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FUNCTIONAL LOOK
TO YOUR PRODUCTS :

What are the basic essentials of 2 good package? Obviously, a
functional shape. Some say, it should be even more than just that.

For instance, it should look clean and sharp, to add to its “sale-clinching”
appeal. It should look bright for who likes dull designs ?

We in the Packages Limited attend to each one of your products
‘thoughtfully and devotedly. That's why they ‘get-a-go’
when they leave us.

Packages for every pupose

PACKAGES LIMITED

HEAD OFFICE KARACHI OFFICE DACCA OFFICE
FACTORIES: I, West Wharl 9-G. Motijhesl,
Feropepur Road. LAHORE Commercial Area.



ASSIR VERNIER THEODOLITES ARE COMPARABLE IN ACCURACY
PERFORMANCE AND DURABILITY TO SIMILAR INSTRUMENTS MADE ANY

WHERE IN THE WORLD.

C/ti PRODUCT OF :

ASSOCIATED SCIENTIFIC SURVEY INDUSTRIES (REGD.)

MANUFACTURERS OF ALL TYPES OF
SURVEYING INSTRUMENTS AND ALLIED EQUIPMENT

Head Office : : Branch .
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The new type of the Czechoslovak made VVS 2Ep VIBRATORY ROAD ROLLER
will ATTRACT YOUR ATTENTIOMN with its technical characteristics
CONVIMCE YOU with the results of its exacting tests.

Do you want to make a good choice of your new machines ?
Then go by
FIGURES AND TESTS

“‘|he new type of the Czechoslovak-made VVS 2Ep vibratory road roller complies with the
réquirements of modern technology. FIGURES testify to its high output,

Overall weight 4,350 kg

High frequency of vibration 3,000 c.p.m.
Centrifugal force ' 4,000 kg
Compaction to a depth of 60—80 cm
Capacity 100 cu.m per hour

TESTS prove its easy operation
& Sensitive hydraulic control
@ Minimum noise and vibration at the driver’s post
@ Easy maintenance and transport

The ¥VS 2 Ep—a modern machine for modern road sites.
For detailed information write to

srn nJ Exponr ; P??#HA Czechoslovakia P.O. B, 662,

Please contact

CRESCENT ENGINEERIHG & RUBBER PRODUCTS,

Pak Chambers, Nila Gumbad, P.O. B. 595—LAHORE
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AEG ENGINEERING PAKISTAN LIMITED

Head Office: Amcejee Chambers, Campbell Street, Karachi. G.P.O. Box 474,

Lahore Branch: Hayar Building, 3£, The Mall, P.O. Box 451, Lahore. '
Dacca Branch: 103, Motijheel, Ramna, G.P. O. Box 1094, Dacca-2.
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A
good bank

iSs more
PR than a bank

ITIS A PILLAR OF STRENGTH

et

AMERICAN EXPRESS places at your disposal a

wealth of experience gained internationally over a period
of 60 years. Complete Commercial Banking services and

advice on all your Banking problems are always available at

our network of offices in 16 countries around the world.
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Members! Consider

With the publication of this issue Tue
Egnineering News completes eleven years
of ils existence. For all these years the
Journal has struggled for its existence and has
tried its best to be a forum for engineering
knowledge. The present honorary stall of
editors have tricd their best to issue at least
four numbers of the journal in a vear. This
year, we are sorry to point outl, that in spite
of our best efforts, the inattention and the
apathy of our members has been so great
that we seldom received any coniribution
for publication in the Journal, which natur-
ally can thrive only on the contributions of
its members.

In any developed country there arc scores
of scientific engineering journals issued every
month. In our own country there is no
lack of engineering works in progress. The
engineers are playing important role in its
development.  Large enginecring under-
takings are in the process of construction.
Projects worth several thousand million

rupess are being completed. Only on Indus
Basin Works, Rs. 1,600 millions are being
spent in this decade. Organization like
WAPDA in both wings of the country,
Irrigation Department, Communication and
Works, Public Health. P.ILD.C., A.D.C,
Railways, Military Engineering, Engincering
Universities and Technical Institutions, ac-
commodate scores of engineers, working
and crealing new ideas, new designs, new
methods of execution, etc.

The talent of the engincers is well estab-
lished. It is only the cream of the nation
that finds its way into the Enginecring
Institutions. After four years of hard and
intensive training they are entrusted with
nation-building projects where their imagina-
tive designs, scientific executions and novel
techniques are all combined to build com-
plicated grand engineering works. Each
engineer on the job has his own experience.
He has done something new. The com-
munication of his experience can be of much
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Us¢ to his fellow engineers, but there is
something wrong somewhere. The most
talented cream of the nation is shy to pen its
Jearning for fellow workers. With thousands
of engineers working under various re-
sponsibilities, there is so little of their con-
tributions that even two engineering journals,
that of the Institute of Engineers, Pakistan,
and The Engincering News, of West Pakistan
Engineering Congress find it hard to survive.

The Enginezring News is a joint responsi-
bility of all the engineers of the country,
whether they are members or non-members.

The editorial staff waits for months to receive
any contribution and then has to rely upon
whatever material can be gathered. One
really feels small to find articles printed in
Foreign Journals on works in progress or
under construction in his own country.

We are sorry lo point out these bare facts
to the members and we do hope that in future
we will eliminate this apathy and many young
engineers will come forward with contribu-
tions for this engineering forum of the
counfry.




Rebuilding Old Ravi
Bridge-near Shahdara

By

ABDUS SALAM
Director Bridges, West Pakistan Communications
and Works Department, Lahore.

The Directorate of Bridges, West Pakistan has recently become very active in the construction

of mew bridges.

At present five major bridges spanning the rivers Jhelum, Ravi and Chenab are

under construction. This is the first article by Mr. Abdus-Salam which gives brief information
with regard to the old Ravi Bridge being constructed at Shahdara.

Fifty Years Old Ravi Bridge

The Old Ravi Bridge cost Rs. 6.0 lakhs in
good old days. Viewed in the context of
present-day costs, this figure is insignificantly
low. This fact speaks volumes for the
engineers of the day. Money has always
been a bugbear with various engineering
projects and has influenced the design of
Old Railway girders, short brick
piers with over-hanging steel work, no well

struciures.

Fig. 1

caps and siting of bridge close to the old
Railway bridge (fo economize on the cost
of guide banks), are features which reflect the
anxiety of early builders to cut down the
capital cost. They succeeded admirably well,
as in spite of such a low cost, this structure as
shown in Fig. 1 being dismantled, has with-
stood the ravages of flood, storm and time for
fifty odd years. It has been subjected to over-
loading since quitc a long time and it was




only recently that it showed signs of serious
distress when early replacement became
imminent,

Mr. Trever Jones who retired as Chief
Engineer, Buildings and Roads, was the
Assistant Engineer in charge of this bridge
and remembers vividly the various con-
structional phases. The old man who now
lives in the suburbs of London writes nostalgi-
cally about his early days when he supervised
the construction of this bridge. The writer
has been in correspondence with Mr. Trever
Jones who lives to talk about this bridge and
is eager to know if the piers are also being
dismantled.

Heavy Traffic damaged the bridge

In March 1966, when serious damage to
the bridge came to light and it was found
that the *0ld - Faithful” could no longer
meet the challenge of heavy traffic, its replace-
ment gave anxious moments to the depart-
ment. It could only be taken in hand after
the next flood season and reguired to be
completed before the inset of the following
flow season. What allernative crossing
arrangements are to be provided in the
intervening period, how this old structure
is to be remodelled in case of part rebuilding,
to what loading this is to be designed and
whether the old foundations would permit
higher carrying capacity and wider roadway
and how to ensure the supply of imported
materials in such a tight time schedule, were
few of the many major questions which this
challenge posed. Planning and designing a
new bridge is a lot easier even in a limited
time as there are no limitations placed on
the various proposals which a designer can
conceive. In the present case, the pressure
on the scil and the stresses in the steining
governed the final design of the proposal.

10

Old Bridge

This bridge was opened to traffic in April
1915. Situated 450 feet downstream of the
Railway Bridge, it consists of 15 simply
supported spans of 97-6". A roadway of
18’ was carried on steel troughing resting
on rolled steel joists which were supported
by two old wrought iron lattice girders.
These girders had been discarded by the
Railway and remained stockpiled at Badami
Bagh for about 6 years before they were
reused at the present site. The girders for
the two spans on the Lahore side were,
however, obtained from the remains of old
Sutlej Bridge at Phillaur. These girders
were placed 8'-0" centre to centre on 6'-9"
thick brick piers. The piers were carried
in turn by single octagonal brick wells sunk
to an approximate depth of 70" below the
average low-water level. The piers and the
wells were laid in hydraulic lime, as the use
of cement at the time of construction was a
rare luxury. There were no well caps over
the wells and the brick piers rested directly
on the top plugs of the wells which are 10’
thick in lime concrete. The bridge was
designed for a 15-ton road roller which was
the heaviest loading at that time.

The brick piers by and large appeared in
good shape except a few which indicated
weathering on the surface. The well steining
which was built to the same specifications
was open to view by a few feet only above
low-water level and appeared good. The
steel troughing was badly corroded and the
main girders in wrought iron were really
in bad shape. Some members had snapped
and the girders in general showed excessive
deflection. The replacement of superstruc-
ture was considered urgent as this could not
be trusted any more,



While formulating proposals for the re-
novation, prestressed concrete superstructure
was selected. Various factors contributed
to this decision. The overriding considera-
tion has been to save foreign exchange by
using indigenous materials and local know-
how. If total cost and foreign exchange had
not been a problem, a steel superstructure
would have been a better solution, as strength
for strength steel superstructure is much
lighter than the concrete superstructure.
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Fig. 2
This would have given higher load classifica-
tion in view of the limited load carrying
capacity of the substructure. But in Pakistan
~no structural steel is produced and therefore

in cage of steel bridge, the entire quantity_of
steel work would have to be imported,
meaning a very high component of loreign
exchange. The subsequent mainfenance
expenditure also puts the steel superstructure
at a disadvantage. Furthermore, a steel
bridge is very expensive in everall cost. Its
cost worked out to Rs. 24.0 lakhs against
Rs. 11.0 lakhs for presiressed supersiructure,

The strength of the substructure dictated
the width of the new roadway and its load
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classification. Various alternatives were
prepared starting with 18’ r. adway and ending

up with 24" width. It was found that with

L R..C. class B loading and 24" width, the
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stresses would be within the limits, Three
girders in the cross section gave the most
economical arrangement. I-beams were
adopted against Tee-beams, as the former
were lighter and easier to handle.

First Proposal

This proposal envisaged the laying of an
R. €. C. cap over the top of brick piers after
dismantling the steel superstructure. Three
prestressed concrete beams would carry an
R. C. C. slab to support a roadway of 23'-8"
with safety kerbs of 1'-6". The two outer
beams were to rest on the cantilever part of
the cap. The arrangement is shown in
Fig. 2. The bridge would cater for two lanes
of I. R, C. loading class B or one lane of
army loading class 50. This scheme envis-
aged the retention of the maximum part of
the old bridge, thus keeping the new work
to the minimum and making it possible to
complete the replacement of superstructure
in the shortest time. A detailed structural
analysis, however, indicated that the stresses
in the foundations were nigh and the following
table would be of interest:—

Case of loading Max. stress

1. No live Ioad, wind at
100 M. P. H., river in
max. flcod

2. No live load, full
seismic effects, river
in max. flood

3. Max. live load and
max. seismic load

7.76 ton/sq. ft.

. 11.55 ton/sq. ft.

9.0 tons/sq. ft.

Not only were the stresses high but it was
also considerzd that the old brick piers would
not go hand in hand with the new concrete
superstructure.  While the new portion
would last for many long years, the old brick

piers are likely to be in bad shape after another
30-40 years. Moreover, stresses on the well
top under piers were also high. It was
therefore decided that we should go in for
another scheme which would include new
piers with a proper well cap to even out the
imposed loads.

Second Proposal

In view of the above, a new scheme was
prepared. This is shown in Fig. 3. Bricks
piers were replaced with R. C. C. column
piers after laying a new well cap over the
cxisting wells. The new roadway is 24" wide
with 9° wheel guards. The class of loading
remains the same as in the cas¢ of first pro-
posal. It will be seen that substitution of
brick piers with R. C. C. piers (Fig. 4)
have not only cut down the dead weight
(brick pier weighed 117 tons, R. C. C. pier
weighed 41.0 tons) but have also added
considerably towards the aesthetic appeal.
(See ront page). This proposzl amounts to
rebuilding the bridge and whereas it has
increased the quantum of work and enhanced
the cost slightly, the ultimate lifc of the
bridge has been increassd considerably.

To date, considerable amount of work has
been done on the bridge. The dismantling
of old superstructure and the brick piers is
complete and all the concrete piars are ready.
Post-tensioned pre-stressed concrete girders
which are pre-cast in the casting yard have
been hoisted on 3 spans and the work is in
full stride (See Fig. 5). It is expected that
the project would be completed before the
inset of next flood season. This bridge when
complete will be a great boon to Lahorites,
as this will supplement the new 4-lane bridge
being built 2100 feet downstream. This two-
lane bridge would take care of slow traffic.
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-The Mekong River Plan

International Co-operation

By W. R. DERRICK SEWELL

The article is an abridged version from the contribution of W. R. Derrick Sewell, Ph.D., M.A..
E.Sc. issued in May and June 1966 in Water Power. The article is reproduced for the informa-
tion of the Engineers of the country.

The Mckong is one ol the world great
river,  Its length is 2625 miles from its
headworks high in the Himalayas ol Tibet
lo its mouth on the South China Sea. The
average annual discharge is 400 million acre
ft. (the annual discharge of Indus is 90 maf.
and of the three rivers Indus, Jhelum and
Chenab is 140 mal)} This river thus ranks
tenth in terms of flow. Ifs drainage basin
covers over 30700 sg. miles being about
four times the size of Great Britain., It
flows through China, Burma, Thailand,
Laos, Combodia and the Republic of Viet
Nam. The basin of this river is shown in
Fig. 1, and its drainage area lying in different
countries 15 given in Tahble below:

TapLE Mo, |
Drainage area of the Mekong river
Basin i various Counrtries,

Country . Drainage Percentage
area of total area

sq. miles
China .. 63,000 0.7
"~ Burma .. 8000 2.6
Laos .. 100,000 32.4
Thailand .. 73,000 23.8
Cambaodia .. 58,000 19.0
Viet Nam i 5,000 1.5
307,000 1000
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The river begins to rise following the onset
of the monsoon in May or June and attains
a4 maximum level in September or October.
A typical hydrograph of the river at Phnofn
Penh is shown in Fig. 2. Tts average flow in
summer is 400,000 cusecs and the minimum
in winter is equal to 60,000 cusecs.

The most significant fact about the Mekong
is not its great length, its huge flow, or the
size of its drainage basin but the negligible
extent to which it has been developed. So
far, no major dam has been built on the
main stem of the river.
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Harnessing of the Makong is believed by
many of those who know th: area through
which it flows to be a key in the solutions to
problems which beset that part of south-east
Asia. Development of the Mezkong, lor
example, might aid food production by
providing irrigation water, and a large
amount of low cost electric power.

Studies on the River

The Economic Commission for Asia and
‘the Far East (ECAFE) set up A ‘Water
Resources Development Bureau in 1949,

it gave particular emphasis to the river. In
1956 (ECAFE) called together a team of
seven experts to study the potentialities of
the Lower Mekong with respect to hydro-

clectric power, irrigation, navigation, and
flood control.

Countries of the world were approached
to help in the development of the river. It
was also arranged that the sites may be
visited by top-ranking engineers, so that a
mission headed by General Raymond
Wheeler, Chief of the US, Corps of
Engineers, visited the area in 1957 and 1958.
More than 20 countries as listed in Table 2
offered rnuna:tary assistance in this project,

Different countries undertook  responsi-
bilities for different jobs for completion, On
the recommendation of the Wheeler Mission
an Advisory Board of the known experts
was established. The present board con-
tains Mr. Naranjan Pershad and Mr. Kanwar
Sain both of India, General Wheeler of
United States, Mr. Paul Bourriers of France,
Sir Robert G. Jackson of U.K., and Mr.
Filemon Rodriguez of Philippines.

The 1957, ECAFE report outlined a broad
plan of development for the Lower Mekong.
It consisted of six multiple-purpose projects
cn the main stem of the river, Luang
Prabang, Pa Mong, Thakhek, K. hemarat,
Khone and Sambore, each of which would
generate hydro-electric power and the Tonle
Sap Project at the outlet of the Grand Lac
which would be used for flood control pur-
poses.  The locations of these projects are
indicated in Fig. 3. The report estimated
thal these main stem projects, together with
a tributary project at Nan Theun, would
make possible the production of 4,300 MW,
or. 36,930GWH, of firm energy per annum,
They would alse provide substantial irriga-
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TaBLE 2

Resources contributed or pledged to the Mekong Development Scheme or to Prajects
sponsored by the Mekong Committee.

Data Collection, Analysis, Investigations, and Planning Phase.

From other Dollar From International Dollar Totals
Countries Equivalent!  Agencies, and the Equivalent
Riparian Countries
Australia 530,000 UN/ECAFE 857,752
Belzium 30,000 UN/TAB
Canada 1365000 UN/BTAO § 362,799
China 119,900 ILO 12,104
Denmark 10,000 FAOQ 139,930
Finland 10,000 UNESCO 16,800
France 1,291,929 WHO 8,277
India 251,000 WO 43,300
Iran 123,300 IAEA 55,6507
Israsl 346,000 UN Special Fund oo 1,059,985
Italy 24,300 World Food Program .. 86,440
Japan 1,089,496
Metherlands 170,009
MNew Zealand 185,927 Cambodia 3,127,129
Norway (0,000 Laos 1,827,846
Pakistan 100,000 Thailand 1,916,130
Philippines 295,050 Viet Nam 1,734 214
Sweden 20,000
United Kingdom 400,000
United States 7.614,000
Total, Pre-Investment § 31,040,287
Phase.
Tnvestment for
Construction:
Australia 200,000 World Food Program .. 1,189,710
China 45 000
France .. 1,493,900 Cambodia 3,431,000
Germany (West) . 16,000,000 Laos : 932,500
Tsrael 3,000 Thailand . 1R.400,996
United Kingdom 190,000 Yiet Nam 20,000
Total, Investment
Phase? 2,230,000

Total, Pre-Investment ..

Investment Phase?

% 44,758,079
$ 75,798,360

1. Expressed in US dollars; contributions in kind valued at market prices.
.2, Does not include provisional pledges of $ 26 million for Nam Ngum project.

Source:

Mekong Development Committee Reports.
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TaBLE 3 .

Main Stem Projects: Technical Details.

Project Purpose  Total and Power  Capacity Irrigation Navigation
Average Firm  Installed Improve-
Head - ment
ft. MW MW : .a_u:res miles.
Pa Mong .. PNIF 230/204 1,100 1,600 2,500,000 210
K hemerat .. PNI 132/98 . 580 T8O 125,000 160
Phone .. PNI 1127102 6a0 830 125,000 a0
Sambaor .. PNI 80/79 550 740 375,000 50
Tonle Sap. .. PDIF Seasonal—for pumping only 2,500,000 75
Total for five main
stemn Projects 2,890 4,000 5,625,000 525

P—Power: N=Navigation; I=Irrigation; D=Drainage.

Sources : C. Hart Schaaf and Russell H. Fifield, ““The Lower Mekong.” D. Von
Mostrand, 1963 and United Nations Economic Commission for Asia and ths Far East,
Development of Water Resources in the Lower Mekong Basin, Bangkok, 1937,

tion, navigation and flood control benefits
as well.

The Pa Mong Project

The Pa Mong Project is envisioned as one
of the key elements in the Mekong River
Plan. Situated aboul 15 miles upstream
from Vientiane, on the boundary between
Laosand Thaliand, the Pa Mong dam would
be 295 ft. high and would create an average
head of 204 ft. The dam would be about
3,600 ft. long. It would create a rescrvoir
which would have a capacity of 78 million
acres feet (Mangla is 4.5 maf). two and a
half times the size of Lake Mead, the
reservoir behind Hoover dam on the Colo-
rado River. Despite its huge capacity, the
Pa Mong reservoir could be refilled almost
every year. It would provide irrigation
water for about 500,000 acres in Laos and
about 2 million acres in Thailand. It would
provide regulation for power projects farther
down-stream, and would help to improve

18

navigation and control flooding in the lower
reaches. An installation of abous 1,000 MW
is being considered for the Pa Mong Project.
Details relating to this project and others on
the main stem are sct out in Tuble 3. The
Pa Mong Project is expected to cost over
$ 600 million.

The Sambore Project

The Sambore, located in Cambodia, abour
140 miles north of Phnom Penh, is envisioned
as a run-of-river project. The dam would
be 118 ft. high and would have a spillway,
navigation lock and power house. It is
estimated that an average head of 79 ft. would
beavailable. Aninstallation of about740 MW
15 contemplated, to produce some 4,500
GWH of firm energy per snnum. In
addition, the Project would provide water
to irrigate about 375,000 acres. By sub-
merging the rapids in this stretch of the
river, it would -help to. extend navigation
farther upstream.




TABLE 4

Tributary Projects Completed or at the Constryction Stage.

Name Country Purpose  Power Cost Sources of Expected Status at end of
installa-  $ million Finance completion 1965
tion date
MW
Nam Pong Thailand P.LLF.R. Fi. 24.9 28.4 Loan from West  Dec. 1965 Almost completed.

Germany Pakistan
China Thailand Fund

MNam Pung Thailand P.LF.R. 7.0 5.0 Thailand Oct. 1965 Completed.
Lower Se Done Laos P 1.4 3.7 mill. Fr.2 Loan from France 1969 Access road com-
+- Luos Funds. pleted turbines
120 mill. ordered Trom
Kipsd. France.
Nam Dong Laos F. 1.0 2.3 mill. Fr. Loan from France 1969 Access road com-
Laos Funds, pleted.
Prek Thnot Cambodia P.LF, 18.0 54.0 Australia Cambao- s Construction site
dian Funds. cleared. Investi-

gations for sources
of materials under
way. Earthfill
embankment under
construction.

TR hEmoc, Laes Eaol 1200 40.0 Under Negotiation 2 Convention signed
for exchange of
power between
Laos and Thailand.
Most of required
financing pledged. |

61

P=Power: | =Irrigation; F - Flood Contral; R—Recrealion: Fi—Fisheries.
Sources: Mekong Development Committee Reports.
Note that in 1963, 240 Kips—5 [.00 (US).

4.937 Fr. =% 1.00 {US).



The Tonle Sap Project

As presently conceived, the project would be
a gated barrage, located between Phnom Penh
and the Great Lake. The gates would be
closed during the first part of the rainy
season, thus allowing the entire flow of the
Meckong to pass out to the mouth of the
river. The gates would be opened in the
months of highest water, thus reducing the
peak flow. The gates would then be closed
until the beginning of the low-water period
on the Mekong. It has been estimated that
the artificial storage will make it possible
to maintain river levels at about 3 [t. above
what they would be in the normal low-water
period, thus reducing the problem of salt
water intrusion in the delta and making
possible the reclamation of vast areas in that
region. It is also believed that the higher
lake levels will permit increased fish pro-
duction in the lake.

India has undertaken to prepare the
barrage design and the comprehensive feasi-
bility report on the Tonle project.

There are several other projects on the

main stream and the tributary streams.
Some information about these is given in
Table No. 4.

The Mekong Development Commitlee
has achieved a great deal already in fostering
2 co-ordinated and co-operative approach
to the development of one of the world’s
major international rivers. The success of
the Mekong scheme will continue to depend a
great deal on support that can be gathered
from outside countries. The cost estimates
reveal that they will exceed 38,000 million.

The firms which are co-operating in this
job are the following:—

Associated Consulting Engineers of Karach
Certeza Surveying Co.

Electric Power Development Co.

Hazra Co. International, U.S.A.

Hunting Survey Corp. Ltd., Canada.
Italconsuit, ltaly.

Nippon Koei K. K., Japan.

Rogers International Corp., U.S.A.
Sogreah. Grenoble.

Sofrelec. France.
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INTRODUCTION

In order to raise healthy fruit plants and
to keep them in constant good health and
vigour, the usuval orchard operations and
practices like soil management, irrigation
applications and use of fertilizers, etc. need
a4 constant change under ever-varying soil
and waler-tzble conditions. The existing
irrigation  and agriculture practices and
changed water-table conditions have brought
about radical changes in physico-chemical
characteristics of the soil. This has had a
marked efifect on the cropping patterns and
orchard plantation that had been followed
during the last 3-4 decades. For instance,
in the perennial canal colonies of ex-Punjab,
the Kharif (Summer) acreage under cotton
has gone down from 56 to 33%. In Dadu
Division of Sind this decrease is still marked
and has gone down from 44 percent (1937-38)
to 2 percent. The soils of the Colony areas
of Bari, Chaj and Rechna Doabs of Indus
Basin were considered most suitable for
growing orange fruit plants some years
back. But now with the change in the
physico-chemical characteristics of the soil,
citrus growing in certain such localities has

Soil Constituents and
Citrus Growth

By MUHAMMD HUSSAINI AND
ABDUR RAHIM?

ceased to be profitable. Despite all care
in the orchard operations the citrus planta-
tion has been seriously affected which
resulted in decline in growth, death of plants
and a complete failure of the orchards in
many cases.

In view of these observations, studies
were undertaken to find out the inter-rela-
tionship of the various constituents both in
the soil and in the plants, needed to be
suitably maintained, for the healthy plant
growth. Two sites, one in Lahore and the
other in Sargodha District, were selected for
the investigations.

MATERIAL AND METHOD

The site in Lahore District is Tariq Estate,
which represents mainly two types of soils
i.e., medium textured and medium to fine
textured. The depth to water-table in the
farm is about 22 feet from the ground surface.

Five healthy citrus plants bearing good
fruit and five with poor growth and poor
bearing were selected for detailed study.
For the collection of scil samples, six feet
deep bore holes were made with the help
of soil auger in the root-zone of each plant.
The soil of each foot was examined for

1. Director Land Reclamation, West Pakistan, Lahore.

2. Assistant-Research Officer (Soil), Director Land Reclamation, West Pakistan, Lahore. -



texture, structure, carbonate contents, and
kanker percentages in the field. Detailed
physico-chemical tests were carried out in
the Laboratories of the Directorate of Land
Reclamation.  Besides that, leaves from
both the above-mentioned healthy and sick
plants were collected from the branches
about two inches below the growing tips,
and were dried and powdered for examina-
tion of nitrogen contents and other plant
nutrients,

Ciirus Plantation Showing Geod Growth

Similarly six healthy citrus plants bearing
zood fruits and six plants with poor growth
under varicus stages of deterioration, were
sclected in the two orchards in Chak No. 8
of Bhalwal Tehsil in Sargodha District for
the same study. In one orchard belonging
to Ch. Nawazish Ali the water-table was
six feet while in the other belonging to Mr.
Muhammad Nazir it was below ten feet from
the ground surface.

The analysis was conducted for the
following determinations:—

(@) Soil samples

. Permeability.
Humus.
Nitrogen.

lad ko
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4, Saturation Paste extract analysis for con-
ductivity, Calcium, Magnesivm, Sodium.
Carbonates, Bicarbonates, Sulphates and
Chlorides, pH was determined from satura-
tion paste.

(6) Leave samples
. CaO 2, MgO 3. Na0O
4. K,0O 5. Py0s

Citrus Plantation Showing Poor Growth

METHOD FOLLOWED FOR ANALYSIS

(a) Soil analysis

(f) Humus was estimated by treating the
soil with potassium permanganate solution.
Nitrogen was determined by the Kjeldahl's
method.

Permeability tests of the disturbed soil
samples were carried out by the method 37-B
of salinity laboratory, U.S.A.

(if) The soil extract was tested for
Electrical Conductivity with solu-bridge. It
was further subjected to detailed analysis for
Calcium, Magnesium, Carbonate. Bicarbon-
ate, Chloride and Sulphate by the usual
methods.! Sodium was determined with
Flame Photometer.

(b) ILeave analysis

The dried and powdered citrus leaves were




passed through 2 mm sieve. In this case
too, nitrogen was estimated by the Kjeldahls
m ethod.

For ash determination a weighed quantity
of the powdered material was ignited and
was placed in a muffle furnace at aboul
T00°C to get the constant weight of the ash.

For the determination of Ca0, MgO,
NapO, Ks0 and P,0s, Hydrochloric Acid
extract of ash was prepared by Hissink’s
method?,

Calcium. was determined by the oxalate
method, Magnesium by precipitating it with
diammonium hydrogen phosphate solution,
sodium and potassium with Flame Photometer
and P,0s by precipitating with ammonium
molybdate solution.?

RESULTS AND DISCUSSIONS

Tarig Estate (Lahore District)
(er) Soil analysis

Typical results of analysis for Nitrogen,
Humus, permeability, Kanker percentage
and Llectrical conductivity lor soils under
healthy and unhealthy plants for a fow sites
ane shown in table . The average figures
worked out for wvarious constituents are
given in table below:-

The average permeability of soil in case of
healthy plants is 0.16 inches per hour while
in casc of poor plants, it is 0.113 inches per
hour.

There is, however, no significant difference
in the Humus contents of the soil. The

Soil of healthy plants

nitrogen level is also the same in both the
cases. The electric conductivity of the
saturation extract is low and almost identical
in both the cases which is 0.65 mmbhos/cm
in‘case of the healthy plants and (.89 mmhos/
cm in case of the poor plants. The pH of
the saturation paste in both the cases is alse
within the permissible limits of &.5. The
soil profiles in both the cases contain a lot
of calcium carbonate in nodule form. The
texture of the soil is medium to [ine.

All this shows that physical charateristics
except permeability of the soil in both the
cases of healthy plants and poor plants are
almost identical. The reason for the poor
growth of the plants, therelore, cannot
generally be attributed to such characteristics.
The presence of Humus & Nitrogen, almost
in the same quantity, cannot be regarded as
the cause of poor growth on account of the
deficiency of any of these nutrients. The
salinity status of the soil profiles is almost
similar and within the permissiblc limuts.
The only obvious reason for the difference
in plant growth may be duc to the impropor-
tionate presence of the various soil con-
stituents. The critical examination of the
extract analysis of soil far from typical
samples under healthy and poor growth as
given in table No, 2 shows that the proper
ratio of Na: Ca & Mg is the determining
factor for the healthy growth of orange
plants, other faclors being the same. The
ratio of Na to Ca and Mg in case of healthy

S0il of unhealthy plants

Nitrogen

Humus

Fermeability

Electrical conduyctivity
PH of saturation paste
Dt 185 Mg

0.0324 9%,
0.400%
(.16 inches/hour
0.65 mmhos/cm

0.34

0.0287%
0.3117%
0.113 inches/hour.
0.898 mmhos/cm.
§.00
0.43
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plants is noticed within the range of 0.176
to 0.4866. In case of unhcalthy plants it
varies from 0.419 to 0.62.

(2) Leave analysis results

i The leave analysis results given in table.
No, 3, however, show that the nitrogen
contents in case of the healthy plants is
comparatively higher as compared with the
poor plants. In good plants the average
nitrogen percentage comes to 2.37 against
1.95 for the poor plants.

The average ash content of the leaves is
also higher in case of healthy plants, the
average for healthy and poor plant leaves
being 9.32 and 7.7 percent respectively.

The average Calcium Oxide percentage is
3.77 in healthy and 2.875 for poor plants,
The average value of Magnesium oxide is
1.5 percent in healthy plants and 0.92 percent
in poor plants. The sodium oxide is 0.26
percent in good plants and 0.36 percent in
poor plants ie. slightly higher in case of
healthy plants. Potassium is also higher
in cas¢ of poor plants which is 1.12 percent
in healthv plants and 1.34 percent in poor
plants. The phosphorous level is almost
identical.

The ratio of Na,0 and K50 to CaO and
MgO in case of healthy plants vary within the
limits of 0.2172 to 0.3010, while in case of the

poor plants it is higher and ranges from
0.4229 to 0.5613.

Soils of good plants

-

Average ratio of NaO to Ca0 and MgO is
0.061 for the healthy plants and is 0.102 in
case of the unhealthy plants.

BHALWAL AREA (SARGODHA
DISTRICT)

(a) Soil analysis

The results for Scdium Humus, Perme-
ability., Kanker percentages and clectrical
conductivity for soil under healthy and
unhealthy plant growth were similarly esti-
mated as before. The average figures
worked out for various constituents are given
in the table below.

The average permeability of the soil is
very low in both the cases of healthy and
unhealthy plants which is 0.068 inches/hour.
The Humus and Nitrogen contents arc also
the same, but lower than those of Tarig
Estate. The electric conductivity of the soil
in the root-zone of unhealthy plant is 2.35
mmhos/cm, as compared to 1.23 mmhos/cm
of the soil profile of wnhealthy plants.
Salinity status of the soils is within the per-
missible limits of plant growih. pH value
15 also the same in both cases and 15 within
permissible limit.

Calcium carbonate contents range from
1549 to 19.6% in both the cascs. The
texture of the soil is medium to fine.

The saturation extract analysis for 2 few
samples of the two kinds is shown in Table 4.

Soils of unhcalthj plants

Nitrogen

Humus

Permeability
Electrical conductivity

0.0406%;
0.2315%

0.068 inches/hour
= 1.23 mmhos/em
- pH of saturation: paste e B2

Na : Ca + Mg .. 0.41

0.056%
0.2243%

0.067 inchesfhour.
2.35 mmbhos/cm.
€.22

0.814
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[t shows that ths Na to Ca+Mg ratio of the
soil in case of healthy plants are within the
range of 0.32 to 0.65 while in case of un-
healthy plants it is 0.62 to 1.7 in the majority
of cases. !

(b) Leave analysis

The analysis results of leaves are given in
Table MNo, 5.

The nitrogen contents are higher in case of
all the healthy plants which are more than
2 pereent, In case of poor plants, nitrogen
is less than 2 percent almost in all the cases.

Ash percentage on the average is 9.975
and 8.14 for healthy and poor plants respect-
ively. CaQ is 5.74 percent on the average in
good plants and 3.05 percent in poor plants.
Similarly Magnesium is higher in healthy
plants and low in poor plants. Sodium and
Potassium level is almost the same in both
the cases, The phosphorous level is also
identical,

The ratio of Nay0 to CaO+MgO 15 0.0432

: to 0.0664 in case of the good plants and 1t
i is 0.0348 to 0.0807 in case of poor plants.

. Tor citrus plantation in the past.

Bhalwal area was considered wvery good
MNow  with

| the rising water-table and changing irrigation
- application conditions there has been drastic
change in the physico-chemical characteri-

tics of soils. The ground-water of this zone
is of inferior quality and with the risc of
water-table in this area the salinity has been
spreading at tremendous rate.  The chemical
reactions in the soil has widened the ratio
of Na to Cat-Mg.

The average ratio in good plant growth

| soil profile in Lahore District comes to 0.34

against 0.412 in Bhalwal area, there being not
very much difference. But in case of un-
healthy plants the variation in ratio is 0.434

+in-Lahore District against 0.814 in Bhalwal

area. This means that Lahore area is more

“ susceptible to damage with even slightest

change in the ratio of Na : Ca + Mg. The
soil profile in Bhalwal area can, however,
stand to even a wider range of this ratio.
It would, therefore, be necessary to be more
careful for citrus plantation in Lahore
District than in Sargodha District,

CORRECTIVE METHODS

There arc two methods for setting right
the ratio of Na to Ca-Mg, conducive to
plant growth. The long-term method is to
make use of the presence of unavailable
calcium from calcium carbonate nodules.
This can be achieved by a gradual process of
green manuring which increases the avail-
ability of Ca from CaCQ;. Green manuring
of Sesbania Aculeata (Jantar) has proved
a good biological method for keeping low
the ratio of Na : Ca and Mg. This practice
is at present extensivelv followed at Tarig
Estate and this is bringing tremendous im-
provement in the soil.

The other quick methad is to correct this
ratio by increasing the amount of Ca by the
use of amendments. The most suitable
amendment for our soil conditions is gypsuim.

Jantar ready for green manuring
In order to bring the ratio in the growth-
conducive range of 0.3 to 0.4, the unhealthy
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plants would require a dressing of 23 Ibs. of
powdered gypsum per plant for Lahore soils.
To lower down the ratio from 0.8 to 0.4 in
Bhalwal soils, an application of 57 Ibs. of
gypsum will be needed.

The gysum application should, however,
preferably be made in two doses. The annual
application per plant will be about 12 Ibs. for
Lahore and 30 1bs. for Bhalwal soils.

APPLICATION TESTS IN THE FIELD

A badly affected block of land measuning
about 8 acres was selected to try the effects of
the amendments at Tariq Estate in Lahore
District. As stated above, it was decided
to give an application of gypsum in two
doses of 12 lbs. each. In order to make up
the deficiency of Nitrogen, it was also con-
sidered necessary to apply } Ib. of ammonium
sulphate per plant along with 12 Ibs. of
gvpsum. In order to ensure quick reaction.
the amendments were applied by making
10 bore holes one foot deep, five at a distance
of 24 feet and the remanimg five at a distance
of 5 feet from the trunk of each plant. For
better distribution the arrangement of the
bore holes was adjusted in such a way that
the bore holes falling on the outer circle
were cutting the mid lines of the inner circle
bore holes as shown in the figure below:

Ll L T T .,
—
b

For applying the amendments, one half
the quantity (12 Ibs. of gypsum and 4 Ib. of

ammonium sulphate) was put in the bore
holes while the balance quantity was spread
on the surface and mixed properly with the
surface soil. Immediately after the appli-
cation of the amendments, irrigation Was
given to the field.

After a period of about 3-4 weeks a marked
effect on the plants was noticed. The plants
started giving out new shoots and falling of
the fruits was arrested to a pgreat extent.
With the second application of the dose there
will still be improvement and complete cure
of the dying plants with withering, yellowish

leaves and dried twigs giving way to green, |
healthy new shoots and changing altogether |

the condition of the plants. The favourable
effect has brought a sigh of relief among the
fruit-growers and they are applying to this
Directorate to prescribe the treatment for
the soils of citrus plantations owned by them.

ACKNOWLEDGEMENT

Research work on this problem was
undertaken at the instance of Malik Khuda
Bakhsh, Minister for Education and lrriga-

|

tion & Power Department (now Minister |

for Food, Agriculture and Co-operative). |

The authors owe special thanks to him for
his valuable suggestions during the course of
study of this problem.

REFERENCES

(1) Diagnosis and Improvement of Saline
and Alkali soils, US.D.A. Hand-
book Mo, 60.

(2) Piper C.S., Soil and Plant Analysis.

(3) A.0.A.C., Methods of Chemical Analysis.

{




TaeiE No. |
Soil Analysis results of Tarig Estate.
¢ bore
Spread | prane Condition of plant Depth Kanker Nitrogen Humus  Permeability
ith the | No. % % me/g. inches/hour
appli- .
m was [ g Healthy plant growth .. 0'—I° . .0308 4.29 0.203940
frone . 0272 4.29 0.170550
2'—3 . L0140 4.49 0.101970
narked 3l . . - 0.13596
plants 45 25.71 . - 0.19291
ling of 5'—6’ 25.71 5 - 0.30421
- _ 6'—7 15.1 i i 0.28385
o 7—8°  31.9 i i 0.243595
| . 17.25 < o 0.12465
'€ clre | 9—10° 17.3 — i 0.13595
lowish |
green, | 1V Healthy plant growth [ = .0336 4.29 0.6498
aetbies | ey .. 0168  3.12 0.08364
il 3ty 8 0112 429  0.09747
urable | e . . B 0,08664
ng the 4'—5" . a7 . 0.2166
(0 this | 56 . . - 3.19494
o v - 25 .14079
“:h:: 3 [T N - 0.08123
" § g—9°  21.7 0.12996
9'—10° 30.2 0.1083
1 Poor plant growth N A » 0.0448 2.73 0.1133
1 was |—2 i 0392 2.3 0.10197
Khuda | 2'—3 i 0.0504 2.34 0.06798
Irriga- | 3 —a i . . 0.06998
e ‘ LA . . . 0.1133
i) 5'—6" 35.30 . .. 0.2492
ative). ! 6—7°  26.30 . . 0.09064
m for | 7'—8° 24 .40 i - 0.10197
irse of | - 16.00 i s 0.09064
9°'—10°  20.00 i - 0.10197
v Poor plant growth e 01" i -0336 4.290 0.059%0
i 1'=2' 15.94 .0028 3.900 0.04792
2’3 5 0224 3.51 0.059%0
Saline 3'—4’ 5 = ¢ 0.05990
Hand- : ; 4'—5 0 .. .. 0.03990
LT i = iig 0.05990
&' —T7’ 7.30 s 0.07188
Ty 17.40 s - 0.05990
8 —9 16.66 i it 0.062315
A 9 —10 18,18 = P 0.067980
ialysis,
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TABLE No. 2
TARIQ ESTATE

Sail Saturation Poste Extract Analysis,
¥

Milliequivalents per litre

Plant Condition of  Depth ECxI10® pH  Average
No. Plant Ca Mg Na Co; HCO; ClI 80, Total at 25°C  paste Na
Cation E—arl-Mg_'
Anions
1 2 3 4 o o 8 9 10 11 12 13 14
1 Healthy Plant ) .47 1.45 3.08 360 500 5,40  14.0 .40 & .00
arowth. 1'—2 4.40 600 2.60 4.40 6.00 2.60 13.0 1.30 T7.80
2—3 6.05 7.99 0.9 4.00 4.40 3.60 12,0 1.20 7.92 1760
3 —4 6.60 3.28 3.12 3.60 6,00 3.40 12.0 1.20 7.98
4'—5°  10.23 4.54 1.23 3.40 5.60 7.00 16.0 1.60 7.90
5'—6' 13.20 3.73 0.07 3.00 560 104 19.0 .90 7.95
[T do 0'—1' 5.28 2.52 3.20 4,6 3.40 3.00 11.0 1.10 7.98
Pi—2' 0,38 319 4. 43 340 400 6,60 14,0 1.40 8.10
-3 4,40 100 409 J.000 3,40 2. .30 9.5 0.95 85.05 L4466
34 4,72 2.14 2,64 3.00 3.60 290 .5 0.95 T.90
4'—5 4.62 1.10 2 .28 3.20 3.80 [.00 880 .80 7.82
5—6"  4.82 1.93 1.95 3.60 2.60 2.50 B.5 0,85 7.90
1 Poor plant 0'—1" 3,54 1.96 3.30 4.00 4.5 0.30 8.8 7.95 0.88
growth, 1'—2 6.24 0.76 1.80 4.00 4.5 0.30 8.8 8.15 (.88
2'—3 Dol R B5h 3.50 5.0 8.5 17.0 5.08 1.70
34 .00 230 3.0 3.0 5.0 o 2.0 8.02 080 0,419
4'—5° 8.84 0.66 2.5 2.00 4.0 6.0 12.0 B.00 1.20
5'—6' 3.64 2,86 2.1 200 50 05 5.6 8.26 0.86
II do 0'—T’ 5,02 T E5 3.00 5.0 4.0 12.0 7.80 1.20
—2 4 68 82 4.1 4.00 50 0.4 9.6 7.92 0.96
2—3 3:12  L:38 1.3 2.00 3.5 0.3 5.8 T.80 0.5%  .49]
I—4 8.32 2.68 2.0 3.00 4.0 6.0 13.0 7.70 1.30
4’5" 342 2:38 35 4.00 5.0 9.0 9.0 7.62 (.90
5'—6 Fob2 2238 1.5 200 3.0 1.0 F20 7.85 0.70




S =y .12 2.38 1. oo 300 30 1.0 7.0 7.85 0.70

s T, -

TanLe No, 3
TARIQ ESTATE

Analvsis results of plant leaves showing the pereentage of each.

Nﬂzﬂ +K 10 Nazﬂ+ KzD‘
CaO+MgO CaO-+MgO

Plant Condition of plant  Nitrogen Ash Ca0 MgO Na,O K0 P,05
No. .

6T

I Healthy plant growth 2.142  10.75 4.900 1.7556 0.3007 1.1454 0.3682 0.2172 0.045

11 do 2,450 B.46 3.570 1.2699 0.3215 0.,9105 0.4120 0.2545 0.066
It do 2.750 8.97 2.695 1.6558 . 1.3099 0.4172 0,3010 0.067
v do 2.079 7.04 2,975 1.6434 0.3099 1.0575 0.4738 0.2960 0.068

A do 2,366 11,37  4.700 1.2699 0.3684 1.1749 0.4584 0.2585 0.059

Averape . —2-"-; N 9,32 3.1’?__ I, 500 261 1.1200 426 225 061
[ Poor plant growth .. 1,876 8.330 2.100 0.7843 0.3293 1.1454 0.3270 0,5112 .105

11 do ' 2.058 7.803 2,205 0.8591 0.3085 1.3099 0.4326 0,528 100
11T do 1.842 6. 30 2 975 1.5687 0.3610 0.5860 0.4403 0.4390 .079
v do 1.995 7,810 2.800 0.5002 0.3884 1.4980 0.5536. 0.5613 105

4 ] do 1.967 8.215 3.950 0.8217 0.4261 1,7818 0.5202 0.4229 .120

Average . .] iﬁ | 1.7 2_3?‘3 92 J36 - I .34 | .455 -‘_.49{1 102

-_— —_—— —
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TABLE No. 4
BHALWAL AREA

Soil Paste extract analysis.

Milliequivalents per litre

Plant  Condition of Depth ECx 108 pH  Average
MNo. plant Total a1t 25°C  Paste Na/Ca--
Ca Mg  Na COy HCO, €1 SO4 Cations/ Mg
Anions
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Healthy plant '—1' 4.95 2,23 2.32 .. 5.20 4.0 0.3 9.5 0.95 B.35
growth. 1'—2' 2,75 2.45 2.80 .. 3.4 4.0 0.6 8.0  0.80 §.10
23 3.52 1,68 2,80 .., 2.8 40 1.2 8.0 0,80 8,22 48
3>—4* 3.85 2.66 2.76 ,. 3.20 5.6 0.2 9.0 0,9 8.20
45" 2.86 1.92 2:2 .. 30 40 i 7.0 0.70 8.25
5'—6' 7.81 446 573 .. 2.0 6.4 9.6 18.0 1.8  8.05
I Poor Plant 0'—1" 3.85 2,60 2.55 .. 3.60 4,00 1.40 9.0 0.9 8,20
growth. 1'—2' 6.20 7.20 16.60 ., 3.40 8.40 18.20 30.0 3.0 8.08
2'—3' 3.85 3.4311.72 .. 3.00 9,00 7.0 19.0 1.9 8.15 1.30
Y-y 2.42 2.57 10.01 2 .00 6,00 7.0 15.0 1.5 B.230
4'—5"' 3,52 2.10 8.38 .. 1.40 7.60 5.0 (4.0 1.4 8.20

55—6" 2.8 494 820 ., 3.0010.40 2.60 16.0 1.6 §.22




Analysis results of plant leaves showing the percentage of each.

TABLE No. §

BHALWAL AREA

Plant  Condition of MNitrogen  Ash Ca0 MgO Na,O K,0 P,04 i s
No, plant. CaO+MpO  CaO+MgO
1 Healthy plant growth ., 2.324 12,55 5.38 1.648 0.351 2.08 523 0.3459 0.0499
11 do 2.268 12.70 5,60 1.315 0.323 0.82 489 0.1652 0.0467
1 do 2.254 11.00 5,51 2,282 0,294 1.79 497 0.3068 0.0432
AY do 2.016 12.50 5.75 1.888 0.372 1.80 494 0.2843 0.0487
v do 2.324  10.90 5.86 1.0308 0.426 1.415 551 0.2664 0.0618
V1 do 2.54 10,20 4.73  2.670 0.492 1.576 515 0.2794 0.0664
Average .. 226 957 547 4.639 1.396 15719 .519 549 0528
1 Poor plant growth .. 1.960 8.00 3.00 0.95 0319 1.140 .504  0.3693 0.0807
11 do 2.024 7.00 3.7 0.538 0.327 1,274 458 0.3768 0.0769
II1 do I.820 8.06 2.80 0.90 0.244 1.79 497 0.5497 0.0659
v do 2.058 9. 00 3.00 1.00 0,274 2.340 662 0.6500 0.0685
Vv do 1.792 8.20 2.80 0.791 0.240 112 481 0.5458 0.0668
Vi do 1.792 8.80 3.00 1.464 0,245 1.60 325 0.4135 0.0548
Average C1.91 8.4 3.05 0.900 0.274 1.644 .48  .484  .068

I€




An Estimate of Water

Consumption

BY SUGAR-CANE, COTTON, AND
WHEAT CROPS UNDER HIGH
WATER-TABLE CONDITION AND
ITS EFFECT ON THEIR YIELD

By NAZIR AHMAD & MOHAMMAD AKRAM

A study was conducted to determine the water utilization by .sugnr-ra}:e. cotion and wheat crops
with water-table maintained at different depths in two different types of soil. The total amount of
water consumed at different stages of the growth of the crap was estimated. It included the
surface irrigation, the sub-irrigation and the drainage surplus. The order of Blaney Criddle Cocffi-

cients for the above-mentioned conditions was also derermined.

Another important information,

collected, pertained to the yield of each crop. These siudies explain the one cause for the reduction
in yield of wheat crops and the fall in acreage of cotion in favour of sugar-cane.

Introduction

Sugar-cane and cotton are both cash crops.
These have identical advantages for the
farmers. In spite of this fact, the cotton pro-
duction in the former Punjab is showing a
down-wards trend for the last 30 years. The
data of this crop for Lyallpur District for the
year 1947 to 1964 (Fig. 1) shows a decreasing
acreage under the cotton crop. The studies
conducted by Ghulam Mohammad also
showed that the acreage of cotton was
decreasing every year in comparison to the
competing Kharif crop. His analysis is
shown in Fig. 2. One of the causes for this
fall, according to Ghulam Mohammad, is the
rise of groundwater level. In this paper the
effects of high water-table on the yield of
these three common crops of the country is
investigated.
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Experimental technigue

At the Niazbeg Ficld Research Station,
investigations have been conducted for the
last 5 years, under controlled conditions, to
study the effects of various parameters which
infiuence the vield of the crops. Maintain-
ing "vater-table at different depths, the amount
of sub-irrigation, drainage surplus, total con-
sumption of water in comparison to evapora-
tion from free water surface and the yicld has
been investigated.

These studies have been conducted in
cement concrete lysimeters, nine of which are
25 5q. ft. in area. These were constructed in
three depths so that three lysimeters each were
of 5, 10 and 135 ft. in depth. A large number
of lysimeters are also made of 3 to 4 ft
diameter hume pipe and are 8 to 10 ft. decp.
These are installed in soil by digging. Before
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undertaking the studies; the lysimeter were
checked for water tightness. It was assured
by coating them with bitumen on the inside.
Al the bottom of each lysimeter, 6 inches
thick gravel filter is provided. It consists of
three grades. The first two inches consist of
gravel between 14 inches to 1/8 inch. The
second two inches layer consist of gravel of
1/8 to 1/16 inches the last two inches layer
consist of coarse sand. The soil was added
above this filter. The set-up of both types
of lysimeters is explained in Figures 3a
and 3b.

Filling of the lysimeters with the soil
The lysimeters were filled with two different
types of soil, one had more clay particles and

filled with the selected grades of soil within
five inches of the top. In case of hume pipe
lysimeter, strainers were also installed in the
middle and at about 3 ft. below top surlace,
Both the strainers had connections outside
the walls of the lysimeters through a
G. 1. Pipe. Incase of concrete lysimeters
14" pipe with a short strainer was installed
entering into the filter.

Consolidation of Seil Formation

In order to ensure the consolidation of the
compacted soil, water was added through the
strainer installed in the filter. It was allowed
to rise slowly through the soil column. The
water head was raised slowly till it reached
within one ft. to six inches of the surface,

the other had more silt particles. Their This water was then allowed to drain out.
mechanical apalysis is shown below — This process of saturation and dewatering was
T:"LHLE. NU. 1

Mechanical Analysis of the Soil.

% Sand % Silt %Clay
Coarse Medium  Fine  Coarse  Fine HL.:]DW
P pH above 0.6 0141 0.074 0,02 0.002 Remarks.
o .6 to 1o Lo to mit,
mmm. 0,149 0Q.074 0,02 0,002
mim. mim. mm. m.
o014 82 1.0 7.0 13.0 344 301 14.5 Clay soil
0.07 7.8 1.0 1/ 27.0 35.7 10.6 8.2

Silty soil,

The soluble salts at the time of filling the
pipes were also determined. These are given
in the same Table.

A special technique was adopted while
filling the lysimeters with spil. 1t was done
in layers of 6 inches at a time. The soil
deposited was at optimum moisture. It was
compacted to attain a dry bulk density of
about 1.45 gmjcc. Before adding the next
layer the previous one was scratched to a
depth of half an inch. This was done to
avoid stratification. - Each lysimeter was thus
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repeated several times to ensure complete
conselidation of the soil.
A Device to Maintain the Water-table

In the investigations waler-table was to
be maintained at a fixed level. 1t wasattained

by means of a double acting valve details |

of which are shown in Fig. 4. The valve
consists of a brass pipe, 3 inches in diameter
and 6 inches long. It has a flange &t top
and is closed at bottom. A float of thin
brass sheet is contained inside it. The float
has a pointer which fits in a seat and thus it
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blocks the fiow of water. The valve has
three inlets. The bottom one is connected
to the lysimeter. The top inlet is connected
to the reservoir of water. When the water is
needed by the lysimeter, it is drawn through
the top inlet and flows through the bottom
pipe. In case the lysimeter is irrigated and
water drains down, it enters the valve through
the bottom inlet and raises the float up to
stop the inflow of water from the reservoir.
The drained water now flows out of the valve
through the middle outlet, This drainage
is collected in a vessel.

When the drainage stops and the lysimeter
needs water, the float moves down, opening
the top inlet and water flows back into the

_ lysimeter. This device thus maintains the

EVAPOTRANSFiIATION BY COTTON LS

CLAYEY  &0IL
FROM May 1L TO JAH. 16

water-table at a fixed level and helps in
recording the amount of water needed by a
soil and the crop. The water so consumed
by the crop is termed the sub-irrigation.
Drainage surplus after an irrigation 1s also
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estimated as explained. This technique auto-
matically maintains the water-table at a fixed
position.

Experiments with Cotton Crop

Cotton, variety L.S5.5.,
fourteen lysimeters, seven of which had clay
soil and the rest silty soil. Water-table was
maintained at different depths, the highest
position was 2.5 ft. and the deepest 9 ft.
below surface. Full season data for this
crop are plotted in Figures 5 (&) and (b).
These figures depict the water consumed by
the crop during different months of its growth.
Cumulative consumption is plotted in these
fizures. The full season data for the crop
grown under different positions of water-
table and soils are shown in Table No. 2.
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EVAPOTEAMAFIRATION BY COTE0W LSS

It gives the amount of irrigation and rainfall
during the growth period, surface run off and
the percolation. The water drawn by the
crop from the soil moisture as sub-irrigation
is also given. The total evapo-transpiration
is represented by ET, sub-irrigation by SI
and the amount of evaporation from free
water surface by EV. For this crop the
actual requirement of water was assumed
equal to 32 inches with deep water-table. A
study of the table shows that the cotton crop
due to high water-table consumes a consider-
able amount much above ils requirement.
This water is wasted. A fair amount of
water is drawn from the soil formation as
sub-irrigation. More water is lost when the
soil is silty.  With water-table beyond 10 fi.
the loss is the same in both the soils.
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TABLE No. 2

Seasonal Evapo-transpiration Data of Cotton L.S.5. from May 11, 1964 to Jamyary 13, 1965,

[1e}

ol
ol
21
puE

{All Units are in inches).
Soil Silty Clay
Tank No. | 1 5 6 @9 <4 5 3 4 7 g 10 6 7
Water-tabie in fl. 18- 4.0 50 &ED 7.0 30, %0 2.5 40 50 &8 2.0 &0 9.0
Surlace Trrigation .. 12 12 12 [:2 12 12 |2 12 12 12 12 12 12 12

Rainlall 27.89 27.89 27.89 27.89 27.89 27.89 27.8% 27.89 27.89 27.89% 27,
?u:1hcc]{ur10ff 24 5.25 568 9.30 6.0 500 600 6.5 3.39 5.60 5.30 5,
Percolation 7.06 5.20 9.07 9.97 9.83 7.79 9.27 3.74 1.73 3.02 4.
Sub-Irrigation oo 46,32 33.47 32.08 23.38 17.64 14.10 14.10 31.74 23.54 17.53 14.
Total Evapo-transpiration 73.90 62.50 53.60 47.30 42,70 40,20 38.20 64.50 56.10 48 .50 44,
K Value 1.45 1.23 1.05 0.93 0.8 0.8 0.75 1.26 1.1 0.9 0.
%Excess Evapo-trans-* .. 131.0 96.6 67.5 48.0 34.0 25.0 20.0 10[.6 75.3 52.8 40.
Raﬁliﬁlzi‘}%i;ﬁv_ w 2% 1.8 %0 A 1. 1 e 1.8 8T 15 1
o of SI/ET. .. 62.7 53.38 59.83 49.42 41.3 35.05 36.85 49.20 41.94 35.84 32,

Ratio of 51

{EX. e 138 1.0 0.95 0070 0.3 042 041 0.94 0.70 0.52 0.

80 27.40 27.89 27.89

50
12
53
&0
88
0

33
42
43

T.00
6.16
P27
42.00
0.82
313
125
36.35

0.45

700 7.00
T.04 5.16
14.05 11.07
39.90 38.80
0.78 0.76
24.7 21.2
1.85 1.15
35,3 2832
0.42 0.33

*

The amount of total consumption assumed with water-table at 20 ft. for Cotton was 32 inches,

Lake evaporation during growth period=33.7 inches.

K Values at 20 ft. depth=0.63

Blaney Criddle F = 51 where F is sum of monthly consumptive use factor for growth period.

% Excess Evapo-transpiration worked out assuming ET 32 at 20 fwl table.



