,
wherein the focus is on (i) the advancing front; (ii) advance velocity; (iii} derivation of the
advance function by two different methods (i.e. two-point methods and a least square regression
analysis).

Advance front

The advance front has been monitored by noting the time when each "visibly assumed™ grid’® is
for the largest part covered with water. Later, during the analysis, the data has been converted to
a time - wetted area relationship for the whole ficld. Monitoring the advance front is a quite
precise job, and unfortunately, due to the increasing crop and weed growth over time duning the
season, it becomes difficult to monitor the center part of the ficld. In order to determine the
advance front, extrapolation was required for some of the events. It may not be the exact water
front profile; however, it will represent the general tendency of the advancing water front and the
change in the advancing front for the subsequent irrigation events. The results of the monitoring
and extrapolation are presented in Annexure 3. The criteria used for interpreting the advance
front are: (i) consistency of the front during an irrigation event; (ii) tendency of the advance

? For monitoring purposes, a field is divided into three or four rows, called left side, center or right side, The
length of the field is marked after every ten meters till the end of the ficld is reached.
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front between irrigation events; (iii) velocity distribution within a field; and (iv) discharge
fluctuation during an irrigation event of the field and/or between the irrigation events. Fields 3
and 33 of W/C Fordwah 14-R are considered for demonstrating this purpose.,

Field 3, W/C Fordwah 14-R
This field, classified as a firne sandy loam soil, has a rectangular shape of 58.40 m. by 17.50 m.

Figure 9: Advance contour lines for selected irrigation events on field 3, W/C Fordwah 14-R, Rabi ‘95-'96 season.
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With a ratio (length : width) of 3.34, the field is quite long as compared to its width. The advance
front follows a quite consistent pattern, with the advance front in the center moving ahead faster
than on the left and right sides of the basin (Figure 9). This pattern remains consistent between
the subsequent events, though with a decreasing tendency of the advance time for the subsequent
irrigation events (Table 13). This decreasing tendency for any noted time can directly be
observed from the advance contour lines as presented in Figurc 9.

Table 13: Advance time (t, } for each irrigation event on Field 3, W/C Fordwah 14-R, Rabi *95-'96 season.

Event Event 1 Event 2 Event 3 Event 4 Event 5
Date 14-01 06-02 29.02 12-03 28-03
ta (min) 80 43 57 45 33

The shape of the advance front can be interpreted through the water flow velocity profile in the
basin. In Figures 10 and 11, the velocity profiles in the basin are drawn (x-t relation) for events 1
and 2, respectively. Although the graphs show an overall decreasing tendency towards the lower
end of the basin, high velocity fluctuations do occur across the basin width, as well as with
distance along the length of the basin. Initial high velocity rates may be as a consequence of
openiﬁg the field inlet and next, the water takes off into the field with a significant force.
Basically, the irregularities and undulations in the basin topography were observed to
significantly hamper the advance front and cause the extreme differences in velocity.

There is not much discharge variation for Field 3 during the first, second and fourth irrigation
events (Figure 1). Events 3 and 5 show notable discharge variation (Std 2.945 and 6.243,
respectively) which may have affected the tendency of the advance front during these events.
With respect to Event 5, the average high discharge due to canal water use did have an impact on
the total advance time.

Field 33, W/C Fordwah 14-R

In Figure 14, the contour lines are presented for the first and third irrigation events on this field,
which is classified as a silty-loam soil. It has a stretched rectangular shape, with dimensions of
14.30 x 60.25 (1 : 4.2). The first event shows a reciprocal result of Field 3; the center of the basin
shows considerable lag. One reason can be ascribed to the position of the field inlet, which is at
the side of the upper boundary of the field, whereas for Field 3, the field inlet is located in the
center of the upper boundary. Also, the right side of the field was observed to be lower than the
left side. Along the left side, at a distance of between 30 and 40 meters, a depression occurs,
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wherein the water {ront stagnates, as observed from the time pattern.

A decrease in advance time is observed for the subsequent irrigation events (Table 14), which
can also be noted from the advance contour lines (Events 1 and 3).

Figure 14: Advance contour lines for Event 1 and 3 on Field 33, W/C Fordwah 14-R, Rabi *95-'96 season.
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Table 14: Advance time ( t,) for selected irrigation events on
Field 33, W/C Fordwah 14-R, Rabi *95-'96 scason.

Event Event 1 Event 3 Event 4 Event 5
Date 23-01 29-02 12-03 21-03
ta (min) 62 43 42 32

As observed for Field 3 and also for Field 33, a high velocity variation in the basin is derived for
the different events. In Figures 12 and 13, the velocity profiles in the basin are drawn (x-t
relation) for Events 1 and 3, respectively. These variations arc ascribed to, as observed, the
undulations and irregularities in the field. Additionally, later in the season the weeds hamper the
water flow.

The modest discharge variability (Figure 2) may not affect the tendency of the advance front very
much. However, for the last irrigation event, ihe average discharge rate was higher as compared
to the previous monitored cvent. This may explain the relative short advance time for the fifth
irrigation event.

Summarizing, different irrigation events have been monitored. Based on the time - wetted area
relationship, the advance contour lines were drawn for Fields 3 and 33. A consistent, though
irregular pattern, was observed for the sample fields, which, in fact, is characteristic for basin
irrigation systems, since topographical irregularities and undulations occur and impact the
development of the advance front. The provided details on the velocity of the advance front
within the basin at different locations showed high variations with an inconsistent tendency.
However, details on the discharge variations showed that during an event the variation is
generally not high (with some cxceptions) and is not really considered as being the cause of the
irregular advance pattern. The predominant use of tubewell water would not be expected to result
in much discharge variation, which proved to be the case for these field trials. With respect to the
average discharge, it is noted that due to the use of canal water, the discharge is much higher and
results in a more rapid advance time.

Based on direct observations in the field, the following faclors arc identified as causes of the high
velocity variations and consequently the irregular advance pattern:

. Improper leveling of the field, which results in irregularities and undulations;
. Traces of the plow where water follows the traces (small corrugations) first and with a
certain time lag, water exceeds the plow-trace and inundates the field;

. Fast corrugations near the left and right side boundary resulting from the method of
creating the bunds;
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. Water does not reach the lower boundary across the full width at the same time, which
results in a "backwards advance" that covers part of the grid;

] Occasionally, leakage through the bunds appeared and the sample field was irrigated from
an adjacent field or water leaked to the adjacent field; and.

. There is an increase of weeds during the season, which disturbs the water flow (advance
front) across the field.

Advance functions

Theory

Mathematically, the advance of an irrigation stream (i.e. the time-distance or time-wetted area
relationship) can be expressed as a power function, whereby the fitling parameters or constants
have to be locally calibrated for each field and each irrigation event. As mentioned by Walker
and Skogerboe (1987), Shafique and Skogerboe (1987), Clemmens and Dedrick (1981). the
advance power function is expressed as:

(t.)=px

where: x = advance distance (m); t, = advance timing (min); and p and r are fitting parameters.

Primarily, this mathematical relationship is applied when it concemns the description of the
advance trajectory for furrow and border irrigation. For basin irrigation, it is considered to be
more appropriate to opt for the relationship between the time of advance and the cumulative
ground surface coverage during the advance, because a basin, levelled or not has ground surface
irregularities and undulations which have an impact on the movement of the proceeding advance
front. A phenomenon that occured for the sample fields, is that they are not properly levelled and
the remaining trace of the plow significantly affcct the movement of the advance front. In Walker
and Skogerboe (1987) the following mathematical relationship in the adjusted manner for basin
irrigation systems is given:

A =p{1,).)
where: Ay = wetted area {m?) for a certain advance time. (ta) « ; and p and r are fitting parameters.

In order to calibrate the fitting parameters r and p, two methods were applied in this regard, based
on the different described advance derivation techniques in Shafique and Skogerboe (1987).
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Two-point fitting method

Based on the conclusions of the study done by Elliot and Walker (1982), as mentioned in
Shafique and Skogerboe (1987), the fitting parameters are derived by selecting two points in the
field. The first set of data provides the time of advance (t,) and advance distance (x51) to the

middle of the field. The second set of data provides the advance time (t,7) for the entire length of

the field (x47). The fitting parameters are solved by the following equations:

e In(A4,/4,)
In(t,,/¢,,)
and

A

a2

(taZ )"

p:

where: r and p are the fitting parametets; t; and t;7 are the advance time (min) at respectively haif length and the

whole length of the field; A,1 and A, are the cumulative ground surface coverage {(m2) at respectively t=t, i (min)
and t=ty9 (min).
Least square regression technique

In this technique, the advance function is transformed into a linear "logarithmic” equation,
S =P + 1t , {In(x;) = In(p) + rin(ty)y;}, where t' is the independent variable and equals

"In(ty)yi"; S is the dependent variable and equals In(x;); and P’'= In(p) and r are constants.

A certain set of N values are taken into consideration. This set of N values consists of a number
of t; (i.e. advance time) and the corresponding S; (i.e. welted area) values.

In order to proceed with this regression analysis, the condition M is @ minimum has to be melt,
with M equal to:

M=) (P'+r1,-8,)

More comprehensively:
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NY 8->,
r:
NY () -y

P=0.S-r>.1;)/N

and

For Field 4 and Field 6 only, the two-point mcthod has been applied, becausc for a reccssion
analysis, insufficient data was available. Additionally, the first cvent on Field 3 concerns more of
an estimation, since the water inflow to the field was disturbed by a electricity shut off after 5
minutes, which continued for more than an hour. Part of the field was irrigated by the remaining
water during that period.

The results of the two-point method and the least square regression analysis are presented in
Table 15; the calculations are elaborated in Annexure 3.

Comparison between the two approaches and the field abservations

A comparison of the field data between the two methods was accomplished using a graphical
analysis. In Figures 15, 16 and 17, selected advance graphs are presented for the sample fields,
based on the analysis reported in Table 15 and Annexure 4. Basically, both of the approaches
work satisfactorily and match the observed data to a large extent. However, it can be observed
from the graphs that the advance rate is, in a number of instances, over estimated by the two-
point fitting method, especially in the lower reach of the graphs. On the contrary, by applying the
least square regression technique, even in the lower reach of the graph, the field observations do
match quite well.

The difference in results for both the techniques can be derived from the fact that by selecting
only two points, the remaining points are neglected and the advance trajectory is extrapolated
whenever based on only two points, whereas with the least square regression analysis a
considerable number of points are included and can be interpreted as being more representative
for the actual observed field data and, therefore, for the advance rate as well. For this reason, the
advance curves based on the least square rcgression technique are used for further interpretation
(Fields 3, 33 and 8). However, for Fields 4 and 6, the advance graphs based on the two-point
method are further used.
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Advance graphs .

The advance graphs for Ficlds 3, 33, 8, 4 and 6 are presented in Figures 18 - 22 , respectively.
From Figurcs 18, 19, 21 and 22 can be obscrved that the advance rate is the lowest for the first
irrigation event, which can be ascribed to the rough surface in terms of soil particles due to the
plowing, which indicates a high roughness. For the following event, the advance rate has
increased, due to the first irrigation which made the soil surface more smooth, i.e. a decrease in
the roughness. In some of the figurcs (18, 20, 22) it shows that aficr the second irrigation cvent
the advance rate has increased again, followed by a decrease in the next event. From observations
can be interpret that cultural practices may cause this second increase, since the soil roughness
has increased due to the plowing,

Additionally, the advance behavior is related to the infiltration behavior, which is very high for
the first irrigation event as compared to the next events. The infiltration rate generally shows a
decreasing tendency. In the next section, it will be shown that the infiltration function is much
higher for the first irrigation event as compared with later events, which results in a slower
moving advance front during the first event because the surface water discharge rate is rapidly
reducing as the front moves across the length of the basin. More comparison is done in the
section on the infiltration behavior.

Relationship between discharge and r and p

When the advance function is calibrated, the discharge is not included in a direct manner;
however, it is assumed that the amount of water applied to the field has an impact on the values
of r and p, a tendency which has been observed, however not quantified. The velocity of the
advancing front is related to the discharge (i.e. a higher discharge will automatically result in a
higher initial velocity in the field. This is based on the relation Q = v*A, whereby A equals the

cross-sectional area of the field inlet (m2), v the velocity through the field inlet (m/s) and Q

equals the discharge through the field inlet (m?/s). However, to derive a proper relationship
between the applied discharge and the advance front or advance rate, more insight should
obtained in how the discharge affects the advance pattern throughout the field.
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Infiltration Behavior

Introduction

Simultaneously with the advancing of the irrigation water after the opening of the ficld inlet, the
infiltration process starts and will last, related to physical [uctors, till a considerable time afler all
the water has disappeared from the soil surface. The infiltration behavior in the sub-surface
cannot be observed in a direct manner, and measurement tecHniques are necessary to obtain an
indication of the infiltration behavior. Although infiltration functions are mostly graphically
derived, based on data obtained through ring infiltrometer or ponding method tests, in this study
a reciprocal approach, as suggested by Shafique and Skogerboe (1987), is used. This approach is
used to make a first estimation of the cumulative infiltration function (Kostiakov-Lewis) based
on advance, recession, irrigation duration and discharge data.

Basically, this section has a focus on: (i) behavior of the infiltration water afier cutoff time
(gauge readings) and the determination of the time when the infiltration rate becomes constant
(basic intake rate) and the recession time; (ii) derivation of the infiltration function for the
different irrigation events on each sample fields; and (iii) interpretation of the advance-
infiltration relationships.

Gauge readings

During the irrigation monitoring, gauge readings were taken, respectively, at the head and tail
reach of the field, right after the cutoff time. The drop in the water level was noted until the
water level became zero. Although the infiltration cannot be quantified by interpreting the drop
in the water level, these gauge readings are only used as an indication for the infiltration behavior
for different soil types and for different irrigation events after cutoff time. This data has been
used in order to facilitate the determination of the time when the infiltration rate becomes almost
constant, which is called the basic intake rate and represents the nearly saturated infiltration rate
(there is always some entrapped air in the soil profile). This data is needed for deriving the
infiltration function. In Annexure 4, the results are graphically presented, along with the
calculations.
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The infiltration rate, I (mm/min) between two subsequent timings® after the cutoff time is equal
to the difference between two gauge readings and the corresponding timings:

{:iz' —h,
t,—1

where: h, (nm) is the water level at time t, (min); h; (mm) is the water level at time t, (min); and [ is the infiltration
rate after the cutoff time (mm/min).

The calculation of the cumulative infiltration 1s based on the drop in the water level, which is
assumed to be the infiltrated water depth for the corresponding time interval. For the cumulative
values, the amount of decreased water level per time interval are accumulated.

Figure 23 gives an example of the behavior of the infiltration rate and the cumulative infiltration.
The general tendency of the infiltration rate is an initially high rate, followed by a considerable
"drop" and reaches a constant level after a certain time period. Similarly, the cumulative
infiltration has initially a high value but reduces over time towards a constant level.

Table 16 shows the results of determining the time when the infiltration rate becomes almost
constant. As shown in Table 16, extrapolation of the collected data has taken place in some of
the cases; generally, the average has been taken between the head and tail. In other cases, only
graphs were used for this determination. Sometimes, the gauge data were insufficient in order to
make a proper graphical presentation.

Gauge readings were also used in order to determine the recession time. The assumption is taken
that the time when the water level reaches zero near the head and tail gauge, represents the time
of recession. Based on field observation, this approach turned out to be quite satisfactory. The
monitoring of the recession data is quite impractical, since in many instances the time of
recession took many days. In Table 17, data are presented on recession time (t,..).

In most of the cases, the water level starts dropping afler a certain period. This period between
the end of advance and the time of cutoff, t, is the so called ponding phase. In some of the
events, there was not a ponding phase. The ponding phasc is followed by a depletion phase and
lasts '

? The tail reading turned out not to be adequate for this cxercise, since the interval between the timing was too
large.
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Table 16: Determination of the time (t,,) when the infiltration rate becomes almost constant.

Event (Date Cutoff time |t Coe Applicd method for determining t,,,
teo
{min) {min) (min)

W/C Fordwah 14-R; Field 3

Event 1((14-01) | [90 80 170 Extrapolation of the gauge readings

Event 2{(06-02) | |44 199 243 -do-

Event 3((29-02) | |61 100 161 Graphically interpreted

Event 4 ((12-03}) | [46 100 146 Based on Event 3

W/C Fordwah 14-R; Field 33

Event 1(23-01) {178 299 377 Extrapolation of the gauge readings

Event 3 [(29-02) | |55 600 655 Graphically interpreted

Event 4 |(12-03) | {54 805 859 Graphically interpreted

Event 5|(28-03) {29 805 834 Based on Event 4

W/C Fordwah 62-R; Field 8

Event 2 [(06-02) [ [27 1500 1527 Graphically interpreted

Event 4 |(07-03) | |22 843 865 Extrapolation of the gauge readings

Event 5 ((27-03) | [26 857 883 Extrapolation of the gauge readings

W/C Azim 111-L; Field 4

Event 1|(19-01} | |303 3600 3303 Based on results of Field 6

Event 2 ((07-02) | |164 2000 2164 -do-

Event 3 [(02-03) | |155 2500 2655 -do-

Event 4 |(17-03) | {147 2500 2647 -do-

W/C Azim 111-L; Field 6

Event 1{(18-01) {223 3000 3223 Graphically interpreted

Event 2 |(07-02) ! 150 2000 2150 Graphically interpreted

Event 3{(02-03) | [147 2500 2647 Graphically interpreted

Event 4 {(17-03) [ {142 2500 2642 Based on Event 3

Note: tcir = tco + tcir.

till the first dry spot occurs at the soil surface, which indicates the start of the recession phase,
which on its turn Jasts till the time when all of the water has infiltrated into the basin. Since the
gauge readings were noted after the cutoff time, the irrigation duration has to be added to the
duration of the recession phase in order to find the final recession time at the head and tail reach
of the field, respectively. In this case, the depletion phase has not been monitored and is included
in the recession phase.

Concerning the recession timings, there is a difference between the head and tail, as well as
between the different irrigation events. Field 3 shows a lower recession time as compared o the
more heavier soils. Although Field 8 was initially selected as a loamy-sand soil, the high
recession time indicates more of a tendency towards a more heavier soil. The recession timings
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Table 17;: Ponding and recession data for the monitored events on the sample fields.

Field 3 Event1 |[Event2 {Event3 |Event4 [Event5
Advance time, to (min) 80 43 57 435 33
Cutoff time, tco (min) 20 44 61 46 25
Ponding phase {min) 10 1 4 1 0
Recession time, trec

- head gauge, trec (min)} 166 170 204 179 225

- tail gauge, trec (min) 178 315 183 163 200
Average trec (min}) 172 2425 193.5 171 2125
Field 33 Eventl [(Event3 [Event4 |EventS5

Advance time, ta (min) 62 43 42 32

Cutoff time, tco {min) 78 55 54 29

Ponding phase (min) 16 12 12 0

Recession time, trec

- head gauge, trec (min) 329 1365 1354 -

- tail gauge, trec (min) 380 1375 1379 -

Average trec (min) 354.5 1370 1366.5 -

Field 8 Event? (Event4 |Event5

Advance time, ta (min) 22 19 24

Cutoff time, tco (min) 27 22 26

Ponding phase (min) 5 3 2

Recession time, trec

- head gauge, trec (min) 2268 1335 365

- tail gauge, trec (min) 3027 2740 1553

Average trec (min} 2647.5 2062.5 959

Field 4 Eventl |[Event2 |Event3 [Eventd |Event$
Advance time, ta (min) 249 160 140 77 67
Cutoff time, tco {(min) 303 164 155 147 182
Ponding phase (min) 54 4 15 70 115
Recession time, trec

- head gauge, trec (min) 2956 4360 4035 5797 4370

- tail gauge, trec (inin) 4317 4430 6945 8727 5775
Average trec (min) 3636.5 4395 5490 7262 5072.5
Field 6 Eventl (Event2 |Event3 |Event4 |EventS5
Advance time, ta (min) 214 175 126 156 140
Cutoff time, tco (min) 223 150 147 142 180
Ponding phase (min) 9 0 21 0 40
Recession time, trec

- head gauge, trec (min) 2853 4346 3451 57192 4297

- tail gauge, trec (min) 4203 2895 5487 6492 4312
Average trec (min) 3530 3620.5 4469 6142 4304.5

for Fields 4 and 6 (loamy soils) are high as compared with Field 33 which is considered to b
more heavy soil (silty-loam). The alkali crust on the soil surface may be the cause of a long
recession time. Other physical factors may have an impact on the recession time as well, such as
the applied discharge and the field condition. A fter the cutoff time, there is a difference in water
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level between the head and tail reaches of the fields (Annexure 4). In other words, assuming that
the different identified water levels as observed, infiltrate into the soil and no runoff occurs, since
it is a bunded unit, there is a difference in infiltration after the cutoff time between the head and
tail reach, which would be expected. For Field 3, the water level at the tail reach is lower as
compared to the head reach. However, Field 8 shows a higher level at the tail reach, which
sometimes also occurred in the case of Field 33 and Field 4. A much lower water level at the tail
might be an indication of under irrigation at the tail reach. A much higher water level at the tail
might be an indication of over irrigation at the tail reach.

Infiltration functions

In order to give a first estimation of the infiltration function, an altemative technique is used for
determining the empirical constant of the Modified Kostiakov equation as proposed by Shafique
and Skogerboe (1987). Basically, three approaches are distinguished in this technique to predict
the infiltration characteristic:

(i) Simple calibration technique of the Modified Kostiakov Equation, whereby changes in
the infiltration behavior from event to event are primarily reflected in the exponent "a" of
the concerning equation.

(i) Using an iterative scheme in order to further refine the calculated values in the first
approach.

For both of the approaches, the assumptions are made that the subsurface water profile is linear
and the average infiltrated depth for the set can be approximated as a function of opportunity
time at the mid-point of the field (Shafique and Skogerboe, 1987). These assumptions do not
count for the third approach:

(iii) By knowing the advance relationship and having recession data, the opportunity time is
calculated in relation to the wetted area. Next, the average opportunity time is
determined for an average infiltrated depth. The remaining calculations are the same as
used in the second approach.

The first approach has been used in order to derive the infiltration function, i.e. the Modified
Kostiakov Equation:
Z=A?+Ct

where: Z = infiltrated water depth (mm); A= intake constant (mm/min®); B = intake power (-); C = final intake rate
{(mm/min); T = time (min).
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In the first approach, the Philip's equation (B=0.5) is initially used in order to (i) determinc the
time required to infiltrate some initial depth, T, (min); and (ii) to make a first calibration of the
value of A. Next, a modification is made by determining C, the basic infiltration rate. Generally,
the value of C is fixed by plugging in the recession time or a large enough time value in the
differentiated cumulative infiltration equation (I = ABt®', I = infiltration rate mm/min) as the
time when the infiltration rate is assumed to be constant. However, this time can give an over
estimated value for C whenever the soil is of a heavy type and shows a very slow recession
procedure. In this analysis, the t;, as calculated in the previous paragraph, is used in order to
determine C.

Next, the following relationships are used in order to modify the value of B and A according to
the Modified Kostiakov Equation:

B - nf(Z,-Cx )/ {Z;-Ct:)}
Infv /1va)

- (Z22-C13)
A - _r"

where: Z, = initial infiltrated water depth (mm); Z, = average infiltrated water depth {mm); A = intake constant
(mm/min®); B = intake power (-); C = final intake rate (mm/min); 1, = corresponding time (min) to infiltrate Z,; and
T, = intake opportunity time (min).

Table 18 presents the followed procedure for deriving the Modified Kostiakov Infiltration
Equation. Some remarks will be made regarding the performed calculations. The basic data
needed for proceeding with the calculations are: (i) discharge (Q, m*/min); (i) time of cutoff (t_,,
min); (iii) field area (A, m®); (iv) r and p values of the advance functions; (v) average recession
time (%, g Min); and the time when the infiltration rate becomes almost constant, t_;, min).

cird
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The average depth of application, Z, {mm) is equal to:

2=

where: Z, = average depth of application (mm); Q = applied discharge (m*/min); tco = cutoff time (min); and A =
area (m?).

The assumption is taken that the amount of water applied to the field during an irrigation event
entirely infiltrates into the soil. Losses are not considered in this regard. The initial infiltrated
depth (Z,) is assumed to be 1 mm.

The average advance time of a basin (t,),.., is assumed to correspond to the time when 50 % of
the field is covered with water:

= M43
([ﬂ )nve = (""p—)f/

where: (t,),,, = average advance time (min); A = area (m’); and p and r = constants of the advance function.

The average opportunity time, 1, (min) is equal to the difference between the average recession
time and the average advance time for that specific field.

Figures 24 - 28 show the graphical presentation of the developed infiltration functions for the
respective fields. Some observations are provided below.

For Field 3 (Figure 24), a considerable decrease in infiltration over time occurred between Events
1 and 2, followed by an increase in the infiltration over time for Event 3. Next, the infiltration
over time for Event 4 decreased and comes close to Event 2. For Field 33 (Figure 25), a
considerable decrease in the infiltration over time is observed between Events 1 and 3. For Event
4 an increase in the infiltration over time is observed. Next, a decrease is observed in the
infiltration over time for Event 5, which comes close to Event 3. For Field 8 (Figure 26), it is
slightly difficult to make an interpretation, since the infiltration graphs for the important first
event, as well as Event 3, are missing. Most logically, the infiltration graph for Event 1 should be
far above Event 4 and Event 3, somewhere between Events 1 and 4. Although, Field 4 and 6
(Figures 27 and 28) are of the same soil type, Field 6 shows a higher infiltration over time for the
first event, but less reduction in the infiltration over time for the second event as compared (o the
infiltration over time as presented for Field 4. For Field 4, the infiltration over time for Event 3
remained close to the one for Event 2. For Field 4, the infiltration over time decreased more for
Event 4, whereas for Field 6, a increase in the infiltration over time is observed.
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Generally, the infiltration over time shows a decreasing tendency, with the infiltration over time
for the first event always exceptionally high. This can be ascribed to the soil condition. Due to
the cultural practices, the soil has become loose and, thus, the infiltration rate of the soil is very
high. Once the water has been applied to the field, the soil becomes more compact and results in
a decrease in the infiltration rate. Similarly, the sudden increase of the infiltration over time for
mostly the third irrigation event can be ascribed to the (inter) cultural practices, such as
ploughing, done in order to remove the weeds. These practices make the soil loose again, but
most probably due to surface soil sealing, the soil will not become that loose again as at the
commencement of the irrigation season. Also, the plowing is done in a less intensive manner.
Generally, over time, the infiltration rate will not change significantly, i.e. for the late irrigations
the soil condition remains more or less the same and does not have much affect on the infiltration
rate.

In Figure 29, the infiltration graphs for the different fields for the fourth irrigation event are
presented. The fields are of different soil types, and it can be observed that the graph presents
different results for the selected fields. Field 3 is a lighter soil (fine sandy loam \ loam) and
shows a higher infiltration over time. Field 33 is a heavier soil (loam/silt loam/very fine sandy
loam) and shows a lower infiltration over time. As indicated earlier, Field 8 turned out to be a
disturbed soil (classified as loam/sandy loam), which showed an infiltration tendency more
similar to a heavier soil. Fields 4 and 6 are loamy soils, but due to an alkali crust, the infiltration
over time is very low; in this case, it was even observed that it took at least a day before a
measurable drop in the water level was observed.

When the infiltration behavior is compared with the advance behavior, as elaborated in the
previous section, it can be observed that the tendency is of a reciprocal character. This means that
the behavior of the infiltration has an impact on the advance behavior. In other words, when
more water infiltrates into the soil, it will take more time before the water reaches the end of the
field. This is an important physical relation, which should be known when the irrigation
scheduling takes place. Mostly, the farmers do not plan how long to irrigate. Mostly, this is a
decision, based on his experience, the water availability, or on his decision as to how many fields
have to be irrigated. The irrigation duration will be evaluated in the next section.

Sensitivity analysis of the basic intake rate, C

Based on the derived infiltration function, a sensitivity analysis was conducted for C (in relation
to A and B). For this purpose, the first irrigation events on a lighter (Field 3) and heavier soil
(Field 6) have been selected. The results are presented in Tables 19 and 20 for Field 3 and Field
6, respectively.
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These tables demonstrate that an increase of C results in a decrease in B and A, and a decrease in
C results in an increase of the parameters B and A, which represents the interdependent character
of these three empirical parameters. However, the sensitivity in terms of percentage changes is
much higher in the case of a 10% increase of C as compared to the 10% decrcase of C.
Furthermore, the greater C becomes, the hi gher the change of B and A in terms of percentage,
whereas, the smaller C becomes resulting smaller changes of B and A in terms of percentage.
Apparently, a lower value for C results in a more stable Modified Kostiakov Equation.

By comparing a lighter soil (Field 3) with a heavier soil (Field 6}, it is noted that the same
tendency occurs as mentioned for Field 3; however, the measure of changes in the parameters is
relatively much less for Field 6 as compared to Field 3. Apparently, when the C value is
relatively low (which is the case for heavier soils due to the long recession time), a fixed increase

or decrease of C in terms of percentage has a smailer impact on C and, consequently, on A and
B.

In order to see too what extent a change in the C value has an impact on the infiltration rate , I
(mm/min), some of the calculated infiltration parameters as presented in Tables 19 and 20 are
used for this demonstration. The infiltration functions used are marked (*) in the Tables 19 and
20, respectively. The purpose of this demonstration is to see to what extent a change in the C
value has an impact on the basic intake rate in time. The results are presented in Figures 30 and
31 for Fields 3, Event 1 and Field 6, Event 1, respectively.

Figures 30 and 31 demonstrate that the main differences in infiltration rate occurs during the first
time period of the infiltration process (i.e. the first 20 minutes for Field 3, Event 1; and the first
10 minutes for Field 6, Event 1), while on the longer term, little differences occur in the
infiltration rate for the different infiltration functions. Furthermore, the differences in the
beforementioned timings for Fields 3 and 6, respectively, indicate that for a lighter soil the C
value is more sensitive as compared to a heavier soil.

The graphs also demonstrate that by increasing the value of C, the infiltration rate is under-
estimated as compared to the original derived C value and visa versa. In other words, over-
estimating C is a consequence of underestimating the intake opportunity time and visa versa.

It is essential to determine an accurate value of C in order to avoid over or under estimation of
the infiltration rate and, consequently, the infiltration function.
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Table 19: Sensitivity analysis of the basic intake rate for Event 1 on Field 3.

Field 3 Event 1
C (mm/min)} |B (-) A (mm/minB) |Decreasein B |Decrease in A
10% increase of C % Yo
*]0.3375 0.4353 6.6073
*10.3713 0.4260 6.3411 2.14 4.03
*[0.4084 0.4147 6.0331 2.64 4.86
*10.4492 0.4008 5.6727 3.36 5.97
0.4941 0.3830 5.2440 4.44 7.56
0.5435 0.3593 4.7217 6.19 9.96
0.5979 0.3252 4.0593 9.50 14.03
Field 3 Event 1
C (mm/min) |B (-) A (mm/minB) |Increase in B |Increase in A
10% decrease of C Yo %
0.3375 0.4353 6.6073 ‘
*10.3038 (.4418 6.8621 1.964 3.856
*10.2734 0.4510 7.0827 1.611 3.215
*[0.2460 0.4570 7.2750 1.341 2.714
0.2214 0.4622 7.4434 1.130 2.314
0.1993 0.4666 7.5913 0.961 1.988
0.1794 0.4705 77219 0.824 1.719
0.1614 0.4738 7.8373 0.711 1.495
0.1453 0.4767 7.930¢ 0.617 1.305
0.1308 0.4793 8.0305 0.538 1.144
0.1177 0.4816 8.1113 0.470 1.006
0.1059 0.4835 8.1833 0413 0.887
0.0953 0.4853 8.2475 0.364 0.784
0.0858 0.4869 8.3048 0.321 0.695
0.0772 0.4882 8.3560 0.284 0.617
0.0695 0.4895 8.4018 0.252 0.548
0.0625 0.4906 8.4428 0.224 0.488
0.0563 0.4915 8.4795 0.199 0.435
0.0507 0.4924 8.5123 0.177 0.388
0.0456 0.4932 3.5418 0.158 0.346
0.0410 0.4939 8.5683 0.141 0.309
0.0369 0.4945 8.5920 0.126 0.277
0.0332 0.4951 8.6133 0.112 0.248
0.0299 0.4956 8.6124 0.101 0.222
0.0269 0.4960 8.0495 0.090 0.199
0.0242 0.4964 8.6649 0.081 0.178
0.0218 (.4968 8.6788 0.072 0.160
0.0196 0.4971 3.6912 0.065 0.143
0.0177 0.4974 B.7024 0.058 0.129
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Table 20: Sensitivity analysis of the basic intake rate for Event 1 on Field 6.

Field 6 |Eventld
C (mm/min) [B (-) A (mm/minB) |Decrease in B |Decrease in A
10% increase of C Yo Ya
*[0.0218 0.4283 2.1874
*10.0240 04171 2.1424 2.00 2.05
*10.0264 (.4033 2.0878 3.32 2.55
*10.0290 (0.3854 2.0195 4.43 3.27
0.0319 0.3611 1.9307 6.30 4.40
0.0351 0.3252 1.8063 9.97 6.44
0.0386 0.2604 1.6029 19.92 11.26
Field 6 Event 1
C (mm/min) {B (-) A (imm/minB) |Increase in B |Increase in A
190% decrease of C Yo Yo
0.02180 0.4283 2.1874
*10.01962 0.4383 22287 2.335 1.888
*10.01766 0.4465 2.2632 1.874 1.551
*[0.01589 0.4533 2.2925 1.535 1.295
0.01430 0.4591 2.3176 1.277 1.094
0.01287 0.4641 2.3392 1.075 0.933
0.01159 0.4683 2.3580 0.914 0.802
0.01043 0.4720 2.3744 0.783 0.694
0.00938 0.4752 2.3887 0.676 0.604
0.00845 0.4779 24013 0.586 0.528
0.00760 0.4804 24124 0.511 0.463
0.00684 0.4825 24222 0.447 0.407
0.00616 0.4844 2.4309 0.392 0.359
0.00554 0.4861 2.4386 0.345 0.317
0.00499 0.4876 2.4455 0.305 0.281
0.00449 0.4889 24516 0.270 0.250
(.00404 0.4901 . 2.4571 0.239 0.222
0.00364 0.4911 2.4619 0.212 0.198
0.00327 0.4920 2.4662 0.189 0.176
0.00294 0.4929 24701 0.168 0.157
0.00265 0.4936 24736 0.150 0.140
0.00239 0.4943 24767 0.134 0.125
0.00215 0.4948 2.4795 0.119 0.112
0.00193 0.4954 2.4820 0.197 0.100
0.00174 0.4958 2.4842 0.095 0.090
0.00157 0.4963 2.4862 0.085 0.081
0.00141 0.4966 2.4880 0.077 0.072
0.00127 0.4970 2.4896 0.0069 0.065
0.00114 0.4973 2.491¢ 0.061 0.058
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Soil Moisture Behavior

Introduction

In order to evaluate how much water is needed by the crop for a particular irrigation event, and
how much water has actually been applied, the actual crop water requirement must be known.
During the scason, soil samples were taken before and after each irrigation event and a
calculation procedure was followed in order to determine the Soil Moisture Deficit (SMD),
which equals the crop water requirement, for each irrigation event. Next, a part of the irrigation
scheduling is discussed and evaluated in this section, i.e. how long to irrigate in order (o meet the
crop water requirements. For this latter, an approach has been selected which is proposed in
Shafique and Skogerboe (1987). Additionally, the irrigation performance is evaluated in terms of
application and storage efficiencies and distribution uniformity.

Soil Moisture Deficit

By calculating the SMD, the entire sample depth has been taken into consideration, which
concerns the first 36 inches of soil depth (91.44 cm). The assumption is taken that during the
rouni irrigation the whole profile has been saturated with water; any change in the soil moisture
content in this profile has to be addressed when calculating the SMD. Additionally, this
assumption ignores the actual rooting depth at that specific irrigation event. With this approach, a
degree of safety has been incorporated in the scheduling (evaluation) process.

Annexure 5 presents the calculations performed in order to determined the SMD. The
calculations are done per field per irrigation (before and after) for four different depths (0 - 15.24
cm; 15.24 - 30.48 cm; 30.48 - 60.96 cm; and 60.96 - 91.44 cm) at the head and tail of the field.
The soil samples were weighed before being dried in an oven (Wet wt, g) and afier having been
dried in the oven (Dry wt, g). The dry weight moisture fraction (W) has been calculated as:

W _ Wettwg)-Dryone)
Dryiwt)

wherein: W = dry weight fraction (-); Wet(wt) = wet weight of soil {g); Dry(wt) = dry weight of soil (g).
The calculation are done as suggested in FAQ, 1989. Data on bulk density (g/cm’) and the
volumetric moisture content at Field Capacity (vmc FC) are derived from Annexure 1.

The volumetric moisture content (vinc; 8) is calculated as follows:
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o=Ye
’Y‘I'

wherein: 8 = volumetric moisture content (-)ity = bulk density (g/cm®); y,, = specific weight of water (1.0 g/cm?);
and W = dry weight fraction.

The soil moisture deficit is defined as follows:

SMD = (9 ;,-0 )RD

wherein: SMD = Soil Moisture Deficit (cm); Bfc = moisture content at FC (-); 0 initial moisture content (-); RD =
root depth or depth of the considered soil depth (cm).

Comparing the figures on SMD (Annexure 5) on differences between before and after an
irrigation, it can be observed that most of the changes do occur in the first two sample layers (till
30.48 cm). Additionally, in most of the instances, the SMD is higher at the head of the field as
compared to the tail. After the irrigation, often negative SMD values were derived. This indicatcs
that apparently the field moisture condition was not yet at FC,

In order to find the overall SMD for a field per event, the average has been taken between the
SMD at the head and tail of the field. Where the SMD showed negative values, the SMD was
assumed to be equal to zero. Table 21 shows the results on the average SMD for each field and
irrigation event (before and after). These data are used for further calculations.

Table 21: Soil moisture deficit for each irrigation event on the sample fields
during the Rabi ‘95-96 season.

Field 3 Event 1 Event 2 Event 3 Event 4 Event 5§
(14-01)  [06-02)  [(29-02) [(12-03)  [(28-03)

SMD (mm) Before irrigation

- at head 58.88 56.10 79.74 55.9¢ 55.61

- at tail 44.90 55.30 40.24 41.35 65.50

Average: 51.89 55.70 59.99 48.63 60.56

SMD (mm) After irrigation

- at head 31.96 36.41 34.35 123.52 53.70

- at tail 29.39 15.97 36.28 2947 60.62

Average: 30.68 26.19 35.32 76.50 §7.16

..... continued
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~continuation of Table 21

Field 33 Event 1 Event 3 Event 4 Event 5 Event 6
(23-01) {29-02) (12-03) (22-03) (11-04)

SMD (mm) Before irrigation

- at head 56.58 66.68 72.16 57.23 141.35

- at tail 47.28 59.72 47.42 24.52 88.21

Average: 51.93 63.20 59.79 40.88 114.78

SMD (mm) After irrigation

- at head 43.49 34.59 126.83 125.11 26.09

- af tail 19.70 29.19 45.03 83.93 27.38

Average: 31.60 31.89 85.93 104.52 26.74

Field 8 Event 1 Event 2 Event 3 Event 4 Event 5
(19-01) (06-02) (21-02) (07-03) (28-03)

SMD (mm) Before irrigation

- at head §9.80 54.41 - 55.99 71.42

- at tail 82.31 54.88 - 70.23 78.74

Average: 86.31 54.65 - 63.11 75.08

SMD (mm) After irrigation

- at head - 67.76 - 56.83 37.32

- at tail - 43.02 - 65.12 61.33

Average: - 55.39 - 60.98 49.33

Field 4 Event 1 Event 2 Event 3 Event 4 Event 5
(19-01) (07-92) (02-03) (17-03) (01-04)

SMD (mm) Before irrigation

- at head 91.56 79.21 67.39 60.77 76.78

- at tail 62.55 59.40 42.50 61.89 91.85

Average: 77.06 69.31 54.95 61.33 84.32

SMD (mm) After irrigation

- at head 38.24 47.37 61.39 63.02 98.81

- at tail 47.70 22.87 26.42 24,41 49.00

Average: 42.97 35.12 43.91 43,72 73.91

Field ¢ Event 1 Event 2 Event 3 Event 4 Event 5
(18-01) (07-02) (02-03) (17-03) {01-04)

SMD (mm) Before irrigation

- at head 64.11 61.67 57.91 50.89 134.31

- at tail 40.28 50.11 50.28 88.0l 104.26

Average: 52.20 55.89 54.10 69.75 119.29

SMD (mm) After irrigation

- at head 27.24 13,75 45.02 20.80 84.52

- at tail 29.67 86.58 38.75 96.54 68.48

Average: 28.46 60.17 41.89 88.67 76.50
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Evaluation of the irrigation duration

This evaluation is based on the first approach as described in Shafique and Skogerboe (1987).
The approach is based on the volume balance principals, and takes into account that for basins,
the water has to be cutoff before the right depth is infiltrated.

For calculating the desired cutoff time, basic information is needed on: (i) discharge (m*/min);
(ii) the advance function (r and p); (iii) the infiltration function (A, B, and C); and (iv) area, A

(m?).

The first step is to estimate the volume of water infiltrated at the time when the water has
advanced to the end of the field ( (t,),):

Vinf ).y, =ZoG 24

wherein: (Vinf),,, = volume of water infiltrated at (t,). (m’); Z, = the infiltrated depth at the inlet at (t,), (mm);
shape factor = 0.65; A = area (m?).

The second step is to calculate the volume of water delivered at (t):

(Vin) = Q(t, ),

wherein: (Vin) = volume of water delivered at (th. ; Q = discharge to the field (m*/min); (t,), = time when water has
advanced to the end of the field (min).

The third step is to estimate the volume of surface water storage at (t,),:

(Vsurf Jr, = (Fin)-(Vinf)

wherein: (Vsurf),, = the volume of surface water storage at {t.). (m'); (Vin) = the volume of water delivered at
(t). .(m®); and (Vinf) = the volume of water infiltratcd at (t), ,(m*).

The fourth step is to determine the volume of water required to be applied:

_ (SMD) 4
1000 mm / m

wherein: Vreqd = the volume of water required to be applied (m’); SMD = Soil Moisture Deficit (mm); and A =
area (m?).
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The fifth step is to determine the time difference in cutoff time as compared with the advance
time: '
tag = ((Vreq)-(Vsurf)}/ Q

wherein: ty, = difference in cutoff time compared to advance time; Vreqd = the volume of walter required to be
applied (m*); (Vsurf),,,,_ = the volume of surface water storage at {t.), .{m®); and Q = discharge applied to the field
(m*/min).

Based on these findings, the cutofT time is calculated as follows:

lea = (tﬂ)x:[‘itdl:f

wherein: t., = calculated cutoff time (min); (t)),., = end of advance time {min); ty, = difference in cutoff time as
compared with the advance time (min).

Whenever the ty, turned out to be negative; the cutoff time was assumed to be equal to the end of
the advance time.

The calculations are presented in Annexure 6. In Table 2 the results are summarized:

For all of the fields, a difference in the calculated cutoff time and the actual cutoff time as
practiced by the farmers is observed. However, in four instances (Field 33, Event 3, Field 8,
Events 2 and 4), the difference is negligible (< 3 min.). For about 32 % of the events, the farmers
irrigated a too long time period (presented as negative values). For about 47 % of the events, the
farmers irrigated a too short time period (presented as positive values).

These statistics indicates that for most of the time the practiced irrigation duration does not
correspond to the actual crop water requirements; consequently, the fields are irrigated for too
long or too short of a time period, which may have over and under irrigation as a consequence,
respectively. In the next paragraph, the measure of over and under irrigation is further specified.
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Table 22: Calculated and practiced irrigation durations for selected

irrigations events on the sample fietds during the Rabi
‘95 - ‘06 irrigation season,

Field 3 Calculated [Practiced

Event Date tco teo Difference
(min) (min) (min)

Event | 14-01 84 90 -6

Event 2 06-02 52 44 3

Event 3 29-02 70 6l 9

Event 4 12-03 53 46 7

Field 33 Calculated |Practiced

Event Date tco tco Difference
{min) (min) (min)

Event 1 23-01 67 78 -1

Event 3 29-02 52 55 -3

Event 4 12-03 42 54 -12

Event 5 21-03 32 29 3

Field 8 Calculated |Practiced

Event Date tco tco Difference
(min) {min) {min)

Event 2 06-02 25 27 -2

Event 4 07-03 20 22 -2

Event § 27-03 90 28 62

Field 4 Calculated |Practiced

Event Date tco tco Difference
{min) {min) {min)

Event 1 19-01 260 303 -43

Event 2 07-02 237 164 73

Event 3 02-03 183 155 28

Event 4 17-03 174 147 27

Field 6 Calculated |Practiced

Event Date tco tco Difference
(min) (min) (min})

Event 1 18-01 215 223 -8

Event 2 07-02 343 150 193

Event 3 02-03 127 147 =20

Event 4 17-03 158 142 16
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Irrigation performance

For basin irrigation systems, three independent hydraulic performance indicators are needed in
order to evaluate the field irrigation performance. These three indicators are: (i} application
efficiency; (ii) storage efficiency; and (iii) distribution uniformity; whereby (i) and (iii) evaluate
the adequacy of an applied irrigation, and (iii) evaluates the equity of an applied irrigation (soil
moisture distribution).

As mentioned in Hart et. at. (1979), three assumptions are made while using these three
parameters: (i) all the water delivered to the field edge but not absorbed through infiltration or
collected as runoff for reuse is considered as loss, and the nature of this loss (i.e., evaporation,
runofT, etc.) is not important; (ii) the requirement at the time of irrigation is the water required to
fill the available rootzone water storage, and this requirement is equal throughout the field; and
(iii) a single lumped parameter is adequate to characterize the distribution of water from an
irrigation.

With respect to point (ii) above, for calculating the crop water requirement at the time of
irrigation, the entire sample depth has been taken into consideration instead of the actual rooting
depth at the time of irrigation.

The following definitions are ascribed to the indicators (Jensen, 1983):

¢ Application Efficiency, E, (%):
The ratio of the average depth of the irrigation water infiltrated and stored in the rootzone io the
average depth of irrigation water applied.

¢ Storage Efficiency, E, (%):
The ratio of the average depths of water stored in the rootzone to the average depth storable

¢ Distribution Uniformity, DU (%):
The ratio of the average low-quarter depth of irrigation water infiltrated (or caught) to the
average depth of irrigation water infiltrated (or caught).

The basic data needed for the calculations are (i) the applied water depth; (ii) the SMD; and (iii)
the infiltration function, Table 23 presents the calculated values for the E,, E, and DU. It was
assumed that the deep percolation ratio (DPR) equals the difference between the SMD and the
applied water depth (Z,). Annexure 7 presents the calculations of the DU for the selected
irrigation events on the sample fields.
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Table 23: Application and storage efficiencies and distribution uniformity for selected irrigation events on the
sample fields.

Event Date Z, SMD DPR Stored E, E, nu
mm)  Jmm)  [mm)  |mm) (%) (%) (%)
‘W/C Fordwah 14-R; Field 3
Event 1 (14-01) 104,35 51.89 -52.46 51.89 49.73 100 85.52
Event 2 (06-02) 57.86 55.70 -2.16 55.70 96.27 100 95.33
Event 3 (29-02) 70.69 59.99 -10.70 59.99 84.86 100 91.42
Event 4 (12-03) 56.06 48.63 -7 43 48.63 86.75 100 92.80
W/C Fordwah 14-R; Field 33
Event 1 (23-01) 140.03 51.93 -88.10 51.93 37.08 100 95.46
Event 3 (29-02) 88.02 63.20 -24.82 63.20 71.80 100 98.96
Event 4 (12-03) 84.57 59.79 -24.78 59.79 70.70 100 99.16
Event 5 (28-03) 02.84 40.88 -51.96 40 .88 44.03 100 99.32
W/C Fordwah 62-R; Field 8
Event 2 (06-02) 80.70 54.65 -26.05 54.65 67.72 100 99,73
Event 4 (07-03) 73.57 63.11 -10.46 63.11 85.78 100 99 68
Event 5 (27-03) 22,12 75.08 52,96 22.12 100.00 2946 99.40
W/C Azim 111-L; Field 4
Event 1 (19-01) 105.34 77.06 -28.28 77.06 73.15 100 98.14
Event 2 (07-02) 50.57 69.31 18.74 50.57 100 72.96 99.14
Event 3 {02-03) 4931 54,95 5.64 4931 100 89.74 99.37
Event 4 (17-03) 53.37 61.33 7.96 53.37 100 87.02 99.67
W/C Azim 111-L; Field 6
Event 1 (18-01) 147.61 52.20 -95.41 52.20 35.36 100 98.26
Event 2 (07-02) 96.60 55.89 -40.71 55.89 57.86 100 98.67
Event 3 (02-03) 100.11 54.10 -46.01 54.10 54.04 100 99.43
Event 4 (17-03) 109.47 69.75 -39.72 69.75 63.72 100 99.38

The results reveal that for 47% of the monitored irrigation events the irrigation turned out to be
either insufficient or excessive (35 % < E, <70 % and E, = 100 % or E, = 100 % and E, <25
%). More specifically:

® Balanced irrigation (E, = 96.27 % and E_ = 100 %);
Field 3, Event 2.

Towards a balanced irrigation (E, ~ 85 % and E, = 100 % or Ea = 100 % and Es =~ 88 %):
Field 3, Events 3 and 4; Field 4, Events 3 and 4.

* Excessive irrigation or over-irrigation (35 % <E, <70 % and E, =100 %):
Field 3, Event 1; Field 33, Events 1 and 5; Field 8, Event 2; Field 6, Events 1 - 4,
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* Tendency towards over-irrigation (E, ~ 70 % and E, = 100 %):
Field 33, Events 3 and 4; Field 4, Event 1.

 Insufficient irrigation or under-irrigation (E, =100 % and E, < 25 %):
Field 8, Event 5.

* Tendency towards under-irrigation (E, = 100 % and E_ ~ 70 %):
Field 4, Event 2.

In the case of the excessive irrigations, the crop water requirement was met, however, the DPR is
excessive. In the case of insufficient irrigations, the crop water requirement has not be met (i.e.
the deficit is excessive).

For all the irrigation events, the equity in water disteibution across the field or the soil moisture
distribution was good, which is reflected in a high percentage of DU (90 % < DU < 99.7 %).
Only Event 1 on Field 3 shows a lower DU of 85.52 %, which is quite surprising, since Event 1
of Field 3 was pointed out as being excessively irrigated. Apparently, other factors than applied
volume of water influence the performance indicators. These factors might be related to variation
in soil characteristics or the variation in condition of the soil surface.

This statement may also hold good as explanation of some of the differences in results between
what has been analyzed in Table 22 (i.e. the difference in calculated and practiced irrigation
durations for the selected irrigations on the sample fields) and the results, obtained through the
performance assessment (Table 23). When the two tables are compared with each other, it turns
out that in some instances an over irrigation or tendency towards over irrigation was indicated
(Table 23), while the practiced irrigation duration was either too long or too short (e.g. Field 3,
Event 1; Field 33, Event 5; Field 8, Event 2; and Field 6, Events 1, 2 and 4). The extreme
difference for Event 2 of Field 6 can be explained from the fact that the total irrigation duration
has been estimated, and consequently, the total volume applied, since the tubewell was
temporarily shut off during the time of irrigating this ficld. This also happened during the first
irrigation event on Field 4. With respect to under-irrigation or the tendency towards under-
irrigation, contradictions did not occur.

Overall, this performance can be considered quite critical when compared with the results for the
crop stages (boxes 1, 2 and 3). The low performance of the first irrigation event can affect the
seed germination and emergence during the establishment stage. Another critical stage during the
flowering period (occurred closely after Irrigation Event 3). During that period, the irrigation
performance was not satisfactory for Field 33, Field 4 and Field 6.
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Conclusions

In this report, a maximum effort has been made on analyzing and synthesizing the irrigation field
data collected during the Rabi '95-'96 season. The report has provided insights into the main
surface and subsurface irrigation processes (i.e. advance, infiltration and soil moisture behavior).

Concerning the advance behavior, an irregular advance profile was observed, mainly due to the
insufficient leveling of the fields, lack of weed control, and the corrugations which occurred due
to the traces of the plow. This also made the advance behavior a difficult phenomenon to
monitor. A suggestion which can be given is to monitor the advance distances versus time
instead of the time versus the advance distance. The basins turn out to be not exactly basins;
initially, the water follows the corrugations, but with a small time lag, the water overtops the
corrugations and the field becomes a basin.

A comparison between the two-point fitting method and least square regression technique was
made in order to develop the best possible advance functions for the fields and their respective
events. Results have shown that the least square regression technique is more accurate, since it
includes more observation points. However, the two-point method is more practical and useful
when less observation points are available. Inaccurate monitoring occurred when the crop
becomes too dense; consequently, the advance function can then only be an approximation.

The advance graphs show a general tendency of increasing from event to event. However, at the
third irrigation event, mostly a decrease was observed, followed by a decrease again for the
following events.

The gauge readings provided insights into the infiltration rate, the time when the infiltration rate
becomes almost constant, and the recession time, both difficult to observe; and for which the
gauge readings were used as a guideline. However, the irregularities in the taken readings made it
sometimes difficult to do a proper graphical analysis. It is suggested that the readings be taken
more frequently; especially in the initial stage after cutoff time and later towards the end of the
recession time. Similarly, the depletion phase should be indicated more clearly.

The infiltration functions were calculated and graphically presented. The general tendency which
could be observed from the graphs is a high infiltration over time for the first irrigation, followed
by a decrease for the following irrigations. Mostly, the third irrigation showed an increase in the
infiltration rate, due to inter-culture practices by the farmer (such as plowing / weeding). Next, a
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decrease occurred again in the infiltration rate over time. The later irri gations generally showed a
less significant change in the infiltration over time. A similar but reciprocal tendency was
observed for the advance behavior. It became clear that their is a strong correlation between the
advance and infiltration behavior; the higher the infiltration rate, the longer it takes for the water
to advance to the end of the field. This physical phenomenon has to be taken into account when it
comes to irrigation scheduling.

Irrigation scheduling is discussed in the last section of the report. The SMD data show that their
is a considerable difference in SMD between the head and tail of the field. Next, when the SMD
conditions before and after irrigation are compared with each other, it has been observed that the
major changes do occur in the first 30 cm of the subsurface. In some of the instances, the SMD
showed positive results. This indicates that the soil moisture condition was not yet at FC, This
reflects the main constraint of the gravimetric soil sampling; it is difficult to judge when the field
condition is at FC. Additionally, the collecting of the samples is quite disturbing for the farmers,
since each time holes are made by using an Auger, and people have to go in the field. These
holes, although they are filled with soil again, do disturb the original texture of the soil.

The evaluation on how long to irrigation revealed that for 79 % the irrigation duration has been
either too long (32 %) or too short (47 %). Only in four instances was the irrigation duration well
performed (i.e. minor differences in calculated and practiced irrigation duration occured).

The overall performance in terms of application and storage efficiencies and distribution
uniformity reflects to a large extent the above mentioned results on irrigation duration, but
presented in a more refined manner. However, some contradictions do occur. Apparently, the
field irrigation performance is not only a result of the irri gation duration, but other practices or
physical factors (e.g. variation in soil characteristics and particularly in the condition of the soil
surface condition) do influence this performance.

The results on the performance assessment of the field irrigation revealed that for 47% of the
monitored irrigation events the irrigation performance turned out to be low, indicating that the
water was not applied in an adequate manner to the ficld. Especially, over-irrigation or a
tendency towards over-irrigation turned out to occur quite frequently. Generally, the soil
moisture distribution turned out to be well performed.

Farmers have developed their own measure for deciding when to irri gate. Basicaily, farmers rely
on their experience by checking the top soil and the leaves or condition of the crop. Although
they are quite familiar with the different crop stages and those stages which need water the most,
they simply do not know how long to irrigate in order to meet the crop water requirement.
Additionally, they face the problem of unreliable canal water supply and are most of the time
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inclined to use tubewell water, which gives less discharge and takes a longer time to irrigate one
bunded unit. Too often he is in a fix, whether to irrigate cverything a little bit or just somc fields
a lot. Thus, farmers could benefit from an irrigation scheduling program that would provide them
more insights about how much water to apply.
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Annexure 3. Advance data and calculated advance functions.

Fleld 3 Event 1
Advance data
Time Distance
(min) (m)

Row 1 Row 2
5 4.5 10.0
14 11.8 20.0
25 18.8 300
46 32.2 400
58 422 B86.0
75 584 567
80 584 584

Least Regression Analysis

N=

Al
126.5
275.3
430.2
648.1
B42.0
1,000.8
1,022.0
Sum/N
620.6988

Field 3
Time
{min)

4
7
11
19
29
40
43

Loast Regression Analysls

N=

Al
138.3
262.4
408.3
822.2
820.68
1,100
1,022.0
Sum/N
611.9702

7
ti nA
5 4.84
14 5.6178
25 6.0643
46 84741
56 67358
75 6.9088
80 6.9295
Sum/N Sum
43 43.57
0.762
36.98
Event 2
Distance
(m)
Row 1 Row 2
5.7 100
10.0 200
16.7 300
30.0 400
440 500
576 57.1
584 584

7
ti
4
7
11
19
29
40
43
Sum/N
21.886

0.824
50.42

n A
4.9295
55696
5012
6.4332
6.710t
8.9177
6.9295
Sum
43.502

14-01

Row 3
71
15.4
25.0
38.9
46,2
56.5
58.4

Inti
1.6094
2.6391
32189
3.8286
40254
43175
4.382
Sum
24.021

06-02

Row 3
8.0
15.0
23.3
36.7
46.7
58.4
58.4

Ihti
1.3863
1.9459
2.3979
2.9444
3.3673
3.6889
3.7612
Sum
19,492

Aroca Wetted
(m~=2)

1265
275.3
430.2
648.1
B42.0
1,000.8
1,022.0

(iInt)~2
2.5903
69646
10.3812
14,6585
16.2035
18.6407
19.2022
Sum
88,6209

Area Wetted
(m~2)

138.3
262.4
408.3
622.2
820.8
1,010.0
1,022.0

{(Int)~2
1.9218
3.7868
5.7499
8.6697
11.3387
13,6078
14,1466
Sum
59.2211

Intixin A
7.7896
14.8256
18.5201
24 7870
27.1138
29.8277
30.3653
Sum
154.2292

Intixin A
6.8337
10.8383
14,4162
18.9423
22.5948
25.5185
26.0633
Sum
125.2071

Distance
{m)

0-10
10-20
20-30
30-40
40-50
50-58.4

Distance
(m)

0-10
10-20
20-30
30-40
40-50
50-58.4

82

Veloclty {mfmin)
Row 1 Row 2

0.8t 2.00
0.63 1.1
0.59 0.91
1.1 0.48
0.7 1.00
1.05 0.35

Two point method

Al 430.2
A2 1022
LA 25
12 80
r 0.744
p 39.24

Velocity {m/min)

Row 1 Row 2
1.43 2.50
1.7 3.33
1.67 2.50
1.25 1.25
2.00 1.00
0.76 0.65

Two point method

Al 408.3
A2 1022

t1 11

t2 43

r 0.673
p 81.30

Row 3
1.43
.77
1.00
0.56
0.77
0.47

Row 3
2.00
2.50
1.67
1.67
0.83
1.20


vperera
Next >>

vperera
Next >>


Field 3
Time
{min)

15
22
31
45
53
57

Least Regression Analysis

N=

Al
199.0
366.2
501.4
641.7
azvA
1,008.7
1,022.0
Sum/N
659.4333

Field 3
Time
{min)

6

12
17
25
34
43
45

Loast Rogression Analysis

N =

Al
172.8
372.3
512.2
687.9
870.2
1,013.1
1,022,0
Sum/N
664.375

Event 3
Distance
{(m)

Row 1 Row 2a
8.0 16.1
15.6 27.2
22.7 33.2
309 381
445 55.9
58.4 58.4
58.4 58.4

7
tl InA
8 5.2835
15 5.9031
22 6.2174
31 6.4841
45 B8.7766
53 6.9184
57 6.9295
Sum/N Sum
33 44 501
0.830
371
Event 4
Diatance
{m)
Row 1 Row 2a
8.0 136
140 298
229 350
343 437
463 529
584 584
584 584

7

tl

8

12

17

25

34

43

45
Sum/N
26

0.868
4028

InA

5.1524
5.9198
6.2387
6.5337
6.7687
6.9208
6.9295
Sum

44 464

'29-02

Row 2b
17.7
30.9
395
446
529
579
58.4

Int
2.0794
2.7081
3.091
3.434
3.8067
3.9703
4.0431
Sum
-23.133

12-03

Row 2b
169
31.7
387
483
53.0
58.4
58.4

Int
1.7918
.2.4849
2.8332
3.2189
3.5264
3.7612
3.8067
Sum
21.423

Row 3
10.0
20.0
30.0
40.0
50.0
56.1
58,4

(inti)y~2
4.3241
7.3335
9.5545
11.7923
14.4907
15,7632
16.3463
Sum
79.6046

Row 3
100
20.0
300
40.0
50.0
56.9
584

(Inti)~2
3.2104
6.1748
B8.0271
10.3612
12.4352
14,1468
14,4907
Sum
68.8459

Area Waetted
{(m~2)

199.0
366.2
501.4
641.7
877.1
1,008.7
1,022.0

IntixinA
11.0075
15.9858
19.2181
22.1975
25.7983
27.46802
28.0164
Sum
149,6818

Area Wetted
(m~2)

172.8
3723
512.2
687.9
870.2
1,013
1,022.0

IntixIn A
9.2318
14,7102
17.6754
21.0311
23.8680
26.0305
263783
Sum
138.9264

83

Veloeity (m/min)
Row 1 How 2n Row 2b

Distance

(m)

D10 1.00
10-20 1.1
20-30 0.91
30-40 0.91
4G-50 1.1
50-58 4 2.80
[]1 = derived

Two point method

Veloeily {(m/min)
Row 1 Row 2a Row 2b

Al 501.4
AZ 1022
t1 .22

12 57

r 0,748
o] 49 .66
Distance

(m)

0-10 1.00
10-20 2.00
20-30 1.43
30-40 1.43
40-50 1.25
50-58.4 1.40
[ ] = derived

Two point methed

512.2
1G22
17
45

0.710
68.59

11.97]
[2.08)
[1.38]
[0.65]
1+.08]
[1.66]

11.97)
13.76]
(2.17)
[1.02]
11.19]
[1.83]

[2.14]
[2.34]
1.91)
[+.24]
[0.57}
[0.863]

[2.14)
(2.73)
(2.67]
[1.34]
[0.89)
[0.63)

Row 3
1.25
1.43
1.43
1.1
0.71
0.76

Row 3 *
1.87
1.67
2.00
1.25
.11
0.76



Field 33 Event1 23-01 Field 33 Event 1

Time Distance Area Wetted
{min) (m) {m~2) Distance Velocity (m/min)

Row1 Row2 Row3 (m) Row 1 Row2 Row3
2 10.0 1.6 4.0 74.0 0-10 5.00 0.77 2.00
10 224 10.4 20.0 251.5 10-20 3.33. 1.67 2.00
24 29.0 15.2 40.0 401.1 20-30 0.48 0.38 2.00
43 38.5 28.7 60.3 607.9 30¢-40 0.50 0.71 2.50
46 40,0 30.7 60.3 6245 40-50 - - 0.91
55 - - - 775.9 50-60.3 - - 1.29
62 - - - B61.6
Least Regresslon Analysis Two point method
N = 7 ‘
Al i InA Inti (Intl)~2 IntixinA
74.0 2 4304 0693 04805 2.9836 A1 4011
251.5 10 5528 2303 523019 12.7277 A2 B61.6
401.1 24 5994 3178 10.1000 19.0500 t 24
607.9 43 6.41 3.761 14,1466 24.1096 t2 62
624.5 46 6.437 3.829 14.6585 24,6447
7759 55 6.654 4.007 16.0587 26.6649
861.6 62 6.759 4,127 17.0332 27.8943 r 0.806
Sum/N  Sum/N Sum  Sum  Sum Sum p 31.01

513.798 3457 4209 21.9 77.7795 138.075

r 0.692

p 46.9

Field 33 Event3 29-02 Field 33 Event3 29-02

Time Distance Area Wetted

{min) {m) (m~2) Distance Velocity (m/min}
Row 1 Row 2a Row 2b Row 3 {(m) Row1 Row2 Row3

1 10.0 10.0 7.5 7.5 1251 0-10 10.00 - 2.50

6 20.0 200 - 125 12.5 232.4 10-20 2.00 - 1.25

16 30.0 30.0 26,0 26.0 400.3 20-30 1.00 - 1.43

23 354 35.4 40.0 40.0 539.0 : 30-40 0.77 - 2.50

29 40.0 40.0 50.0 50.0 643.5 40-50 250 - 1.67

34 51.0 51.0 60.3 60.3 796.0 50-603 1.03 - 2.06

43 60.3 60.3 60.3 60.3 861.8

Least Regression Analysis Two point method

N= 7

Al u In A Intf {Inti)~2 IntixinA

125.1 1 4829 0 0.0000 0.0000 Al 400.3

232.4 6 5448 1,792 3.2104 9.7621 A2 861.6

400.3 16 5.992 2773 76872 16.6136 1 16

539.0 23 6.29 3.135 09.8313 19,7212 12 43

643.5 29 6.467 3.367 11.3387 21.7760

796.0 34 6.68 3526 124352 23.5547

861.6 43 6.769 3.761 141466 254214 r 0.775

Sum/N Sum/N Sum Sum Sum Sum p 46.62

513973 2171 4246 1835 586495 116.849

r 0523
109.4

=

84



Fleld 33 Event4 12-03 Fleld 33 Event4 12-03

Time Distance Aroa Wetted
{min) (m) {m~2) Dlstance  Velocity (m/min)

Row 1 Row2a FRow 2b Row 3 {m) Roew1 Row?2 Row3
2 0.0 10.0 4.0 4.0 100.1 0-10 5.00 - 2.00
7 20.0 20.0 15.0 15.0 250.3 10-20 . 2.00 - 2.50
13 28.6 28.6 30.0 30.0 418.8 20-30 1.43 - 2.50
18 325 325 400 40.0 5185 30-40 0.63 - 2.00
26 378 37.8 50.0 50.0 626.1 40-50 1.25 - 1.25
32 425 425 60.3 60.3 735.0 : 50-60.3 2.58 - 1.72
38 50.0 500 60.3 60.3 788.6
42 60.3 603 .8603 60.3 861.6
Least Regression Analyais Twa point method
N= 8
Al ti InA Intl (Int)~2 IntixIn A
100.1 2 4.8062 0.6931 04805 3.1928 Al 418.8
2503 7 5.5225 1.9459 3.7866 10.7462 A2 861.6
418.8 13 8.0375 2.5649 8.5790 15.4859 t 13
5185 18 8.251 2.8904 B8.3542 18.0576 12 42
626.1 28 6.4394 3.2581 10.6152 20.9803
735.0 32 6.5999 3.4657 12,0113 22,8735
788.6 38 6.6703 23,6376 13.2320 24,2639 r 0.615
861.6 42 6.7588 3.7377 139702 25.2820 4] 86.49

Sum Sum Sum Sum

537.3761 2225 488868 22.193 &9.0280 140.8722
r 0.704
p 63.86
Fleld33 Event5 21.03 Fleld 33 Events 21-03
Time Distance Area Wetted
{min) (m) {(m~2) Distance Velocity (m/min)

Row1 Row 2a Row 2b flow 2 (m} Aowi1 Row?2 Row3
1 10.0 10.0 25 25 89.4 010 10.00 - 2.50
5 20.0 200 134 13.4 239.0 10-20 2.50 . 3,33
10 30.0 30.0 27.5 27.5 4111 20-30 2.00 - 2.50
14 33.1 33.1 40.0 400 5225 3040 0.77 - 3.33
19 36.9 369 50.0 50.0 621.5 40-50 1.67 - 2.00
24 $".7 41.7 60.3 60.3 729.1 50-60.3 3.43 - 2.06
29 50.0 50.0 80.3 60.3 788.86
a2 603 60.3 50.3 60.3 BB81.6
Least Regression Analysls Two point method
N= 8
Al t In A In tf (Inti)~2 Intixin A
89.4 1 4.4928 0 0.0000 0.0000 At 4111
239.0 5 5.4766 1.6094 25903 8.8142 A2 B61.§
4111 10 6.0189 23026 53019 13.8590 t1 10
5225 14 6.2587 2.6391 69646 16.5170 t2 32
6215 19 6.4322 29444 23.6897 18,9393
729.1 24 6.5618 3.1781 10.1000 20.9491
788.6 29 6.6703 3.38673 113387 22.4609 r 0.638
861.8 a2 6.7588 3.4857 12.0113 R3.4241 p 95.04

Sum Sum Sum Sum :

532.8627 1875 487 19.507 5659768 124.9635
r 0.660
p 87.98

85



Fleld® Event2 08-02
Time Distance Area Wetted
{min) (m) {m~2)

Row1 How2 Row3
2 10.0 87 100 1538
4 20.0 15.0 20.0 3172
8 30.0 225 26.7 438.3
1" 40.0 34.0 38.0 6439
13 50.0 38.0 47.5 781.4
17 B7.A 45.0 81.8 837.4
22 57.1 571 57.1 987.8
Least Regression Analysis
N= 7
Al - t InA intl (Int)~2
153.8 2 5038 0.693 04805
7.2 4 5758 1,388 19218
4383 @ 8.124 1,702 23.2104
8459 n 0471 2308 57399
791.4 15 68.881 2708 7.333%
887.4 17 8.788 2833 8.0271
987.8 22 8.888 3001 9.5545
Sum/N Sum/N Sum Sum Sum
ac4.29 11 4373 149 asarrt
r 0.757
1] 103.20
Fleld8 Event4 07-03
Time Distance
(min}  (m) :

Row1 Row 2aRow 2bRow3
3 10.0 t0.0 60 8.0
8 0.0 200 200 200
[} 30.0 3.0 30.0 300
1 40.0 40.0 ars ars
13 %0.0 50.0 A7.S 475
17 571 57.1 535 535
19 571 571 571 571
Least Regression Analysls
N~ 7
Al t inA Intl {int)~2
130.4 3 493 1.08¢ 1.2089
348.0 ] 5.846 1,792 232104
M0 ] 0.232 2.079 43241
8704 1 6508 2308 57499
043.4 1% 8.737 2708 7.333%
#57.0 17 5864 2:833 B8.0271
987.8 19 0898 2944 8.6807
Sum/N Sum/N Sum Sum  Sum
03743 11.2868 44,03 15.85 238.5217
r 1.057%
P 49.18
Field8 EventS 27-03
Two-peint method estmiation
Al 519 4 0.325
A2 987.83 P 71.79
i 1"
12 24

IntixinA
34904
7.9843
109722
15.5158
18.0385
19.2328
21.3143
Bum
98.3483

Arsa Wetted
{m~2)

138.4
346.0
319.0
870.4
8434
957.0
087.8

IntixinA
54183
104754
13.000%
15,6051
18.2452
19.4487
20.3034
Sum
102.493

86

Field®8 Event2 08-02
Distance Veloclty (m/min)

(m) Rowi Row2 Row3
0-10 5.00 333 300
10-20 5.00 5.00 5.00
20-30 5.00 2.50 3.33
3040 2.00 200 200
40-50 2.50 1.67 2.50
530571 385 55 1.78
Two point method

Al 456,55

A2 087.83

t 8

2 22

t 0.594

p 157.48

Fleld8 Event4 07-03
Distance Velocity (m/min)

{m) Aow1 Row2 Reow)
0-10 33 - 2.00
10-20 3.33 - 10.00
20-30 2% - - 3.33
30-40 2.50 - 333
40-50 2.50 - 2.50
50-8023 7.0 - 1.78

Twao point method

At 519

A2 287.83
1] 8

t2 19

r 0.744
p . 11048



Fiold 4 Event 1
Advance data
Distance

{m) row 1
10 -

20 -

a0 -

40 -

50 -

60 -
71.4 -

Two-point method

t 100

12 249

WA1 2240.005

WA2 4427267

r 0.747
71.88

Fleld 4 Event 2

Advance data

Distance

{m) row 1

10 5

20 10

a0 14

40 19

50 28

60 39

71.4 61

Two-polnt method

1 40

2 160

WA1 2285.922
WA2 4427.267
r 0.477

p 393.70

19-01

row 2

29
78
120
156
249
49

07-02

row 2

15
24
74
90
154
145

"adjusted"
tow3 rowi
14 19

53 26

85 35
124 48
181 61
232 g9

84 135
row3 rowéd '
16 -

26

67 -

84 -

146 -

Velocity (m/min)

row 1 row 2
- 0,690
- 0.204
- . 0.298
- 0.288
- 0.108

t (min)

row2
80 30.48
100 35.24

Velocity {m/min)

row 1 row 2
2.000 2.500
2.000 0.909
2.500 1.111
2.000 0.200
111 0.625
0.909 0.166
0.518 -
t {min)

row 1
860 70.88
865 68.29
50 65,70
45 63.11
40 60.52

87

row 3
0.714
0.266
0.313
0.256
0.270
0.141

distance (m)

row 3
28.44
33.84

row3
0,625
1.000

0.488
o0.588
0.161

distance {m)

row 2
37.20
36.20
35.20
34.20
33.20

row4
0.526
1.429
1.111
0.908
0.667
0.263
0.278

row 4
55.00
99.28

row3d
36.58
34.14
31.70
29.26
26.82



Fleld 4 Event 3
Advance data

Distance

(m) row 1
10 7

20 15

30 29

40 43

50 55

60 90
71.4 120

Two-point method

t1 35

12 140

WA1 2227.285
WA2 4427.267
r 0.496

p 382.46
Fleld 4 Event 4
Advance data
Distance

(m) row 1

10 4

20 12

30 17

40 21

50 26

60 36

71.4 57

Two-point method

L 21

2 77

WA1 2223.562
WA2 4427.267
r 0.530

p 442.81

02-03

17-03

row 4

17
23
39
&4
a3
128

row 4
1A
16
20
26
36
47
64

Velocity {m/min)

row 1
1.429
1.250
0.714
0.714
0.833
0.286
0.380

t (min)

40
35

row 2

distance (m)

Veloclty {m/min)

row 1
2.500
1.250
2.000
2.500
2.000
1.000
0.543

t {min)
20
25

22
21

88

row 1 row 4
37.86 40.63
34,29 a7.50
row 2 row 3

distance {m)

row 1 row 4
37.50 30.00
48.00 38.33
42.00 33.33
40.00 31.67

row 4
1.250
1111
1.667
0.625
0.400
0526
0.253

row 4
0.909
2.000
2.500
1.667
1.000
0.909
0.671



Fleld 8 Event 1
Advance data

Distance

{m) row 1
10 -

20 1

30 2

40 4

50 11

60 18
66.65 27

Twa-point method

11 50

t2 214
WA1 961.08
WA2 2006.9
r 0.508
p 132.56
Field 6 Event 2
Advance data
Distance

{m) row 1
10 -

20 . -

30 -

40 4

50 7

60 22
66.65 43

Two-point method

t1 30

t2 175
WA1 1001.2
WA2 2006.9
r 0.394
p 2651.88

18-01

row 2

27

47
65

156
192

07-02

row 2

10
14
19
a1

135

row 3
6

54

B7
101
149
214

row 3

28

36
46
79
122

row 4
31

43

59

61

74
136

t (min)

45
47
48
50

row 4
20
27
35
42
47

t (min)

30

89

Veloclty {m/min)

row 1 row 2
20 0.741

5

2.500 1.000
0.908 0.556
0.556 0.110
0.739 0.185

distance (m)

row1 row 2
66.65 23.50
66.65 25,50
66.65 26.08
66.65 27.17

Velocity (m/min)

row 1 row 2
- 2

- 25

- 2
3.333 0.833
0.667 0.169
0.317 0.148

distance {m)
row 1 row 2
62,536 34.67

row 3

1.667
0.208

0.606
0.714
0.208
0.102

row 3
3.61
4,03
4.24
4,65

row 3
2.500
0.417

2.500
1.000
0.203
0.155

row 3
10.50

row 4
0.323
0.833

1.250
5.000
0.769
0.107

row 4
8.00

10.50
11.75
14.25

row 4
0.500
1.429
1.250
1.429
2.000

row 4
9,25



Fleld 6 Event 3
Advance data

Distance

{m} row 1
10 1

20 2

30 6

40 14

50 21

60 52
66.65 N

Two-point method

t1 30

2 126
WA1 1020.5
WA2 2006.9
r 0.471
p 205.42
Fleld 6 Event 4
Advance data
Distance

{m) row 1
10 -

20 1

30 3

40 7

50 11

60 28
66.65 45

Two-point method

11 20

t2 156
WA1 1049.8
WA2 2006.9
r 0.315

p 408.02

02-03

row 2

17-03

row 3

row 4
11

15
33

50 .

89
108

t {min)

25
27
30

row 4

14
22
30
41
56
84

1 (min)

40
30
28
20

Velocity (m/min)

row 1 row 2
10.000 -
10.000 -
2.500 -
1.250 -
1.429 -
0.323 -
0.171 -

distance {m)

row 1 row 2

51.292 36.792
51.938 37.438
52.907 38.407

Veloclty {(m/min)

row 1 row 2

20.000 -
5.000 -
2.500 -
2.500 -
0.588 -
0.369 -

distance {m)

row 1 row 2
64.428 49.928
60.738 46.238
60 455
55,202 40,792

row 3
11.06
1217
13.84

row 3
36.17
25.50
23.00
13.00

row 4
0.909
2.500
0.556
0.588
0.625
0.435
0.333

row 4
11.06
1217
13.84

row 4
1.250
1.667
1.250
1.250
0.809
0.667
0.238

row 4
36.17
25,50
23.00
13.00
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Annexure 5. Calculated soll moisture deficlts,

Fleld 3

Event 1 14-01'98

Before Irrigation (14-01)

Sr No.

s L -

9
10
1
12.

Location Daepth

(em)
Hesad 15.24
* 3048
. 60.96
* 91.44
Tail 15.24
. 30.48
. 60.96
* 91.44

After Irrigation (15-01)

Sr No.

WO -

Floid 3

Location Depth

(em)
Head 15.24
* 30.48
" 60.96
b 91.44
Tail 15.24
" 30.48
" 60.96
" 91.44

Event 2 08-02'96

Before Irrigation (05-01)

Sr No.

L 7 S R

M~ @ »n

Locatlon Depth

(em)
Head 15.24
. 30.48
* 60.96
* 91.44
Tail 15.24
. 30.48
' 60.96
. 91.44

After Irrigation {12-02)

Sr No,

s N -

L - ]

Location Depl'h

(cm)
Head 15.24
" 30,48
" 60.96
’ 91.44
Tail 15.24
" 3048
* 60.96
" 91.44

Wet wt
@

293.48
310.51
344.61
388.67

349.02
330.61
34417
394.93

Wet wt
(9)

409.71
394 .98
3998.30
517.27

372.62
401,98
468.53
470.21

Wat wt
{9)

294.89
314.48
335.91
38797

333.01
357.90
397.97
437.10

Wot wt
(@

354.57
337.91
340.93
412.93

380.60
316.27
381,13
385.93

Dry wt
(9

270.64
280.38
304.14
327.44

314.39
295,98
303.01
328.31

Dry wt
(9)

346.40
346.84
346.15
445.5%

323,95
349.56
405.34
417.18

Dry wt
(9)

268.21
288,57
285.07
327.06

300.61
320.91
349.21
374.48

Dry wt
(9

308.72
300.67
301.89
346.35

326.91
280.03
341.73
338.67

0.183
0.139
0.154
0.161

0.150
0.150
0.156
0.127

0.090
0.138
0.186

0111
0,115
0.140
0,167

)

0.149
0.122
0.129
0.192

0.164
0.129
0.145
0.169

104

Bulk den,
(gicm ~3)
1.620
1.780
1.480
1.630

1.620
1.780
1.560
1.480

Bulk den.
(g/em ~ 3}
1.620
1.780
1.4B0
1.630

1.620
1.780
1.480
1.630

Bulk den,
{g/cm " 3}
1.620

1.780
1.480
1.€30

620
780
480
B30

P

Bulk den.
(g/em~3)
1.620
1.780
1.480
1.630

1.620
1.780
1.480
1.630

yme
¢
0.137
0.191
0.197
0.305

0178
0.208
0.212
0.300

vme

¢)

- 0.296

0.247
0.227
0.262

0.243
0.267
0.231
0.207

vme
9]
0,161
0.160
0.205
0.304

0179 -

0.205
0.207
0.273

ymec
9]
0.24%
0.217
0.191
0.313

0.266
0.230
0,214
0,276

vme FC

0,270
0.27¢
0.251
0.338

0.270
0.258
0.251
0.338

vme FC

0.270
D.258
0,251
0.338

0.270
0.258
0.251
0.270

vme FC
¢)
0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.338

vme FC

0.270
0.258
0.251
Q.338

0.270
0.258
0.251
0.270

RD
tem)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15,24
30.48
30.48

15.24
15.24
30.48
30.48

RD
{cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30,48
A0.48

15.24
15.24
30.48
3048

SMD
(em)
2.024
1.201
1.639
1.024

1.398
0.748
1.182
1.161

SMD
(em}
{0.304)
0.159
0715
2.322

0.409
{0.144)
0.609
1.922

SMD
(em)
1.662
1.489
1.398
1.062

1.383
0.797
1.343
2.007

SMD
(em)
0.451
0.619
1.808
0.764

0.063
0.414
1.120
(0.164)



Fleld 3 Event 3 29-02°98

Befora Irrigation {28-02)

Sr No. Location Depth
{em)
1 Head 15.24
2 ) 30.48
3 v 60.98
4 * 91.44
L] Tall 15.24
8 " 30.48
7 ‘ 60.98
8 * 91.44

After Irrigation (05-03)

Sr No. Location Depth
{cm)
1 Head 15.24
2 " 30.48
3 b B0 96
4 " 91.44
5 Tail 15.24
-] . 30.48
7 - 60.98
8 . o1.44

Field 3 Event 4 12-0396

Before Irrigation (1 2-03})

Sr No. Location Depth
{em)
1 Head 15.24
2 * 30.48
3 " 60.96
4 " 91.44
5 Tail 15.24
B * 30.48
7 . 60.96
8 * 81.44

Aftor Irrigation (14-03)

Sr No. Location Depth

(em}
1 Head 15.24
2 . 30.48
3 " B60.96
4 . 91.44
5 Tail 15.24
8 " 30,48
7 . 80,96
a8

" 91.44

Wet wt
(9)

346.13
35317
382.59
395.67

314.03
383.83
431.70
442,42

Wot wt
(@)

354.67
338.82
361.10
428,50

322.73
372,48
392.81
401.10

Wet wt
(a)

324.50
353.87
435.05
452.26

369.79
343.54
397.02
492 33

Wet wt
(9

334.28
316.66
400.86
411.42

406.81
372.95
441.37
459 85

Dry wt
(9}

321.09
320.60
338.47
344 .00

287.37
345.86
378.13
365.77

Dry wt
(9)

312.31
301.72
317.34
358.76

283.37
329.01
34629
350.75

Dry wt
{9

297.57
321.80
384.37
379.52

332.81
309.43
34598
413.48

Dry wt
(g}

305.01
286.95
372.24
373.80

351.78
330.93
379.77
407.57

)
0.078
0.t02
0.130
0.150

0.093
0.110
0.142
0.210

)
0.136
0.123
0.138
0.194

0.142
0.132
0.134
0.144

@]
0.090
0.100
0.132
0.192

0111
0.110
0.143
0.191

)
0.096
0.104
0.077
0.101

0.156
0.127
0.162
0.128

105

Bulk den. vme
(a/em~3) ()
1.620 0.128
1.780 0.181
1.480 0.193
1.630 0.245
1.620 0.150
1.780 0.195
1.480 0.210
1.630 0.342
Bulk den. vme
(g/em~3) ()
1.620 0.220
1.780 0.219
1.480 G.204
1.830 0.317
1.620 0.231
1.780 0.235
1,480 0.199
1.630 0.234
Bulk den. vme
(9/em 3} ()
1.620 0.147
1.780 Q177
1.480 0.185
1.630 0312
1.620 0.180
1.780 0.196
1,480 0.218
1.630 0.311
Bulk den. vmc
(g/em~3) ()
1.620 0.155
1.780 0.184
1.480 0114
1.630 0.164
1.620 0.253
1.780 Q0.228
1.480 0.240
1.630 0.208

vme FC
-
0.270
0.258
0.253
0.338

0.270
0.258
0.251
0.338

vme FC

0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.270

vimec FC

0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.338

vime FC
)
0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.270

RD
(em)
15.24
1824
3048
30.48

15.24
15.24

' 3048

30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30.48
30,48

15.24
15.24
30.48
30.48

SMD
(em)
2.193
1.188
1.761
2.852

1.827
0.946
1.251
{0.097)

SMD
(em)

0.768
0.589
1.421
0.857

0.801
0.342
1.581
1.104

SMD
(em)
1.884
1.221
1.693
0.792

1.375
0.934
0.987
0.840

SMD
(cm)
1.749
1.118
4173
5314

0.256
0.480
0.324
1.887



Fisld 3 Event 5 28-03'98

Before Irrigation (28-03)
Sr No. Location Depth

(em)
1 Head 15.24
2 . 30.48
3 - 60.98
4 . 91.44
5 Tail i5.24
8 . 30.48
7 . 60.95
) " 21.44

After Iriigation (30-03)
Sr No. Location Depth

{em)
1 Head 15.24
2 * 30.48
3 ‘ 60,96
4 . 91.44
5 Tail 15.24
8 . 30.48
7 * 60.98
8 . 91,44

Wet wit
(@

326,22
369,18
394.22
438.22

338.04
347,78
369.75
438.29

Wet wt
(g)

352.08
360.186
41295
437.29

394.65
345.13
424.43
461.96

Dry wt
(@)

259.04
338,51
344.87
369.44

305.26
312.58
326.20
379.38

Dry wt
{9}

314,73
330.26
359.08
373.58

349.17
315.99
382,70
414.44

0.119
0.091
0.150
047

0.130
0.105
0135
0115

106

Bulk den. vme
(9/cm~3) ()
1.620 0.147
1.780 .161
1.480 0.213
1.630 0.303
1.620 0.174
1.780 0.201 °
1.480 0.198
1.630 0.253
Bulk den. vmce
(9/em~3) ()
1.620 0.192
1.780 0.161
1.480 0.222
1.630 0.278
1.620 0.211
1.780 0.187
1.480 0.200
1.630 0.187

yme FC
)
0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.338

vme FC
)
0.270
0.258
0.251
0.338

0.270
0.258
0.251
0.270

RD
(em)

' 15.24

15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
{em)
15.24
15.24
30.48
30.48

15,24
15.24
30.48
3048

SMD
{em)
1.874
1.468
1.156
1.085

1.467
0.885
1.619
2.600

SMD
(em)
1.188
1.468
0.871
1.843

0.902
1.078
1.544
2.539



Fiold33  Event 1 23-01'98

Before Irrigation (23.01)
Sr No, Location Depth

(em}
1 Head 15.24
2 * 30.48
3 - 80,96
L . 91.44
-] Tail 15.24
8 . 30.48
7 * 60.98
8 . 91.44

After Irrigation (24-01)
Sr No, Location Depth

(om)
1 Heaad 15.24
2 * 30.48
<] . 60.96
4 * 81.44
-] Tail 15.24
8 * 30.48
7 " £0.96
a ’ 21.44

Flald 33 Event3s 29-02'96

Before irrigation (28-02)

Sr No. Location Depth
{em)
1 Head 15.24
2 * 30.48
3 . 80.94
4 . 91.44
5 Tail 15.24
8 ' 30.48
7 * 60.98
8 ' 81,44

After Irrigation (05-03)
Sr No, Location Depth

(cm)
1 Head 15.24
2 . 30,48
3 . 60.96
4 . 91.44
5 Tail 15.24
6 . 30,48
7 . 80.96
8 . 91.44

Wat wt
{9)

351.65%
415.43
48504
360.43

292,40
336.36
413.68
363.82

Wet wi
{0

357.14
430.08
3958.00
358.17

408.17
338.95
416.82

32510

Weot wt
(9)

360.48
37138
461,79
408,28

336.38
397.33
335.70
344.54

Wet wt
(9)

330.39
344.48
447.87
409.49

315,75
370.10
402.22
393.13

Dry wt

(@
319.97

. 364,90

404.84
320.72

264.51
304.81
350.54
303.25

Dry wt
()

314.50
372.55
338.87
311.94

349.65
301.38
348,78
271.98

Dry wt
(9)

325.76
328.49
39538
360.76

305,13
350.05
295.13
287.40

Dry wt
(a)

289.98
305,37
380.21
346.81

276.73
328,05
338.28
32831

¢

0.099
0.138
0.198
0.124

0.105
0.104
0.180
0.200

107

Bulk den,
(a/em~3)
1.510
1.560
1.480
1.510

1.510
1.560
1.480
1.510

Bulk den,
(g/em~3)
1.510
1.560
1.480
1.510

1.510
1.560
1.480
1.510

Bulk den.
(g/em ~ 3)
1.310
1.580
1.480
1.510

1.510
1.560
1.480
1.510

Bulk den,
(g/em~ 3)
1.510
1.560
1.480
1.510

1.510
1.560
1.480
1.510

¥ine
9]
0.150

0.216 .

0.283
0.187

0.159
0.161
0.267
0.302

yme
¢
0.205
0.241
0.259
0.224

0.244
0.195
0.298
0.295

yvme
]
0.161
0.204
0.249
0.189

0.155
0211
0.203
0.300

vme
)
0.211
0,200
0.263
0.273

0.213
0.200
0.280

0.258 .

vme FC

0.265
0,288
0.208
0.267

0.265
0,238
0.308
0,267

vme FC
)
0.265
0.285
0.208
0.267

0.285
0.286
0.306
0.267

vme FC
¢)
0.265
D.288
0.306
0.267

0.265
0.286
0.308
0.267

vine FC
)
0,265
0.286
0.305
0.267

0.265
0.288
0.308
0.267

' RD
" (em)

15,24

15.24
30.48
30.48

15.24

15,24

30,48
30.48

RD
{em)
1524
15.24
30.48

"30.48

15.24
15.24
30.48

‘3048

RD

“{em)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD

{em)

. 15.24

15,24

. 30,48

30.48

15.24
15.24
30.48
30.48

SMD
(em)

1.765
1.073
0.396
2.424

1,817
1.904
1.208
{1.070}

SMD
(em)
0923
0.693
1.430
1.302

0.323
1.399
0.248
{0.866)

SMD
(em)
1.502
1.262
1.753
2.060

1.688
1.154
3.132
{1.028)

SMD
(erm)
0,634
1.320
1.305
{0.195)

0.788
1.317
0.803
{0.964)



Fleld33 Event4 12-03'98

Before Irrigation (12-03)
Sr No. Location Depth

{cm)
1 Head 15.24
2 " 30.48
3 " 60.96
4 - 91.44
5 Tail 15.24
5 . 30.48
7 " 50.96
8 y 91.44

After Irrigation (14-03)
Sr No. Location Depth

(cm)
i Head 15.24
2 . 30.48
3 " 60.96
4 " 91.44
5 Tail 15.24
5] " 30,48
7 " 60.96
8 " 91.44

Fleld 33 Events5 22-03'9s

Before lrrigation (21-03)
Sr No. Location Depth

{cm)
1 Head 15.24
2 " 30.48
3 " 60,96
4 * 91.44
5 Tall 15.24
6 " 30.48
7 " 60.96
8 v 91.44

After Irrigation (24-03)
Sr No. Location Depth

(cm)
1 Head 15.24
2 " 30.48
3 " 60.96
4 " 91.44
5 Tail 15.24
6 " 3048
7 " 60.96
8 " 91.44

Wet wt
(9

306.49
429.00
401.02
395,02

309.78
319.47
426.74
394.73

Wet wt
(9)

393,58
399.55
460.688
321.63

343.30
382.83
408.41
400.50

Wet wt
(@

356.59
3s1.82
438.36
335,87

306.62
323.98
451.90
372.36

Wet wt
(9)

402.09
402.34
497.77
368.46

448.47
393.84
467.35
415.56

Dry wt
(9)

279.34
381.34
338.99
355,02

281.49
294,01
358.23
328.58

Dry wt
(9)

366.59
351.15
426.29
292.70

310.04
337.67
349,59
33t.46

Dry wt
{(9)

324.86
329.96
366.03
302.25

277.84
279.85
375.79
308.72

Dry wt
(g)

371.51
352.03
472,95
327.90

426.27
332.46
402.96
377.06

)

0.098
0.157
¢.200
0.111

0.104
0.159
0.203
0.206

0]

0.082
0.143
0.052
0.124

0.052
0.185
0.160
0.102

108

Bulk den.
{g/em"3
1.510
1.660
1.480
1.510

1.510
1.560
1.480
1.510

Bulk den.
{g/cm~3
1.510
1.560
1.480
1.510

1.510
1.560
1.480
1510

Bulk den.
{g/ecm~3
1.510
1.560
1.480
1.510

1.510
1.560
1.480
1510

Bulk den,
{g/cm"3
1.510
1.560
1.480
1510

1.510
1.560
1.480
1.510

vine
]
0.147
0.195
0.271
0.170

0.152
0.135
0.283
0.304

vimc
-
0.111
0.215
0.120
0.149

0.162
0.209
0.249
0.315

vme
Q]
0.147
0.245
0.297
0.168

0.156
0.247
0.300
0311

ymc

- .
0.124
0.223
0.078
0.187

0.07¢9
0.288
0.236
0.154

vme FC
)
0.265
0.286
0.306
0.267

0.265
0.286
0.306
0.267

vine FC

0.265
0.286
0.308
0.267

0.265
0.286
0.306
0.267

vme FC
)
0.2865
0.285
0.308
0.267

0.265
0.286
0.306
0.267

vme FC

0.265
0.286
0.306
0.267

0.265
0.286
0.306
0.267

RD
(em)
15.24
15,24
30.48
30.48

15.24
15.24
30,48
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

Ab
{cm)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
(em)
1.807
1.393
1.078
2.937

1.730
2.306
0.706
(1.143)

SMD
(cm)
2.349
1.088
5.673
3.574

1.574
1.185
1.743
(1.464)

SMD
(em)
1.795
0.628
0.296 -
3.003

1.659
0.596
0.197
(1.365)

SMD
(crm)
2.149
0.967
6.966
2.430

2.845
(0.025)
2.125
3.424



Fleid 8 Event 1

Belora irrigation (18-01'96)
Sr No. Location Depth

1 Head
o .

a3 “

4 "

g Tall
10 "

11 "

12 "

Fleid 8 Event 2

Before Irrigation {06-02'26)
Sr No. Location Depth

1 Head
2 L]

3 L]

4 N

g Tail
10 "

11 "

12 "

19-01'98

(em)
15.24
30.48
60.96
91.44

15.24
30.48
£60.96
91.44

06-02'96

(cm)

15.24
30.48
60.96
91.44

15.24
30.48
60.96
91.44

After Irrigation (14-02°96)

Sr No. Location Depth

1 Head
2 n

3 "

4 "

9 Tall
10 "

(cm)

15.24
30.48
60.96
91.44

16.24
30.48
60.96
91.44

Wel wt
{q)

288.77
392 22
335.42
334.51

160.60
188.30
187.64
194.13

Wet wt
(9)

164.93
18557
193.52
204.00

164.72
181.30
192.70
192.70

Wet wi
(9}

368.86
336.86
337.26
416.26

364.61
362.24
374.79
389.52

Dry wt
(9)

262.63
351.88
303.24
303.42

146.49
169.20
167.97
176.22

Dry wt
(@

148.28
163.01
169.26
180.80

148.62
161.06
169.27
169.70

Dry wi
(9)

324.40
304.47
304.09
368,14

320.05
314.69
330.76
342.27

-

0.100
0.115
0.106
0.102

0.096
0.113
0.117
0.108

110

Bulk den.

{g/em~3
1.480
1.500
1.620
1.620

1.490
1.500
1.620
1.620

Bulk den.
(g/lem~2a
1.490
1.500
1.620
1.620

1.490
1.500
1.620

1,620

Bulk den.
{g/em~3
1.490
1.500
1.620
1.620

1.490
1.500
1.620
1.620

yme
)
0.148
0.172
0.172
0.166

0.144
0.169
0.190
0.175

Yyimc
)
0.187
0.208
0.232
0.208

0.161
0.189
0.224
0.220

vme
)
0.204
0.160
0.177
0.212

0.207
0.227
0.216
0.224

vinc FC
-}
0.331
0.379
0.219
0.219

0.331
0.379
0.219
0219

vme FC

.31
0.379
0.219
0.219

0.3
0.379
0.219
0.219

vme FC
)
0.331
0.379
0.219
0.219

0331
0.379
0.219
0.219

RD
(cm)
16.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
(em)
2.780
3.161
1.429
1.610

2.853
3.202
0.887 .
1.340

SMD
(em)
2.490
2618
(0.408)
0.333

2.580
2.908
(0.166)
{0.023)

SMD
(em)
1.928
3.351 .
1.283
0.215

1.878
2.328
0.096
(0.147)



Fleld 8

Bafore Irrigatlon (07-03'986)
Locatlon Depth

Sr No.

W =

9

10
11
12

Event4 07-03'96

Head

{cm)

15.24
30.48
60.96
91.44

15.24
30.48
60.06
91.44

After Irrigation {(14-03'98)

Sr No.

E T

10
11
12

Fleld 8

Before lirigation {27-03'96)
Location Depth

12

Locatlon Depth

Head

Tail

Events5 27-03'96

Head

Tail

(em)

15.24
30.48
60.96
91.44

15.24
30.48
60.96
91.44

(cm)

15.24
30.48
60.96
91.44

15.24
30.48
680.96
91.44

After Irrigation {30-03'96)

Locatlon Depth

Head

{cm)

15.24
30.48
60.96
91.44

15.24
30.48
60,96
91.44

Wetl wt
(a)

346.01
34955
397.01
411.03

323.65
353.13
400.08
379.05

Wel wt
{(g)

355.01
357.84
365.20
426,91

34111
367.96
390.18
422.89

Wet wt
{9}

345.82
380.18
362.69
425.65

315.96
313.99
381.20
401.25

Wet wi
{9)

431.27
414.78
445 91
489.73

395.48
352.10
400.85
399.97

Dry wt
{9

311.15
308.98
338.44
364,22

291.82
319.00
357.82
335,66

Dry wt
{9)

316.21
315.69
326.43
375.41

308.76
324.34
349.74
373.80

Dry wt
(9)

31452
339.61
322.05
3Bt1.43

290.73
288.52
337.93
357.94

Dry wt
{9

369.17
362.87
386.00
429.73

348.64
311.39
358.97
355.18

0123
0.134
0.119
0.137

0.105
0.134
0.118
0131

)

0.103
0.119
0.126
0.116

0.087
0.088
0.128
0.121

o)

0.168
0.143
0.155
0.140

0.134
0.131
0.117
0.126

111

Bulk den,
{(g/em~3
1.490
1.500
1.620
1.620

1.490
1.500
1.620
1.620

Bulk den,
{(g/em~3
1.490
1.500
1.620
1.620

1.490
1,500
1.620
1.620

Bulk den.
{g/cm~"3
1.490
1.500
1.620
1.620

1.490
1.500
1.620
1.620

Bulk den.
{g/fem~3
1.490
1.500
1.620
1.620

1.490
1.500
1.620
1.620

vme
)
0.167
0.197
0.280
0.208

0.163
0.160
a.191
0.209

vmc
o)
0.183
0.200
0.192
0.222

0.156
0.202
0.187
0.213

vme
{)
0.153
0179
0.204
0.188

0.129
0.132
0.207
0.196

vme
9]
0.251
0.215
0.251
0.226

0.200
0.196
0.189
0.204

vme FC
)
0.331
0379
0.219
0.219

0.331
0.379
0.219
0.219

vme FC
(-}
0.331
0.379
0.219
0.219

0.331
0.379
0.219
0.219

vme FC
)
0.331
0.379
D.219
0.219

0.331
0.379
0219
0.219

vme FC

0.331
0.379
0219
0.219

0.331
0379
0.219
0.219

RD
(cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.10
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(em)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
{cm)
2.496
2.780
(1.876)
0.323

2.563
3.336
0.637
0.286

SMD
{cm)
2.059
2.730
0.804
(0.105)

2.661
2,708
0.960
0.184

SMD
(em)
2,708
3.051
0.438
0.945

3.069
3.764
0.347
0.694

SMD
{cm)
1.220
2512
(0.895)
(0.225)

1.989
2.793
0.908
0.442



Field 4 Event3 02-03'96

Belore Irrlgation (02-03)
Sr No, Locatlon Depth
(cm)
Head 15.24
" 30.48
60.96
" 91.44

O N -

Tail 15.24
" 30.48
60.96
" 91.44

@~ 30
2

After Irrigation (12-03)

Sr No. Location Depth
{em)

1 Head 15.24

2 " 30.48

3 " 60.96

4 " 91.44

Tail 15.24
30.48
" 60.96
" 91.44

@~ dO
T

Field 4 Event4 17-03'9e

Before Irrigation (16-03) .

Sr No. Location Depth
(cm)

Head 15.24

" 30.48

60.96

" 91.44

AN -

Tail 15.24
30.48
" 60.96
" 91.44

o~ 3D

After Irrigation (24-03)

Sr No. Location Depth
(em)

Head 15.24

" 30.48

) 60.96

" 91.44

a0y =

Tail 15.24
" 30.48
" 60.96
" 91.44

D~

Wet wt
{9

362.78
377.78
372.35
350.20

399.91
374.46
361.30
355.82

Welt wit

(0
324.75

415.81
455.35
331.33

368.24
375.40
393.75
366.96

Wet wt
(9)

296.67
319.15
31017
343.086

326.92
335.78
317.67
331.97

Wet wit
(9)

375.25
252.36
396,77
324 .64

373.69
425.04
362.77
364.42

Dry wt
(9)

327.97
339.12
322.13
293.18

357.83
330.51
308.22
292,91

Dry wi
(9)

288.98
369.16
391.27
280.82

322.87
328.67
334.40
299.24

Dry wt
{g)

272.31
290.33
263.23
285.30

296.84
297.55
27556
275.35

Dry wt
(9)

327.37
224 89
341.25
278.59

323.26
369.20
304.68
300.81

-}

0.108
0114
0.156
0.194

0.118
0.133
0172
0.215

)

0.124
0.128
0.164
0.180

0.141
0.142
0177
0.226

0.146
0.122
0.163
0.165

0.158
0.151
0.191
o211

113

Bulk dan.
(g/em~3
1.770
1.700
1.700
1.360

1.770
t.700
1.700
1.360

Bulk den.
{g/em~ 3
1.770
1.700
1.700
1.360

1.770
1.700
1.700
1.360

Bulk den,
(g/em”™3
1.770
1.700
1.700
1.360

1.770
1.700
1.700
1.360

Bulk den.
{g/em ™3
1.770
1.700
1.700
1.360

1.770
1.700
1.700
1.360

vme
)
0.188
0.194
0.265
0.265

0.208
0.226
0.293
0.292

vimc
-
0.219
0.215
0.278
0.245

0,249
0.242
0.302
0.308

vme
Q)
0.158
0.169
0.303
0.275

0.179
0218
0.260
0.280

vmc
)
0.259
0.208
0.277
0.225

0.276
0.257
0.324
0.288

vmc FC
(-}
0291
0.307
0.307
0.335

0.291
0.307
0.307
0335

vinc FC
)
0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

vime FC

0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

vme FC
(-)
0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

RD
(em)
15.24
1%5.24
30.48
30.48

15.24
15.24
3048
30.48

no
{em)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RO
(cm)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

AD
{cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
(em)
1.569
1.727
1.282
2.161

1.258
1,235
0.437
1.320

SMD
(cm)
1.091
1,406
0.874
2.767

0.640
0.997
0.164
0.842

SMD
(cm)
2.017
2,108
0.120
1.8314

1.697
1.351
1.442
1.699

SMD
(em)

0.485
1516
0.930
3.371

0.222
0.762
(0.519)
1.457



Fleld 6

Event 3

02-03'96

Before frrigation {02-03)

Sr No.

AN =

@~ ®» W,

Location Depth

Head

(em)

15.24
30,48
60.96
91.44

15.24
30.48
60.96
91.44

Atter Irrigation (12-03)
Location Depth

DN @O

Field 6

Head

"
h

Event 4

(em)

15.24
30.48
60.96
91.44

15.24
30.48
60.96
81.44

17-03'96

Belore Irrigation (16-03)
Locatlon Depth

Sr No.

B W -

DN

Head

Tail

(cm)

15.24
30.48
60.96
91.44

15.24
30.48
60.96
91.44

After lrrigation (24-03)
Location Depth

Sr No.

SO N -

@~ MW

Head

(cm)
15.24
30.48
60.96
91.44

15.24
30.48
60.96
91.44

Wet wt
{g)

338.12
38414
353.76
405.89

329.14
336.61
362.99
aravz

Wet wt
(9)

364.93
386.87
395.67
378.32

380.69
325.06
955.93
409.67

Wet wit
(9)

330.02
352.77
382.35
34911

341.43
382.32
318.16
3z27.10

Wet wt
{9)

367.38
433.49
421.82
328,10

392.97
353.32
386.56
376.36

Dry wt
(9)

303.77
344 89
301.23
341,14

297.08
302.99
308.75
306.41

Dry wt
(9)

32225
342.42
331.98
317.7¢9

335.78
287.06
J03.51
336.38

Dry wt
(9}

295.61
311.68
32410
294 20

309.67
340.27
278.35
281.86

Dry wit
{g)

328.86
386.88
365.76
282,54

367.53
318.76
335.01
224.73

)

0.113
a.114
0.174
0.190

0.108
0111
0.176
0.217

)

0.1186
0.132
0.180
0.187

0.103
0124
0.143
0.161

)

o117
0.120
0.153
0.154

0.069
0.108
0.154
0.189

116

Bulk den. vme
{g/em~3) ()
1.770 0.200
1.700 0.193
1.700 0.296
1.360 0.258
1,770 0.191
1.700 0.t89
1.700 0.299
1.360 0.295
Bulk den. vmc
(g/em~3) (1)
1.770 0,234
1.700 0.221
1.700 0.326
1.360 0.259
1.770 0.237
1.700 0.225
1.700 0.294
1.360 0.296
Bulk den. vme
(9/em~3) ()
1.770 0.206
1.700 0.224
1.700 0.306
1.360 0.254
1.770 0.182
1.700 0.210
1.700 0.243
1.360 0.218
Bulk den. vme
(g/em~3) ()
1.770 0.207
1.700 0.205
1.700 0.261
1.360 0.210
1.770 0.123
1.700 0.184
1.700 0.262
1.360 0.216

vme FC
)
0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

vimc FC
)
0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

vme FC

0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

vme FC
-)
0.291
0.307
0.307
0.335

0.291
0.307
0.307
0.335

RD
(em)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

RD
(cm)
15.24
15.24
30.48
30.48

15.24
15.24
80.48
30.48

RD
(cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

a0
(cm)
15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
(cm)
1.380
1.732
0.324
2.355

1,519
1.805
0.258
1.245

SMD
(cm)
0.858
1.317
(0.580)
2.327

a.822
1.261
0.411
1.181

SMD
(em)
1.290
1.265
0.048
2.486

1.664
1.479
1.950
3.570

SMD
(cm)
1.271
1.559
1.419
3.832

2.563
1.871
1.387
3.632



Field 6

Event 5

01-04'98

Before Irrigation {01-04)

Sr No.

L O

O D

Location Depth

Head

(em)
15.24
30.48
60.96
81.44

15.24
30.48
60.96
91.44

After Irrlgation (06-04)

Sr No,

B0 N -

0~ 3

Locatlon Depth

Head

(em)
15,24
30.48
60.96
91.44

15.24
30.48
60.96
91.44

Wet wt
{(g)

294 .88
344.18
358.56
315.30

318.24
324.72
365.62
321.64

Wet wt
(9)

372.37
368.06
384.00
343,97

300.17
340.98
359.26
392.81

Dry wt
{9)

272.81
311.94
324.34
281.80

294.43
292.08
318.66
2B2.43

Dry wt
{9}

327.13
333.44
340.16
293.41

271.76
318.34
307.60
324.79

)

0.081
0.103
0.138
0.081

0.081
0.112
0.147
0.139

)

0.138
0.104
0.129
0.172

0.105
0.071
0.168
0.209
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Bulk den.
{g/em ~ 3}
1.770
1.700
1.700
1.360

1.770

1.700
1.700
1.360

Bulk den.
(g/cm~3)
1.770
1.700
1,700
1.360

1.770
1.700
1,700
1.360

vime
)
0.143
0.176
0.232
0.110

0.143
0.190
0.251
0.189

vme
-
0.245
0.177
0.219
0.234

0.185
0.121
0.286
0.285

vme FC
)
0.291
0.307
0.307
0,335

0.291
0.307
0.307
0.335

vme FC
)
0.291
0.307
0.307
0.335

0291
0.307
0.307
0.335

RO
{em)
15.24
15.24
30.48
30.18

15.24
15.24
30.48
30.48

RD
(cm)

15.24
15.24
30.48
30.48

15.24
15.24
30.48
30.48

SMD
(em)
2.248
2.003
2.296
6.885

2.249
1.785
1.724
4.468

SMD
(cm)
0.700
1.990
2.682
3.080

1.610
2.838
0.658
1.542



Annexure 6. Calculation of the irrigation time period, tco.

Field3 Advance tunction Infiltration tunction
Event Date Area Q r p (ta)L C B A
(dd/mm) (m~2) (m~3/min) (-) {-) {min) {mm/min) (-) {mm/min~ B)
Event1 14-01 1022 1.185 0.762 36.98 78 0.3375 0.4352 6.6104
Event2 06.02 1022 1.344 0.824 50.42 39 0.1235 0.4200 3.0769
Event3 29-02 1022 1.184 0.830 37.10 54 0.2137 0.4162 4.0554
Event4 12-03 1022 1.248 (0.868 40.28 41 0.1880 0.4124 3.4524
Event Date Zo(ta)L Vinf(ta)x=L Vin{ta)x=L Vsurf(ta)x=L Deficit Vreqd tdif tco
(dd/mm} (mm) {m ™3} {m~™3) {m ™ 3) {(mm) {m~3) {min) (min)
Event1 14-01 70.31 46.70 92.35 45 64 51.89 53.03 6.23 84
Event2 06-02 19.02 12.64 51.81 39.17 55.70 £6.93 13.21 52
Event3 29.02 33.00 21.92 64.33 4244 59.99 61.34% 15.97 70
Event4 12-03 23.85 15.84 51.69 35.85 48.63 49,70 11.11 53
Field 33 Advance function Infiltration function
Area Q r p {ta)L C B A
(m~2) (m~3/min) () (-) {min) {mm/min) (-) {mm/min~ B)
Event1 23-01 86158 1.547 0.692 46.90 67 0.1986 0.4365 5.9298
Event3 29-02 66158 1.379 0.523 109.42 52 0.0467 0.3590 1.8540
Event4 12-03 861.58 1,949 0.704 63.86 40 0.0392 0.3897 1.9001
Event5 22-03 861.58 2.758 0.660 87.98 32 0.0440 0.3904 2.0583
Zofta)l. Vinf{ta)x=L Vin{ta)x=L Vsurf(ta)x=L Deficit Vregd tdif tco
{mm) {m~3) {m~3) {m~3) {mm) {m~"3) {min) {min}
Eventi 23.01 50.52 28.29 103.81 7552 51.93 44.74 (19.90) 67
Event3 29-02 10.06 5.63 71.31 65.68 63.20 54.45 (8.14) 52
Event4 12-03 9.60 5.38 54,35 48.98 59.79 51.51 1.30 42
Evert 5 22-03 9.33 5.23 B87.49 82.27 40.88 35.22 {17.06) 32
Field 8 Advance function Infiltration function
Event Date Area Q r P (ta)L c B A
{(dd/mm) (m~ 2} (m~3/min) (-) {-) (min) {mm/min} (-} {mm/min~ B)
Event2 08-02 987.83 29533 0,705 103.20 25 0.0201 0.3790 1.3970
Event4 12-03 987.83 3.304 1.058 49.18 17 0.0276 0.3301 1.3626
Event5 28-03 987.83 0.841 0.825 71.79 24 0.0121 0.3859 0.7565
Event Date Zo(ta)l. Vinf{ta)x=L Vin(ta)x=L Vsurf{ta)x=L Deficit Vreqd tdif teo
(dd/mm) (mm) {m~™3) {(m~3) {m~3) {mm) {m~3) {min) {min)
Event2 06.02 5.20 3.34 72.74 69.40 54.65 53.98 {6.22) 25
Event4 12-03 3.94 2.53 56.30 53.77 63.11 62.34 2.60 20
Event5 28-03 2.87 1.84 20.18 18.34 75.08 7417 66.38 90
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Field 4

Advance function

Infiltration function

Event Date Area Q r [+ (ta)L c B A
(dd/mm) (m~2) (m~3/min) (-} ) {min) {mm/min) {-) {mm/min ~8)
Event1 19-01 44304 1.540 0.747 71.88 249 0.0154 0.4223 1.6724
Event2 07-02 4430.4 1.366 0.477 393.70 160 0.0086 0.3312 0.8260
Event3 02-03 44304 1,409 0.496 382.46 140 0.0065 0.3401 0.7488
Event4 17-03 44304 1.609 0.530 442 .81 77 0.0081 0.2814 G.7572
Event Date Zo(ta})l. Vinf{ta)x=L Vin(tajx=L Vsurf(ta)x=L Deficit Vreqd tdit tco
(dd/mm} (mm) (m~3) {m~3) (m~3) (mm) (m~™3) (min) {min)
Event1 18-01 20.40 58.75 383.31 324 .55 77.06 341.40 10.94 260
Event2 07-02 5.81 16.73 218,46 201.73 69.31 307.07 77.11 237
Event3 02-03 4.92 14.18 196.69 182.51 54.95 243.45 43.25 183
Event4 17-03 3.04 8.76 124.10 115.34 61.33 271.71 97.19 174
Field 6 Advance function Infiltration function
Event Date Area Q r p (ta)L (9] B A
(dd/mm) (m~2) (m~3/min) (-) (-} {min) {mm/min) (-) (mm/min ~ B}
Event1 18-01 2008.7 1.348 0.506 132.56 215 0.0218 0.4283 2.1877
Event2 07-02 20087 1325 0.349 261.88 343 0.0181 0.3800 1.4302
Event3 02-03 2008.7 1.364 0.471 205.42 127 0.0148 0.3878 1.3624
Event4 17-03 2008.7 1544 0.315 408.02 158 0.0136 0.3485 1.2548
Event Date Zo(ta)l. Vinf{ta)x=L Vin{ta)x=L Vs urf(ta)x=L Deficit Vreqd tdif tco
{dd/mm)} (mm) {m~3) (m~3) (m~3) {mm) {m~3) (min) (min)
Event1 18-01 26.53 34.64 286.33 251.69 52.20 104.85 (108.93) 215
Event2 07-02 19.35 25.27 443.83 418.56 55.89 112.27 (231.16) 343
Event3 02-03 10.75 14.04 173.21 15917 54.10 108.67 {37.02) 127
Event4 17-03 9.46 12.35 24413 231.77 69.75 140.11 (59.37) 158
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Field 3 Event 3

tla(x=0.75L)= 38 min.
ta
(min)
0

5

10

15

20

25

30

35

40

45

50

55

57

@ ~N DA n W =

R W U
C»Jl\'}-—‘«C)tD

Field 3 Event 4

ta(x=0.,75L)= 30 min.
ta
{min)
0
5
10
15
20
25
30
35
40

0 45

[o2 20 4, B U 4 I N BE

- O ®» ~

29-02

trec

{min)
193.5
1935
193.5
193.5
193.5
193.5
193.5
193.5
193.5
193.5
193.5
193.5
193.5

12-03

trec
{min)
171
171
171
171
171
171
171
171
171
171

topp

{min)
193.5
188.5
183.5
178.5
173.5
168.5
163.5
158.5
153.56
148.5
143.5
138.5
136.5

topp
(min)
171
166
161
156
151
146
141
136
131
126

c
{mm/min)
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137
0.2137

C
{mm/min)
0.1880
0.1880
0.1880
0.1880
0.1880
0.1880
0.1880
0.1880
0.1880
0.1880

121

B

)
0.4162
0.4162
0.4162
0.4182
0.4162
0.4182
0.4162
0.4162
0.4162
0.4162
0.4162
0.4162
0.4162

A
(mm/min ~ B)
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554
4.0554

Average Zinf (mm);:

Average Zinf-LQ (mm):

B

)
0.4124
0.4124
0.4124
0.4124
0.4124
0.4124
0.4124
04124
0.4124
0.4124

DU (%):

A
{mm/min~ B)
3.4524
3.4524
3.4524
3.4524
3.4524
3.4524
3.4524
3.4524
3.4524
3.4524

Average Zint {(mm):

Average Zinf-LQ (mm):

DU (%):

Zinf.

(mm)
77.64
76.18
74.71

73.23
71.75
70.27
68.77
67.27
65,76
64.24
62.71

61.17
60.55
68.79
62.88
91.42

Zinf.
(mm)
60.92
58.63
58,34
57.03
55.72
54.41
53.08
51.75
50.41
49.06
55.04
51.07
92.80



Field 33 Event 1

ta{x=0,75L)= 44 min.
ta
{min)
0]

5

10
15
20
25
30
35

9 40

10 45

1 50
12 55

13 60

14 62

DN DA W =

Field 33 Event 3

ta(x=0.75L)= 30 min.
ta
{min)
0]
5
10
15
20
25
30
35
40

0 43

~N DA WD -

= o @

23-01

trec
{min}
377
377
377
377
377
a77
377
377

. 377

377
377
377
377
377

29-02

trec
{min)
1370
1370
1370
1370
1370
1370

" 1870

1370
1370
1370

topp
{min)
377
372
367
362
357
352
347
342
337
332
327
322
317
25

topp
(min)
1370
1365
1360
1355
1350
1345
1340
1335
1330
1327

C
{mm/min)
0.1921
0.1921
a.1921
0.1921
0.1921
0.1921
0.1921
0.1921
0.1821
01921
0.1921
0.1921
0.1921
a.1821

C
{mm/min)
0.0467
0.0467
0.0467
0.0467
0.0467
0.0467
0.0467
0.0467
0.0467
0.0467
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B A

) (mm/min " B)
0.4335 5.6914
0.4335 56914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
(.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914
0.4335 5.6914

Average Zinf {mm):
Average Zinf-LQ (mm):
DU (%):

B A

{-) {mm/min~B)
0.3590 1.8540
0.3590 1.8540
0.3590 1.8540
0.3580 1.8540
0.3590 1.8540
0.3590 1.8540
0.3590 1.8540
0.3590 1.8540
0.3580 1.8540
0.3590 1.8540

Average Zinf (mm):

Average Zinf-LQ (mm):

DU (%):

Zinf,
(mm)
146,91
145.62
144,12
142,72
141.32
139.92
138.51
137.10
135.69
134.27
132.85
131.42
129.99
129.41
137.84
131.59
95.46

Zinf.

{mm)
BB.76
88.50
88.23
87.97
87.70
87.43
87.17
86.90
86.63
B6.47
87.58
86.67
98.96



Field 33 Events

ta(x=0.75L)= 27 min.
ta
{min)
0

5

10

15
20
25
30

35

40

42

W @~ D bW Ky =

—
[=]

Fleld 33 Eveént5

ta(x=0.75L)= 21 min.
ta
{min)
0

3

6

9

12

15

18

21

@~ OB WA

e (& ]
N = o
0N NN
N O ~N N

12-03

trec
(min)
1366.5
1366.5
1366.5
1366.5
1366.5
1366.5
1356.5
1366.5
1366.5
1366.5

21-02

trec
{min)
1344
1344
1344
1344
1344
1344
1344
1344
1344
1344
1344
1344

topp

{min)

1366.5
1361.5
1356.5
1351.5
1346.5
13415
1336.5
13315
1326.5
13245

topp
(min)
1344
1341
1338
1335
1332
1329
1326
1323
1320
1317
1315
1312

c
{mm/min)
0.0567
0.0587
0.0567
0.0567
0.0567
0.0567
0.0567
0.0567
0.0567
0.0567

C
(rmm/min)
0.0440
0.0440
0.0440
0.0440
0.0440
0.0440
0.0440
0.0440
0.0340
0.0440
0.0440
0.0440

123

B A

) {mm/min ~ B)
0.3979 2.5873
0.3979 2.5873
0.3979 2.5873
0.3979 2.5873
0.3979 2.5873
0.3979 2.5873
0.3979 2.5873
0.3979 25873
0.3979 2.5873
0.3979 2.5873

Average Zinf (mm):
Average Zinf-LQ {mm):
DU (%):

B A

{-} {mm/min~B)
0.3904 2.0584
0.3904 2.0584
0.3904 2.0584
0.3804 2.0584
0.3904 2.0584
0,3904 2.0584
0.3904 2.0584
0.3904 2.0584
0.3904 2.0584
0.3904 2.0584
0.3904 2.0584
0.3904 2.0584

Average Zint (mm):

Average Zinf-LQ (mm);

DU (%):

Zind,
(mm)
123.24
122.89
122.54
122.19
121.84
121.49
121.14
120.79
120.44
120.30
121.69
120,67
99.16

Zinf.
(mm)
93.40
93.24
93.08
92.92
92.75
92.59
92.43
92.27
92.11
91.04
91.83
91.67
92.52
91.89
99.32



Field 8 Event 2

ta(x=0.75L)= 16 min.
ta
{min)
0]

2

4

6

8

10

12

14

W N DU B N -

Fleld B Event 4

ta(x=0.75L)= 13 min.
ta
(min)

O OO R ON =

[=]
=y
€0

06-02

trec
{(min)
26475
2647 .5
26475
2647 .5
2647.5
2647.5
2647 .5
26475
2647.5
2647 5
2647.5
2647.5

07-03

trec
(min}
1903.5
1903.5
1903.5
1803.5
1903.5
1903.5
19035
1903.5
1903.5
1903.5

topp
{min)
2647.5
26455
26435
2641.5
2639.5
2637.5
2635.5
2633.5
2631.5
2629.5
2627.5
26255

topp
(min)
1903.5
1901.5
1899.5
1897.5
1895.5
1893.5
1891.5
1889.5
1887.5
1884.5

c
(mm/min)
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201
0.0201

C
{mm/min)
0.0287
0.0287
0.0287
0.0287
0.0287
0.0287
0.0287
0.0287
0.0287
0.0287
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B A

-) (mm/min~ B)
0.3790 1.3970
0.3790 1.3970
0.3790 1.3970
0.3790 1.3970
¢.3790 1.3970
0.3790 1.3970
0.3790 1.3970
0.3720 1.3970
0.3790 1.3970
0.3790 1.3970
0.3790 1.3970
0.3790 1.3970

Average Zinf (mm):
Average Zinf-1.Q (mm):
BU (%):

B A

{-) (mm/min " B)
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4212
0.3445 1.4292

Average Zint {mm):

Average Zinf-LQ (mm):

DU (%):

Zinf.

(mm)
80.91

80.85
80.82
B0.77
80.72
80.67
80.62
80.58
80.53
80.48
80.43
80.38
80.65
80.43
99.73

Zinf.

(mm)
73.79
73.73
73.68
73.680
73.54
73.47
73.41

73.34
73.28
73.18
73.50
73.27
99.68



Field 8

ta{x=0.75L)= 17 min.

W N BN B WA -

W N = O

Event 5

ta
{min)
0
2
4
6
8
10
12
14
18
18
20
22
24

27-03

trec
{min)
1089.5
1089.5
1089.5
1089.5
1088.5
1089.5
1089.5
1089.5
1089.5
1089.5
10895
1089.5
1089.5

topp
(min)
10895
1087.5
1085.5
1083.5
1081.5
1079.5
1077.5
1075.5
1073.5
10715
1069.5
1067.5
1065.5

C
(mm/min)
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
0.0113
G.0113
0.0113
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B

()
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742
0.3742

A

(mm/min "~ B)
0.7254
0.7254
0.7254
0.7254
C.7254
0.7254
0.7254
0.7254
0.7254
0.7254
0.7254
0.7254
0.7254

Average Zinf (mm):

Average Zinf-LQ (mm):

DU (%):

Zinf.

{mm)
22.24
22.22
2219
22.16
2213
22.10
22,07
22.04
22.01

21.68
21.95
21.92
21.89
22.07
21.94
99.40



Field 4 Event {1

19-01

ta({x=0.75L)= 169 min,

ta

{min)
1 0
2 10
3 20
4 30
5 40
6 50
7 60
8 70
9 80
10 90
il 100
12 110
13 120
14 130
15 140
16 150
17 160
18 170
19 180
20 190
21 200
22 210
23 220
24 230
25 240
26 249

Field 4 Event 2

ta(x=0.75L)= 87 min.

ta

{min}
1 0
2 10
3 20
4 30
5 40
6 50
7 60
8 70
9 BO
10 90
11 100
12 110
13 120
14 130
15 140
16 150
17 160

trec
{min)
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
3369
33689
3369
3369
3369
3369
3369
3369
3369
3369
3369

07-02

trec

{min)
4380
4360
4360
4360
4360
4360
4360
4360
4360
4360
4360
4360
4360
4360
4380
4360
4360

topp
{min)
3369
3359
3349
3339
3329
3319
3309
32599
3289
3279
3268
3259
3249
3239
3229
3219
3209
3199
3189
3179
3169
3159
3149
3139
3129
3120

topp
{min)
4360
4350
4340
4330
4320
4310
4300
4290
4280
4270
4260
4250
4240
4230
4220
4210
4200

C

{(mm/min)

0.0160
0.0160
.0160
0.0180
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0180
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0180
0.0160
0.0160
0.0160
0.0160

c

{mm/min)

0.0085
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
0.0086
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B A

) . (mm/min~B)
0.4266 1.6760
0.4266 1.6760
0.4766 1.6760
0.4266 1.6780
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4268 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4268 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760
0.4266 1.6760

Average Zinf {mm):
Average Zinf-LQ (mm):
BU (%)

B A

{-) (mm/min “~B)
03326 0.8276
0.3328 0.8275
0.3328 0.8276
0.3326 0.8276
0.3326 0.8276
0.3326 0.8276
0.3326 0.8278
0.3326 0.8276
0.3326 0.8276
0.3232 0.8276
0.3326 0.8278
0.3326 0.8276
0.3326 0.8276
0.3325 0.8276
0.3326 0.8276
0.3326 0.8276
0.3326 0.8275

Average Zinf {mm):

Average Zinf-LQ {mm):

DU (%):

Zinf,
(mm)
107.50
107.27
107.04
106.81
106.58
106.36
106.13
105.90
105.67
105.44
105.21
104.98
104.75
104 52
104.30
104.07
103.84
103.61
103.38
103,15
102,92
102.69
102.45
102,22
101,99
101.79
104.64
102.69
98.14

Zint.

(mm)
50.93
50.84
50.74
50,64
50.55
50.45
50.36
50.26
50.16
50.07
4997
49.87
49,78
49.68
49,58
49.49
49.39
50,16
49.73
99.14



Fleld 4

ta(x=0.75L)= 78 min.
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Field 4

ta(x=0.75L)= 45 min,
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Event 3

ta
{rmnin)
0
10
20
30
40
50
€0
70
80
90
100
110
120
130
140

Event 4

ta
{min)
0
5
10
15
20
25
30
35
40
45
50
55
80
65
70
77

02-03

trec
(rmln)
5202
5202
5202
5202

5202

5202
5202
5202
5202
5202
5202
5202
5202
5202
5202

17-03

trec

- (rrin)

6492
6492
6492
6492
5492
6492
6492
6492
6492
6492
6492
6492
6492
6402
6492
6492

topp
{min)
5202
5192
5182
5172
5162
5152
5142

5132 .

5122
5112
5102
5092
5082
5072
5062

topp
{min})
6492
6487
6482
6477
6472
6467
6462
6457
6452
6447
6442
6437
6432
6427
6422

6415

c
(mm/min)
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067
0.0067

{mm/min})
0.0064
0.0064
0.0064
0.0064
0.0084
0.0064
0.0084
0.0064
0.0064
0.0064
0.0064
0.0064
0.0064
0.0064
0.0064
0.0064
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B A

(-} {mm/min~B)
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.75681
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581
0.3484 0.7581

Average Zinf (mm):
Average Zinf-LQ {mm):
DU (%):

B A

(-} {mm/min "~ B)
0.3105 (.7638
0.3105 0.7638
0.3108 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3108 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638
0.3105 0.7638

Average Zinf {mm):

Average Zinf-LQ {mm):

DU (%):

Zinf.

(mm)
49.80
49,72
49.64
4357
4949
49,41
49.33
49.26
4918
4910
49.03
48.95
48.87
48.79
48 72
49.26
48.95
99.37

Zinf.

{mm)
53.21
53.17
53.14
53.11
53.07
53.04
53.00
5297
5293 .
52.90
52.86
52.83
52.79
52.76
52.72
52 87
52.95
82.77
99.67



Field &6

Event 1

18-01

ta(x=0.75L)= 122 min.
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Field 6

ta
(min)
o]
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
214

Event 2

trec
(min)
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
2711
271
2711

07-02

ta{x=0.75L)= 150 min,

D~ A WA

ta
(min)
0
10
20
30
40
50
50
70
80
90
100
110
120
130
140
150
160
170
175

trec
{min)
48225
48225
48225
4822 5
4822.5
48225
4822.5
4822 5
4822.5
48225
4822.5
48225
48225
48225
4822.5
48225
4822.5
4822.5
48225

topp
{min}
2711
2701
2691
2681
2671
2661
2651
2641
2631
2621
2611
2601
2591
2581
2571
2561
2551
2541
2531
2521
2511
2497

topp
{min})
48225
4812.5
4802.5
47925
47825
47725
4762.5
4752.5
4742.5
47325
47225
47125
47025
46925
46825
46725
46625
4652.5
4647.5

C
(mm/min)
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256
0.0256

c
{mm/min)
0.0160
0.0160
0.0160
0.0150
0.0160
0.0160
0.0160
0.0160
0.0180
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
0.0160
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B

P
0.4399
0.4399
0.4389
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399
0.4399

A
(mm/min~ B)
2.5471
2.5471
2.5471
25471
25471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471
25471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471
2.5471

Average Zinf (mm):

Average Zinf-LQ {mm):

B

)
0.3397
0.3397
0.3387
0.3397
0.3397
0,3397
0.3397
0.3397
0.3397
0.3397
0.3397
0.3397
0.3257
0.3397
0.3397
0.3397
0.3397
0.3397
0.3397

DU (%):

A
{(mm/min ~ B}
1.2680
1.26860
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
1.2560
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
1.2660
Average Zinf (mm):

"Average Zint-LQ (mm):

DU (%):

Zinf.

{mm)

151.87
151.48
151.09
150,70
150,31
149,92
14952
14913
148.74
148.35
147.96
147 56
14717
146.78
146.38
145.99
145.59
145.20
144 .81
144 .41
144.01
143.46
147.75
145,18
98.26

Zint,
{mm)
99.74
899.56
99.38
99.21
99.03
98.86
98.68
98.50
98.33
98.15
97.98
97.80
97.62
97.45
97.27
97.09
96.92
96.74
96.65
98.16
96.85
98.67



/)

Field 6

ta{x=0.75L)= 69 mlin.

O @ ~N DU bW -

Fileld 6

ta{x=0.75L)= 63 min.
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Event 3

ta
{min}
0

10

20

30

40
50
60
70

80
90
100
1o
120
126

Event 4

ta
{min})
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
156

02-03

trec
(min)
4905
4905
4905

4905
4905
4905
4905
4905
4905

- 4905

4805
4905
4905

17-03

trec
(min)
4469
4469
4469
4469
4469
4469
4469
4469

" 4469

4469
4469
4469
4469
4469
4469
4469
4469

topp
{min)
4905
4895
4885
4875
4865
4855
4845
4835
4825
4815
4805
4795
4785
4779

topp
{min)
4469
4459
4449
4439
4429
4419
4409
4399
4389
4379
4369
4359
4349
4339
4329
4319
4313

Cc
({mm/min)
0.0139
0.013¢9
0.0139
0.0139
0.0139
G.0i139
0.0139
0.0139
0.0139
0.0139
0.0139
0.0139
0.0139
0.0139

C
{mm/min)
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
0.0159
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B

)
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774
0.3774

A
{mm/min~B8)
1.3006
1.3008
1.3006
1.3006
1.3006
1.3006
1.3008
1.3006
1.30086
1.3008
1.3006
1.30086
1.30086
1.3006
Average Zinf (mm):

Average Zinf-LQ (mmj):

B

)
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891
0.36891
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891
0.3891

DU {%):

A

{(mm/min ~ B)
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578
1.4578

Average Zinf {(mm):

Average Zinf-LQ (mmj):

DU (%):

Zinf,
{mm)
100.32
100,15
99.99
99.82
99.66
99.50
99.33
9917
99.00
98.84
98.68
98.51
98.35
98.25
99.25
98.69
99.43

Zind,
{mm)
109.43
109.23
109.04
108.85
108.66
108.46
108.27
108.08
107.89
107.69
107.50
107.31
107.12
106.92
106.73
106.54
106.42
107.89
107.22
99.38



IIMI-PAKISTAN PUBLICATIONS
RESEARCH REPORTS

Report No. Title Author Year
R-1 Crop-Based Irrigation Operations Study in the North Carlos Garces-R June
West Frontier Province of Pakistan D.J. Bandaragoda 1994
Volume |: Synthesis of Findings and Recommendations Pierre Strosser
Volume |I: Research Approach and Interpretation Carlos Garces-R June
Ms. Zaigham Habib 1994
Pietre Strosser
Tissa Bandaragoda
Rana M. Afaq
Saeed ur Rehman
Abdut Hakirm Khan
Volume {II: Data Collecticn Procedures and Data Sets Rana M. Afaq June
Pierre Strosser 1994
Saeed ur Rehman
Abdul Hakim Khan
Carlos Garces-R
R-2 Salinity and Sodicity Research in Pakistan - Proceedings of 1IMI-Pakistan Mar
a one-day Workshop 1995
R-3 Farmers’ Perceptions on Salinity and Sodicity: A case study Neeltje Kislen May
into farmers’ knowledge of salinity and sodicity, and their 1996
strategies and practices to deal with salinily and sodicity in
their farming systems
R-4 Modelling the Effects of (rrigation Management on Sail S.M.P. Smets June
Salinity and Crop Transpiration at the Fie's!-Level (M.Sc 1996
Thesis - pulished as Research Report)
R-5 Water Distribution at the Secondary Level in the Chishtian M. Amin K. Tareen July
Sub-division Khalid Mahmood 1996
Anwar Igbal
Mushtaq Khan
Marcel Kuper
R-6 Farmers Ability to Cope with Salinity and Sodicity: Farmers’ Neeltje Kielen Aug
perceptions, strategies and practices for dealing with salinity 1996
and sodicity in their farming systems
R-7 Salinity and Sodicity Effects on Soils and Crops in the Neeltje Kielen Sept
Chishtian Sub-Division: Documentation of a Restitution Muhammad Aslam 1996
Process Rafique Khan
Marcel Kuper
R-8 Tertiary Sub-System Management: Khalid Riaz Sept
(Workshop proceedings) Robina Wahaj 1996
R-9 Mobilizing Social Organization Volunteers: An Initial Mehmeoodul Hassan Oct
Methodological Step Towards Establishing Effective Water Zafar Igbal Mirza 1996

Users Organization

D.J. Bandaragoda
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Report No. Title Author Year

R-10 Canal Water Distribution at the Secondary Level in the Steven Visser Oct
Punjab, Pakistan (M.S¢ Thesis published as Research 1996
Report)

R-11 Development of Sediment Transport Technofogy in M. Hasnain Khan Oct
Pakistan: An Annotated Bibliography 1996

R-12 Modeling of Sediment Transport in Irrigation Canals of Gilles Betaud Oct
Pakistan: Examples of Application 1996
(M.Sc Thesis published as Reseaich Report}

R-13 Methodologies for Design, Operation and Maintenance of Alexandre Vabre Oct
Irrigation Canals subject 1o Sediment Problems: Application 1996
to Pakistan (M.Sc Thesis published as Research Report)

R-14 Government Interventicns in Social Organization for Water Waheed uz Zaman Oct
Resaurce Management: Expetience of a Command Water D.J.Bandaragoda 1996
Management Project in the Punjab, Pakistan

R-15 Applying Rapid Appraisal of Agricultura Knowledge Derk Kuiper Nov
Systems (RAAKS) for Building Inter-Agency Coltaboration Mushtag A. Khan 1996

Jos van Oostrum

M. Rafique Khan

Nathalie Roovers
Mehmood ul Hassan

R-16 Hydraulic Characteristics of Chishtian Sub-division, Fordwah Anwar Igbal Nov
Canal Division 1996

R-17 Hydraulic Characteristics of Irrigation Channels in the Malik Khalid Mahmood Nov
Sub-Division, Sadigia Division, Fordwah Eastern Sadigia 1996
Irrigation and Drainage Project

R-18 Proceedings of National Canference on Managing M. Badruddin Nov
Irrigation for Environmentally Sustainable Agriculture in Gaylord V. Skogerbos 1996
Pakistan M.S. Shafique

{Editors for all voiumes)

R-18.1 Volume-|: Inauguration and Deliberations

R-18.2 Volume-II: Papers on the Theme: Managing Canal

Operations
R-18.3 Volume-ill: Papers on the Theme: Water
Managerment Below the Mogha
R-18.4 Volume-IV: Papers on the Theme: Environmental
Management of Irrigated Lands
R-18,5 Volume-V: Papers on the Theme: Institutional
Development

R-19 Detailed Soil Survey of Eight Sample Watercourse Soil Survey of Pakistan Nov
Command Areas in Chishtian and Hasilpur Tehsils lIMi-Pakistan 19926

R-20 Unsteady Flow Simulation of the Designed Pahur High- Zaigham Habib Dec
Level Canal and Proposed Remodeling of Machai and Miara Kobkiat Pangput 1996

Branch Canals, North West Frontier Province, Pakistan

Gaylord V. Skogerboe
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Report No, Title Author Year
R-21 Salinity Management Alternatives for the Rechna Doah, Gauhar Rehman March
Punjab, Pakistan Wagar A. Jehangir 1997
Muhammad Aslam
R-21.1 Volume Ona: Irmplications and Recommendations for Abdul Rehman
Sustainable lrrigated Agriculture Gaylord V. Skogerboe
R-21.2 Volume Two: History of lrrigated Agriculture: A Select Gauhar Rehman Jan
Appraisal Hassan Zia Munawwar 1997
Asghar Hussain
R-21.3 Volume Three:  Development of Procedural and Analytical Gauhar Rehman Jan
Liniks Muhammad Aslam 1997
Wagar A. Jehangir
Abduf Rehman
Asghar Hussain
Nazim Ali
Hassan Zia Munawwar
R-21.4 Volume Four: Field Data Collection and Processing Gauhar Rehman Jan
Muhammad Aslam 1997
Wagar A. Jehangir
Mobin Ud Din Ahmed
Hassan Zia Munawwar
Asghar Hussain
Nazim Ali
Faizan Ali
Samia Ali
R-21.5 Volume Five: Predicting Future Tubewell Salinity Muhammad Aslam Jan
Discharges 1997
R-21.6 Volume Six: Resource Use and Productivity Potential Wagar A, Jehangir Feb
in the Irrigated Agriculture Nazim Ah 1997
R-21.7 Volume Seven: Initiative for Upscafing: irrigation Gauhar Rehman March
Subdivision as the Building Block Asghar Hussain 1997
Hassan Zia Munawwar
R-21.8 Volume Eight:  Options for Sustainability: Sector-Level Abdul Rehman March
Allocations and Investments Gauhar Rehman 1997
Wagqar A. Jehangir
Muhammad Aslam
R-22 Safinisation, Alkalinisation and Sodification on lrrigated Nicolas Condom March
Areas in Pakistan: Characterisation of the geochemical and 1997
physical processes and the impact of irrigation water on
these processes by the use of a hydro-geochemical model
{M.Sc Thesis published as Research Report)
R-23 Alternative Scenarios for Improved Operations at the Main Xavier Litrico March
Canal Level: A Study of Fordwah Branch, Chishtian Sub- 1997
Division Using A Mathematical Flow simulation Model(M.Sc
Thesis published as Research Report)
R-24 Surface Irrigation Methods and Pragctices: Field Evaluation Ineke Margot Kalwij March
of the Irrigation Processes for Selected Basin lirigation 1997

Systerns during Rabi 1995-96 Season
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