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FOREWORD

For mcrcased food production, creation of irvigation potential is oue
aspect and its proper utilisation another. Often, there is considerable
time-lag between the two and this is attributable to several causes, namely,
loss of irrigation waters at various locations and overdose of irrigation
waters without any consideration of the tvpe of il and crop. The
resultant factors like water-logging and salinity further retard the progress
of irrigation. "T'he subject, therefore, requires carcful consideration for
proper utilisation of water for mnaximising food production. ]

The Central Board of Irrigation and Power at its Thirty-second
Annual Research Session held at Qoty in June 1962 organised a Symposium
on “Efficiency of Water Distribution and Use on the Land™ to take stock
of the prevailing practices and consider wavs and means to improve upon
them. Five papers were presented on the various aspects of the subject
by scientists and enginecrs belonging to State Irrigation Rescarch Stations,
Ministry of Food and Agriculture and also Technical Institutions. The
symposium was largely attended by State Irrigation Chief Engincers,
Directors and Researchers from various Research Stations, Ofhcers of
Indian Council of Agricultural Research and the subject was broadly
discussed.

A Sub-Committee consisting of Sarvashri D, B. Anand, A. R. Venkata-
raman, Baleshwar Nath, J. P. Mitwal, K. V. Ekambaram and J. P. Nacgam-
vala was formed to examine the various issues arising as a result of
discussion and bring out rccommendations for implementation by Irriga-
tion and Agriculture Departments.

The recommendations ol the Sub-Comumittee, symposium papers and
discussions have been compiled in the present publication for use by
Irrigation and Agriculture ofticers and vesearch workers. The Board is
thankful to the authors of the papers and the participants who largely
coutributed to the success of the Syimposivm and Sub-Committce members
in finalising the recommendations.

New Dronr; S. N. GUPTA,
August 1967 ' Secrefary,

Central Board of Irrigalion and Power.
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RECOMMENDATIONS BY THE SUB-COMMITTEE*

The papers presented during the Symposium held at Qoty on 1 June
1962 cover a lot of generul ground and the coutributors have also dis-
gressed from the mamn problem set out for the discussion. There is,
however, a general pattern of thought from which certain features emerge,
These features mainly relcr to the losses of irrigation waters at various
locations, the desirability of restriciing dosages of irrigation waters and
the need of research in the various aspects involved.

Arising out of the study of these papers and the discussions during
the proceedings of the Seminar, the following recommendations may he
considered as the consensus of general opinion | —

(4

(1)

Since the stored waters are expensive, the crop pattern of pro-
jects should be such as to utilise as lurge quantities of water from
the run of the river as possible;

A substantial amount of water is lost in the carrier systern due
to transpiration, Insses on account of the vegetation along the
banks, berms and beds of the channels and by percolation through
the same:

Thercfore, attempts should he made to keep the beds, berms
and the bank clem of vegetation; also, impervious lining should
be adopted in the water carrier channels as far as econemical
and practical;

(/i) Heavy losses of water occur in the fields on account of percola-

(1)

@)

tion, evaporation and wastage. The sizes and arrangement of the
plots should he fixed according to the soil tvpes, topography,
permeahility and the tvpe of crops so as to minimise lasses by
eflecting ivvigation in the shortest time possible.  The imigation
should, where possible, be done by furrows rather than hv
flooding;

A substantial perceniage of irvigation water can be saved by the

following steps:

{(a} Soil classification of the irrigated areas to ascertain the soil
structure;

{#) Fixing the dosage of irrigation to the type of crap, the type
of soil, the climatic conditions and the conditions of wetness
before application of water;

{r) Agronomical mncasures like mulching and levelling to obviate
avoidable evaporation losses;

() Localization of crops so that management, distribution and
drainage become easy; and

{¢) Use of improved implements to help agricultural praciices
which may lead to economy in the use of water.

Waler-logging and salinity have almost become an integral part
of our irrigation systems. They block the pores of the soil and
Iead 1o land pgoing out of cultivation or becoming unlit on

*This Sub-Commiltee was formed to study the recommendations made at the Symposium
on the subject held at Onty in May-June 1962,
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account of increased salinitv. In order, therefore, to maintain
soil conditions amenable to fruitful and economical irrigation it
18 necessary to take steps to obviate the occurrence of water-
logging and salinity. For these, the following mecasures have
been recommended :

(@) Keeping the surface drainages clear and avoid blocking
thereof by canals, roads, railwavs and other structures;

(b) Where necessary, instal sub-surface drainages (open and
covered) in order to reduce and keep down the sub-soil water-
table to a recasonable limit;

(¢} Where suitable and practicable, utilise tube-well pumping to
keep down the sub-soil water-table; and

() Where salts have appeared, increase water allowance, to wash
down the salts and recdaim the saline lands for irrigated
cultivation.

It was the gencral consensus of opinion that a lot of research
work and demonstration is necessary and that a large amount of
planning of irrigated agriculture was essential with the aim of
achieving maximum vields with the minimum quantities of water
without causing damage to the land. For this purpose, the
following are recommended: —

() Extensive evapo-transpiration studies for the varying factors
of soils, climate and allied factors:

(b) Determination of water requirements and irrigation dosages
for varying conditions of crops, soils, climatic and other
conditions;

(¢) Determination of cropping patterns and improvements of
irvigation and agricultural practices; '

() Laying Standards for sumitabilities of irrigation waters for
application to the lands: and

(¢) Effective cooperation between the Irrigation, Agricultural and
Rural Development Departments for the purposes of research,
training demonstrations and propagating improved methods
amongst the farmers.



Experimental and Empirical Studies on Water
Requirements of Principal Crops of
Uttar Pradesh

fry
A. P. Bhattacharyva* & B. P. Srivastava*
SYNOPSIS

The uttlity of the subject for a State like Utlar Pradesh
wherein ngnru“urr’ is the mainstay of 0 fper cent of the popu-
lntion is indicated. The relevance is, however, onlv for the
trrigated arveas, which form 12.9 mitlion acres {3-22 meliton ha)
out of 398 million acres (1611 million hal) of nel cultivated
arra in Uttar Pradesh.

The function of water for Irrigation in the growth of the
crofr Is discussed and the need for the application of the correct
dosage of water for maximizing the growth of the crop i
rxplained.

The approacl in the expevimental studies was to single out
the effect of walering, botl its level and frequency, keeping all
other factors such as type of seed, type of manure, quantity
of seed, quantity of manure, etc., and cultural practices the same
and in conformity with local practice.  Randomiced biloch
system with parallel vield trials was adopted in all the experi.
ments. The work had been undertaken for three principal
crofis of Ultar Pradesh, namely, wheal, vice and sugar-cane from
1243 to 104050, The f,\*pfrimr'nfv were taken up again al
Dhanauri for the vears 1036-57, 10537-58, 1960-61 for wheat and
for sive for the year 196).  Great care was taken in the accu-
rate measirement of the water applied with the aid of a
I"natch.  Randomisations in the design of experiments were
varied from year 1o year.

For sugar-cane, significant indications were oblained onfy
for one station, namely, Bulandshahy, for which it was brought
ant that 4 in. (102 rm) depth of irrigation at an interval of
three weeks produced the maximum vield.

For wheat, which was the main crop experimented upon
and which is bcmg pursued in recent vears, the object was to
study the effect of three depths, 2, 3 and 4 in. (51, 76 & 10.2
em), three inlevvals, 2. % and 4 weeks and three dates for first
frrigation. Latterly, !he factor of first irrigation has been ve-
paced by the level of nitrogen, for which three levels, 0, 20 and
40 b, per acre were introduced mainly with the idea of seeing
as to heo far the corrvect level of nitrogen could be instrumental
i bringing down the watering needs of the crop. With four
replications, there were one Rundred and eight treatments in
all. Two applications of % in. (7.6 cm) depth of irrigation at
an fnterval of 3 weeks, apart from a presowing irrigation of
nearly the same deprh with A0 1L (1814 ke of nitrogen gave the
maxinum vield for Dhanauri,

*Terigation Research Institute, Roorkee (LT.P.).
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For rice, for which experiments had been conducted pre-
viously at Atarra, Tisuhi and Nagina, studies were taken up
at Dhanauri in 1961 for testing the efficacy of various combina-
tions of level and [requency of irrigation, supplemented by
the additional factor of the level of nitrogen, in producing the
maximum yield. Tentative indications were that 4.5 in. (114
ent) defth of irrigation at an inlerval of 2.5 weehs guve the
highest vield with 40 Ih. (1814 kg) of nilrogen per acre for
Dhanauri.

Apart from the experimental determination of water re-
quirements of crops, a number of empirical formulae, used by
the United States Burean of Reclamation, United States Depart-
ment of Agricultvre and Rothamsted FExperimental Station,
Harpenden, UK. for the assessment of irrigation requirements
from climatological dala, were applied with a view to provide
a check-up for the experimental work as also to test their utility
for application in areas for which no experimental dala was
forthcoming and for which a vough gress could be available
regarding the irrigation requirements from climatological dala
alone, RBlaney-Criddle formula used extensively tn the United
States Deparlment of Agriculture was recommended for
adoption.

Another approach bv an indirect determination of evapo-
transpivation losses was introduced by the initiation of studies
on transpiration losses apar! from evaporation losses. Fuvapo-
transpiration losses give the water requirements divectly, which
are irrigation requirements plus precipitation.  Plans were
afoot to start work on other standard approaches, namely, those
of Thoruthwaite of the United States Weather Bureau (turbiu-
lence or aerodynamic method) velumetric method, Penman
method of UK. (energy balance method).

A study was carried on! regarding the actual usage of water
by the cultivator in the irrigated areas of Uttar Pradesh in the
light of values of eplimum depths of irvigation as determined
experimentally. It was indicated that therve was overirrigation
invariably wherever waler was available for irrigation to the
extent of 30 per cent to 40 per cent wilh the result that the
yield was going down from 10 per cent to 20 per cent. FEco-
nomics of this was nvorArd ont on the basts of an estimation
of the value of crops in irrigated areas of U.P. in 19537.58
(wehich amounted to Rs. 248 croves). It was indicated that the
yvearly loss aceruing to the State in the aericultural sector re.
sulting from over-lvrigalion was of the order of Rs. 40 crores,
which gave an idea of the enormity of the loss due to wasteful
irrigation in the State of Utiar Pradesh.

A three-tronged drive was suggested for devising wavs and
means for checking the enormous loss due to overirrigalion.
This consisted of (i) the initintion of experimental studies on
waler reqauremm.’s of prmmfm! crops of Utlar Pradesh on
rrop-wise, soilavise and reglonavise basis, (1D dissemination of
the knowledge to the cultivator and (ii) inducing the cultivator
totake to the correct usage of irrigation water.



1.0. Introduction

1.1. The subject of water requircments of crops is inextricably con-
nected with that of irrigation, as it is only a correct determination of such
requirements which can ensure the best use of limited supplies of irriga-
tion waters and serve as an aid towards the maximization ot food produc-
tion of the country, which is the most important problemn being faced by
the Government, besides being helpful in the cop planning of all irriga-
tion projects. ‘The success of the latter is mostly dependent upon a
rational cropping pattern, morecover, the utilization of the irrigation poten-
tial created by such projects is also dependent upon the aximum use of
the available supplies which alone can step up the area under irrigation
within the commanded arca of the irrigation project.

1.2. The correct use of urigation water maximizes the yield. This
is the main object of the determination of the proper dosage of irrigation
treatment.  Besides the aspect of increased food production, the dangers
of over-irrigation are averted which fuither results in considerable savings
in irrigation waters.  Many more ficlds which would have been deprived
of irvigation waters by the practice of over-irrigation in some fields may be
supplied water, thus increasing the vield further.

20. Method of Approach

Z.1. In the present scrics of experiments, studics were confined to the
determination ot the optimum water requirements ot a crop for producing
the maximnum vyield at a particular experimental station, where other
controllable factors influencing the yield such as manure and other cultural
practices were kclpt more or less the same and conformed to local condi-
tions. It was believed that this, along with the smoothening of vagaries
of climatic vartations as a result of experimentation under the same set of
conditions regarding normal climatic factors, character of the soil and
sub-soil over a number of years, was likely o yield fairly dependable results
pertaining to the depth and frequency of irrigation.

2.2. The expcriments were conducted with parallel yield trials of
different irrigation treatmments, consisting of combinations of the depth of
watering and the frequency of waterings or the interval between these
along with the date of first irrigation in some cases, based on randomized
block system. In this method, the experimental arca was divided into a
number of sub-plots on each of which different dosages and frequencies
of irrigation were applicd in accordance with the designed experiments.
In previous experiments, conducted from 1942-13 to 1949-50, the crops
under experimentation were sugar-cane, wheat and rice. There were a
number of cxperimental stations, as marked in Figure 1, but since 1956-57,
only the two staple crops of Uttar Pradesh, namely, wheat and rice, are
being experimented upon at the Government Agriculture Farm, Dhanauri.
‘They were carrted out for the years 1956-37, 1957-58, 1960-61, being
discontinued for two years due to failure of Farm Tubewell.

2.3. 'T'he method of irrigation adopted for these experiments was the
usual system of irrigation followed in India. The plots are made practi-
cally level and water is allowed to run at the higher end and is stoppcd
as soon as the lowest part has received a suflicient supply.
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¢ 1. Partcular care was taken o achieve the maximum accuiacy in
urigation depths.  This was done with the aid ob a calibrated V-notch.

2.5. Figure 2 gives a general idea of the design of the experimental
sub-plots. "T'he number-ofl sub-plots depended upon the total number of
trecatment combinationus.  Uhe number of a particular sub-plot was allotted
on a strictly randomiced basis.  To ensure the completely non-biased
nature of the experiments, the randomizations were altered from vear to
year for cach sct of experiments tor o pwticular crop.

2.6. To urrigate the sub plots, & constant discharge was passed from
the Vamotch and taken down to the tail end ot the sub-gul. The constant
flow at the tail was suddenly dosed with the help of steel gates or wooden
planks, and simultuncously a cut was made into the sub-plot in which
water was allowed to flow at such o rate that the gauge at the il of
the sub-gul was kept constant throughout the period ot irrigation.

3.0. Experimental Station

§.1. Dhanauri, Iyving in the district of Saharanpuy, is only seven miles
from Roorkee. ‘This district is the northernmost area within the Ganga-
Yomuna Doab. Most ol the tract theretn is level, and the soil is mostlv
loani. i value of the soil has been found to be 7.0. The principal
crops are rice, maise and sugar-cane among Lhavif, and barley, gram and
wheat among yale. The district is a healthy one. "T'he normal rainfall
is P12 e (10441 cm) with a higher winter raiufall than eastern or
southern districts.  The experimental station lay in a dacre (1-62 ha.)
plot within the Government Agriculture Fanm, Dhanaurd.

4.0. Sugar-cane

£.1. Expainments on water requirements ot of sugar-cane had been con-
ducted wt Bara Banki and Bulandshahr from 194243 0 191950, At
Bulandshahr, it indicated that 4 0. (102 an) depth of irrigation at
intervals of three weeks gave the maximum vield.

4.2, A review of the expermments at the (wo places showed that it
was not the quantity of water alone which produced the maximum vield,
for although Bava Banki is wetter with 43 in. (109-2 em) of normal rainfall
than Bulandshahr whose normal rainfall 15 26 in. (66-0 cm.), the water
requircients ol sugar-cane for the former station are not less as  the
maximum yicld was obtained with 5 in. (127 cam.) of irrigation for Bara
Bankt at wam interval of two weeks iy compared to +oin. (102 cm) for
Bulandshahr at a wider interval of thice wecks.

5.0. Wheat

.10 Expaments on wheat were carricd out at Bara Banki, Atarra,
Bulandshahy, Baladvabad, Dhanauri. The details of the experiments are
given below :

5.1.1. Objeci-——The object of the experiments was as follows :

-

5.1.1L1. To find the best combination of irvigating wheat with two
irvigation treatments of varving depths of 2, 3 and 1 in. (31, 7.6
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and (10.2 cm.} with intervals varying [rom 3 to 5 weeks. Some
experiments had also been conducted with one watering alone.

5.1.2. Method of Layout—The meiliod was the same as indicated in
Figure 2. There were three blocks each consisting of dlurtvsix
sub-plots. Details are given for experiments at Dhanauri since
1956-57.

5.2. The type of wheat used was Pbh-591 for the vears 1936-57 and
1957-58, and N.P. 710 in 1960-61.

5.3 For the years 1936-57 and 1937.58, the factors studied were the
same. From 1960-61, the approach was altered in some respects. The
factor of the date of first irrigation was dropped and was replaced by the
level of nitrogen with a view o seeing whether the application of the
correct dose of nitrogen could bring in some reduction in the watering
needs of the crop. Three levels of nitrogen, namely, 0, 20 and 40 1b. per
acre were taken up for experimentation. The design and the lavou:
were modified accordingly. Some iden of the details of the design may
be had from Figure 2.

54. Tables I, T and I give the vield data for the vears 1956-57,
1957-58 and 1960-61. Details of statistical analvsis may be seen in Appen.
dices I, Il and ITI.

5.4.1. It was found analytically thay the effects of depths, intervals and
dates as also their interactions were significant for the year 1956-37,
Although there were no significant differences amongst the mean
vields duc to 3 and 2 in. {76 and 31 cm) of wrrigation at
intervals of 4 and 5 weeks given on the first three dates, it was
indicated that an early 3 in. (7.6 cm) irrigation produced the
maximum vield.

5.4.2. For the year 1937-38, the cffect of dates was found to be highly
significant. The combination of a depth of irrigation of 2 in.
(51 em.) at an interval of 4 weeks gave the maximum vield,
although the effect was statistically indistinguishahle from the
combination of the depth of 3 in. (76 cm.) at 5 weeks’ interval.

54.3. For the vear 196061, the cffects of intervals, levels of nitrogen,
and the interactions of depths of irrigation and nitrogen as well
as depths, intervals and nitrogen were found to be significant,
It was indicated therefrom that 3 in. (7.6 em) depth of lrrigation
at 5 weeks' inrerval with 40 1b./acre of nitrogen produced the
maximum yield followed by 4 in. (102 cm.) depth at 4 weeks'
interval with 40 Ib./acre of nitrogen which was found to be the
next best. The experiments will be continued in order to arrive
at conclusive resulis.

5.5 Water samples of the tube-well water were taken and analvsed
in the Chemical Laboratory of the Tnstitute for testing the quality of
irrigatton water  {Table IV). Tt was found that the water was of medium
salinity having low sodium with safe limits of bicarbonates. The quality
of water fell in G5 according to Wilcox elassification adopted by the
United States Salinity Laboratory, Riverside, California and was found to
be suitable for irrigation.



TABLE I

Showing yield of wheat crop (Pb-39) al Government Agriculture Farm, Dhanauri for the year 1906-37,

Num-  Mainplot (sub-  Sub-plot Block 1 Biock 11 Block 11 Total Average  Average Actual datesof irriga-
ber of plot) number and number vield per vield 1n tion
treat- depth of irrigation sub-plot maunds e oA
ments per acre Ist Irriga- Ilnd Irri-
i gation
Srs. Ch. Ars. h, Srs, Ch. Srs. Ch. Srs,
] 2 mnches (A) 1 0 11 7 4 b 13 20 12 6-938 16-23  23-12-56 1.2.57
2 ” 2 b 13 7 4 6 3 20 G 6-813 153-91 23-12.56 11-2-37
3 . 3 3 3 4 12 i) 6 15 3 3125 i1-98  23.12-5306 18-2-57
4 o + 3 15 6 4 ) 14 18 I 6-000 11-13 2-1-57 G-2-57
5 - §) 7 2 7 10 7 8 22 4 7-438 17-41 2-1-57 13-2-57
6 . 6 7 2 6 7 7 3 20 12 6-938 1G-23 2-1-57 20-2-57
7 ” 7 4 9 4 14 y 4 14 15 4:938 L1-69 +4-2.57 1-3-57
4 8 7 13 4 8 7 10 23 15 8-000 18-73 +-2-37 14-3-37
9 - 9 B n 7 0 3 10 19 §) G-438 [5-11 $-2-57 22-3-57
10 » L0 ] 2 b 10 £ 0 16 12 55063 1311 6-2-57 8-3-57
11 " 11 5 12 0 4 5 10 17 10 3-875 13-79 6-2-37 22.3.57
12 12 4 15 1 12 ] 8 15 3 3-063 11-88 6-2-37  27-3-57
13 3 inches (B) 1 7 12 4 10 8 2 24 8 3-188 19-17  23-12.56 12257
14 - 2 Y 9 7 10 7 3 23 8 7-813 H3-39  23-12-56 11-2-57
1> 3 3 15 3 G 4 12 16 + 31438 12-71  23-12-306 18-2.57
16 . 4 4 15 §) 7 4 12 15 2 3-063 11-83 2-1-57 6-2-57

01
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23-12-56
23.12-36
23-12-56

2-1-57
2-1-57
2-1.537
4-2.537
4-2-57
4-2.57
G-2-57
6-2.57
6-2-37

13-2-57
20-2-57
4-3-57
14-3-57
22.3.57
§-3-57
22.3.57
27.3-57
4-2-37
11-2-37
18-2-37
6-2-77
13-2.57
20-2-57
4-3-57
14-3-57
22-3-57
8-3-537
22-3-57
27-3-57

Netes— 1. Date of sowing— 20-25 November, 1956,

2. Date of harvesuing—25-30 April, 1957,

3. Rainfall during the crop season—7-73 in.
4, Area of cach sub-plot—36 fi. X 16 ft. 2 in.

1ft.=0-3048 m. =30-48 cm, ; | in.=2'34 cm.

11



TABLE I

Showing yield of wheat crop (Pb-591) at Government Agriculture Farm, Dhanauri for the year 1957-58.

Num-  Main plot ‘sub- Sub- Block I Block II Block III Total Average Average Actual dates of irri-
ber of plot) number and  plot num- yield per  vield in gation
treat- depth of irriga- ber sub-plot maunds A -
ments tion per acre Ist Irri-  Iind Irri-
gation gation
Srs. Ch. Srs. Ch, Srs, Ch, Srs, Ch, Srs.

i .l 2inches (A) 1 6 7 9 0 9 0 24 7 84125 18-06  6-12-57 6-1-538
2 ) 2 6 0 7 12 9 11 23 7 7-813 17-33  6-12-57 10-1-58

Py 3 G 11 9 10 10 3 2u 13 3-930 19-32 G-12-57 17-1-38

+ " 1 7 9 7 14 9 2 24 9 8-183 3-16 6-1-38 3-2-58

3 » 5 5 5 3 10 9 10 23 9 7-813 17-42 6-1-58 10-2-58

b » 6 7 4 8 8 9 9 25 5 8-438 18-71 6-1-58 17-2-58

7 7 6 7 8 8 13 23 12 7-875 1736 17-1-58 14-2-58

4 » 8 7 8 8 10 9 10 25 12 8-563 19-03 17-1-58 21.2.58

9 » 9 3 12 9 12 3 12 24 4 8-063 17-93 17-1-58 28-2-58

10 . 10 7 12 9 8 11 3 28 7 9.500 21-02 24-1-538 21-2-58

1 " 11 6 1 8 8 10 4 24 13 8-250 18-34  24-1-38  28-2.58

12 i2 5 12 9 8 10 0 25 4 8-438 18-G6 24-1-58 7-3-38

13 3 inches (B) 1 5 12 7 3 9 5 22 6 7-438 16-54 6-12-57 G-1-58

14 2 6 10 6 0 10 10 23 4 7-750 17-19  6-12-57 10-1-58

15 ) 3 8 0 8 5 6 6 22 11 7-563 16-77 6-12-57 17-1-58

16 4 8 2 6 3 9 13 24 4 8-063 17-93 6-1.58 3-2-58

4!



17 ‘- 5 5 8 6 12 8 4 20 L] 6-813 13-15 6-1-38 10-2-38
18 . ) 7 12 7 15 10 8 26 3 8-750 £9-36 6-1-58 17-2-38
19 . ? 8 5 7 10 10 2 26 1 B-6688 19-27 17-1-58 14-2-38
20 ,, 8 0 7 8 0 0 23 8 7-813 17-37 17-1-38  21.2-38
21 " 9 6 8 7 10 8 12 22 14 7-625 16-91 17-1-58 28-2-5C
22 . 10 b d 7 6 8 b 23 14 7-938 1765 24-1.H8 21-2-38
23 » i1 7 10 9 14 16 7 27 15 9.313 20-65  24-1.58 28-2-38
24 2 12 7 10 7 9 9 5 23 8 §8-188 18-11 24-1-58 7-3.58
25 4 inches {C) 1 7 12 6 7 5 6 19 8 6-500 11-46 6-12.57 6-1-58
26 " 2 5 8 6 11 7 12 19 13 6-625 14-74  6-12-57 10-1-58
27 " 3 8 7 8 12 7 12 24 15 B-313% 18-43  6-12-37 17-1-58
78 " 3 7 14 10 4 8 1 26 3 8-750 19-36 6-1-58 3-2.58
29 " ) 8 B 7 13 8 9 25 1 8-375 18-53 6-1-58 10-2-58
30 " 6 7 10 10 ! 9 15 27 10 9.188 2042 6-1-38 17-2-58
n " 7 7 1 10 ! 7 8 24 10 8-148 18-20 17-1-38 14-2-38
32 . 8 7 4 9 2 6 13 23 3 7:750 17-14  17-1-58  21-2-38
33 » 9 8 12 9 2 7 g 24 14 8-3t3 18-39 17-1-58 28-2.38
34 " 10 9 4 g 7 B 3 26 14 8-938 19-87 24-1-58  21-2-538
35 - Il 7 9 12 7 0 24 3 8-063 1788 24-1-58 28-2-38
36 v 12 7 4 9 2 t 1 27 7 9-125 20-18 24-1-58 7-3-38
Notes— 1. Dates of sowing—6-9 November, 1957,

2. Dates of harvesting—15-20 April, 1958,

3. Rainfull during the crop season—5-45 in.
4. Area of each sub-plot—36 ft.x16 ft. 2 in,
I ft,=0-3048 m, =30'48 ¢m.; | in.=2'54 ¢m.

€l



TABLE I

Showing yield of wheat crop (N.P. 710\ af Gorernment Agricuiture Farm Dhanauri harvested during the year 1960-G1.

Serial  Muin plot of interval Sub- Treatment Yield of wheat grain net sub-plot-wise Totul  Yield Average yield  Average
num- plots combination A ~ per sub-plot of  yicld in
ber of depths Block [ Block 11 Block 111 Block IV 1/41-05 acre Mds. per
and level acre
of nitrogen
Srs. Ch.  Ss.  Ch. S Ch. S Ch. Mdv. Srs,  Ch. Sis. Ch.
I 3 week<" interval (F,) 1 2" Ao 28 1325 13 w7 13 27 5 2 20 12 27 7 28-17
2. - 2 2N, 2 05 2 3 23 11 29 2 17 14 27 0 2771
3. . 32N, 21 13 28 9 23 13 2 13 20N 0 26 0 2669
4. " 4 3" Ao 2413 24 507 7 24 I 2 20 10 25 3 2587
o : 53N, 25 13 25 525 129 7 202 10 26 7 27-11
o 6 3N, 3B 27 I 27 13 28 ) 2 7 2 26 13 2751
7 4" Ao 24 5 2 132 9 24 2 2 19 13 2415 25-58
8 47N, % 13 2 1> 27 52 4 2 28 5 27 1 27-80
9 47N, 28 125 13 23 9 27 2 2 24 9 26 2 26-81
10, 4 week. interval (Fy) 1 273\ 21 25 5000210 128 7 219 12 2413 25-58
. 220N, 25 2213 20 1 29 5 2 17 B 24 6 25-01
12. » 3 2°A, 26 9 24 5 22 727 13 2 2] 2 25 4 25-91

*1



4 3* No 23 1 2 11 28 15 28 1 2 23 I 2t 7 A7-14

) 3N 22 13 26 1 24, 3 28 7 2 21 10 25 7 26-11

. 6 3° N, 27 9 26 13 25 13 28 13 2 29 0 27 4 2796

" 7 4" Ao 22 3 20 15 21 11 29 6 2 14 ) 23 9 24-18

8 47 N, 27 5 26 11 25 9 30 0 2 29 9 27 6 28-25

9 4" N, 28 | 30 l 26 9 30 0 2 34 11 28 11 2944

. B weeks interval (Fy) 1 27 No 27 11 28 13 25 1 31 9 2 33 2 28 3 29.07

2 27 N, 2% 3 27 13 29 1 28 13 2 29 14 27 8 28-25

3 2" Ny 25 1 29 1 26 13 23 9 2 29 8 27 G 28-09

4 37 Ao 27 13 28 1 26 3 24 5 2 26 8 26 10 2735

. 5 3" A, 26 I 28 1 29 ) 27 g 2 30 12 27 11 28-41

6 3" A, 27 9 29 ] 27 13 32 8 2 37 3 29 ] 30-10

" 7 4" No 28 7 20 1 27 9 29 0 2 33 1 28 4 29-00

g i 25 15 206 7 26 9 33 4 2 32 3 28 1 28-82

” 9 47 A, 20 1 25 1 27 7 33 12 2 32 5 8 1 2882

Notes— (1} Dates of sowing—1-7 November, 1960, (2) Dudes of havvesting—17 April to 3 May, 1961,

{3 Rainfull during the crop scason—=06-2 in. {1} Area of cach sub-ploe—73 ft. « 17 ft. 4 in, =0-029 acre,

{5) Area of net sub-plot —67 fi, X 15 ft, 10in.—0-021 acre, (6 No. ¥, and .V, stand for 0, 20 Ib, and 40 1b. per acre of levels of nitrogen
11t,=-0-3048 m, =: 3048 ¢m.; 1in.== 24 cm, respectively,
I acre =0-4047 hectare,
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TABLE 1V

Results of chemical analysis of water sample from tube-well at Government Agriculiure Farm, Dhanawi.

Serial Constituents Sample Sample
number Number I Number ?
1. Dissolved solids inp.p.m. . . . . . . 352 33
2. Iromin meqg/l . . . . . . . . Nil Nil
3. Aluminium in meq/t . . . . . . Nil Nil
b Calcium in meyjl . . 5 . . . . 518 3213
5. Magnesium in meq/] 1695 1-75
6. Sodium in meg/! . . . . . . . 0088 0.079
7. Pottassium in meq/| 0-039 0.03
i, Chlorides in meq, 1 024 0.2%
4, Sulphate in meq;1 . Nil Nl
10, Nitrates in meg/| 004 0.04
11, Bicarbonates in meg/l 0807 7.27-
12, pH value . . 7.1 7.1
13, Electric conductivity in mhosjem. . . . . 361° 310743613 <10~

5.6. A resume of the experiments on wheat brings out that for the
one irrigation treatnent, the maximum yield is obtained with 3 in,
(746 em.) of irrigation for eastern and western Uttar Pradesh while this
depth is higher tor southern Uttar Pradesh heing 4 in. {10-2 c¢m.). Similar
results were obtained for experiments with two irrigation (reatments,
wlierein the depths are practically the same for Ut Pradesh with an
interval of fowr weeks.  This can only be explained by the fact that the
winter rainfall is practically uegligible 1t southern Uttar Pradesh. although
the anuual rainfall is not less than in western Uttar Pradesh, The import
ant effect of the distribution of rainfall is thus clearly brought out,

5.7. The average yield of wheat was the highest in 1960-01 at
Dhanauri, being 29-0 maunds (2,336-3 Ib. or 39-6 bushels) per acre which
compared favourably with the vield recorded in some of the advanced
countries such as the UK., Germany, France and Egypt.

6.0 Rice

6.1. For this important crop, experinicnts on water requircments had
previvusly been undertaken at Atarra, Tisuhi and Nuagina, but no signili.
cant results could be derived therefrom. as the experiments were conducted
only for short periods. Well planned experiments were accordingly laid
out in 1961 on a 4-acre (1.62 ha.} plot in the Government Agriculture Farm,

Dhanauri.

6.2. The object of the experiments was to study the elfect on yieid

~

of varying depths and frequencies of irrigation, using 0, 3, 1, 5, 6, 7.5
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amel 9 in. {00 7.6, 10:2, 127,152, 19-1 & 22.9 e} of irrigation at intervals
of 2, 25, 3 and 4 weeks. In the experiments at Dhanauri, the intcrval
of 4 weeks was dropped. TFor the latter, an additional factor of level of
nitrogen was introduced with the same object as mentioned for wheat
m 53, Three levels of nitrogen were taken up for rice, namely, 0, 20
and 40 ib. per acre.

6.3. Method of lavout : The principles were the sume as for wheat.
6.4, Variety of paddy used: N-12 was used in the experiments.
6.5. Type of soil was the sume as mentioned in 3.1,

6.6. The nursery was sown on 1819 June, 1961, It was preceded
by green manuring.

6.6.1. The germination, maturing, stand and flowering were good.
Incidence of pest, such as white ants. stemborer and hessian {lv were
visible in a few sub-plots which were duly eradicated.

6.7. Table V gives the vield data and other experimental details.
Detailed statistical analvsis mav be seen in Appendix IV.

7.0. Empirical Assessment of Irrigation requirements from
Climatological Data

7.1. Apart from the experimental determination of water require-
ments of craps, which is the most direct method of tackling the problem,
there are empirical formulae for the assessment of water requirements
from climatological data. These provide not only a valuable check-up of
the experimental data but also an important guide in areas where no
such data is forthcoming and where a rough guide may he necded for
the framing of irrigation projects for which a knowledge of the watering
needs will he a prerequisite. Such o guide mav be had veadilv from
climatological data alone.

7.2. The first formula tested was one of the oldest devised by Lowry
and Johnson of the United States Bureau of Reclamation in 1942, which
is =0.00015 H + 09 where {7 is the consumptive use or water requite-
ments. 5 is the accumulated degree davs during the growing season com-
puted from the maximum temperature above 32°F.

7.3. Tables VI{n) to VI{d) which ave self-explanatory give the calcula-
tions for irvigation requirements at Dhanauri during the growing season
of wheat. The latter was considered as comprising the months of Nov-
ember to February, Irrigation efficicney was assumed as 70 per cent.
while K was assumed to he 0:70 on the basis of experimental data of the
United States Department of Agriculture for grains with a growing season
of 4 to b months. The calculatinns are given for three seasons, 1956-57,
1057-58 and 1960-61. during which the experiments on water requirements
of wheat were conducted ac Dhanauri. The mean irrigation require-
ment works out to 22.83 in. (58.2 cm ), which is considerably higher than
the actual figure.

7.4. The next appoach was that of the most common formula adopted
by the United States Department of Agriculture, advocated by H. T, Blancy.
which is alto known as the Blanev-Criddle formula,



TABLE V

Showng yield of rice crop (N-12) at Government Agriculture Farm, Dhanauri harvested during 1961.

Serial Intcrval in weeks Sub- Treatment combina- Yield of rice (paddy) grain net suh- Average Average
number plot tion plot-wise yield vield
number — : per in

Levels  Depth of Block I Block IT Total sub-plot of maunds

of Nitro- irrigation Srs. ch Srs. che Mds. srs. o, 0-01932 acre per

genin 1b./ in inches Srs. ch. acre

acre

1 ! weeks 1 0 0 17 10 11 8 0 29 2 14 9 1865
2 i 2 » 3 23 4 12 0 0 33 4 17 10 2257
3 N 3 " 4:5 19 S| 9 12 0 29 0 14 9 1857
4, o 1 . 6 17 12 18 7 0 36 3 18 1 2317
a, - 3 " 73 20 4 11 + g 31 8 15 12 20417
0. ” 6 . 9 19 6 20 10 | 0 0 20 0 25°61
7. " 7 20 0 20 10 20 12 1 1 6 20 11 26-19
8 ’ 8 » 3 18 U 23 0 1 I o 20 8 2625
9. » 9 » 45 25 8 21 6 1 6 14 23 7 30-01
10. v 10 " 6 26 10 15 1] 1 I 10 20 13 26°65
1 » 1 » 7°3 19 0 21 0 1 0 0 20 0 2561
12. i . 12 » S 28 8 21 4 I 9 12 24 14 31-85
13. » . 13 40 0 16 2 19 4 U 36 u 18 U 2305
14, " . 14 " 3 22 8 23 4 I 3 12 22 14 2929
13. " o 15 " 4-5 17 6 24 8 1 1 14 20 15 20-81
16. " .. 16 » 6 18 3 26 2 1 4 10 22 ) 28-57
17. ” .. 17 » 73 29 0 22 12 | I I O 25 14 33-13
18. » . 18 » 9 24 12 25 10 I 10 6 23 3 32-25
19. 2} weeks . 1 0 0 16 8 13 12 0 30 4 15 2 1937
20. »e . 2 ” 3 16 g 6 12 0 33 4 1Y 10 21-29
21, »s .. 3 »s 45 21 4 13 12 0 35 0 17 8 2241
22, . 1 . G 20 14 16 + 6 37 2 18 9 23-77

81
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Nates—(1) Dates of sowing—18-19 June, 1961. (2) Dates of transplanting—27 July to 13 Auguost, 1961, (3) Dates of harvesting—13-27 November,
{6) Area of net

1961. (4) Rainfall during the crop season—48+05 in.
sub-plot—863 ft. < 13°5ft. = 0-01952 acre.

(

"

X

) Area of each sub-plot—69 (t. X 16°5 ft. = 0°02613 acre.

61
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TABLE VI (2)

Computation of effective heat in duy-degrees for Dhanauri, Uttar Pradesh. India during the growing
season of wheat by Lowory-Fohnson method.

Month 1956-57  1957-58  1960-61
November . . . . . . . . 1,333 1.366 1,482
December . . . . . . . 1,262 1,116 1,359
January . . . . . . . . 1,073 INEY] 1.195
February . . . . . . . 1,134 1,159 1,052

Torar . . 4,852 4,775 5,088
Consumptive use from Lowry-Johnwo 1 equation in fret | 1:63 162 1-66

TABLE VI (b)

Showing monthly precipitation in inche. at fYhanauri dv-ing the growing season of wheat,

Month 1956-57 1957-38 1960-61
November . . . . . ) . . 0-33 039 0
December . ) . ) . . . . 0 2-66 0-48
January . . . . . . . . 447 018 279
February . . . . . . . . 003 0-30 630

Fonar . ) 533 3-53 937
TABLE VI o)

Effective  precipitation  in inches from  ectual precipitation in incher for  Dhanauri for the
gro.eig season of wheat,

The effective precipitation is determined by a cury ¢ passing theough the following points:

Actual Precipit tion
in inclies
EfMeciive

1 . . . . . . . . . . 0495
2 . . . . . . . . . . 1-85
3 267
4 . . . . . . . ; . . 9-33
5 . . . ; . . . . . . 3-32
6

7

. +- (2
and over . . . ) . . . . 4-10

So effective precipitation in inches at Dhanauri is as follows:

Year Actiial  Effective
1956-57 5-33 3-39
1957-58 3-533 3-00
1960.61 9537 4-10
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7400 By multiplying  the mican menthly emperature, {, by the
monthly percentage of daytime hours of the year, p, there is obtained
a monthly consumptive use factor, f.

7.2 Expressed mathematically,
U=KI'=Sum of monthly f's.

—=Xn
where
" =consumptive use of aop th wches during the growiug season.

F=sum of the monthly consumptive use factors for the period
{sum of the products of mean monthly temperature and
monthly per cent of annual dayvtime hours) (¢ x p) ; 104G,

K =empirical coeflicient (anaual or irrigation season or growing
scason).

{=meun monthly temperature in gegrees Fahrenheit,

p=monthly per cent of daytime hours of the year (from “Sun-
shine Lables”, United States Weather Bureau Bulletin 803),

f = wmonthly consumptive use factor, {¢ x p);/ 100,

w=rhf - wonthly consumptive use in inches,

745, On the basis of this tormula, calculations are shown in
Tuble VII for the growing season of wheat at Dhanauri.  Irrigation
requirctnent at the head of the fickd was found to be 831 in. (20-1 em.)
from this formula.  From actual experimental results, it was found that
two irrigation treatments of 3 in. (7.6 cm.) cach gave the maximum yield.
If to this be added a presowing irrigation of 2.3 in. (6-1 cm.), the total
irvigation requiements work out to 830 in. (2146 cm), which agrees very
closelv with the theoretical figure of 851 in. (20:] cm.) arvived at from
Blancy Criddle formula. It may be added that this formula is being
used successtnlly in many wopical countries und Europe as also in the
United States of Amcrica wherefrom it orviginated. The agreement with
the experimental vesults from Dhanawi is thus very close.

7.44. Another formula which was attempted was the Penman formula
whose detailed ralculations are shown in Table VILI{g), which gives the
evapo-tratspiration losses or comsumptive use for the growing season of
wheat at Dhanauri.

7.44.1. The following three foriuiae are used by Penman in esti-
matiug evapo-lranspirations:

(i) H=Ry(1—r}{0-184+0'552/N)—0 7},'(0'56—0‘092 Vea) (010090 1l N}
(i) £,=030(e,—e 3 {1 +00098w,} and
{th) Ei={4H+027 E,)/(44+0:27),
where
H=daily leat budget at surlace in mm. H,0/day.
Ry =mcan monthly extra trerrestrial radiation in mm. H,0/day.
r=reflection coeflicient of surface,

n=actual duration of Lright sunshine.
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N=Maximum possiblc duration of bright sunshine,
o=DBoltzman constant.
=201 x 10=? mm./day.
o T}=mm.H,0/day [Ser Tablc VIII {a)]

es =Saturation vapour pressure at mean dew point {t.e. actual vapour
pressure in the air) mm. Hg.

L4 =Evaporation in (mm.) H,0;day.

£s ==Saturation vapour pressure at mean air temperature in mm. Hg.
u2 =mean wind speed at 2 metres above the ground (miles'day).

E1 =Evapo-transpiration in mm. H,0/day.

u1 ==Measured wind spced in miles per day at height 4 in feet,

4=Slope of saturated vapour pressure curve of air at alsolute temperature
T, °F (mm. Hg. F.;

7.44.2, Lrrigation requirements have been deduced in Lable VIII (8).
which shows a very dose analogy of the calculated figure of 8.51 in.
(21-6 cm.) with the experimental figure of 830 in. (216 cm). The Pen
man formula is, however, lengthy and involves laborious calculations.

TABLE VI(d;

Shawing  drrigation  requirements  al Dhanewi  for  the  growing scasion  of wheat by
Lowsy-Fohuson  method

Assuming an irrigation effictency, £, of 0°70. irrigation requireinent, [, s given
by I=1U —-r}/F, where U/ is the consumptive usc und r the cffective precipitation.

Year { in FL T L—R  IHininthes)
inches mches ={L—R:|
1936-37 . . . ; . 19-36 3-84 1507 21-39
1957-38 . . . . . 19° 41 300 16-4¢ 2349
1960-61 . . . . . 19:92 4-10 15-82 22-60
Mean .. 21-83

Hence mean irnigation requireiuent at Dhanaurt {for the grovwing scasun of wheat by
the Lowry-Johnson method is 22-83 in.

lin. =254 em.=254 mm.



TABLE vII

Shotwing computations of irrigation requirements for the growing season of Wheat at Dhanauri on the basis of Blaney-Criddle formula.

Months Mean temperature {{) °F Per cent  Monthly consumptive Monthly rainfull (r) in Remarks
day time use factor(f) inches
v -
1956-57 1957-58 1960-61 1936-57 1957-38 1960-61 1956-37 1937-08 1960-6!1
| 3 1 ! 6 7 ] 9 10 11 12
November 0 61-1 611 719 1-b7 163 103 0-83 0-39 ¢ Per cent day  time
hours have been
December -2 579 M- 711 4-23 1-13 4-22 0 2-66 0-48  computed from
Sunshine Tables
January . "3 58-1 57°3 7-30 4-12 4 4-18 447 0-18 2-79 U. S8 Weather
Burcau Bulletin
February 6 59-4 567 7-03 4-03 1-18 3-98 0-09 0-30 6-30 805, 190> edition
for a latitude of
- - = ——— — ——-—30" {for Dhanaurn.
Total 17-07  17-18  17-01 5-33 353 957
(F (R)
Yecar F K U=kl R U R Irrigation I=(U—R)|E
efhiciency,
D
] 2 3 1 6 7 8
Per cent

1956-37 1707 G-70 L1-95 5-33 662 70 9-46

1957-58 17-18 070 12-03 3-33 B-50 70 12-14

1960-61 1704 70 1191 9-57 2-34 7u 334

Meaa

N
€]



TABLE VIII/a)

Showing detatls of calculations of evabo-transpiration losses or losses vn consumplive use W inches for ihe growing season of wheat at Dhanauri by Pennan method.
S 4

Novem- Decem- Jamt.  Feb- Novewn- BPecem- Janu-  Feb- Novem- Decem- Janu- Feb-
ber ber ary ruary  ber ber ary ruary  ber ber ary ruary
1956 1956 1957 1957 1957 1957 1958 1958 1960 1960 1961 1961
1 2 3 4 5 G 7 S o 10 11 12 13
I. Air temperature in °TF, 655 59-2 565 576 644 579 381 59-4 644 -0 374 56-7
2. Relative Humidity percentage 677 613 760 i1-9 372 22 614 464 490 3-0 71-0 360
3. Sunshine 0/.V percentage 84°0 35-0 340 82-0 830 620 630 700 910 740 72-0 740
4. Wind speed U, (miles per day at 2
metre height) . . . . 53+90 61'75 BO-60 103-55 62-40 61-10 6435 91-00 47-25 76°50 63.753 19575
5, Radiation rate, R4 in mm. of H,0/
day . . 9-1 79 85 10-5 91 79 83 10-5 91 7'9 85 163
6. Reflection coeflicient, r. 0-25 0-25 025 025 25 025 0-23 0-25 0-25 25 0-25
7. (1-n . . . . 075 0-75% 0-75 0-75 675 075 075 075 075 0-75 75 0:75
8. (0,18--0-55n/X) . . 0-64 048 048 0-63 0-64 0-32 0-53 0-56 068 039 038 0-59
9. RA (1-0) (0" 1B+ 033 slN) . 4-37 284 300 496 1-37 3-08 3-38 441 464 3-49 3-70 465
10. Vapour pressure:
(a) Saturated E; mm. of Hy . 170 14 13 13 16 14 14 14 16 14 13 13
(8) Actal eg = (RH Xea) i1-31 §-00 9-88 673 9-15  10-11 9:0% 643 7-84 7-14 9-23 7-28
) vVea 333 300 314 2:60 302 318 301 25F  2E0 267 304 2-70
11. 6¢ 24 . . . 14-57  13-82 1360 13-71 14-46  13-75 1376 13-90 {445 1380 13-69 13-61
12, (0-56—0-092 /¢y | 025 023 027 032 029 0-27 028 0°33 030 031 028 031
13, {0°10--0-90 n/N\} 086 0-60 0-39 -84 685 G-66 0-67 0-73 0-92 0-77 075 077

iz



14. Item 11 2item 12 xitem 13 . . 313 2-32 217 3-69 356 2-45 2-58 3-35 3-99 3-29 2-87 3-25

I5. Ttem 9—item 14=H . . . 124 032 08 1-27 08 063 080 106 065 02 0083 140
16. 035 (Ea —ea) . . . . 102 175 1:08  2-19  2:40  1-3 172 26 2:86 240 132 200
17 (1400098 Ly . . . . 155 160 179 206 1-61 160 163 190 1°%6 175 1'G2 292
1. Item 16 xTtem 17=E, . . 298 280  1°95 451 3-8 218 280 5302 418 420 214 584
19.0A . . . ... 037 047 044 045 055 045 046 048 055 047 045 044
2. AH . . ... 071 024 039 057 044 028 0:37 051 036 0:09 037 062
20.027Es . . . . . 08 07 03 122 104 139 076 1-36 113 1'13 057 138
22 AFO27. . . . . 08 074 071 072 08 072 073 075 08 074 072 07
23, ET= A————ngzz Fa

mm.of HyO/day . . . . 1'80 1-35  1°30 248 1480 121 155 250 1482 165 131 310

inches of H,0;day . . . 0-071  0-033  0:031 0-097  0:071 0-048 0-061 0-098 0-072 006G 0-032 0122

inches of H,0/month . . . 2:13 1-64 1-58 172 2'13 1-49 1-89 ANE 2+16 2:02 161 3-42

174
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TABLE VIII(bL)
Showing caleulations of irrigation rvequirements for the growing season of wheat at Dhanauri by Penman
method.,

Year U in inches

{November

to February
1906-57 . . . ‘ . . . . ; 8-07
1957-58 . . . . . . . . 8-25
1960-61 . . . . . : . . . 9-2]
Mean . . ; 8 51

TABLE IX(a)

Shawing . uleulations of consumplice use during the growing season of wheat at Dhanauri by
Thornthuwaite method.

Year Month Liinn °CC Head index Potential
§={{/3) monthly
1-514  evapa-tran-

spiration
1956-57 . . . . . November . . 18-13 715 95
December . . 1311 532 a
January . 1361 456 7
February | . 14-22 4-88 75
1957-58 | . . . . November . . 18- 00 6-96 9-5
Derember . . 14-139 4-95 75
January . . 1450 502 7'5
February . . 15-22 5-39 8
1960-61 . . . . . November . . 1800 G- 96 9
December . . 13-06 532 8
January . . 14-06 4-79 7°5
February . . 13-72 463 75
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TABLE IX(h)

Shozving currected ecapo-transpiration for the growting season of wheat at Dhanauri by
Thornthivaite mathod.

Uncorrected Corrected
evapo-tran- evapo-tran-
Year Manth spiration  spiration
(6)—em. (&)—<cm.

1956-57 . . . . . WNovemnher . . . . 9-5 8 46
December . . . . 8 7-04
January . . . . 7 6-30
February . . . . 75 6-5%
1957-58 . . . . . November . . . . 95 8-45
Decemnber . . . . 7-5 660
January ; . . . 75 675
February : ) . . 8 696
1960-61 . . . . . November ., . . . 9 8-01
December . . . . H! 704
January . . . . 75 675
February . . . .7 653

Norr. - Unecorected evapo-transpiration values have heen de luced from the nomogram
ar per Graph 10, from which corrected values have heen deduced with the aid
of 2 conversion of factor 089, 0-88, 0-90, 0-87 for the months of November
to February respectively).

TABLE IX'c)

Shuteing irrigation requirements of wheat at Dhanauri by Tharnthwaite method.

Ys=ar I'incm, Iin inches
1956-57 . . . . . . . . . . . R-33 11:15
1957.58 . . . . . . . . . . . 28-76 1132
1960.61 . . . . . . . . . . . 2313 1115

Aean 1121

5—1 CBI&P/ND/67
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TABLE Xia)

Shewing computations of monthly evaporation during the growing season of wheat at Dhanauri by
Hargreave's method.

Mean Mean 0 38— 32 ==
rel. tempe- 0 0038 < A (4) > (5)
Month humidity  rature d = (6)
at noon “F
per cent
1956-57 . . November . 152 630 0-86 0-20324 330 5910
December . 13-2 39-2 0-86 0-2158¢ 27-2  5-049
January . . 61-3 5605 088 014706 245 317
U=14-1477 . February . 335 57-6 0-94 0-23270 256 6041
1957-58 . . November . 416 64 4 0-86 0-22192 324 668+
Dercember . 58-3 37°9 0865 015846 259 3-530
January | . 482 581 U8B 019684 2601 4 321
U=14-6573 . February R 315 94 0:9¢ 026030 27-4 6701
1960-61 . . November . 150 614 086 0-27360  32-4 7624
December . 31-0 591 0-86 0-26220 271 Gl
January . . 53-1 7-3 0-80 0-17822  25-3  3-968
U=16-0979 . February . 400 5607 0-94 0-22000 247 3294
< Leh. Mar.
UF = Aewhere A 07 Uy = 3 A, where K07
ZNU\'. _—Nov,
—
TABLE X'
Showeing compultations of consumplice wie of wheat at Dhanauri by Hargreave's method,

Year F in inches Fy U=KF
1956-57 . . . . . . . . . 20-21 070 113
1937.58 . . . . . . . . . 20-94 0-70 1466
1960-61 . . . . . . . . . 22-99 9-70 16-09

Mean . . . .. .. 14:97
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TABLE XI{a)

Shotwing number of drar ght days during the growing season of wheat at Dhanauri.

Year November December January February
1936.57 . . . . . . 28 31 21 27
1957-38 . . . . . . 20 26 27 25
19%0-61 . . . . . . 30 30 25 23

Mean : : . 29 29 24 25
TABLE XIh)
Shawing mean Adaily evapo-franspiration in tnches month-wise during the growing season of wheat at
Dhanauri.
Year November December  January  February
1956-577 . . ; . . . 0-071 0-053 0-051 0-097
1957-38 . . . . . . . g-071 0048 0 061 G098
1960-61 . . . . . . . 0-072 0 0v5 0-062 0-122
Mean . ; . . 0071 0-054 03058 0-106
TABLE XlI(c)

Showing monthly urigation requirements of wheat of Dhanaurs by Van Bavel method.

November December January February Total
29 - 6-071 30000 2420055 270106 7:68
= 200 ~=1-63 22132 =265
TABLE XII

Showing experimental and calculated water vequirements of wheat at Dhananri by dvfferent formnuiae.

Calculated Experimental Remark;
N, Formula depth in depth in
inches inches
! lowry Jobnson . . 22:83 850 Wide divergence.
2 Blaney-Criddle . . 8-31 8-50 Agreement remarkabh close.
3 Penman . . . 851 8-30 Agreement perfect,
{ Thornthwaite. . Y R4 8-50 Agreement not very close.
3 Hargreave's . . 1497 8- 50 Wide divergence. Agreement poor,
b Van Bavel . . 768 8-50 Agreement good,

NOTE.— -Although the agreement is almost perfect by Penmuan method, it is the Blaney-Crid
dle formula which is recomimended for adoption in view of its remarkable anulogy
and extreme simplicity, calculations by Peaman formula being quite laborious,
Similarly Van Bavel approach is also not quite practical in view of the caleulatonsin-
volved in determining evapo-transpiration by Penamaa formula.

lin=2:5t cm.
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Cepth of Yleld-maunds per acre Reference
walering , .
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o 409 -
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- —t
4] 061 | W4 19-55 2023 |—-——
9" 19 &) i 1887 1645 15 &7 — re— ——
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Fiaure 6:  Yield of vice T-36 af Atarra !Bande' for ]950.

7.1.5. Thornthwaite formula was applied nexe.  Using the standard
monograph, values ol heat index were derived as per Table IN(@@).
These values, when corrected as per Table IX(b). gave the monthly
consumptive use in centimeters. The corrections were bated upon a
table deduced for making allowance for possible duration of sunlight
expressed o ounits of 30 davs of 12 hours each. For Dhanauri with a
latitude of 30°N, the correction factors were found to he 0-89, (.88, 0.90
and 0-87 for the months of November to February respectively.  Table
INX(c) shows the computed consumptive use during the growing season
of wheat at Dhanauri. It is obvious that the values by Thornthwaite
method arc somewhat higher, being 11.21 in. (284 cm.) against 8:30 in.
(216 cm).
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7.4.6. The next tormula applied was that of Hargreave which is as
follows:

TA6.1. e=d(D-38—0.00380) (1—32),

where e=maonthly evaporation in inches,
d=a monthly day time cocfhcient dependent upon latitude,
h=mean monthly velative humidity at noon,

{=mean monthly temperature in °F.

7.4.6.2. Table X(a) gives computations of monthly evaporation, i.e.,
during the growing scason of wheat, at Dhanauri by Hargreave's method,
In [uble X(&) are given the values of £ which is the total evaporation
during the growing season.  This multiplied by K which is assumed
as 0.70 as per previons calculations, gives the value of consumptive use.

7463 Tt is ddear thar the mean consumptive use arrived at by
Hargreave's method is rather high as compared o the experimentat figure,
being 14.97 in. (38.0 cu) against 830 in. (206 cm) for the later,

747 The kst approach was that of Van Bavel in which the mean
dailv evapo-transpiration is  calculated by rhe number of droughtdass
in a month for the growing season of a particular crop.  Table XI{a
gives the number of drought-davs every month during the growing scason
of whear ut Dhamauri. Tuable XI{d) gives mean daily evapo-transpira-
tion for the same period worked out by Penman formula.  Irrigation
requirements by Van Bavel method have been shown in Table XI{c).
It is to he seen that the caleulated figure of 7-68 in. (196 cm.) is slightly
lower than the experimental figure of 850 in. (21-6 cm.).

7.0, A review of the various empirical approaches for the assess-
ment of irrigation requirements from climatnlogical data shows that
although the Penman lormula gives the most accurate fgure it is the
Blaney-Criddle formula which may be rccommended for adoption in
view of its sinplicits and remarkable accuracy in estimation, the Peun-
man formula calculations being extremely luborious and time-consuming.
Results are tabulated in Table XIL

8.0. Other Approaches

8.1. Along with the experimeutal and empirical approach, another
set of experiments were initiared for the determination of transpiration
losses.  This is planned by a comparative study of soil moisture deter.
minations in two adjacent plots, one cropped (with the crop under
experimentation. being wheuat for the first vear) and another uncropped,
the difference being attributable to transpiration losses,

R2 Evaporation losses are heing recorded at a nearbv experimental
station i the Meteorological Observatory. Bahadrabad. It is expected
that losses accruing from evaporation and transpiration (or evapo-trans-
piration losses) are likely to prove a valuable guide for consumptive use
or water requirements of crops.
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90.  Actual Usage  of Water  for Irrigation by the  Cultivator
and the Economics thereof

S0 Actual usages of water for irrigation by the cultivator were
studied Tor the experimental crops in a number of Irrigation Divisions
of Uttar Pradesh in the light ot the figures for correct watering needs
as indicated  experimentallv. Tr was found that invariablv the usag>
of water was in excess of the correct water requirements by 30 per cent to
40 per cent. This was ascertained more detinitely for wheat and sugar-
cane, for which some signilicant results were obtiined previously. The
cconomics of this is discussed below,

9.2, Figure 5 shows the vicld of sngarcane for  Bulandshahr  for
191849 for wvarious depths and periodicities of irrvigation.  With the
optimum depth of 1 in. (101 em) and interval of % weeks. the vield
was over L1000 maunds per acre. With 5 in. (127 cm.) depth of irriga-
tion, the vield dropped to 920 maunds per acre, whereas with 6 in.
(152 ¢m.) the vield fell o as low as 850 mauunds per acre, which was
the same for 3 in. (7-6 cm.) of irrigation. [t is thus casy to see that while
under-irrigation brings down the vield by nearly 30 per cent. the adverse
cflects of over-drrigation on the vield casilv amount to the order of over
20 per cent.

15 Figure 4 shaws the vield datic of wheat for Atarra for the year
19748 With the optimum depth of { in.  (10:1 em.) of irrization
the vield exceeded 10 maunds per acie. With under-irrigation of § in.
{(7-6 cm.) the vicld fell down to 9 maunds per acre. but with overirriga-
tion of 1 and 5 in. (102 and 12.7 cm)) the vield dropped to less than 9
maunds per acre. The harmful effects of over-irvicution for wheat can

he assessed as being of the order of over 10 per cent.

9.4, Figures 5 and 6 show the svield data for rice for Dhanauri for
1961 and Atarra for 1950, Altheueh indications are not equally promi-
nent because of greater complications in the experiments on  water
requirements of rice. it is apparent for Dhanauri that with actual usages
of 610 7.5 ine (152 10 190 ¢cm} the vield drops from 38 10 33 maunds

roacre, a drop of over 20 per cent, whercas for Atarra, the loss in
vield (from 26 maunds per acre o 23 maunds per acre) is over 10 per
cent.

0.5, In the light of the above. it is indicated that the actual usage of
water by the coltivator is invariably wasteful, wherein the loss in vield
is easily of the order of 10 per cent to 20 per cent. For working out the
cconomics of this wasteful practice, it mav be worthwhile mentioning
that the total value of all cvops produced in irrigated areas of Uttar
Pradesh was estimated to be Rs. 248 crores for the vear 1957-58. 1 it iy
assumed that the degree of overirrigation in other crops was  of the
same order as that for the three principal crops of Uttar Pradesh, wheat,
rice and sugar-cane. the vearly lass due to over-irrigation may work out
to Rs. 30 crores.  But the excessive use of water in irrigated fields is
preveniing ats utiization in manv fhields.  Prevention of the waste of
water for irrigation in the former will mean the irrigation of many new
ficlds whose vield will be augmented. Generally, it has been seen that
the vield in irrigated hields exceeds that of unirrigated fields by over 50
per cent.  In this wav, the vearlv loss mav well work out to the ovder
of Rs. 40 crores which will give some idea of the enormity of the
problem of over-irrigation.

* 1 maund 37-3 ke.
6—1 CRI&P/ND/,7
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0.6, But. there are awany more harmfal effcas ol over-irrigation.
The quality of the crop suffers. A visnud inspection ol the vield from
over irrigated helds is convindng cnough 1o substantiate this point.

9.7, Overarrigation may also lead to water-logging, although the
primary cause of the latter is laulty drainage.  Thus, the evil effects
of water-logging, such as loss of soil fertility, sanitation and public health
besides heing a forerunner ot the scomrge of malaria, may be attribu
table to some extent to over irrigation.

4.8 A duee-pronged diive is suggested in the matter. A systematic
and planned study of water reguirements of crops should be undertaken
all over the State on a (/) crop-wise. (i7) soil-wise, (i) region-wise basis,
As this is a time comuming process. necessitating experimentation for a
number of years to smoothen the effect of climatic variations, the adop-
tion of cmpirical formulae for the assesment of drrigation requirements
from climatological data (among which Blaney-Criddle formula is sug-
gested as the moste practicaly is recommended as an interim measure.

4.9. The knowledge of the correct water requirements of crops has
to be disseminated to the endtivator.

910, Apart from  the dissemination of knowledge. the cultivator
has got 1o be induced to ke ta the correct wsage of water for irrigation.

10.0. Conclusions

161 Fxperimentation  on the  detarmination of optimum  water
requirenmicnts ol principal crops has heen discussed. For wheat and sugar-
cane, some indications regarding the correct level and frequency of
irvigation for a few experimental stations were obtained.

10.2. A chech-up of the experimental determination of water require
ments was attempred by the assessment of irrigation requirements  of
crops from imatological data. A number of standard formulae were
tested.  Blanev-Criddle formula was found to be the most suitable and
hence recommended for adoption wherever no experimental results were
available.

10.5. Actual usages of water for avigation by the culuivator were
tested against optimun requivements of water. as determined experimen-
tally. Tt was cvident that wherever water was available for irrigation, the
cultivator invariably resorted to over-rrigation whose economics worked
out to a loss to the extent of forty crores of rupees to the State of Uttar
Pradesh. The enormity of the colossal waste accruing to the State on
account of wasteful usage of water in irrigated areas was thus hrought
out.

10.4. To mitigate this evil and to prevent this enormous loss to the
State, a three-pronged drive is suggested. Water requirements of princi-
pal crops of (he State have first to be assessed correctly by initiating
experiments in this direction on a crop-wise, soil-wise and region-wise
basis.  The knowledge has then to be disseminated to the cultivator.
He has then to be induced to adopt the correct practice for irrigation.



37
APPENDIX |

Statistical Analysis of Yield Data of Experiments on Wheat il Two
Irrigation Trealments Conducted al Government Agricultwre  Faim,
Dhanauri, during the year 1936-57 with 2, 3 and 4 in. (5.1, 7.6 and
10.2 ('m.) of hnfru.’mn and with 1 Dates and at atercals of 1.5 and 6
Werks.

Uhe final analvsis of variance of vield of wheat 1 {chatak)? is given
i the following wable in which items significant at the 5 per cent, T per
cent and 0.1 per cent levels ol plobdlnlilv are maked with one, two and
three asterisks.

Table of analysis of vaviance of xield of wheat in (chalak)?,

Degrees  Sum of Squares Aean Square

Variation due o of
freedom
Blocks . . . . . . . 2 310663 170-332
Depths of irrigation . . . . 2 1,918 163 959 2324+«
favor By . L. 4 146137 36- 534
Tates . . . . . . . 3 2,370 163 790054
Weeks . . , . . . . 2 L2306 403 2,118 23 2%
{lates - Weeks . . . . . . 6 4,213-937 R PELL
Depths + Dates . . . . . 6 2177-337 362889~
Depths < Weeks . . . . . . 4 124337 107-08¢
Depthis - Lates - Weeks . . . . 12 3,831-663 319 322«
Error, 1 25 . . . . . . 66 8,721:600 132191
Towl . . . .. 107 28,387 .963

No significant differences are noticed amoungst the mean vields due
lo the combinations of a depth of 3 tn. (76 cm) with intervals of 4 and
b weeks and i depth of 2 in. (5.1 amn) at an interval ol 5 wecks, although

r

the maximum vield was obtained with an carly 3 in. (7.6 cm.) (rrigation
a1 weeks inwerval,
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APPENDIX 11

Statistieal Analvsiv of Yield Data of FExperiments aon Wheat with o
treigation Treatments Conducted at Government Agriculture Farm,
Dhanawrt, duveng the year Y0738 with 2, 5% and 4 1w, (3-1, 7-6 and
10-2 cm.y of Trrigation and with 4 Dates and 5 Dadevials of 4, 5 and
(i i[ lf(',l

Fhe hoal analysis of vaoranee of vicld of wheat in (chatak)? is given
in the follow ng table in which item significant at | per cent level of
probability is marked with 1wo asterishs,

Tablc of analvvivof cuviance of  ield of wheat in (chatak)?

Degrees  Sum of Squares Mean Square

Variation due to l ol
freedom
Blocks ) . . ) . . . ! 15%.15)-30 707565
Depths 2 3449 272-18
Frror I, . . . . . . . 4 1049200 2.h23-02
Dates . . . . . . . 3 3,260-2) 1.039- 744
Weekn . . . . . . . 2 1.109-85 4-93
Dates <+ Weeks . . . . . b 1.70°- 1] 28419
Irrigation - Dates . . . . . b 2,031 3350t
Irrigation - Weeks . . . . . 4 413-04 204 5]
Irrigation < Weeks - Dates . . . . 12 3,103 45 25862
Errory (E,) . . . . . . 66 15,555.28 23569
Total . . ) 107 53,783 52

The effect of dates was fmmd to be highly significant. The combina-
tion of a depth of birigation of 2 in. (5-1 ) at aninterval of 1 weeks gave
the maximmuon yield, .llllmug_,h llu cllect was statistically distinguishable
from the combination of the depth of 5 ine (76 cmy) at 5 weeks interval,
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APPENDIN T

Note on the Statistical Analvsis of l\pmnnrm on Waler Requirements of
Wheat (Experiment No, 2 with Two Irvigation Treatmentsy Gonducted
at Gooermment Aavicullnre Farne, Dhanaioi during 1060.6]

'here were thiee different fevels of armsaicon 2 i 98 o, and Foan.
L7t and 102 cme) with three levels of nitrogen (0, 20 and 10 1h. Jacre)
)

and 501 and 5 oweeks” antervals. There were f(mr replications.
Ihe final analvsis of variance of vield of wheat in (chatak)® is given
in the following table. in which items significant at 5 per cent levels of

probability are an((I with one asterisk.

Anatvsis of vaviance of yeeld of wheat i (chatak)?

Varianee due to | DI Sum of Squares Mean Sequare
Blacks , . : . . . . 3 3758118 12,527 1G*
Intervals | . . . . . . 2 20,152-80 0,076 10*
Faror (121, . . . . . . 6 9,236 47 1otz 74
Depths of lrrigition . . . . . 2 1,0u3-24 501-12
Nitrogen . , . . . . . 2 HH 649 2,420-85*
Depths - Nitrogen . . . . . 4 B,iY 37 2,197 3/
Depths - Intervals . . . . . 4 2,564 60 1,391-15
Intervals « Nitrogen . . . . . 4 1,610-48 1,002 -62
Iatervals - Depths - Nitrogzn . . . 8 17.638-37 2,201-80*
rrory 1y . . . . . . 72 36,936 ¢7 79078
Tora . . .. .10 161.776-97 ..

The following conclusions may be drawn from the above analvsis: —

(1Y Intervals “Uhe variation due to this effect 1s signibcant.  Form-
ing the oritical difference w5 per cent level of probability for the mean
viekls hased on 36 sub-plots, we get,

AN

Ey2
.. = ,\/ _136 W 1% 18) == 2263 chataky per sub-plo.

Stempmary of vesults for mean vields tn descending order for imtervals

O weeks 3 weeks 1 weeks vod. Al d
prr cent
Mean vield in chatak per sub-plot . . 464 1212 414-3 22-63

From above mean vidkds, we hind that the mean vield duce to 5 weeks'
iuterval is signibicands higher than the rest. T is more effective in pro-
ducing the maximum vicld.
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(2) Nelroren. o [he vaviation due to this elfect is just significant at
b per cent level of probability,  Forming the critical difference at 5 per
cent level lor the mean vields based on 36 sub-plots we get,

E,So™
€.d. —'\/“‘36—" A1,90(72; - 12:60 chataks per sub-plot.

Swmonavy ol vesults of mean yields in ascending order for levels of nityogen

No ~\-| -\'2 c.d. at 3
per ovent
Mean vield i hatal per sub-plot . . 418W7 428-114 435-33 1260

Although theve sne no signthcant differences between the mean yiclds
due 1o different levels of nitrogen from the above table, vet it is seen that
nitrogen introduced with 40 Ib./acre produces the maximum yield fol-
lowed by that at 20 Ib./acre. The vield with no levels of nitrogen is
minimumn.

(3) Depths « Nitrogen—Tt is just significant at 5 per cent level of
probability.  Forming the critical difference at 3 per cent based on 12
sub-plots, we get,

cd. \/ 19 449, 172)=22:84 chataks per sub-plot.

Siwmmary ol results of mean vields tor the interaction effeet of depths of
irvigalion and lecels of nitrogen,

Depths of Trrigution, Nitrogen Yo N Ny ed. at )
per cent
2" . . ) , . . 4302 120-3 419:5 22.8% cha-
taks per
sub-plot
3 . . . . . . 4172 4240 114-4
4" . . . . . . 1096 4401

1in, =2 3tcem,

Comparing the mean vields with the c.d. in the above table, we
hind that there ave statistically: no significant differences amongst  the
mean vields duc to the interactions of (1) 3 in, (76 em.) depth of irriga-
tion with 40 Ih./acre level of nitrogen (1) 4 . (10:22 <) depth with 40
Ib./acre level of nitrogen and (i) 4 in. (102 ¢m.) depth with 20 ib./
acre level of nitvogen (iv) 3 in. (7-6 ¢m.) depth of irrigation with 20 1b./
acre of nitrogen and (r) 2 in. (5-1 an.) depth of irrigation with control
nitrogen. although the maximum vield is produced with 3 in. (7.6 cm.)
depth with 40 Ib. facre of nitrogen.

(1) futeroals » Depths < Nitrogen--This is just signilicant at 5 per
cent level of probability. Forming the critical difference at 8 per cent level
based on 4 sub-plots, we get,

790:78 x 2 ‘ )
cd. = 3 X137%(72) 3936 chataks per sub-plot.



Stummary of results of mean vields for the effect of interacticn of intervals, depthis and levels o) nitrogen

2 in, depth 3 in, depth 4 in. depth e at
Intervals Nitrogeno R Coe e - e S e e — e e o . per cent
No N Ny No N N Mo AT N
3 weeks 439 431-5 410 402-5 4225 4285 399-15 433-25 418-25 3950
ch. per
Sub-plet
4 weeks 399 390 4045 123 Hio: 5 435 3775 438-25 45875
7 weeks - . . . 4525 439-5 438 410 441 468.75 452.25 44875 449.25

in=2.5% en.

Now testing the critical difference against  the mean vields of the difleeent effects of  interaction, we [ind
statistically no sngmhcam differences amongst the mean vields i italics in the above table.  However, the maxtmum
vield is found to be obtained with 3 in. (7.6 cm.) depth of irrigation and .V, (40 1b./acre) level of nitrogen at 5
weeks' interval followed by 4 in. (10.2 cm.) depth at N, (40 1b /acrc) level of nitrogen at -} weeks, interval which

15 found to he next best.

¥
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APPENDIN [T

Nolte on the Statistiral Analyyvy of Yield of Rice in Conneclion with the
Experinment on Water Reguivements of Rice (Paddyy Conducted at Geroern.
menl Aoviewdtwrve favi, Dhecaond during 1961

There were six doses of irrigation [0, 3. 43, 6, 7.5 and 9 in. (0, 7.6,
P11, 152, 190 and 22.9 (m) with three levels of nitrogen (0, 20 and
10 Ib. /acre) and ¥, 2} and 3 weeks' intervals. There were 1wo replications,
It was a factorial design based on randomized block system. The miea of
cach sub-plot was 0.0261 acre (0011 hal).

The final analvsis of variance of vield of rice (paddy) in (chataky

is given below, in which ttem significant at 0-1 per cent level of prohabiliny
s marked with three asterisks.

Analvaiv ot cariance of yield of vice (paddyy in (chatak)?.

Degrees
Variation due to of Sum of Squares Mean Square
freedom
DBlacks . . . . . . . ! 10,9002 ¢ 10,900 24
Intervals . . . ‘ . . . a 18,760-00 9.330-
Depths . . . . A . . i 12736050 6,347 30
Nirrogen . . . . . . . 2 1.68,465 131 H4,232:-0004¢
Interval  Dejuh ) . . ) . 10 36,1860 3,618:'62
Depth - Nitrogen . . . . . I} 19.002-52 1.9 - 25
Interval  Nitrogen . . ) ) . E| 20,295 1 ¢ 07379
Interval  Depth - Nivogen . . . 20 23.823-13 114913
Frror . . . . . . K] J.10.252 26 3,967 -02
ToTaL . ) . . ) 107 6,40.423- 00

The following condlusions mav be diawn [rom the ahove analysis.

Nitrogen—"The variations due 1o this cllect is highlv significant.
Forming the critical dilfevence at 5 per cent level of probnblllu for the
mean vield based on i sub-plos. we get,

gy
od - ASTEG

S —
uﬂ/ﬂf 02x2 1098
- 36

=2966 chataks per sub-plot.

> ;% (33}
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Summary of resulls of mean vield in ascending order of levels of nitrogen

No Nt M ¢.d. at 5
per cent
Mean vield in hated per sub-plint . . 2724 3349 3676 29-66

Comparing the difference ol mean yields due to the effect of different
levels of nitrogen with the critical difference we find thac the mean yield
due to 48 lb.’acre of nitrogen is significantly higher than the rest.

Although the remaining effects of depths of {rrigation, intervals and
their interactions are not significant, vet it is seen that the maximum
deld (3811 maunds per acre) is obtained with 4.5 in. (I1-4 ¢cm.) depth of
irrigation and 40 Ib./acre of level of nitrogen and at 2% weeks’ interval.

1—1 CBI&PG7



The Problems of Irrigated Land in Uttar Pradesh
by
P. N. Gupta*

SYNOPSIS

The successiul growth of crops depcud\ among ather things,
ipon the sufficicney of waler content in the \m! during the
crop growih. Rainjall is the chief natural source of water supply
focrops. bul, inomost places it may be scanty and ill-distyibuted
anid Hee defleiency of water su/:ph' to crops in such places need
be supplemented by Drvigation which is the controlled applica-
tion of waler to linds, (to supply requirements to bring them
to matwrityy, I proper and scientific study of the nature 0{ soily,
crofp pattern. the quality and gquantity of water to be supplied
to the crofin, the necessiiy and importance of surface and sub-
wertace drainage, and the belavionr of ground waler-table during
different seasans s conducted and the knowledee thus gained
i wsefrdly applicd, irvigation can become a perimanent feature
{er upf.imum rtilisation of land and water resources. Heowever,
iofrrigation is practised extensively anywhere, and everyuwhere.
.urhnul frroper study of s Hmitations, it may lead to its il
effects (sueh as the vise of swealer-table, waterlogging and sall
efflorescence, ctey and wnay thus, dr‘!m{ the very pruy pose which
Moy meanl (o serve.

Tlhe paper discusses in detad such ill-effects and the deterio-
vation of irvgaled land and it loss of prm:’ru'ti-.u'.h in the Stale
of Uttay Pradesh, on such accounis. The paper t'mphnw ¢y on
thie inter-relation betueen nngﬂ!mn and dmnmﬂrr' m order to
vender the soil move suitable for cultivation, and also suggests
the remedial measures for preventing the soil delevioralion [rom
its main causes for salinity, atkalinity and wotevlogging, et

Introduction

The State of Uttar Pradesh is hounded by Himalavan ranges in
the North and Vindhvachal mountains in the Sowth.  Acconding 10
geological conditions this tract is in a ssocline and is thus very rich in
onderground storage. It is crossed by a number of peremmial rivers such
as Ganga., Yamuna, ‘nlda. Ghagra, Gomti and Rapti. efe. The Stae
is 630 miles (10137 km)) i lcngth and extends in width 10 about 210
miles (3%37.9 km.). The area consists mainly of the alluvium plain of the
Ganega and Yamuna Rivers,

The aea i charvacterised by a gently rolling topography except. in
the hillh regions ol Garhwal. Naini Tal, Almora. Dehradun  districs.
The gradient graduatiy flatens from 4 {t to 2 {t. per mile in the North
Western distyicts of Meerut to Lucknow and thereafter it reduces from

*lrrigation Research Institute, Roorkee :U.P. .
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about 1.5 ft. to even less than a foot per mile in the Eastern districts
of Farrukhabad, Kanpur, Fatehpur, Allahabad, Rae Bareli, Pratapgarh,
Sultanpur and Jaunpur. In the plains area of the State, summer months
frequentdy have daily  temperatures above HOF and in winter the
temperature otien falls below 10- F. The higher temperatures of Sumner
are olten accompanied by strong winds and low relative humidity, a
tondition which  causes rapid evaporation of the soil moisture.  The
average annual precipitation is of the order of roughly 30 in. (70-2 cm)
in the western districes and about S0 in. (127 ¢m.) in the eastern ones.
This amount of precipitation i suflicient for crop production if it is
recerved at favourable times during the growing season. The distribution
ol precipitation is however unfavowable, its major part being received
durmg the months ol July and August. "The higher vield of cvops is,
therciore, dependent on rrigation.

I'he State is traversed by network ol canal systems, the more important
ones being the Eastern Yamuna Canal svstem, Upper Ganga Canal svstem,
Lower Ganga Canal system, Sarda Canal svstem, and Agra Canals, ele.
(- additton there are about 7.000 State tube-wells and o large number
ol private ones. The mrigated Jand in this paper, however, does not refer
o the land nrigated by State Canals and tubewells onlv but o all the
Lind irrigated ecither by State Canals and tubewells or by private canals,
wells, tanks and aoy other means.

Inter-relation between Irrigation and Drainage

The Lact that many irnigation projects have alreads heen constructed
mthis State and others are vet under planming, and the fact that the
denmund iy on the ever increase by the farmers. goes 1o show  tha
irtigation in this State has become o permiancent fenuve for the utilisation
of fand and water resources. But how far the frrigation water is heing
tsed 1o the opumum benelis s the main factor which governs the vield
brom a land.

Tigadion. though it is one of the mumn soludons to the problem
ol achieving selisuflicieney in food production. has its own limitations.
[f i s practised extensively, amvwhere and evervwhere, without proper
siuddv of s Hidgations. it may over a period of several vears produce
the il effears, v, vaising of the watertable. creating water-logaing con-
ditions, and  depositing salt patches, and thereby rendering  the  land
inlertile which is a challenge 1o the Engineer, the Soil Scientist and the
\ericuliural Foonomist.

The roots of plants thrive in a three-wav medium of soil, water and
aiv. and cach s essential. Water applied by irrigation mav temporarily
01 almost adl soil pore spaces, but within a few hours the excess must
drain awav atlowing the soil to rehll with aiv and leaving only capillary
moistire to nourish the plant. The drainability of the lund in its turn.
depends upon the physical and chemical properties of the soils, such as
permeability, salinity, and alkalinity and upon Lind slopes and sub-straa
position and  characteristics, as well as the specibic use 1o which the
Land s put

P he object ot drainase is thus, to control the <arplus water in ovder to
render the sail more healthy and suitable for cultivation. The irrigation
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and drainage are thus closely connected, the latter being an effective
measure to prevent the evil effects of the former and therefore, the
subject of their inter-relation assumes great importance. Today drainage
in the Burcau of Reclamation begins when hirst consideration is given
to the agricultural phases of multiple-purpose projects.

Deterioration of Irrigated Land in U.P.

Roughly, the total area (¥) of land in Uunar Pradesh excluding the
hill patlis of Kumaon, is about 60 million acres (21-28 million ha.), out
of which about 40 million acres (16-19 million ha.) is the actual culti-
vated area, The total irrigated area is of the order of 12 million acres
(4-86 million ha.) and is thus only about 30 per cent of the actual cultivated
area. The existing wsar and relt lands (which constitute the soils only
mildly alkaline or saline, soils with pronounced alkalinity and soils with
an efllorescence of rek on the surface), arc of the order of 3 million acres
(1-21 million ha.) and yet more and more land is being rendered saline
every year in some parts of the state on account of the continuous
rise of the water-table. The state of Uttar :Pradesh already contributes
about 5 lakh acres (2,02,343 ha.) of water-logged land to the total water
logged areas of this country which is of the order of 60 lakh acres
(24,28,110 ha.). The last few ycars have, however, brought a further rise
in the water-table leading partially to water-logging conditions over areas
of about 10 lekh acres (1,04,686 ha.). and these arcas may be completely
water-logged in the near future if preventive measures are not imme-
diately adopted.

The deterioration ot the irrigated land in U.P. is thus, becoming or
may become a serious problem after a period of only u few years. The
principal causes to which the deterioration of irrigated land and its loss of
productivity in U.P., can be traced, are the rise of water-table, water
logging, and the salinity and alkalinitv of the soil, and thess can be
ascribed partly to natural and partly to man-made causes. TFollowing in
the wake of the rise of water-table has been the accumulation of sodium
salts in the surface of soils. These salts lead to the formation in the first
instance of saline soils and subsequently to the formation of alkaline
soils. The rapid deterioration is confined to arcas in which the water
table is high. Under these conditions of high water-table the tendency
has been for the salts, originally distributed throughout the soil, 1o
accumulate 1 the surface zone thus, rendering the soils alkaline.

Water-logging

Water-logging occurs when the top of the water-table is so near the
surface us to create marsh conditions and suffocate the roots of vegeta-
tion. Due to water-logging the productivity of the land hecomes affec-
ted in three ways:

(1) Difficulty of carrying out agricultural operations.

(¢7) As the root zone of plants get flooded with water, there is lack
of aeration in the soil, and ordinarily crops cannot grow on
such land.

(¢12) The ground water-table being very near the ground, the water
from water-table rises up by capillary action and brings with it
the alkali salts in solution. Water evaporates from the surface
of land leaving bLehind an accumulation of salts in patches on
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the surface of land. The concentration of salts when present
in the root zone of any plant, has corresponding effect on the

roots with the result that the growth of the plant gets checked
and the plant ultimately dies.

According o the findings of (he Irrigation Research Institute,
Roorkee from a study of the variation of ground water-table from about
2000 observation surface wells in Ganga Yamuna{®) Doab and the
Sarda Canal arca of this State. for the last 40 vears, it has been indicated
that in the tracts of Hindon-Yamunu, [san-Kali, Kali-Ganga and Arind-
Pandu. which are irrigated both by a network of canal system and a
large number ol tube-wells, more or Tess a balanced ground water-table
lias been created and that there is no appreciable rise or fall in the
ground water-table for thesc tracts. For a stabilised ground water-table,
the inflow must equal the outllow [or any particular ground-water basin,

and the ground-water equation in its most general form Ffor such tracts
mav be cxpressed as :

A+ T+ R)--D=T--E-C+0O{P41".5;
where
A==Percolation from surface streams.
I-==Inflow into the unit from the surrounding area.
Rp=Rainfall penctration.
D =Percotation [rom aruficial irrigation,
T=Transpiration losses,
{=Evaparation losses.
C=EfRuent scepage.
0 =0utflow from the unit into the swrrounding area.
F=Volumec of ground watecred or unwatercd.
5 =Specific vield of the formation, and

P=Pumpagec.

A wentative relationship as sworked ogut at the Trrigation Research
Institute, Roorkee between the penetration of rvain-water Re and
the rainfall R, for Western U.P, is given by R, =20 (R—15)2/5.  This
indicates that for an average annual rainfull of about 30 in. (76-2 em.)
in the North-Western districts of U.P., the 1otal penetration of rain-
water is only of the order of 6 in. (152 cm.).

Whenever the factors contributing to inllow are more effective than
the outllow lactors. it leads (o the rise of the watertable and as indicated
from the «udy of the behaviour of ground water-table in U.P. water-
logging conditions have either been created or are being created on
account of the watertable having been risen to within 2 to 10 ft. {0-6 to
35 m) ol the ground surface, in the tracts of Sengar-Yamuna, Sengar.

Vrind, Tsan-Pandn. Karon Yamuna, Ganga Purwa Branch, Lucknow.
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Hardoi Branches, Allahabad-Pratapgarh  Branches, Purwa-Maurawan
Branch and at Kheri Branch.  The details of these water-logged areas
are shown i Figure | The approximate arcas of these tracts leading
to water-logging conditions e of the order of

Acres
Sengar-Yamuna . . . . . . . . . . 2,536,000
Scngar-Arind : . : . . : . . 6,880,000
Bsan-Pandu . . . . : . . : 3,70,000
Kuaron-Yamuna . . . . . ‘ . 4,10,000
Gangra-Porwa Bramh . . : . . . . . 40,200
Lucknow-Hardo: Branclies . . . . . . 94,500
Allababad-Prawapgarh Branches . : . 36,800
Purwa-Naurawan Branch . . . 31,200
M Kheri Branch . . . . . . . . . 465,700

Note.—One acre 0 W17 hectare.

These areas ae being rendered in this condition on account of
the continuous vise ol the water tuble over @ periid of about 30 vears
onlv. A few representative data of the continuous rise of water-table
of these areas, are given in Tables . 1T X [ The district-wise detatls
of the water-logged wreas as shown in Figure 2 iadicate that the Northern
and the North-Western districts are free from amy appreciable rise ol
the witer-table. "T'his mav be auributed o lesser raintall of these areas.
lesser raintall penctration, the drainage effect of the Yamuna River.
the underground draimage along the slope, and the simubtaneous effect
of canal and tube-well irmgation.  Fhe Fastern and the South-Eastern
districts, on the other hand. have the greatert tendency towards water-
logging conditions. The inareasing tendency of water-logzing in these
districts miy be attvibuted to one or more of the lollowing causes :

(1) Excessive arrigation on the land, resulung in heavy percolat on.
and the subsequent rise of the water-table.

(2) Excessive rainfall with hngh intensity preapitation resuliing in
heavy percolation.

(3) Inadequate swrtace dratnage on Tand.
(1) Soils with hard stratum or having no good drainage properties.

(%) Flac gradicnts hoth of the country and the water-table, being in
the order of 1.5 ft. (0-16 m.) to even less than a foot per mile.
and thus with poor outfalls of drainage.

(6) The cumulative cftect of seepage through bed and sides of ad-
foining canals, branches. reservoirs or tanks. efc.; over a perind
of several vears.

(7Y Uneconomical use of the irrigation water and its effects being
aggravated by faulrv water distribution. over consumption and
misuse of water.
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(8) T'he recharging of the ground water-table in these areas through
Ganga River, during and after the llood stage.

(M Highly rice areas, with use of overflowing depths of watcr, lead-
ing to heavv percolation and subscquent rise of the water-table.

Fable IV gives the district-wise rvice areas of the Srate.  From a
comparison of (his with Figures 1 oand 2 of the water-logged — areas,
it s andicated  that most ol the highly rice areas are now leading
partially to water-logging conditions.  As per experiments on the water
I(qun‘cmcnt(“) of crops carrted our by the Irrigation Rescarch Institute,

Roorkee at Bahadrabad and Dhanauri Government farms, it has been
mdicated that the optimum uquncmcnls of water are much less than
the actual usages of water for ivrigation by cultivators.  The maximum
vields of rice .md wheat crops are obtained with 4] in. (111 un) dcplh of
nrigation at 24 weeks' interval and 5 in. (7.6 em.) depth of irrigation at 5
weeks' interval respectively, both at a dosage of nitrogen of 40 b, per acre.
In addition, the experiments have indicated that over-irrigation invariably
reduces the vield as well as affects adversely the quality of the crop
besides resulting in the loss of valuable water for irrigation elsewhere.
A this goes o indicate the eflect of over-irrigation. on the rise of water-
table specially in the rice arcas, and the consequent resalts on the crop

vicld.

En the carly phase of trrigation development the demund for canal
water fell short of supplv conditions and thus the irrigation authorities
had to make special cfforts 1o induce the cultivators to adopt themselves
to canal irrigation in preference to their old methods. The charges for
(lii'i] witer were Kept low so that the cultivators could get ample water

t cheap rates.  All this tended to make the cultivators less conscious of
lhc need to cconomise canal water.  In the carly stages of development.
thercfore, there was lack of controlled and planned irrigation and this
coupled with improper sub-soil drainage caused damage to lands.

There 15 evidence 10 show that seepage from canals in some localised
areas have been responsible for the rise of the water-table. formation of
swamps and accumulation of reli. After onlv about 50 vears of the
opening  of Western Yamuna Canal in 18200 My, Rohert(™), a planter
in the Aligarh District petitioned the Board of Revenue in 1870, for
relief on the ground (hat he had suffered from deterioration of fertility
of his land. Mr. Hutton(") Chief Engincer, Drrigation Department.
1P, also expressed in 1913 that—-

“There can he no doubt that inroduction ol the canal has 1aised
the spring level in this ncighhmnhtmd to some 40 or 50 {t.
(12:2 or 152 m.). The spring level even in the month of Mav
is now from 8 to 10 fr. (2.4 to 3 m.) below the surface (md
therefore well within the influence of surface vegetration.”

Then again, the existence ol {anlv extensive e ngllm of bhur on
Lower Ganga Canal, the existence of saline soils in certain areas of Mat
Branch of the Upper Ganga Canal, and the water-logging conditions in
certain areas near the Hardoi Brunch and Mat Branch. all indicate the
cffect of seepage from canals on the rise of water-table and the subsequent
rise of salts. The causes of this rise. for a number of areas, have been
the lack of drainage channels capable of dealing with the monsoon rain-
lall and it is in fact indisputable that in manv arcas water-logging could

8—1 CRI&P/6H7



Mat Branch Division G. C. Mathura:

TABLE 1

Stalement sho:w ing continuous rise of waler-lable.

Mat Branch Diviston G

(.. Mathura:

f.ine No. G l.ine No. 7
Well No. 4 Well N, -4
Field Na. - 1342 and 1343 Field No. 6329
General Level of Ground 603-79 General Level of Ground 25170
R. L. of Point of Measurement 603- 76 R.1.. of Point of Measurement - 58286
R.L. of R.L.. of R.L.of R.L.. of
Year VWaler water waler water
surface Year surface Year surface Year surface
in well in well in well m well
in May in May
1913 3051 1937 38936 1913 151 1937 J41-63
1914 57326 1933 18301 1914 5216 1938 540-43
1915 570-76 1939 220-07 1915 IXREN! 1939 341-4
1916 569- 36 1940 Not 1916 522.4 1940 542-9
vhserved
1917 571-56 1911 390-0 1917 5219 1941 a4l-3
1918 RiH-76 194 8560 1918 5250 1942 J41-57
1919 572-83 1943 n88 - 30 1914 H24-8 1943 M348
1920 573-86 1944 590-30 1920 528-2 1944 34432
1921 . hhl - 46 1944 h85- 74 1921 n2703 1945 439

4
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Fatehpur Division Ghatampur System:

TABLE 11

Statement showing coulinugus rise of water-table.

Fatehpur Division Ghatampur System:

Line No. 11 Line No. I

Well No. 1 Well No. 2

Field Ne. 516 I'ield No. 688

General Level of Ground - 384-14 General Level of Ground - 38376

R.L. of Point of Measurement . - 388-39 R. L. of Point of Measurement - 39101
R. L. of R.L.of R. L.of R.L. of

water water water water

Year surface Year surface Year surface Year surface
in well in well in well in well
19i4 - . . . 330-39 1937 342-39 1914 - . : 337-00 1937 -® 35001
1915 - . . . 329-39 1938 336-06 1915 - - . 335-76 1938 346-26
1916 - . . . 335-97 1939 332.29 1916 - . . 34951 1939 349-01
1917 - . . . 339-39 1940 339-39 1917 - . ' 35041 1940 350-0t1
1918 - . . . 337-79 1911 335-89 1918 - . . 352-01 1941 345-51
1919 . . . . 336-29 1942 333-09 1919 - . . 345-41 1942 343-01
1920 - . ‘ . 338-89 1943 334-99 1920 - : . 352-01 1943 343-51
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TABLE Il

Stalement showing conlinweur rvise of waler-tabls.

Rae Bareli Division Rae Bareli Division Ruae Bareli Ehivision Rae Bareli Division
Line No. A2 M| Ml M2
Well No. 6 3 0 3
Field No. . 3610 326 645 318
General Level of Ground . 338-89 34434 3470 33869
R.L. of Point of Measurement 338-64 348-40 3505 339 14
R.L. of R.L. of R.L.of R.L. ol
Year water Year water Year water Year water
surface surface surface surfuce
in well in well in well in well
1940 303-97 1540 323-40 1940 313 64 1940 290-89
1941 318 64 1941 32657 1941 32572 1941 297 14
1942 318-00 1942 332-36 1942 316-95 1942 299-74
1943 31919 1943 335-28 1943 219-64 1943 308-46
1944 327-10 1944 337-50 1944 324-80 1944 309-22
1945 323 64 1945 335-50 1945 328-00 1945 307-39
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TABLE 1V

District-icise list of rice areas of U.P. for the year 1906-77,

Name of istrict Rice Name of District Rice Name of District Rice
area in area in area in
acres ueres afres
Dehra Dun 22,728 Fiarrukhabad 9362 Azamgarh 1.184
Saharanpur 80.575 Etawah 57.660 Naini Tal 43,377
Muzatfarnagar 38,923 Kanpur 74,137 Lucknow 9,487
Mcerut 11.623 Fatchpur 39,638 Unnao 28.960
Bulandshahr 1,458 Atahabad 4,254 Rae Bareli 23,923
Alrgarh 1,990 Jhansi & Sitapur 5,232
Mathura tl Jalaun 213 Hardo: 3,231
Agra 32 Hamirpur 21 Kheri 2,073
Mainpuri 25,602 Banda 1,16,377 Faizabad 43
Etah 3,202 Varanasi 63,994 Gonda 226
Bareilly 33,404 Alirzapur 1,38,397 Bahraich
Bynor 7,443 Jaunpur ] Sultanpur 835
Budaun 279 Ghazipur il Pratapgarh 306
Moradabad 1,937 Ballia 827 Bara Banki 18,323
Shahjahanpur 25,692 Gorakhpur 2,095 Tehri
Pilibhit 22,199 Deoria 253 Garhwal
Rampur 6,734 Basu 3.539 Almora

| acre=0.4(47 hectare.

84
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TABLE V

District-wise list of Usar lands (Safine ond alkaline) of U. P. for the year 1950-57.

Usar Usar Usar
Name of District land in Name of District land in Name of District land in
acres acres acres
Dehra Dun 28,481 Farrukhabad . 71,793 Azamgarh . . . . 06,812
Saharanpur 13,894 Etawah . 1,70,042 Naini Tal . . . . 5,479
Muzaffarnagar 37.363 Kanpur . . 1L,77,492 Lucknow . . 60,388
Meerut 30,151 Iatehpur . 37,204 Unnao . . . . 1,09,187
Bulandshalr 72,481 Allahabad . 115,700 Rae Darcti 87,397
Aligarh 1,02.996 Jhunsi 1,53,568 Sitapur 14,905
Mathura 15,506 Jaluun . 82,029 Hardoi 68,832
Agra 87,751 Hamirpur 1,16,663 Kheri 12,873
Mainpuri 1,74,704 Banda . 1,50,797 Faizabad 28,803
Etah 37,19 Varanasi 40,966 Gonda 7,699
Bareilly 18,440 Mirzapur 2,12,025 Bahraich . . . . 9,713
Bijnor 29,224 Jaunpur 42,115 Sultanpur 82,585
Budaun . . . . . 30,691 Ghazipur . 21,996 Pratapgarh 68,868
Moradabad 31,603 Ballia 43,656 Bara Banki 28,342
Shahjahanpur 20,542 Gorakhpur . 7,929 Tehri . .
Pilibhit 9,231 Deoria 13.341 Garhwal
Rampur 12,552 Basti . 30,801 Almora . . . .

1 acre=0.4047 hectare.

6%
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have heen avoided if provision had been made for drainage svstems
when the firse irrtgarion canals were constructed.

Remedies

I he remedies Tic in arvesting ull the surplus waters from pereolation
by taking measures for the rapid sinface removal of the rain-water, amd
applving only a limited quantity of witter over the surfaces so that the
depths of percolation water are made as tittle as possible. The problem
pecths 1o be dealt with as under

(1) Improvewend of Land by Surjace Drainage—The natural drainage
lines should be demarcated. acquired. obstructions removed and flow
maintained from the beginning. Additional drains in sub-soil valleys
or ent ofl drains should also be opened soon atter the irrigation develops
and not alter the drains get dogged.  In the planning of programmes
for irrigation projects hrst priority should be given to drainage of those
irrigated lands which have not vet been provided with drainage.

(2) Lining of Watercoures, Main Canais and Distributaries if Econo-
mrically  Possible--1f the consequent reduction in section of canal and
saving of water and land are considered, this should not be an unecono-
mical proposition.

(3) Minimisation if not tewtal prevention of flooding of the cflected
areas from rivers and big streams,

() Reducing Iniensity af Hirigation, or wwe of pust sufficient Irrigation
Water—Special auention is required to be given for the correct usages of
water for irrigation by the culiivators specially in the rice areas.

(3 Crojp Planning—The crops should be grown in rotation so that
few of the lands will require less water to compensate large volumes
required by other crops. Ty such rotation the water that drains off can
he reduced and the druinage problem minimised.  The lands also will
vield maore.

(6) Educating the Fariners for Fconomical use of Water—Nany far-
mers are still of the view that if the fields are flooded the vield will be
more. Fhe Treigation Engineers and the Agricultural Deparument Officers
in conjunction with the Block Development Officers, must demonstrate
the benefits of the correct usage of water depths and the farmers must be
educated ahout this vital point alongwith the improving of irrigation
pl':l(‘fl('l"‘.

(7} Co-operative System of Irrigntion—The farmers must be induced
1o cultivate the svstem of co-operative farming.  This will promate the
feeling of oneness among them.  The endency among smue taraers using
more water to the detriment of other needy farmers will vanish. This will
give rise to economic utilisation ol water and the drainage problem will
automatically be solved.

(8) Construction ol scepage drains and intercepting drain where
necessary.,
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(9) Transferring part of the commanded areas of the Etawah
Branch, Kanpur Branch and Mat Branch Systems in the waterlogged
areas possibly from canal irrigaiion to tube-well irrigation. It would
have the double advantage of veducing the water-logging conditions  in
these tracts as well as releasing the canal water for irrigation in areas in
the lower reaches where there is acute shortage ol water.

(10) Instaliation of an adequate number of shallow tubewells, in
order to stabilise the sub-soil water at the proper level,

On account of low land gradients which mav be cven less than one
oot per mile associated with poor drainage outfalls in the souath-eastern
districts, the design of the diamage svstems for these areas may be com
picated and without constant maintenance both natural and constructed
drainage channels nray be choked with vegetative growth, The more
effecuve method of lowering the water-table for these areas will pro-
bably be through pumping by wells and these wells will have the further
advantage of increasing the supplies of vsable water for lower reaches.

Alkalinity and Salinity

A total of about 5 million acres (1-21 million ha.) of land of the State
iy under alkalinity and salinity at present Table V(%) The northern and
wuth-western districts, namely Saharanpur, Bijnor, Maoradabad, Budaun,
Barcilly, Pilibhit, Kheri, Babraich, Gouda, Basti. Gorakhpur, Hamirpur,
Jhansi and Banda, efc., are compuratively free from alkali. It seems
fikely that the drainage action of the rivers Yamuna, Ghagra and Rapd
plavs an important pari. The southern and south-eastern districts, on
the other hand namely, Bulandshahr, Aligarb, Mainpuri, Ewawah, Kan-
pur, Tnnao. Rae Barclic Pratapgarh. Allababad,  Hardoi.  Lucknow,
Sultanpur and Acamgarh, constitute the greater parts of the State wsar
lands which cover a wide range of soils, e.g., soils onlv mildly alkaline or
sthine. soils with pronounced alkalinitv. and soils with an efflorescence of
veft on the surface.

I'he alkali smls constitute by tur the greater put of the wsar lands
of this State. These soils have a swrong alkaline rveaction mdd wre in a
deHowulated  condition. They ave characierised by the presence of
odivm carbonate and  bicwhonate in comparatively large  quantities.
Fhe exaal depth of the alkaline Javer varies verv much in different loca-
ltties.  On an average i 15 found ro extend 1o 3-4 ft. (0-49-1-2 1m.) depth.
[t is not un-common to find the salt concentration in the deeper layers
nf the soil, making them inpervious to water.  These alkali soils possess
low percentage of exchangeable calcium, high pH value, high percentage
sf exchangeable sodium, and hizh dispers’on factor,  The barrenness of
these soils is due to the adverse physical condiuons induced by the
exeess of exchangeable sodium and the dehctency of calcium brought
about by excess of hidroxions,

Lhe area of predominantly saline soils in the State is verv much
foss than thar of the alkali soils and o major belt of such sorls comes
across only i certain arcas of the Mat Branch of the Upper Ganga
Canal.  Saline soils contain mosthy sodium salts like sodium  sulphate
and sacdinm chloride and very lidde of sodium carbonate or bicarbanate.
Comuary o the alkaline sofls. the <aline soils show on ‘Open’ exture,
and e ina state of floccalation.
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, The behaviour of the soil salinity in this State is often in two stages.
In the first phase of salinization the salts accumulating in the soil or on
its surface are neutral—mainly chlorides and sulphates of sodium. The
presence of these salts on the surface 1s usually indicated by a white film
(white alkali) and the soil has a slightly alkaline reaction with pH value
between 7 and 8.5, Irrigation water dissolves these salts but when their
concentration exceeds a certaun f(gure they are no longer tolerated by
the roots of crops. At a later stage in salinization, the salts present in
or on the soil are no longer neutral but dehnitely alkaline, consisting
of carbonate and bicarbonate of soda. The pH of the soil varies between
8 and & or mayv rise as high as 1. The dark humous forined by decayed
vegetable matter 1s soluble in these alkaline solutions and gives the sur-
face of the ground a blackish colour (black alkali).  No cultivated
vegetation tolerates this degree of salinity and such soils have been ren-
dered completely sterile.

Soil salinity 1s traceable rather to geological causes and the existen-
ce of alkali soils s in the majority of cases traceable to climatic condi-
tions alone, nevertheless, the irrigation practices over the last 100 years
may be blumed for the redistribution of salts in the soil profile. The
absence of any land drainage system in most parts of the areas now under
irrigation has had the eflect of raising the water-table and increasing the
salinity ol the soil on a progressively rising scale.

REMEDIAL MEASURES

Prevention of salinization of irrigated lund can be done by reducing
the evaporation irom »oil surfuce and by a decrease in the feeding of
ground waters. Large portions of the heavily affected and deteriorating
lands can, however, be restored to their former levels of productivity
only by aun intensive programme of the control of water-logging condi-
tions and reclamation of saline and or alkali lands.  However, before
taking up any treatment for such lands. a completc knowledge of the
quality of soil, quality of proposed irrigation water, and nature and
distribution of salts, elc., based on field investigations and laboratory
testing, is nccessary.  The tvpe of investigations should consist of—

(1) Establishing Grid Svstem Points, at which observations and
testing may be carvied out.

(2) Test Pit and Hole Logging—'These should be excavated and
drilled to depths of 3 to 5 m. aud logged for all significant

lavers. A few samples should be taken for complete and
routine chemical and physical analysis and for salinity deter-
minations.

(3) Field Permeability Tests—These are required at the points of
observation in order to have an idea of drainability of the soil
and to judge the feasibility of removing undesirable chemicals
such as sodium and boron.

(4) The location ol the position of ground water-table with respect
to the ground surface to have an idea of the extent of measures
required for the control of water-logging conditions.

(3) Field Reclamation Tests—T'hese tests will indicate the best
remedial measures for the deteriorated tands. Accurate measure-
ments and tests of the quantity and quality ot water used,
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changes in the contents of salts, alkali and toxic elements
resulting from leaching, ground water discharges, soil permeabi-
lities (pre-, during and post-leaching) and infiltration rates are
all required to be carefully recorded.

(b) Laboratory Testing—The disturbed soil samples collected for
laboratory analysis should be chemically analysed or soluble
cations and anions, exchangeable sodium and potassiir, gypsum,
lime and boron contents. pH, and Ca jon exchange capacities
and the disturbed samples should be analysed for unit dry weight,
specilic gravity, specific vield, moisture content, soil structure
and swelling, etc.

(7) Study of the irrigation wmethods, water depths, watet requirements
of crops and the crop patterns.

(3) Classification of Waters for Irrigation Purposes—Waters from all
sources—surface, canals water-table, tube-wells and artesians
should be classified for irrigation purposes as water guality is
an important consideration in assessing the salinity or alkalinity
of a certain arca.

(9) Interpretation of the Ficld and Laboratory Tests—A correct
interpretation of all these tests will give the extent of water-
logging, salinitv and alkalinity conditions, and will also help
in predicting the reclaimabiliry of the deteriorated land within
economical means.

The new method of reclamation assessment developed in Russia
with the help of radio-active isotopes, by the Institute of Soil Science
of the USSR, Academy of Sciences(), is based on determination in
the water and soil subjected to test of Na and Ca ions, absorbed Ca in
the soil, and absorption capacity by using Ca-43.  Application of the
mcthod  showed that if the lack of Ca in the soil exceeded
50 per cent of the exchange capacity, the soil being irrigated by water
containing over 2 gm. of salts per litre, reclamation measures were required.

The remedial measures to be adopted for the reclamation of alkali
swoils, after having assessed the reclaimability of the deteriotated land.
may consist of treating the alkaline land with any of the following
universal methods :

{a) Use of chemicals, vis., gvpsum, calcium chloride, molasses plus

lime sludge, and distillery waste, etc.

(b) Green manuring.

(c) Electro-dialysis.

(d) Powdered carbon charged with calcium.

The decisive factor will be the availability and the cost of the agent,

and the ecconomy ot the particular method. For permanent reclamation,
the adequate lowering of the water-table is the most essential factor.

The Quality of Irrigation Water

The subject of the quality of water that may be used for irrigation
without causing soil deterioration, is of great importance specially for
this State as it utilises the largest amount of the pumped ground: water
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in this country. The extent and composition of dissolved salts in any
water largely determines its quality. The water in rivers is affected by
variations in their dischareg: it tends to be diluted during period of high
discharge and concentrated during hot dry months.

The suitability of ground water [or irrigation is contingent upon
the effects ol the mineral constituents of the water on both the pf;)lm
and the soil.  Effects of salis on plant growth may be physical by limiting
the uplake of water through modilication of ostotic processes. or chemical
by metabolic reactions.  Effects of salts on soils canse changes in soil
structure, permeabitity ind  acration  thus  indireetly affect the plant
growth.  Specific limits of permissible salt concentrations for irrigation
water cannot be stated because of the wide variations in salinity tolerance
among different plants, stll there are numerous wavs in which the quality
of irrigation water is designated.  According to the practice prevalent in
the Irrigation Deparument, Punjaby, all waters with 60 parts of soluble
salts per 100,000 parts of water ave constdered suitable for irrigation and
those with salt content above 1200 parts unsuitable, For those with salt
content ranging between 60 to 120 parts, Puri (") formulated a relationship
to account for such waters by delining the salt index.

Salt index —total Na =240 ~( Total Ca—--Ca in CaCoy x 4.80

All quantities in the relationship refer to parts per 100,000, The
salt index is negative for all good waters and positive tor those unsuitable
tor irrigation purposcs.

A classification after Wilcox (") based on the measurements of electri-
cad conductivity. sodivm content, and boron concentration  gives  the

suitability stundards as

Water Class Per cem Flectrical Con- Boron p.p.m.
ductivity £¢ - 10¢

Excellem 20 ~230 ~0-67
Gorl 2040 230—750 067 1-33
Permissible . . . 40—60 730—2000 1-33-2-00
Doubiful . . . . . 60-—80 2000 3000 2-00—1 {35
Lnsuitalle - B0 -~ 3000 w250

Avcording o the latest classibcation by the U, Sulinicy  Laboratory
based on eleerrical conductivity and Sodium - Adsorpuion Rado (8.AR)
a direct indication of the salinity and alkalinity hazards can be obtained
by locating the pomt lor o particular irrigation water in the classification
diagram  (Figure 3) with clecirieal conductivity and S.AR. as co-ordi-
nates.  The figure is binomial and €, Cr, Gy, €, C;, and Cs, represent
witer classes with increasing hazards from total salt concentrivions and
S, Sy 8, and S, representing water  classes  for  increasing  hazards
of exchangeable sodium accumulation in irrigated soils.

Agarwal and co-workers made a study of the quality of icrigation

warer in the central-western districts of U.P., s Ftal, Farrukhabad
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and Ranpur as tvpical of the Gangetic alluvium,  Following the classi-
hation system of the U.S, Salinity Laboratory they concluded that
whereas the canal water constitutes the best source of irrigation water
supply in U.P. the quality of well water, vary with the nature of soil
formation and the level of the ground water from which they are derived.

The analysis of a few water samples from Saharanpur, Muzaffar-
nagar, Bulandshalir, Bijnor, and Farrukhabad Tube-well Divisions were
arrted ar the Irrigution Research Institute, Roorkee to judge their
suitability for irrigation purposes. The results of the main constituents
are given in Tables VI & VII. On the basis of the latest classification of
US. Salinity Laboratory, the results indicated that all waters except
that of Tube-well Division, Bulandshahr (marked by in Table VII) were
seitable for irrigation purposes. The water of tubewell No. 37,
Bulandshahr Division, falls m the €,—S$, group of the U.S. Salinity
dassification (Figure 3) and is thus highly saline (total salt concentration
being 1,735 p.p.m.). This water can be used for irrigation only on soils
of good permcability wnd where special leaching is provided o remove
excess salt concentrations.

It s, therefore. most desirable that a coordinated programme ol
work on the quality of irrigation waters is taken up in the State 1o
designate the limits of salinitv of waters with reference to irrigation
applied to normal agricultural land and for purposes of reclaiming the
deteriorated land.

Conclusions

Recognising that increase in population creates a necd for expand-
mg the cultivated area of the State, it becomes of utmost importance
to sustain the productivity of lands alreadv irrigated. For preventing
the further deterioration af the irrigated land in U.P. and 1o preserve the
fertility of the soils permanently, it has now become most necessary to
maintain good surface and snb-surface drainage and avoiding the con-
centration of harmful salts within the root zone.  Agricultural practices
governing the maintenance of optimwin amounts of nutrients, addition
of organic manures. crop rotations and cultivation operations will all
fail 10 give adequate response if the basic factors of soil moisture control
are not attended to.

And hence in the planning of programmes designed to increase food
production. flirst priority should be given to drainage of those irrigated
lands which have not vet been provided with drainage to be followed
by a consideration of the relative advantages of bringing new areas under
irrigation and improving drainage of those irrigated lands which are
inadequately drained. Programmes of research and investigation, both
fundamenial and applicd, should be undertaken or expanded to deter-
mine requirements of drains, including depth, spacing and types in relation
to effectuiveness and [easibility of drainage and the choice and rotation
of crops, their water requirements, irvigation methods, and prevention
of scepage from eanals, branches and distribitaries by economical means.
Technical Iaboratories which, in  addition to determining textures,
soluble salts, and pff values, should be equipped to determine base
exchange capacities, complete water analysis, water conductivity capa-
cities of soils disturbed and undisturbed in both vertical and lateral
directions, soil densities, capillarv and non-capillary porosities and other
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TABLE VI

Resutls of chemical analysis of water samples from tube-wells.

81, Constituents

Saharanpur Group

No. — — -
Tube-well Tube-well Tube-well Tube-well Tube-well Tube-well
No. 22 No. 24 No. 26 No. 28 No. 29 No. 30
p.p.m.  ppm, p.p.m. p.p.m. p.p.m. p.p.Ia.
I. Total Dissolved Solids 4i-75 37262 222-92 393-37 238-75 20462
2. Suspended matter . 20- 30 11-00 33:56 8747 82-87 77-53
3. Electrical Conductivity 39060 44800 355-00 45900 325-00 381-00
mmh.cm. mmh.em. mmh.cm. mmh.em. mmh.em, mmh.em.
4. Sulpha teions . a2:64 125:47 96-28 167-99 109-63 32-50
5. Chloride ions. . 6-82 3-39 3-23 2.79 2-82 3-49
6. Bi-carbonate . . 142-92 166-74 130-93 238-31 107-12 11910
7. Siliea . . . 24-00 i6-62 10-80 21-37 18-07 17-62
8. Aluminium . . 1-39 159 362 046 317 . 257
9, Iron ., . . 131 0-70 1-39 026 0-31 0-35
1. Caleium . ; 34-43 2054 4728 23-48 49-73 14-59
11. Magnesium . Nil 3-18 §-53 493 596 305
12. pH value . . 7:8% 7-20 730 7-40 7-40 7'35
TABLE VII
Results of chamical analysis of water samples from tube-wells,
Sl Constituents Tuhe-well Tube-well Tube-well Tuhe-well Tube-well
No. Division Division Division Division  Division
Farrukha-  Bijnor Buland- Buland-  Muzaffar-
bad shahr shahr nagar
T.W. No. T.W. No.
37 16
1. Dissolved Solids in p.p.m. 828-40 27400 1,775-00 2,685-00  195-00
2. Suspended matter in p.p.m. 24-36 40-30 1-00 Nil
3. Electrical Conductivity in Mie-
tuhmos per cm. . 978-50 373:00  2,894-00 4,171'01 30414
4. Sulphate jons in p.pam. . 9540 173-60 693-30 1,077-82 17-28
5. Chloride ions in p.p.m, . 32-96 707 27750 45192 880
6. Bi-carbonatesin p.p.m. . 210-51 212-07 300142 26840 15867
7. Siliea in p,p.m. 20- 40 650 . Nil Nil
8. Aluminium in p.p.m, Nit 26-99 Nil Nil
9. Iron in p.p.m. - Nil - Nit Nil
0. Calcium in p.p.m. . 98-57 8100 71-43 45-00 37-14
11. Magnesium in p.p.m. 40-97 Nil 17-43 93-08 3-40
12, pH value 72 8-1 665 .. 7:30
13. Sodium in p.p.m. . . . 3439 36-00 703-39 196G
14. 8.AR. {Sodium Adsorption Ratio) 0-731 0-99 13-676 0068

10--1 CBI&P/67
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chemical and physical propertics which may be needed for specific soil
conditions. Also the existing facilities and personnel should be utilised,
oi such services established, for an extensive programme of propaganda
and education to impress upon the farmers and the population in
general the need for economical use of water and the drainage of the
irrigated land, specially where the danger of deterioration due to rising
water-table and salinization exists.

In the end, it mav be emphasized that after having known the
deterioration of the irrigated lands of Texas. Oklahoma, Kansas,
Nebraska, North and South Dakota in the United States of America, in
Turkey, USSR, and the Punjab in India, and the increasing associated
problems of the irrigated lands of Uttar Pradesh it has now become
the principal responsibility of the irrigation engincers to anticipate
drainage requirements and salinity problems on new projects, to ensure
that the proper drainage fucilities are provided and the adequate finan.
cial provisions are made for their maintenance. Without this assurance,
the expenditures to bring dry lands under irrigation and to maintain
them into good productivity are not justifinble and an irrigation project
so developed mav be burdened with ever increasing drainage problems
and costs, and mav thus, be o liability 1o the nation.
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Concepts in Irrigation Efficiency
by
Shri Mohan *

ABSTRACT

Proper e of arvigation waler pre-supposes accurate
nmethods of measurement and cvaluation of performance tn
terins of efficiency. There are various concepts of efficiencies
wlhech Irave relatrve importance with reference to specific phases.

Generally speaking, waler wse in an frrigation project under
development will have a lower efficiency.  Hoawever, as water
becomes morve and more scarce and as the need hecomes more
frressing, the water 15 better utilised.

This paper deals with various concepts of efficiencies in
Coglte, conceriing use of trrigalion water,
fal 2

1. Irrigation Efficiency— (F;)

It 15 defined as the ratio of water consumed by the crops of an irriga-
tion farm or project, to the water delivercd from a river or other natural
water source into the farm or project canal or canals. In view of the
water losses likely 1o occur at various stages before the plants ultimately
utilize it, several partial efliciencies have been defined. It 15, of course,
tuplied that for obtaining maximum overall efficiency, the various partial
efhiciencies should individually be maximum.

Let, Fi = Irrigation efficiency, per cent.
W = Irrigation water consumed by the crop of an irrigation

farm or project during their growth period.

Wy = Watcer diverted from a river or other natural source into
the farm or project canals during the same period.

Then,
17

E = 100 x —

T
The wrrigation efficiency percentage is influenced by the water con-
veyance and delivery efficiency and the water application efficiency. When
these efficiencies arc increased, the irrigation efficiency also is increased.
‘These efficiencies can be increased by reducing the loss of water in con
vevance, delivery run olf. deep percolation and evaporation.  Although
difficult to increase this efhiciency, however, serious consideration should
be given to reduce the various losses. In most projects this efficiency

ranges from 12 to 34 per cent.

*Assistant Soil Conservation Officer (Engg.), Soil Conservation Research Demonstration
and Training Centre Bellary.
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2. Water Conveyance and Delivery Efficiency—{£;)

The water convevance and delivery cfficiency is defined as the ratio
of the sum of water delivered to all the [arms to the water delivered from
the river or other water source during the same period.

Let, fe = Water conveyance and delivery efficiency, per cent.
Iy = Water delivered to the fann under the canal.
Then, by definition:
. v}
J S )
¢ 100 > T,

When the irrigation water 15 conveved from its source in the rviver
or Teservoir to the farms, invariably the water is lost through leaks in
irrigation gates, spillways, waterwavs, evaporation and scepage.  This
eficiency could be increased by timely and proper upkeep and muainte-
nance of the irrigation system. It is verv diflicult to incrcase this efficiency
specially in canals where the water is conveved through permeable canal
linings and for long distances.

During 1940, Tsraelson, recorded a loss of 38 per cent on a 1,235,000
miles (2,01, 168 km.) lung canal, between the points of diversion and delivery,
Thus the Fe was 62 per cent.

3. Water Application Efficiency—{Ex)

Water application efhciency has been delined as the per cent of water
applicd that can be accounted for as increase in soil moisture in the soil
as occupied by the principle rooting system of the crop.

Let Ea = Water application efliciency.
Wy == Irrigation water delivered to the farm.
Wy = Irrigation water stored in the rout zoue of farin soil.

Then, by definition:
Wi
Wy
Common sources of lows of irrigation water during application are
represented thus:

Fe = 100 x

Ry = Surface run ofl from the farm.

Dy = Deep percolauion below the root zone of farm soil.
Neglecting evaporation losses during application.

Wr o= Wi Re-Dy

Therefore,
W¢— R + Dy

It is necessary to apply irrigation water cfficiently 1o the land after
having it stored and conveved through costly diversions and convevance
structures.  Generally water is applied indiscriminately where cheaply
available. This concept of water application efficiency focuses attention
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7. Summary

Performance of the application of irrigation water is measured in
terms of efficiency. There are various efficiencies stressing importance of
various points relating to soil, water and plant.

Irrigation efhiciency has importance over a complete project. Loss of
water in conveyance, delivery, runoff deep percolation and evaporation,
all are taken into account.

Water convevance and delivery eficiency considers losses hetween
diversion and delivery of irrigation water.

Water application cfhiciency is considered onlv after the point of
delivery. Increase i soil moisture in the principal root zone is accounted
for.

Water storage efficiency stresses on the stored water and the needed
water in the root zone of the soil.

Water distribution efficiency stresses on the uniformity of distribution
of irrigation water throughout the root zone.

Consumptive use efliciency stresses on the availability of the irvigated
water to the crop.
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Efficiency of Water Distribution and Usec on the Land

by
B. S. Talwani*

1. Surface Irrigation

There are a number of methods of applving irrication water to the
land. Thev varv in different countries hecause of difference in topo.
graphy, soil conditions, available water supply, feasible amounts of land
preparation. crops grown and cven the castoms of the cultivators.  Certain
methods are of general applicability and are used. to some extent, in all
irrigated regions.  Trrigation methods are commonly designated according
to the manner in which water is applied to the soil or nature of the
irrigation unit of land to which water is applied. Al these methods
can be classified as follows: —

(1Y Surface flooding.

(2) Trrigation through finrows, thus wetting onlv a put of the
ground surface.

(%) Sub-ivrigation, in which the surface is wet a little, if anv.

(1) Sprinkling. in which the soil sface iv wetted s much as it is by
rainfall.

In India mainly the first two methods ave used.

2. Surface Flooding

2-1. WILD FLOODING OR UN-CONTROILLED FLOODING

Irrigation by surface flooding may be controlled or uncontrolled. the
Lntter is somctimes called “Wild Flooding”. This is a primitive method
of flooding which was practised in the pase partienlarly for irrigation from
inundation canals, when water is in abundance and growing seasons are
relativelv short.  The water is nrned on to practically unprepared Tand
surface and is allowed to follow natoal slopes without much guidance or
obhstruction. This is mostlv applicable on relatively smooth areas sloping
gradually: and i< sometimes nsed as 2 temporary measure on new lands
on_a project, till land is properly prepared.  In this method there are
only small depths of infiltration.

2:2. FLOODING FROM FIELD WATERCOURSES

When flooding is controlled it is called “Ordinary Flooding” and
is generallv designated according to the methods of delivering water to
the area within the unit, as for example, flonding from field watercourses.
It is the most commmon method. particularly where irvigation water s
ahundant and inexpensive. The field ditches or field watercourses have
to bhe properly spaced. the spacing depending largelv on topography and

*Professnr Construction, Water Resorces Development Trainine Centre, University
of Ronrkee, Roorkee, UP.
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soil texture. This method can be used on steep slopes as well as on flat
arcas. Steep slopes require close spacing of ficld watercourses than flat
slopes. TPorous soils reguire closer spacing than tight soil. If the water
is made to flow over too quickly, an insufficient amount will percolate
into the soil. If it is kept on the surlace too long, it mav result in waste
by percolation into the deep sub-soil. The spacing may vary from less
than 50 fr. (15.2 m.) to more than 200 . (61 m.). The lands with soils
of medium texture and with slopes neither too steep nor too flat are hest
suited for this method of irtigation.  For this method the irrigation opera-
tion usually begins at the higher area and proceeds to the lower elevations.

2'3. FLOODING IN BORDER STRIPS

Border strips are lang narrow parallel irrigation wnits. preferably
about 20 1o 60 fr. (91 to 183 m) wide, and about 300 to 1,300 fr
{914 to 396.2 m.) long. laid out in the direction of the ground slope and
separated by low borders or ‘hundhs” or ‘levees’. Water is supplied from
the main watercourse along the upper end of the field and the flawing
sheet of water is allowed 1o flow down the strips between the bhorders.
The surface between the two horders is level, so that the advancing sheet
of water covers the entire width of land stip. Slopes down the strips
should be continuons and uniform wherever feasible, somewhat according
to the matural slope of the land. This method is widely used for grain
crops, fodder crops, ete. It is important to study the physical soil proper-
ties in advance of preparing lund for horder irrigation. The horder
method is best adopted o soils which take water fairly rapidly so that
the desired depth per irvigation mav be absorbed from the water as it
flows over the land. The following table gives snitable dimensions for
border strips on different soils: —

Discharge Sand L.oam Clay
in T --#A"__'ﬁ f_'_—_A Ty - ———A——"iﬁ'—\
cusec . in L in . in L in V. in I
it. . ft. ft. fi. ft.
1 . . . . 2030 200--300 30 360—100 31) HO-—-660
1—2 . . .30 10 300—£00 3040 +i0 -660 30 -4 660
2— . . . 3041 140 H) 440 —bH0 50 661 - 8O0

W=width; L=:length; 1 fi.  0.3048 m. —30.48 cm.

2.4. FLOODING IN LEVEL CHECKS

It eonsists of numning comparatively large streams into relatively level
plots or ‘chacks’ surraunded by small levecs or ‘bundhs’. The ‘chacks’
may be laid out as rectangular areas, approximately parallel to the con-
tours and normal to the sides of the field. Generallv field watercourses
are run down the slopes and water diverted o ‘chacks’ on both sides.
Chacks are Dilled to desirable depths. This method is snited to very
permeable soils which must bhe quickly covered with water in order to
prevent excessive losses, through deep percolation. Tt is also suited to
heavy soils into which water pereolates so slowlv that thev are not suffi-
cientlv moistened during the time. A sheet of water flows over them.
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making it necessary to hold the water on surfice to assure adequate
penctration.  This method is mostlv used in India.

2+5. DISTRIBUTION OF WATER

For clhcient nrigation, it is essential 1o distribute the water uniformly,
so that there is neither ponding which mav cause excessive deep percola-
tion losses, nor inadequate wetting of the soil. and therchy the objective is
to cause enough water to the root zone. It is desirable that discharge of
watercourse applicd to unit arca of lund should vary according to the rate
of infiltration of water into the soil.  Or, in other words, with a constant
discharge the unit area should vary with the vate of inhiltration.

If we analvse the time required to cover a given arca with watc:
mathematically 1t can be expressed by the equation:

t= 2303 IT !o;:-—%—;—m
where,

J o= Area covered with water 1 timne 4,

I = Rate of mfiltraton of water into the sotl of the wetted area,
surfiace inches per hour.

q = Quantity of water turned on to the strip, acre inches per hour
{cusec).

t - lTime to cover the arca, hours.

¥ Average depth of water as it lows over the Jaud in inches,

lf the time rates (g, 1) of water application are low there will be too
much water losses due to excess ])L‘I'(()‘;Hi(nl. So, in the case of highly
permeable soils tirigation water must be applicd in large discharges to
smull plots in order o prevent excessive deep pereolation losses.

In northern India where there are vast arens of extremely that land,
with gradient of even T in L0000 and less, the square system of settloment
has been in vogue. which has many advanages. The land is surveved
into big rectangles of 25 acves (10412 hayy inavea [1L100 £, < 990 fr. (355 m.
X 302 m.)] each rectangle being again sab-divided into 23 units of one
acre (01 ha) each [220 £ > 108 {1, (67 m. < 60 m.}). T'he most cllicient
method of distibution is the imermittent flow, the former obtaining a
certain definite discharge over a definite period of time and at fixed inter-
vals. Swrface wrrigation s practically the universal method adopted by
Hooding the entire surface of the arca to be irvigated or by turning the water
into a number of furrows.  The former is more common.,  Surface Hooded
land v sometimes further subdivided into small plots Known as kiaries
or chacks. cach chack is fed at its highest point from the adjoining water-
course. This elaborate and eflicient lavout 1s not only peculiar to India
but is found in other countries as well. Chacks (or kiaries) of half an acre
(0-2 ha) or less are gencrally Lid out. Where agricultural machinery is used,
very small chacks are vot practicable. The divide walls between such
chacks should be broad and low, so that agricultural machinery can be
readily taken out from one chack to another. For efficient irrigation the
proper levelling or grading of land is essential.
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3. Irrigation through Furrows

The engincer should deliver water w the ficld in a manner such as
ro encourage rather force the agriculturist to utiise it to the best advan-
tage.  This can be done by delivering water in as large a streain as they
cun dumndle, generally about 1 to 2 cusec {003 to 006 cusec) and into
sinall plows or kigvies or chacks as shown in para 2.5. He shiould cconomise
waler by dividing the hields into plots of an appropriate arca and irrigate
it scparately from the watercourse. He can further economise by carefully
snmwothing the ground previous to ivrigation. This is aftected by drawing
a Uat beam ol wood across the newly sown ground thus crushing down
the clods and irregularities.

4. Losses and Waste of Irrigation Water

Losses and waste of irrigation water occur in three ways: (I) in
convevance and distribution system, while water is being delivered (o the
lields, (2) i field watercourses, and (3) m chacks or kiaries or in furrows,
while irrigators ure applying water o liclds. These losses depend upon
slopes ol ground surfaces, suil conditions, sub-division of farms into field
uiuts, preparation of lield surfaces, methods of irnganng and skill of the
irrigators.

4-1. CONVEYANCE AND DELIVERY LOSSES

They include: (i) evaporation from canal surfaces, (@) transpiration
Ly vegeration on canal banks, (/1) seepage from the bed and banks of
chunuels.  ltem No. (/) seldom amounts to appreciable quantity and
itein No. (/1) depends on the nature of the bank materials and the extent
to which weeds, elc., are allowed to grow. Scepage losses, however, take
place through the beds and huanks of canals, distributaries and field
watercourses, principally in unlined channels excavated through earth.
They can be avoided or muimimised by lining the channels.

4:2. IRRIGATION LOSSES AND WASTE

Irrigation Josses and waste include evaporation, surface run off, and
percolation.  When irrigation water is delivered o a field through Furrows
or by tHlooding, a small pare of the water, evaporates during and imme-
diutely following delivery, o pare runs oll the lower end of the ficld as
waste, and the remainder tnldtrates into the soil. Some water that enters
the soil may move to depths below the oot zone, through percolation.
The rest of the inhltration which is held in the root zone by capillary
action iy lost in the shape of evapo-transpiration during intervals between
irrigations. It is this part that should be kept as high as possible,

The aim should be to apply only such amounts of water as can be
retained in the root zone, and to-reduce us much as possible the percola-
tion losses.

4'3. IRRIGATION EFFICIENCIES

It is delined as percentages of the water delivered from a river or
other natural source, that are rctained in the root zone and do not perco-
late beyond wveach of the plant roots, and where they are available for
use in crop growth.  In other wards they represent proportions of the
deliverics remaining in the upper soil Lavers alter all losses and waste of
water e deducted.
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Let.

i = Tmgation efliciency, per cent.

Ve = Irrigation water consumed by the crops during their growth

period.

Iy - Water diverted from a river into the field,

s =. Water stored into root zone soil,
Then,

T
J D I—_UU h‘!'ji_

The irrigation cfliciency percentage is inllucnced by the water conveyance
and delivery efhcicncy and water application effictenay. Because of the
many sources of losses of irrigation water between the time and place it is
delivered from the source. and the time and place it is stored in the root
wone soil, as water readily available (o plants, the irrigation elficiency is
very low on most ol the projects—probubly Tess than 33 per cent.  Eflicien-
gies can be improved by reducing the loss ol water in convevance, delivery,
runoft, decp percolation and evaporation.

4'4. ECONOMIC IRRIGATION REQUIREMENT

On all irrigation projects, suceesstul agriculture can be maintained
lugely by the application of water with high irrigation elliciencies. .\
farmer is interested in securing maximum return at minimuem cost and
at the same time without mmpairing the productivity ob his hand (due to
water-logging, efc.). Where water supplies are more than ample, irriga-
tion clliciencies have been relatively low and quantities delivered to the
lands have been greater than irrigation requirements. ‘lotal depth of
irrigation water nceded is the sum total of depth required for consump-
tive use, surtace runoff and percolation.  Crops commaonly require more
water when grown on light sundy soils than when grown on heavy day
soils, becausc more water percolates (o depth below the root rones.
Experiments have been cnried out and obscrvations made, which showed
higher cfficiencies for deep rooted crops than for shallow rooted crops.

In general, low efhiciencies have been duee to application of o much
water for nrrigation. uncven distribution of water over the fiekd surfaces,
rrigating when the soil s too moist, or combiniation of such conditious.

5 Improving hrigation Ethciencies

As already stated in para 1.3, clhetencies can be improved by reducing
the loss of water in convevance, delivery. runoft, deep percolution and
evaporation.  Losses in convevance and deltvery can be prevented or
mostly climinated by making the surface of channels less permeable by
means of Iining.  But reduction in losses 1t held can be achieved by
suitable agricultural practices and efticient management, for which coopera-
tuon ol the agriculturist is absolutely necessary in ot country.

5'1. EVAPORATION LOSSES

Evaporation Josses duting irrigation by flooding are gicater than
during wrigation through furvows.  The losses can be reduced by termi
nating the delivery ol water as soon s practicable.  Evaporation losses
following hirigation ¢an be reduced by cultivating as quichlv as possible.
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5°2, PERCOLATION LOSSES

Lhey depend on depth of water applicd 1o the fields, distance the
water has to travel in reaching the lower end of the flield, ground slope
and soit texture throughout the root zones.  Percolation losses are parti-
cularly objectionable on poorly dramed lands, because they raise ground
water-level comequently causing-water-logging.

Percolation losses in pervious soils may be reduced by providing
properly planned system ot ficld watercourses, by applving water in rela-
ti\'cﬁy shallow depth and o large streimns to small plows, and carefully
controlling irrigation deliveries.  'he watercourses should be laid out, so
that water can be rcleased to the land at different locations as needed
and can reach all parts of the nrigation units without flowing long
distances.

53'3. DEPTHS OF WATER

The depth ol watering 15 determined by the fact that water is cut
off, when the soil farthest removed [rom the point, where the water is
turned on to the land, is scent 1o be wetted, or covered with water. Some-
times, as in Punjab, they give extra depth in a ploughing watering due
to the fact that the agriculturist docs not cut off the water until the clods
have fallen in pieces through being soaked in water.

The depth of watering is, thercfore, lixed principally by the time
in which the whole area of cach plot into which the ficld ts divided is
covered with water. During this period the portious of the plot nearest
to the point where the water cnters the field is covered with water,
which is then absorbed by the soil. Thus the lcast depth of watering
is sccured when the field 1s divided into very small plots, cach of which
is rapidly covered with water. Finally, the smaller the individual plots,
and the greater the rate of {low ol the water, the smaller is (he (i)cpth
which is nceded over and above the minimum requirements of the crops.
The rate at which the water should be delivered and also the approximate
size of the plot, can be investigated mathematically as per equation in
para 2.5.

5'4. ECONOMICAL USE

We may assume plouging or other heavy waterings to be 0.33 ft.
(10 un.) and succeeding moderate waterings way be taken as 0-25 [t (7-6
cm.). In carclul irrigation on scientific lines, such depths can be reduced
to 025 and 0-2 fr. (7.6 and 6-1 an.) respectively whereas unscientific ways
mav requive depths as much as 050 and 040 fi. (15.2 and  12.2 cm.)
respectively and the waterings wsually succeed cach other at much closer
intervals than a skitled ivvigator tinds 1equisite. Thuas a caretul irrigator
can improve his irvigation efficiency by about 25 por cent.

In the past, the requirements of water were viewed from the practical
puint rather than from the scientific angle. But now when the cost of
irrigation water has gone up so high and every dvop of it is required
for essential uses. the engincers must think about cconomical use of

water.

It has been established that gnantity and growth ot most crops are
not affected unless the moistuie comtent falls to willing point and remains
theve for some dayvs. [vis alvo the experience in Todia that draught for
a short period has little effect on ultimate vield. Bt is obvious that with
copious supply theve is likelv to be most wastage.  Therefore, some
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economy of water mav he affected. if the supply cach time is made smaller
and is given at more frequent intervals than larger supply with longer
intervals.

Much will. however, depend on the practical irrigator himself who
is the best person to co-operate in ficdd application of the results of
experiments and scientific reasearch.  He must be trained to adopt latest
methods. It has been generally found that an ordinary cultivator uses
fully. 20 per cent more water than would he rvequired to give the same
outturn if water was applied with due regard to cconomy specially by
dividing the fields into compartments.  In careless irrigation, not only
thev waste water but tend to ruin the land by water-logging and appear-
ance of alkaline salt.

. Drainage of Sub-soil

The loss due to deep percolation into the subsoil by gravity, is not
useful to the plant, and is a waste. but it cannot be avoided altogether.
It mav, however, be kept within limits if the land is ploughed properly
and over-irrigation is avoided.

In naturallv well-drained soil, gravitacional moisture is not of much
importance, but such conditions hardlv exist and excess gravitational
water creates several problems, like water-logging. loss of plant nutrients,
poor aeration. ric, elc., and ultimately the soils themselves lose their
apacity to support plant life. There is thus necessitv ot adequate
driinage.

6.1. Artificial drainage produces a deep and well developed granulation
of the soil. This allows of the readv penetration of water and also
what is of the greatest importance in the case of fine erained soils, it
provides a ready mecans of exit for the imprisoned air which is the greatest
obstacle to the casv penctration of water into a fine grained soil. Tt
likewise, allows for the quick removal of surplus water.  With the excep-
tion of verv sandv soils, all irrigated soils should be drained in order to
get the best out of them and to maincain their fertility,

6.2. Attention is drawn to the svstematic drainage of irrigation lands in
other parts of the world, notably in U.S.A. where large irrigation schemes
had been carried out by them. In India too as back as 1928, the Roval
Commisston of Agriculture has drawn attention to the fact that “Careful
drainage survev which should incdlude estimate for drainage construction,
will in future. form an integral part of all new irrigation projects”. It
is high time that this aspect of drainage of soil, particularly in low-lying
lands, should be given due attention from the verv heginnine of a canal
project in order to imptove the irngation efficiency,
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Investigations on the Design of Furrow Irrigation System in
Latcritic Soils of West Bengal

by
Jaswant Singh* & T. P. Roy*

Introduction

Furrow trrigation is a partial surface flooding method.  The irriga
tion water does not cover the entire swrface of the fickd.  Rather, it is
applied in small channels or furrows between the plant rows or heds,
Water soaks into the soil along the furrows and spreads laterally o supply
moisture to the roots of growing plants,

In planning an cllicient irvigation system the following characteristics
are of importance: —

(1) Intake vate of the sodl. /.., inhilration rate;
(2) Length of run;

(3) Stze ol stream;

(1) Slope of the land;

(5) Furrow cross-section and spacing;

(6) Nature and magnitude of erosion.

The design aspects incude proper selection of [urrow cross-section,
its spacing and length of run with respect 1o available size of stream slope,
and type of crop.

The following objectives have been studied in field in laterite soil
of District Midnapur, West Bengal:

(1) To study the factors allecting the design of furrow irrigation,

(2) To evaluate the relative water application efliciency for differem
combinations of discharge vate. Teugth of slope and initial mois.
ture content of the soil.

() To stady the veracal distribution of moisture hefore and afer
irrigation.

Review of Literature

The titne rate of advance of stream of various sizes has been analvsed
by Criddle(*). In one experiment which was performed on a wvpical soil
of uniform furrow slope, a stream of 2 gallons per minute in one furrow
advanced very slowly after first 25 minutes.  In 100 minutes, this stream
flowed a distance of 225 fr. (68-6 m.} and, thereafter, the entire stream
percolated into the sotl of the 225 ft. (686 m.) length. The maximum
allowable furrow strcam of 5 gallons per minute equivalent to 90 furrows
per curce flowed a distance of abour 620 fr. (189m.) in 2 hours. Furrows
larger than 220 fr. (68.6 m.) length would not be used for streams of
2 gallons per minute or less, without sustaining excessive deep percolation

*Indian Institute of Technology, Kharagpur.
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losses and low water application efficiency. Likewise the results of other
similar experiments revealed that with highly permeable soils, itrigation
water must be applied in large streams to small length of furrows to
prevent excessive deep percolation losses.

Herman Bower(*) presented an approach to determine depth of
water absorbed under different periods of inundation as governed by
the change of infiltration rate with time from a limited number of field
experiments. However, the correct evaluation of the factors involved is
extremely difficult. Recently, the method of numerical integration pro-
posed by Hall(®) which was originally worked for border irrigation has
been applied to furrow irrigation by some workers.

Israelson(’), Criddle(), Fuhriman and Hansen(®) conducted experi-
ments in Utah State and found that the application efficiency ranged
from 18—58 per cent.

There does not seem to be much work done in evaluating the design
factors of furrow irrigation in India.

Experimental Technique

The experiments have been performed on the Agricultural Engineer-
ing Department Farm, Indian Institute of Technology, Kharagpur, West
Bengal. The soil in this region is classified as lateritic. The land was
levelled uniformlvy with a tractor leveller. The experimental site has
an average slope of 0-68 per cent from West to East. A plot of 400 ft.
x 50 ft. (121.9 m. x 152 m.) was vsed for the experiment.

Experiments have been conducted on three different lengths of
furrow—200, 300 and 400 ft. (61, 914 and 121.9 m.) and at two different
infiltration rates of the soil with three sizes of the furrow stream. The
number of replications in each case were two. All furrows made were
1} fr. (0.5 m.) wide and 7 in. (17.8 cm.) deep. Equalisers were constructed
to convey water into the furrows. Supply was obtained from over-head
tank through a constant discharge device.

The following soil characteristics were studied: —
1. Soil Profile

0—2in. (0—5°1 cm.) — Light brown, sandy clay full of small
roots.

5—7in. {12-7—17-8 cm.) — Lighter brown sandy clay with lcss of
root population.

7—12in, (17°8—30'5 cm.) — Sandy clay.

12—20 in. {30°5—50-8 cm.) — Light yellow, sandy clay with spare,
light brown patches.

20—28 in. (50-8—71'1 cm Y — Red patches. interspersed with white
patches, no roots, increased moisture,
sticky, coarser, iron concretion.

2. Texture
Coarse sand . . . . 33-51 per cent
Fine sand . . . 23:15 per cent
Silt . . . . . . 20-91 per cent
Clay . . . \ . . 22-01 per cent

12—1 CBIR P[67
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According to U.S. Bureau of Soils Triangular Classification chart this
soil belongs to sandy clay Loam Group.

3. Apparent specific gravity ; . . . . 1-56
Real specific gravity . . . . . . 2-63
Porosity . . . . . . . . 41'2 per cent
Void ratio . . . . . . . . 07

4. Water holding capacity . . . . . . 39-6 per cent
Moisture equivalent ; . . . . . 148 per cent

[nfiltration tests were performed with three 12 in. (30-5 ¢cm.) diameter
single cylinder infiltrometers distributed randomly in the field. The
infiltrometers were pushed 6 in. (152 cm) below the soil surface and a
constant head of 4 in. (10-2 cm.} was maintained. Readings were taken
at 5, 10, 15, 30 and 60 minutes interval. Soil moisture samples for deter-
mining initial moisture content were taken before cach infiltration test.

Soil moisture samples were also taken at distances of 0—10 {t., 90—100
ft., 190---200 fr. and 290—300 ft. (0—3 m. 27-4—3%0-5 m. 57-9—61 m.
and 88.4—014 m.) along the furrow at depths of 0—1 in,, 5—6 in., 23—24
in.,, 35—36 in. and 47—48 in. (0—2.5 cm., 12.7—15.2 ¢m., 584—61.0 cm.,,
88-9—91-4 cm. and 119-4—122.0 cm.) before and after each irrigation to
study the moisture distribution.

The general procedure foilowed was: —

(I) Few trial experiments were performed to select suitable sizes of
non-crosive stream which showed that a maximum size of 12
gallons per minute could be used. The three sizes of stream
selected were 6 g.pm, 10 gp.m. and 12 gp.m. The discharge
was diverted to the equaliser from which it flowed into furrow
through aluminium pipes.

{(2) The time when watzr just started to flow in the furrow and when
it reached every 10 ft. (3 m.) section were recorded by a stop
waich.

(3) In the first set of experiments [200 ft. (61 m.) length] water
supply to equaliser was stopped when 20 ft. (6-1 m.) more length
was left to be wetted. In the second set of experiments [300 ft.
(91.4 m.) length] water supply was stopped just when it reached
the lower end. In the third set of experiments {400 ft. (121.9 m.)
length] water supply was continued 5 minutes more after the
water reached at the lower end.

(4y The time for recession for the entire length was also recorded
after the supply was stopped.

(3) From the data obtained, an analysis was made to find the time
of inundation, depth of water infltered at different points along
the furrow and percolation losses.

Results and Discussion

INFILTRATION

Two inhltration tests were performed, the first one on 3 May 196¢
and the second one on 4 June 1960 before each irrigation trial. There
was rainfall on 2 June 1960, due to which soil moisture content and
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inhltration were different on these two davs. The plot of the cumulative
inhleration and time on double log paper is shown in Figure 1 (a & b).
The empirical equations relating cumulative infiltration with time has
heen found to be

Ic = (7 050 . . . . . . (1)
and I, = 0] (o6 . . ) . . . {2)
where ;= cumulative infiltration in in./hr.

and ! = time in minutes,

Equation (1) is for the inhltration data obtained on 3 May 1960 and
Equation (2) for the data obtained on 4 June 1960. The average
moisture content up to 4 fr. (I-2 m.) depth was 6.95 per cent and
10.02 per cent in the first and sccond tests respectively, the difference being
3.07 per cent. However, the difference in moisture content of surface
soil up to 1 ft. (0-3 m.) was 3-26 per cent which huas more direct influence
on absorption of water in the soil.

Differentiating Equations (1} and (2) with respect to time it gives

1-_-:7" = 0°115 po-i% L. (3)
and I = ‘f“[‘ = 0-0654r0me (4)

where I =instantanecous rate of infltration

which shows higher rate of infiluration in the first case. At the end of
3 mits. the total depth of water inhltered was 0-18 and 028 in. {122
and 7-1 ¢m.) and the average rate of infiltration was 576 1. (147 «m.j/hr.
and 3.36 in. (85 cm.)/hr. in the first and second tests respectively, How-
ever, the total depth of water infiltered at the end of [20 mts. was 3.1
and 229 in. (78 and 53-8 em)) and the average rate of infiltration was 0.9
in. (2-3 cm.)/hr. and 0.86 in. (2.2 cm.)/hr. in the first and second tests
respectively, It is interesting to note that even though the average of
inhliration approaches approximately a constant value afrer 120 mis.
there remains greater difference in the value of cumulative infiltration.

ADVANCE, RECESSION AND TIME OF INUNDATION

The observed values of advance, 1ccession, time of inundation and
the depth of water infilicred have been plotied for different combinations
of variables (Figure 2 reproduced as sumple).

With higher discharges, the surface head increases and the time re-
quired to cover a given length of furrow decreases. As the advancing
front of sutface stream moves along the furrow, the total amount of water
infiltering into the soil increases, rvesulting in the decrease of advance
rate. The time required to cover 400 fr. (12199 m.) length of furrow for
stream sizes 12 gpm., 10 gpm. and 6 g.p.m. s 5150 mts, 31-16 mis.
and 92.34 mts. respectively, which shows that besides slope of the land
and infiltration characteristics of soil, the rate of advance is considerablv
affected by the quantity of water flowing per unit time into the furrow.
The time to cover z distance of 100 fr. (30:5 m.) and 400 fr. {1219 m)
lengths of furrow under identical conditions has been found to be B-5 mts.
and 54.50 mts. (Figure 2) from which it is evident that the rate of advance
decreases appreciably with increase in the advance distauce. A limit may
reach beyond which the rate of advance will approach zero value.
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The nature of the recession curve shows that it is function of slope
of the land and the infiltration characteristics of the soil. Since the slope
of the land was only 0-68 per cent the slope of the recession curve is
not much in most cases.

Infltration characteristics of the soil has considerable influence on
the rate of advance also. It has been found that for the same values
of discharge, length of furrow and slope of the land, and Ic=0.2 %%
the rate of advance was slower as compared to other trials where all the
conditions were kept same cxcept that Ie=0.] (964, The total time
required for a 12 g.p.m. stream size to cover a distance of 400 ft. (121.9 m.)
was 54-50 mts. and 39-82 mts, in the first and second case respectively.

If & is the time when the advancing water along the furrow reaches
a point X; and t1 is the time when it recedes X;mecasured from ¢t=0 at
X =0, then the time of inundation le=t:—ti. This time signifies the
net time allowed for the water to infiltrate. In an ideal irrigation system,
at each point along the furrow, the time of inundation should be same.
However, this is practically never possible. It has been evident from
analysis that in the case of 12 g.p.m,, it is more uniform than 10 g.p.m.
and 9 g.p.m. size of streams. This is due to the fact that if the advance
rate is slow which is 5o in the case of smaller size streams, the inundation
time is more at the head than at the tail of the furrow.

DEPTH OF WATER INFILTERED AND PER CENT PERCOLATION LOSS

Depth of water infiliered was calculated from the equations (1) IC=
0.2 ¢%-27 and (2) IC=0.1 t*%4 where is the depth of water infltered.
Hence, ¢ will be equal to the time of inundation ¢. The percolation
loss was determined from the arca of the depth of infiltered water curve,
assuming 0-5 in, 0.75 in, 1.0 in, 1.25 in. and 15 in. (1.3 cm., 1.9 cm,,
2-5 ecm., 3.1 cm. and 3-8 cm.) of water required to fill the root zone and
also the area not receiving sufficient amount of water being found out.

Referring to Figure 2 the area of the depth of water infiltered =ABFE.
Depth required to fill the root zone=AC.

Then CDFE is the percolation loss.

Therefore, per cent percolation loss=CDEF/ABFE x 100.

It the depth of water required to fill the root zone=AH, then area
KFI is not getting any amount of water.

Therefore, the percentage of area not getting any amount of water =
KFI/ABFE x 100.

The values of per cent percolation loss and percentage area not irri-
gated for different depths of water application are plotted. It is observed
from Figure 3 that the depth of water required to fill the root zone is
limited to 1.5 in. (3-8 cm.), the percolation loss is 11-05 per cent in case
of 12 g.pm. (stream size) which is less in comparison to 10 g.p.m. and
6 g.p-m. where the percentage percolation loss has been found to be
261 and 30-0 respectively. But the area not receiving sufficient amount
of water is less in the case of 10 gp.m. and 6 gp.m. than of 12 g.p.m.
It is due to the fact that in case of 10 gp.m. and 6 g.p.m. the depth of
water infiltered at the beginning is more than the water infiltered at the
end.
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It is also seen that if the length of run is 300 fr. (91-4 m.) the depth
of water to fill the root zone is limited by 1-25 in. (3-1 cm.) beyond which
the area not receiving water increases. The percolation loss was found
to be 11-6 per cent in case of 12 gp.m. (stream size) which is less as
compared to 10 g.p.m. and 6 g.p.m. But the non-irrigated area is more
than the streams of 10 g.p.m. and 6 g.p.m.

In case of 200 ft. (61 m.) length of furrow a stream size of 12 g.p.m.
caused 15:2 per cent percolation loss for the 0.75 in. (1.9 cm.) of water
application which is less as compared to the stream sizes 10 g.p.m. and 6
g-p-m. respectively. But if the depth of water application is 1 in. (2.5 cm.)
more than for 200 ft. (61 m.) length of run, 6 g.p.m. stream caused 13-4
per cent percolation loss and the area not receiving sufficient amount of
water was 4-37 per cent.

From the analysis it is found that 175 per cent percolation loss
occurred with a stream size of 10 g.p.m. in the 400 ft. (1219 m.) length
of run which is less in comparison to 6 g.p.m. stream. In the %00 fr.
(91-4 m.) length of run, the percolation loss is 6 per cent for stream size
of 12 gp.m,, if the water required to fill the root zone depth 0.75 in.
(19 cm.) which is comparatively low as compared to streams of 10 g.p.m.
and 6. g.p.m. But the depth of water to be applied when increased to
1 in. (23 cm.) the percolation loss is 7-55 per cent. This is due to the
fact that the initial infiltration rate is low which has affected the rate of
advance and recession.

MOISTURE DISTRIBUTION BEFORE AND AFTER THE IRRIGATION

The distribution of moisture is intimately related with the time of
advance, time of recession, time of inundation and infiltration rate of
the soil which are in turn related to the physical properties of the soil,
slope of the furrow and size of the stream.

The variation of moisture content before and after irrigation was
studied up to a depth of 48 in. (122 cm) of soil at distances 0—10 ft.,
90—100 ft., 190—200 ft., 390—400 ft. (0—3 m., 27.4—30-5 m., 57.9—61 m.,
and 118.9—121-9 m.), respectively.

Neglecting the variation in evaporation losses, it is observed that in
case of experiments performed between 3 May and 16 June 1960, the
depth up to which irrigation water has altered the moisture content has
been 24 in. (61 cm.). However, there is larger increase in the moisture
(ciontent in the first 6 in. (15-2 cm.) depth and it decreases slowly with

epth.

Where ponding has been allowed, the effect of irrigation was observed
up to a depth of 36 in. (914 cm.). In later case, the percentage increase
in moisture content has been more at all depths up to 36 in. (914 cm.)
with higher addition of moisture in the first 6 in. and 12 in. (152 cm.
and 30-5 cm.} depth, gradually decreasing at lower depths.

The percentage increase in moisture content at different depths has
also been found to vary along the furrow length (Figure 4) depending on
the time of inundation of each point. It was seen that the percentage
increase in moisture content just at the surface was 13.82 between distance
0—10 ft. (0—38 m.) as compared to 5.73 per cent at the surface between
the distance 390—400 ft. (118.9—I121-9 m.) along the furrow. The differ-
ence in addition of moisture is more than twice when L=400 ft. (121.9 m.),
Q=12 gpm, Ic=02 5% a comparison has been made keeping all
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the conditions same except Q which was 12 g.p.m. in one case and in
the other 6 g.p.m. It was found that the percentage increase in moisture
content between 0—12 in. (0—30-5 ¢m.) depths at different points along
the furrow was more than when the discharge was less, the addition being
I4 times more in the case of the latter (6 g.p.m.).

After the rain, moisture content of the soil increased resulting in
lower initial infiltration rate ponding was allowed in all the experiments
performed after rains. Ponding tends to increase the moisture content
at the lower ends of the furrow. A uniform moisture distribution can he
obtained by ponding if it is done properly with a proper duration.

The length of run of the furrow has also an effect on moisture dis-
tribution. There has been higher moisture content at the upper and
lower end of the lurrow in the case of 400 ft. (121-9 m.) length and compar-
atively much less difference in distribution in the case of 300 ft. (91.4 m.).

Conclusions

The rate of advance increases with slope of the land, larger strean
size, and lower infiltration rate. It decreasces with increase in the length
of run.

The rate of recession is influenced by infiltration rate of the soil and
slope, there being decreasing its rate at higher infiltration rate value, and
increase at higher slope.

The time of inundation decrcases along the length of the furrow but
it can be made uniform by controlling the size of the stream and allowing
desired amount of ponding,

It is possible to obtain a suitable combination of discharge and length
of run for a given soil of known infiltration rate and slope. 'T'his can
be attained more successfully by trial than by the theorctical approaches
of Israelson, Milne and Hall which do not agree with the field data.
Higher sizes of streams and shorter length of run give better results. In
the present investigations, strcam sizes up 1o 12 g.p.m. did not ciuse erosion
and gave best results.

In this country, laying out of the furrow and selection of the proper
sizes of the stream and length of run is not considered necessarv as a
result of which the application efliciency is very low causing numerous
drainage problem. It is stressed that furrow irrigation svstem should he
designed properly, and suitable combination of hvdraulic variables should
be selected for maximum application efficiency. Further work on different
soils having variable slopes is necessary to co-ordinate this work.
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DISCUSSIONS

GurHaTr (N. D.) initiating the Symposium called upon the authors to
briefly narrate the salient features of their papers.

BuatracHarya (A. P) (U.P.LR.L) introducing the paper “Experi-
mental and Empirical Studies on Water Requirements of Principal Crops
of Uttar FPradesh” informed that experimeunts were conducted by the
U.P. Irrigation Research Institute, Roorkee, on water requirements of
crops, for aiding the cultivators in the efficient use of water. The paper
gave the results of the experiments conducted on sugar-cane and wheat.
There were no tangible results yet on experiments on rice.

Over-irrigation was very harmful, it was experimentally confirmed,
and the excessive application was usually of the order of 30 to 40 per cent.
Whenever water was available for irrigation, the cultivator always applied
in excess of the optimum needs. Due to excessive application of water,
the yield went down by nearly 20 per cent. This resulted in a net loss
of income from crops which could otherwise accrue to the farmer. For
example, the value of all the crops grown in U.P., during 1957-58, was
Rs. 248 crores. Due to over-irrigation, yearly loss of about Rs. 40 croves
was estimated to have accrued to the state. In the context of the problem
of increased food production, proper management of water was necessary
for meeting the food deficiency. The paper has also attempted empirical
approach to the problem from climatological data, to check up experi-
mental work and for application in other areas for which experimental
data was not available. The Blaney-Criddle formula of U.S. Department
of Agriculture has been found to give results very close to the experi-
mental results.

Gueta (P.N\) (UP.IR.L) introducing the paper “The Problems of
Irrigated Land in Uttar Pradesh”, pointed out that it attempted to bring
out the problems of irrigated tracts such as the rise of water-table, water-
logging and salt efflorescence and soil deterioration with loss of produc-
tivity, etc. If irrigation is practised extensively anywhere, and everywhere,
without proper study of its limitations to the nature of soils, crop pattern,
the quality of water, the quanity of water required for different crops, and
the behaviour of ground water-table in view of the importance of surface
and sub-surface drainage, it may lead to its ill-effects and may thus defeat
the very purpose which it is meant to serve. In the State of Uttar Pradesh
there were 12 million acres (4-86 million ha.) of irrigated land which is
only about 30 per cent of the actual cultivated area. Yet a study of water-
table levels during the last 40 years observed with the help of 2,000 surface
wells, revealed a rise of water-table in several areas which in certain
localised areas was even of the order of 50 ft. (152 m). There were
about 6 lakh acres (2428 lakh ha) of waterlogged land in the country
to which about 5 /lakh acres (2.02 {akh ha.) were already contributed by
U.P. The paper, therefore, emphasised on the inter-relation between
irrigation and drainage, the economic usc of water and the quality and
quantity of water, and also suggested that before starting a new project,
the planning of drainage facilities is necessary as now practised in the
United States Bureau of Reclamation.

JacaT Kisnore Jain (Ministry of Food and Agriculture) briefly sum-
marised the points discussed in the papers by Sarvashri Shri Mohan and
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Talwani, in the absence of the authors. The paper by Shri Mohan
“Concepts in Irrigation Efficiency” tried to bring out the concepts of
irrigation cfficiency in various phases. The main obhjective of the paper
was to point out whether there could be improvement in water uses,
after its diversion at the source,

The paper “Efficiency of Water Distribution and Use on the Land".
by Shri Talwani brought out the various aspects of the use of water
after the canal outlets. The different methods of irrigation such as
surface flood, furrow, sprinkler, efc., were discussed along with their merits
and demerits.  Border strip method, with strips ranging in length from
200 to 800 fe. (6] to 244 m.) was discussed. The sizes of strips were
correlated with the type of soil and discharge capacity. A table of strip
spacing was furnished for three types ol soils with discharges ranging from
1 to 4 cusec (0-03 to 0-11 cumec). The author also recommended that the
size of the run in border strips and furrows should be kept to the mini-
mum, so that there wias no loss of water. Loss of irrigation waters which
occurred in dillerent phases of water convevance and distribution, were
also discussed. A concept of irrigation efliciency was given. Methods of
improving irrigation cfficiency were also pointed out.

Jaswant SiNnan (11T, Kharagpur) introducing the paper “Investiga-
tions on the Design of Furrow Irrigation System in Lateritic Soils of West
Bengal” carried out at Kharagpur, pointed out that in a country like
India, surface irrigation was going to play 2 more important part than
sprinkler irrigation.  The main idea behind the studies on furrow irriga-
tion was to attempt a correlation of all the variables involved in the design
of furrow irrigation. The main variables involved were the infiltration
rate of the soil, slope of the land, size of the stream and spacing and length
of the furrow. In this direction, there were no conclusive results, so far,
anywhere. Regarding the estimation of losses, and design of the dimen-
sions, certain authors advocated a trial method under field conditions fo
evolving a design. The theoretical approaches usually gave results far
from those obtained in practice.  The author felt that it was possibic
to develop certain relationship between discharge, length of furrow, cross-
section, infiltration rate, soil properties, and slope of the land for minimum
percolation losses and maximum efficiency, by proper study. The losses
duc to percolation were not altogether avoidable but it was possible to
reduce them to say up to 10 to 20 per cent by proper design.

Muknrar Sineit (1.C.4.R.) while offering comments on the paper by
Shri Bhattacharya, referred to the methodology of experiments. Studics
were conducted for finding water requirements of crops with different
intervals of irrigation and different depths of water. It was recognised
that there was an upper limit of water availability for most crops and
a lower limit also. The water requirements of each crop could be studied
scparately, on the basis of the concept of waterregime. There was a
great scope for a better system of irrigation and economic use of water.
Referring to the climatological approach, he pointed out that the 70
per cent efficiency assumed by the author for the empirical assessment of
irrigation requirements was purelv arbitrary., The consumptive use was
to be worked out bv mcans of soil moisture studies and correlated with
empirical formulae for working out the K (empirical cocfficient). The
value of coefficients so obtained could be extended to areas for which
experimental results were not available. A correlation with climatological
factors, without recourse to soil moisture data, was misleading.
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Regarding the paper by Shri Gupta, Dr. SINcH was in agreement with
the stress on the need for drainage in relation to irrigation. It was to be
ensured that the wastage of water was minimum. The drainage aspect
had, therefore, to be taken care of.

Regarding the paper by Shri Mohan, Dr. SincH observed that some
of the efficiencies included there mainly applied to sprinkler irrigation.
Moreover, the field irrigation efficiency and tarm irrigation efficiency could
be separated out.

Referring to the paper by Shri Talwani, DR. SINGH said that evapora-
tion losses were to some extent unavoidable, The evaporation losses
following irrigation could perhaps be reduced by mulching to some extent
and not by cultivation as suggested by the author. The author also
recommended mare doses of irrigation water at shorter intervals for eco-
nomy. This was not correct. 'The depth of water required for irriga.
tion was just the depth necessary to wet the soil in the root zone to field
capacity. Therefore, no economy was possible if heavier irrigations were
given at close intervals. He also fele that with most crops there should
be no irrigation when the water-table was within 3 ft. (0-9 m.} of the soil
surface, as indicated by recent experiments at the LAR.IL

Regarding the paper on “Furrow Irrigation”, he pointed out that
the Indian method of furrow irrigation was different from that followed
in other countries. Optimum relationships were to be found out and
ways of reducing seepage explored for Indian conditions,

Dr, SINGH gave his view regarding the ways for the efficient use of
irrigation water for crop production. Referring to the studies proposcd
for determining the water requirements of crops and reducing water
wastage, he informed that studies were to be initiated under the Third
Plan. Research Centres were proposed in Bhakra Nangal, Hirakud,
Damodar Valley Corporation, Tungabhadra, and Chambal Project areas.
Cropping patterns were to be indicated by these centres. These new
centres proposed to engage specialists in different faculties, such as,
agronomy, soil physics, soil chemistry, engincering, etc. The Planning
Commission had also expressed the need to consolidate the earlier work
in this line and laying down of procedure for the future. There were
many centres in India doing similar work. And all the work was to be
reviewed by the Indian Council of Agricultural Research.

Jacar Kistore JaiN (Ministry of Food & Agriculture) stated that it
was recognised that water management, irrigation and drainage practices
in India were wasteful, and irrigation efficiency low. The situation called
for improvement. The farmer had to be told o properiy align his field
channels and to line them by economic materials to reduce wastage of
water. He was also to be told about the improved implements, and the
need for levelling and preparing the field according to the characteristics
of the soil available. The farmer had also to be educated aboutr the
water requiremcnts of his crop and the depths to which irrigation was
to be carried. There was some literature available on this subject. But
it was worthwhile to test this under local conditions. There was also
not much of research in our own country on this aspect. The research
needed to be promoted and reorientated to suit our requirements.

Due to several reasons and socio-economic conditions, the irrigation
rates were fixed on the crop area basis. The rates were not based on
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the volumetric assessment of water consumed by the farmer. The crop-
area basis of fixing water rates gave no incentive to the cultivator for
economy in the use of water.

Rao (Y. P} (I.M.D.) commented on the meteorological aspects of the
paper, submitted by Shri Bhattacharya. The paper showed the amount
of evapo-transpiration about 2.7 in. (6-9 cm.) for February 1957 and 1958,
while it was 342 in. (87 cm.) for the same month in 1960. This was a
difference of some 25 per cent. With such a wide variation in the results,
it was not possible to advise the cultivator about the precise water require-
ment of his crop for the particular month on the basis of climatic normals.
The paper also did not take into account the difference in water require-
ments at various stages of crop growth. The water requirements during
February, were usually double the amount of water required in the pre-
ceding two months. It was also not helpful to take the climatological
factors for the whole month for deciding the water requirement. A part
of the month was sometimes extremely dry, resulting in variations in
evaporation by 30 per cent. More water was needed in parts of a month.
As such it was difficult to specify to the farmer to use only that quantum
of water which was worked out with the help of monthly figures. The
author worked out with the help of monthly figures. The author had
used the Penman’s formula. The formula allowed only for meteorological
conditions of transpiration. But transpiration was different at different
stages of growth of the crop. Parts of the paper were, therefore, over-
simplification of the problem.

The India Meteorological Department had conducted studies at Poona
on the loss of water by evapo-transpiration from cropped fields during
1954-60. This was a I.C.A.R. Scheme which was later discontinued.
Evaporation studies are being made at a number of stations in the country.
The problem of transpiration required greater study. He hoped that the
five stations proposed to be started by the Indian Council of Agricultural
Research would be able to produce some useful results.

Gurra (P. N.) (U.P.LR.1L) referring to the paper by Shri Mohan,
stated that in addition to all the efficiencies enumerated in the paper,
the more important from the practical point of view was to educate
the cultivator for the economic use of water or correct usage of water
depth as most of the cultivators were still of the view that if the fields
were flooded the yield will be more. This could be achieved by demon-
strating the benefits of the correct usage of water depths to cultivators,
and the same could be done by the Irrigation Engineers in conjunction
with the Agricultural Officers and the Block Development Officers. Com-
menting on the paper by Shri Jaswant Singh on Furrow System of Irriga-
tion, he pointed out that the design of furrows depended on two factors
namely, the uncontrollable factors and the controllable factors. The
infiltration rates, the soil characteristics, and the slope of the land come
under the uncontrollable factors, whereas the spacing of the furrows, the
length of furrows and the size of stream are the controllable factors. In
heavy textured soils the contours of moisture progress widely in the
lateral direction while in light textured soils the downward progress is
quicker. The length of the furrows in light porous soil should thus be
very short whereas in heavy textured soils long furrows could be adopted.
The furrows, therefore, should be designed in a suitable way.

RapHakrISHAN (Madras) referred to the problem of water distribu-
tion when there was both dry and wet crop under the same system. The
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Parambikulam Aliyar Project, for instance, sought to irrigate 80 per cent
dry and 20 per cent wet. It was proposed to provide one pipe point for
every block of 75 acres (30-35 ha). This area of 75 acres (30-35 ha.) was
further divided into blocks of 124 acres (5406 ha), comprising of 10 acres
(4-05 ha) dry and 2} acres {1-01 ha)) wet. The dry land in each block
was further split into parts of 33 acres (1.35 ha). While supplying
water to the [2Z} acre (5-06 ha.) blocks on alternate days, the wet land got
watering on every alternate day, whereas an acre (0-4 ha) of dry land
got a wetting once in 6 days. There were smaller land-holdings than 12}
acres (506 ha)) unit and the holder was anxious to have 1/5 of this land
localised as wet. It was preferable to localise the wet portion in the tap-
most area of the unit so that the scepage from the wet land above was
useful for wetting the dry land of the farmer, lower down. The Parambi-
kulam Cana] System was also proposed to be lined, down to the field
channel of a 50 acres (20.23 ha.) limit.

Anaxp (D. B) (Maharashtra) referred to the suggestion for formulat-
ing drainage schemes along with the preparation of irrigation projects.
In Maharashtra, there was no need for preparing drainage schemes along-
with the irrigation project. It was also difficult to know how much
drainage capacity was required while planning the canal. The crop
pattern was also liable to change and conditions of water-logging changed
it further. Drainage provision was usually necessary when there was
perennial irrigation like sugar-cane and paddy. In Maharashtra, sugar-
cane was localised from the considerations of soil classification and drain-
ability of soil. In dry crop areas, there was no water-logging problem.
It was possible that localisation was not done in arcas of Punjab and
U.P. where large tracts of irrigated lands became water-logged. The pro-
blem of water-logging was greatly reduced bv localising the ayacut on the
basis of soil characteristics and drainage of the area.

The tagging of drainage scheme along with irrigation projects at the
very beginning was likely to go wrong and involved extra expenditure
at the very beginning of a project. In Parambiknlam Project, the water-
courses were planned to carry 0-3 cusec (0.008 cumec). It was better to
give larger quantum of water to minimise the transmission losses. The
discharge of watercourses in Maharashtra was between 3/4 to [ cusec
(0-02 to 0-03 cumec). Referring to the adoption of scientific methods
of cultivation, he felt that it might take a long time at the moment. It
was, therefore, desirable to stress on demonstration farms for educating
the cultivator.

SrREERAMASASTRY {A.) (Andhra Pradesh) referred to the recent Con-
ference in Indian Council of Agricultural Rescarch, where it was sug:
gested that the crop pattern for a particular area should be of a rigid
type. Once the canal was designed for a particular crop pattern a devia-
tion in the pattern made the canal inefficient. To use waters in an
efficient manner, it was also necessary to plan crops with the local condi-
tious in view. For example, the Western Ghat catchments received their
monscon supplies in July and August, and a crop pattern of Rabi type
in such area called for large storages involving huge evaporation losses.
It was, therefore, advisable to pattern the crops on the run-of-theriver
basis wherever possible. Regarding lining of watercourses, he was of
the opinion, that lining was necessary only in areas of dry cultivation.

ChakravarTy (R. B) (Minisiry of Irrigation & Power), said that there
was neither the problem of alkalinity nor of water-logging in areas sub-
jected to irrigation in West Bengal. Even in case of over-irrigation in
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West Bengal no large scale salt formatton was noticed. Survey in that
State also revealed no traces of alkalinity in soils up to 20 to 30 fi.
(6:1 to 9.1 m.) depth in irrigated areas.

The lower staff in Irrigation and Agricultural Departments felt that
they were quite separate from cach other, It was neccessary to improve
administrative machinery, improve agricultural practices, and undertake
research. The Irrigation and Agricultural Departments were to be com-
bine& instead of Irrigation and Power. Certain findings of agricultural

rch workers were different from rcalities. Rescarch workers, for

ample, felt that rice could not be grown without 36 to 56 in. (914 to
142:2 cm.) of water. But there were arcas in West Bengal, where rice
was grown with 15 in. (381 cm.) of water in winter. He also referred to
a recent paper of the Institute of Civil Engineers, London, on the inter-
relationship between water application and yicld in irrigated areas. It
is pointed out that the ratio of net weight of crop grown to the water
utilised was a constant figure. Research could, therefore, he conducted
on this basis. Experimentation with a different gquantum of manure for

different crops might also indicate propeily the water requirements of
crops.

GuosH (8. K.) (Bihar) called for studies for making artificial rain for
irrigation. Rainfall, which was the basis of all cultivation could be sup-
plemented by artificial rain.

Dobpian (D.) (Mysorc) referred to the difficulties met with in enforcing
a crop pattern after completion of a project. 1In the case of Krishnaraja-
sagar, it was contemplated to grow paddy, sugar-cane and dry crops each
on an area of 40 thousand acres (16.19 thousand ha)) in rotation. The
dam was completed in 193] but the development of irrigation naturally
took some time. In the initial stages, the storage being more than the
requirement of the smaller ayacut, there is a temptation to grow crops
that require more water without following the restrictions imposed bv
approved crop pattern. Further the prevailing price structure of different
crops influences the decision and desire of the ryots to grow such crops as
pay him the maximum. With the interplay of these factors, the crop
pattern tends to change in spite of restrictions.

Again in the case of Tungabhadra Project with a view to extending
the benefit of irrigation to as large an area as possible certain crop
pattern has been adopted. Even here, infringement of the sanctioned
pattern is being noticed. It, therefore, requires a great deal of study in
arriving at the crop pattern and imposing simultancusly certain measures
in the interest of over-all benefit and optimum utilisation of water rate
from the beginning and follow them up.

BriatracHARYA (A. P) (U.P.LLR.1) in his reply to the comments made
by the various speakers informed that thev would trv to amplify their
approach in the light of the suggestions for adopting the moisture-regime
concept. He also concurred with the suggestion of Shri Y. P. Rao for
calculating the evapo-transpiration losses on a daily basis.

Gureta (P. N) (U.P.IR.L) replying to the remarks on his paper stated
that it was possible to anticipate the drainage while planning the project.
It could be obtained by working out the values of the different factors



99

involved in the balanced ground water equation which in other words
involved a combined study of the hvdrology of the area, the ground water
storage, and the soil characteristics. In the end he further emphasized
that the principal responsibility of the Irrvigation Engineers associated with
the planning of new projects was to anticipate drainage requirements
and salinity problems on new projects, to ensure that the proper drainage
facilities were provided and that the adequate financial provisions were
made for their maintenance.

GuLHATI (N. D)) in his concluding remarks said that it was necessary
o ensure that planning of irrigated agriculture was on a permanent basis
and necessarv steps should be taken to this end. He added that the
object of research and studies should be the maximum yield in crops
that can be obtained from a given quantity of water and a given area.
There were very large areas in this counury fit for cultivation; in general
there was more land than water.

Regarding the discussions ut the Svimposium, he felt, that the subject
could not be covered properly in such a short time. It was a vast subject
and required a much more detatled discussion. He suggested that the
subject be broken into a number of component parts and euch part
discussed at one meeting.

THE PrReSIDENT, SHR1I U. ANanpa Ravu proposed a vote of thanks to
Shri Gulhati, for his able handling of the Svmposium discussions.
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