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A Review of Salinity-Alkalinity Status of
Irrvigated Soils of West Pakistan

NAZIR AHMAD
Irrigation Research Institute, West Pulistan, Lahore

Irrigated soils of West Pakistan are generally saline (solonchak) in
nature. Alkaline soils (solonetz), usually intermixed with solonchak goils,
are found in patches but do not exist extensively in this country.In the Northern
region (Bari Doab) about 0.02 m.ha. of highly alkaline and saline-alkaline
lands exist as a unit. This is one of the reasons that in all the sojl
conducted till recently the classification of soils has mainly heen b
the degree of soluble salts (TDS), pH and mechanical analysis.

The first soil survey was undertaken in this country in 1941 and during
the next 5 years about 6.0 m.ac. had been surveyed mainly hy visual inspection
supported by laboratorv analyvsis.

In 1953, for the first time soils were started to be classified in groups
so that for Northern regions in the Punjab, soils were grouped into five series [ 2]
and this practice has continued to be followed even now in the suUrveys
completed for the whole of the Punjab region. In 1960, the drainage investi-
gations of Sind Region were entrusted to a firm of consultants [6,7,9] who
too have classified the soils into seven textural divisions.

As regards the salinity and alkalinity status, the estimate has generally
been hased upon total dissolved solids (TDS), and soils are grouped into five
classes depending upon the percentage of the TDS.

dstimation of alkalinitv has so far presented some difficulty. 1n 1937,
Ascuar, Purt and Tavror [1] tried to bhase the alkalinity of soil on pH,
on the degree of alkalinity which they defined as the ratio of exchangeahle
monovalent jons of Na* and K+ present in a soil to the maximum amount
of monovalent ions that the soil was capable of holding and on the dispersion
coefficient, D. C. (defined as the percentage of total clay which can be brought
in suspension on bheing left in contact with water for 24 hours). It is only very
recently that solonetz soils are being classified on the basis of residual sodium
carbonate [4, 11] (RSC) and exchangeable sodium pereentage (ESP). So far
in the published literature and the drainage reports [5, 10, 16], there is no
information on the extent of solonetz soils. Maps showing such soils are still
to be prepared.

During the last quarter of the century reclamation methods for both the
solonetz and solonchak soils have heen successfully perfected.

SUrveys
ased upon

A) Soil surveys
Like many other countries of the world, Pakistan too in the earlier years

had never carried out soil survey of land which was to be irrigated. In fact
the first soil survey was undertaken in the vear 1941 for an area of about
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2.655 m.ac. (1 m.hectare) of Thal Doah, a part of the land within the boundaries
of Punjah and bounded by the rivers Indus and Jhelum. The survey was limited
to the top 10 ft. of soil profile. Besides study of the topography for the existence
of sand dunes and other physical features of the area, chemical and mechanical
analysis of the soils was also carried out.

This survey gave very uscful information, so that during the next five
vears eight more sites, big and small covering an area of about 6.17 m.ac.
(2.5 m.ha.) [12] were surveyed, some in details and others visually.

Seils surveyed

‘ Chemival Analysis

i Area e e Tl

j Yeoar surveyed low salts | law salts high pH

Hites | of m. acres low pH low pH at surface
1 osurvey | in profile | at surface
! Aren in millions of acres
l

EHAFBEOAD: ooy e S ey 1941 | 2.655 0.502 0.913 1.250
Eyallpie o sews smmaimeins s s s s ian 1941 ! 1.000 = 0.204 0.785
Raklh Miani and Pakhowal ........... 1942 | 0.002 0,001 0.000 0.001
Ghagh and Darkana ................. 1943 0,150 — 0.104 0.045
1 g 1943 (0,124 — 0.001 0.124
JRIBIHHT v wesparars 1943 (167 - 0.002 0.165
RENEPUT  conmnmanoions sosseiss sisyg 1944 0.065 — | 0.007 0.058
Taliei: and Garesll oo seme s 1944 0.145 0.051 0.064 0.016
11 1946 1.860 — 0.372 1.400
Lotk oo oo o I e 6.168 0.554 1.667 3.844

In the earlier surveys classification of soils into groups was not attempted.
It was in the year 1953 when working in Rechna Doab area, that five series
of soil clagsifications were established. These were:

Soil series Textural Class Textural Group
{Nomenclature)

Jhang Sand and loamy sands Coarge texture

Farida Sandy loam, fine sandy loam Moderately coarse texture

Chuharkana Loam, silt loam, clay Moderately fine texture

loam, silty clay loam

Buchiana Loam, silt loam, silt Medium heavy texture

Nokhar Sandy clay, silty clay, elay Clayey, fine texture

Each of these series was further sul-divided into five classes.

Llecent soil surveys

1. Punjab area

Recently an organization called the Ground Water Development, Organi-
zation a forerunner of the present Wagid Laboratories in association with the
American Aids (Geological Survey) was set up which has surveyed the whole
of the Punjab and Bhawalpur areas, constituting about 8 m hectares. Based
upon this survey three drainage projects [5, 10, 16] are prepared. The soil
textural group existing in the area covered by the three reports for an area
of about 1.2 m.hec. are as it can be seen in Table 1. This table shows that
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Chuharkana and Nokhar series of soils which are classed as heavy soils consti-
tute only 6.1%. Light soil of Jhang and Farida series constitute 59", and
medium soils are only 359%,. Thus the soils of northern regions and the Punjab
arcas are generally light.

2. Soils in Sind aren

The Sind area constitutes about 12 m.ac. (4.8 m.ha.). This area is distri-
buted under the command of three irrigation projects which are as under:

Irrigation Projects Areq under command,
. acres.

I. Ghulam Mohd Barrage ............... 2.807
II. Sukkur Barrage

a) Rohri Canal . ... .. ... ........... 2.568

b) Nara Canal ... ... .. ... .. ....... 2.210

c) Sukkur Right Bank ......... ... .. 2.056
ITII. Guddu Barrage

«) Lett Bank canals . ................ 0.788

H) Right Bank canals ................ 1.588

Total: 11.920

Preparation of drainage report for this area was entrusted to Hunting
Technical Service [6, 7, 9], a British Firm which instead of following the
Punjab classification, found it convenient to classify the soils into seven
textural groups. These were:

Texture of soil Symbol
Tdght ... oo 1
Light heavy ovonvsoone s apos s Lh
Medium light ................. MI
Mediom ...................... M
Medium heavy ........., ...... Mh
Heawy Haht « . covn o s vnnn o s HI
Heavv ... oo i H

According to this classification soils of about 3.7 m.ac. (1.5 m.ha.) of Sind
are as under:

1. Soil in Ghulem Mohwminad Barrage area

Ghulam Mohammad Barrage area of Sind constitutes about 2.807 m.ac.
(nearly 1 m.ha.). These soils were classified according to the above seven
textural groups. This area lies on both sides of the Indus river. Area on the left
side has two perennial portions of Gaja and Tando Bago. The rest of the area
is non-perennial. The textural classification is shown in Table 2. It shows
that heavy soils vary from 40 to 559, of the total, medium soils constitute
20 to 359, and the light soils occupy the smallest portion. The detail being
as it can be seen in Table 2.

The break up of the soils for the two perennial areas of Gaja, 0.13 m.ac.
(0.052 m.ha.) and Tando Bago, 0.447 m.ac. (0.19 m.ha.) out of the left bank
area of the barrage as depicted above is as it can be seen in Table 3.
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Table 2,
Soils of Ghulam Mohammad Barrage Command Area

(in 1000 acres)

Lelt bank ‘ Ltight bank ‘ Total

aeres | % ‘ acres | % i acres %
L e commmmessoemmns 346.2 14.4 G68.3 11.3 414.5 13.8
N T 57.2 2.4 2.1 0.4 59.3 1.8
M .o consmanns 161.4 6.7 32.0 | 53 193.4 6.4
MY o s 179.6 7.5 45.7 7.6 225.3 7.6
ML s vy 381.3 15.8 49.7 8.2 431.0 14.3
H . o covnmmnmmms 386.2 34.7 219.2 36.4 605.4 | 35.1
HI ............. 98.4 4.1 51.7 8.6 150.1 | 5.0
801511 o] (2 BN 346.4 14.4 134.0 22.2 480.4 | 16.0
Wby woappwe s 19567 | — 6027 | — | 25504 J‘ —

I
Table 3.

Soils of Tande Bago and Gaja Area
(in 1000 acres)

Tando Bago Gaja
acres | %% acres %
]
s 3 78.9 17.6 15.72 12.1
7 14.8 3.3 0.43 =
e 51.8 11.6 0.16 —
MhB s s 38.1 8.5 6.83 5.2
M cowvminmeriesin v 69.4 15.5 21,17 16.3
H.  cocosreasessnnmein o 133.5 29.9 62.73 48.4
HI .o pimemmannscesesis 10.7 2.4 9.14 7.9
Complex .. cvavin v 50.2 11.2 13.18 10.1
POt ciswmsmmmmme e 447.4 - 129.36 =

I1. Soils of Sukkur Barrage Command.

Sukkur Barrage commands an area of about 7.0 m.ac. (2.8 m.ha.).
Out of this Khairpur arca constitutes about 650.000 acres (263.000 ha.)
of which 520.000 acres (210.000 ha.) are kept under crops. The soil classifi-
cation is ag it can be seen in Table 4.

111. Soils of Larkana Shikarpur area

This is an other small portion of the land out of Sukkur Barrage canals.
1t exists on right side of the Indus and lies in the two distriets of Larkana and
Shikarpur. The gross area constitutes 578.000 acres (234.000 ha.) which is
irrigated by three canal systems, Sind and other small inundation channels,
irrigate 185.000 aecres (75.000 ha.) Rice canal irrigates 99.000 acres (40.000 ha.)
and North West including Dadu canal irrigate 294.000 acres (120.000 ha.).

The textures of the soils in this arca are enumerated in Table 5.
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Table 4, Table 5.
Soils of Khairpur Area SR . %
i, 1000 siorvs) oils of Larkana Shikarpur Area
‘ T - T
| ‘ Arven
Texture ‘:\N*:n in ueres Lo Group | & arres L
_—7‘ e
Loveerinonn. 90.2 ‘ 14.0 To 2 5 58 S 752 | 13.2
Ll ox on v ma 22.8 | 3.5 Tl o g 15.0 2.6
215 [ IR 123.0 | 19.0 Ml = sz 139.5 23.9
M. i own s s 75.0 | 11.5 M o s 41.6 7.2
M e o in s 97.5 | 15.0 Mb o5 v 132,00 | 22,9
H o v s 100.0 15.5 HI  swosimgis ; 55.0 9.5
] & [ 136.2 215 H someeonsas ‘ 120.0 20.7

TOtal o v 5 4 6447 | — Total .. ..... ‘ 578.3 | —

(feneral remorks on soil texture

The soils of West Pakistan Indus Plains are of recent origin. They have
no developed genetic characteristics. All along the big and small rivers or
tlood water disposal streams, there exist active flood plains which get annual
deposit of fresh silt and elay. Close to these active flood plains, there exists
abandoned flood plain which have been active till recently. Even now every
few years whenever the intensity of flood is very high, these do get silt charge
which deposits on the land with receeding floods.

The central portion of doab consisting of alluvium deposit, however,
continues getting recharge and deposition from the irrigation water which
are spread on the surface.

With high intensity rainfall some land is erroded even from the flat
plains, to be deposited at some other sites. Thus in the land of the Indus
plains fresh recharge of soil continues being deposited. The general land surface
seems to be rising about a foot per 100 years.

According to the soil structure, the upper areas of the Indus, in the Pun-
jab, generally contain more of light soils, (about 57%,) of Ghang and Farida
Series. Soils of medium texture are 349 and those of heavy formation are 6%,

Lower down in the Central Region of Indus within the Sukkur Barrage
area, medium grade of soil constitutes 50%, followed by heavy soils (339%,)
and light soils are only 179 Still lower down in the delta area of Ghulam
Mohammad Barrage heavy soils constitute 40—55%,, followed by medium
soils up to 20—-30%, and light soils are only 10—-12%,.

B) Soil salinity

The elevation of the culturable plains of the Indus is roughly a foot per
mile, so that at a distance of 800 miles (1288 km.) from the sea, the land
elevation is hardly 800 ft. (244 metres) above the sea level. In the Northern
Region, the land slope is slightly steep at 2 ft. per mile and in the delta area,
the slope is even less than 0.6 ft. per mile. Alluvium deposition took place in
the sea water which with time continued to be pushed down and the fresh
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surface flow continued to wash down tha salts. The sources of soil salts can
be enumerated as under:

1. From the original sea water, some minor remanents which may still
be in existence particularly at the deeper depths.

2. Those brought down with the soil as a result of disintegration of rocks
and deposited along with the alluvium.

3. Salts brought by the irrigation water and spread on the land during
agricultural operation.

4. Salts coming up the surface from the under ground formation with
rising ground water or by evapotranspiration.

5. Salts accumulation as a result of interchange of radicals and base
exchange.

In this section we will discuss the contribution of cach component sepa-
rately. It may, however, be noted that the present status of salinity in West
Pakistan is quite different under the innumerable changes brought ahout
during the last 60 years as a result of agricultural operations.

Present status of salinity in West Pakistan

1. An estimate of salt affected land of West Pakistan has been carried
out statistically. The work was started in the Northern areas i.e. the Punjab
in the year 1944. The data collection was entrusted to the revenue staff.
Later on in 1960 four statistical divisions were opened in Bahawalpur, Sukkur,
Hyderabad and Peshawar (Table 6) to collect this data. Salinity affected lands
as recorded by this organization during 1961 —62 were as it can be scen in
Table 6.

Table 0.
Salinity affected area in million acres

. SR | Partly | T 9% of Water

Region sur-}-':;i::d ‘w‘)e]f{\ ‘ ? Lﬁl‘h I New a[f:zcté‘d Tirk :;1;}’:: qﬁ]hfz l‘()g:;;&

b ! ‘ fields area HTes

|
Punjab ....... | 17.008 ‘ 0.704 0.394 | 0.163 1.663 0.002 1 3.008 17.6 0.036
Bahawalpur . .. 4.081 + 0.129 | 0.039 | 0.028 | 0.147 — 0 0.342 4.3 0.015
R s e s 12,712 0.900 | 0.275 0.107 | 0.600 i 0.004 1.8853 ! 14.8 0.025
Peshawar , ..., 0.5892 0.015 0.005 0,004 | 0.009 — 0.033 ' 3.7 0.0038
Total ......... . 34693 1.748 0.713 1 0302 | 2.419 | 0.006 3.268 14,4 0.084
\ i |

Out of 35 m.ac. (14.2 m.ha.) of West Pakistan, saline area constitutes
5.3 m.ac. (2.15 m.ha.) i.e. 15.1% of the total of which the area having pretty
old salts constitute about 2.5 m.ac. (1.0 m.ha.) being 7% of the total arca.

2. Bstimate of salt affected land according to aerial surveys.

In the wear 1954—355, Government of Canada under Colombo Plan
conducted a Land Forms, Soils and Land Use Survey [8] of the Indus Plains.

According to this survey (in Table 7), severely saline land constituted
4,82 m.ac. (1.95 m.ha.) and partly salt affected land constituted 11.15 m.ac.
(4.5 m.ha.). As this survey was conducted by air the above figures are some
times considered rather high.

3. Estimate of saline lands in Revelle’s Report: recently on the request
of President of Pakistan, the late President Kennedy appointed a pannel of’
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Table 7.
Area in 1000 acres
& Predominantly Area with Tvorly drained
Site severely saline saline putches or water-logged
Puyijab
a) Sins Sagar Doab ..o 0L, 180 450 510
By oGhel Doali covesesvameasy oy b . 170 570 650
¢) Rechintg Doal  .ovsvimeweaei v g 1140 2300 2710
i) Barti DO coovessmesse se s 100 590 10
Bahawalpur Plain ........... - 160 H00
Sl atal womer v smy sy 1590 4070 4410
Nined i
i) Indus COrpidor: «osw ws s v 100 1880 50
h) Uppet S, coovsaomsmmmmsmims 1090 2160 3200
e} Central SiHd: « cwommmmwsssmes e 220 1910 1030
i) Lower Sind. . coconosmmnsmaoss | 990 . 860 1850
e) Indus Delta ... .. ...... | 330 | 270 680
S TEAY 55 o0 o seowaraeEay 3230 080 | 6810
Grand Total. . ... ..., 4820 s | 11220

L

American Scientists to help Pakistan to overcome its problem of salinity and
waterlogging. These scientists have submitted a report on Land and Water
Development in the Indus Plain [15].

The estimate of salt affected lands as per that report is reproduced in
Table 8.

The data is from the statistical divisions of West Pakistan Agricultural
Department. It is based upon the average of ten vears from 194749 to
1958 — 59,

It shows that in 30.9 m.ac. (12.5 m.ha.) of culturable lands or 20.6 m.ac.
(8.34 m.ha.) of cultivated arca or canal irrigated land of 12.2 m.ac. (4.9 m.ha.)
the saline and water-logged lands constitute 2.41 m.ac. bout (al.0 m.ha.)
which is 129 of cultivated or 209 of canal irrigated area.

In Bahawalpur region the culturable area constitutes 3.85 m.acre (1.56 m.
ha.} of which cultivated area is 2.96 m.ac. (1.2 m.ha.) and irrigated area is only
2.86 m.ae, (1.16 m.ha.). The salinity affected area out of this is 0.5 m.ac.
{0.2 m.ha.). If the 11.0 m. cultivated (4.45 m.ha.) acres of Sind area are also
included, then the area of salinity affected land rises to 20 or 30% of the
total cultivated area.

All these estimates are based upon statistical analvsis.

4. Recently some drainage projects have been undertaken both in the
Punjab and Sind [5, 10, 16]. For these small areas detailed surveys have been
conducted. These reports give more accurate information about the salinity
status of the region. Information extracted out of these reports is shown in
Table 9. The extent of soils with different orders of salinities (dissolved salts)
is given. In 4.56 m.ac. constituting a part of the three Doabs of the Punjab.
Rechna, Chaj and Thal, the extent of non saline soils (S-1) with salts percentage
less than 0.2 is 55.6Y% of the total arca. These are very good soils having no
detrimental effect on the production of crops.
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Table 8,

Land use in the Indus Plain amd the Potwar uplands. average
for 1949—50 through 1958—59

|
| 3 Percent. of
District or Division ! Total Cultur- Culti- Gross ?;:Eil {iﬁ}:ﬂ Saline and | cultivated
Fanjab and NWFI | urea ulile vuted Area manded gatad | Waterlogged | area saline
f area ared sown S area aren and water
| logged
‘ Area in Millions of Acres
Attoek sy o v e 2,67 1.34 1.14 1.05 — — 0 | 0
Jhelum ........... 1.77 0.90 0.73 0.70 — — 0.05 | 7.3
Miasnwali ......... 3.44 2.65 1,41 1.20 0.66 0.13 0.01 ‘ 0.2
Muzaffargarh ..... . 3.56 2.92 0.86 0.80 1.42 0.52 0.22 25.0
Rawalpindi........ 1.32 0.70 0.58 0.61 — — 0 0
Gujranwala . ...... 1.47 1.29 0.95 1.01 1.01 0.62 (.38 40.6
Jhang ... ... .. 2.17 1.92 1 1.18 1.02 1.04 0.79 .30 25.4
Lyallpur .......... 2.25 2,05 1.77 1.86 1.71 1.89 0.18 10.4
Sheikhupura ...... 1.48 1.34 0.94 1.00 1.20 0.88 | 0.50 52.8
Sialkot............ | 132 1.12 1.06 1.10 0,01 | 0.02 0,01 0.4
Gujrat ........... 1.46 1.20 1.05 1.11 0.52 0.48 0.05 | 5.0
Shahpur ......... 3.07 2.56 1.90 1.72 1.24 ; 1.25 012 6.2
Lahore ........... 1.41 1.15 0.97 0.93 0.97 0.78 0.10 9.8
Montgomery....... 2.72 2.42 1.97 2.02 2.18 1.98 | 0.19 9.9
Multan  .......... 3.60 3.26 2.42 2,41 2,79 2.47 | 0.30 12.6
D. G. Khan....... | 3.48 2.42 1.06 0.69 0.71 0.32 0 0
D.I Khan .....,. 221 1.66 0.60 0.45 0.10 0.06 0 i 0
Total ....... 3940 | 3090 | 20.59 19.68 | 15.56 | 12.19 241 ‘ 11.9
Bahawalpur ....... tL23 ) 0.93 .70 0.70 | N. AL .69 — —
Bahawalnagar ... .. 1.74 1.44 1.13 1.14 | N. A, 1.03 -
Rahimyar Khan 1.75 1.48 1.13 111 | N. A, 1.14 — -
L csescon » | e72 | 385 | 296 | 2.95 | 2.86 | 050 | 16.9
I I "
Sind
Kharipur ......... 922 5.51 4.32 3.16 | N, A, | — ‘ — | —
Hyderabad ....... 21.01 | 11.81 6.75 3.76 | N. A, ‘ = = —
Total ....... 30.23 | 17.32 | 11.07 6.92 G.11 | 2.1 — 306 30—527
Grand Total....... 74,35 | 532,07 | 34.62 | 20.55 | 2116 15.0-6.5¢ : 14 —197
| |
‘ | |

The soils of salinity class S-2, having soluble salts between 0.2 to 0.5
percent is 23.1'% of the total. The lower range of salts percentage has noticeable
clfect on some delicate crops and higher range of salts has serious effects on
many crops.

Intensively saline soils of class 8-3 containing the salts between 0.5 to
1 pereent are 149 of total area. These soils are unsuitable for all crops. Hardly
dates can grow. Such soils need coneentrated reclamation efforts hefore these
¢an grow any crop.

The highly deteriorated land of the class S-4 with salts more than 1.0%

constitutes 7.5%,. These are all unsuitable for crops. Their reclamation is slow,
expensive and often difficult.
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Table 9.
Seil salinity in northern Punjab region
R - : —
5. Total urew S-1 (Jalts 5-9 (Salts 53 (Salts | 8-4 (Salts
:\:U. Name of arca (Acres) less than from .21 to | from 0.5 to | more than
| 0.2 percent) 0.5 percent) 1 percent) | one percent)
T = | — ‘ i i
RECHNA DOAB i
1.| Chichoki Mallian Shadman. ... l 160,000 | 16,000 107,200 36,800 —
2. | Bhaly Kot . vusx cosinnvmonss | 247,200 | 178,500 49,700 19,000 —
3. Chubar Kana ............... | 10,800 7.400 2,500 900 oy
4.} Pindi Bhattian .............. ! 8,300 7,200 600 500 -
5. Khangalh Dogran ............ 121,800 74,600 21,800 25,400 -
[ AR iy L o ‘ 90,900 63,800 8,200 18,900 —
7.| Hafizabad Thatta ........... 131,300 81,200 30,200 18,700 1,200
8.| Harse Sheikh ............... ‘ 115,400 77,000 9,500 8,900 20,000
9. Bangl-a Hill ................ | 150,700 | 115,100 8,700 26,900 o
10: | Berafiwdla omeeemavsvie o : 125,900 95,800 9,600 9,300 11,200
11.| Zafarwal ... ... ... ... ...... 204,200 137,000 24,900 42,300 | e
|
Sub Total ........... 1,366,500 ‘ 853,600 272,900 | 207,600 E 32,400
| | ‘
| (‘HAJ DOAR ' | \
120 Lalian ... ... .. ........ 198,000 167,200 16,900 10,900 3.000
13.] AMaggowal . ................. 45,400 | 25,700 13,600 3,700 2,400
14.| Rest irrigated area of chaj i ‘ ‘
less item 1213 .......... 1,660,000 830,000 | 442,000 | 222,000 T 1GG,000
i Sub Total ........... 1,903,400 i 1,022,900 | 472,500 236,600 ‘ 171,400
Lower Thal 1
15,1 Muzaffargarh ............... 89,500 63,600 ‘ 5,000 12,600 6.300
16.] Lower Thal Except
i Muzaffargarh ... .. ...... 1.200,000 600,000 | 300,000 | 180,000 | 120,000
i | |
| Sub Total ........... 1.289.500 665,600 305.000 192,600 126,300
|
I Grand Total. ..., ... . 4,559,400 2,542,100 | 1,050,400 | 636,800 | 330,100
Percentage w. r. t. Total — | 5364, 23.19 18,99, | 7.49

It may thus be noted, that about
concentrated reclamation efforts.

In Sind the salinity and alkalinity status of top soils was separated into
5 classes of salinity. The salt percentage, electrical conduetivity and salts in
tons per acre in these five classes are as under:

21Y%, of the soils in the Punjab need

Balinity Class s‘ﬂline
071 L R S, ; 0.07
Elec. Cond. m.
mhosferm ... 0—4
Salts in tons per acre . .. 6
effect on erop ....... no effect

L =
4 ! 3 4 l il
Slightly | Moderately Highly Ultra,
| suline | saline saline saling
| |
‘ 2 0.37 0.73 ! 1.43
|
1
| -8 8—15 15 I 440
18 . 33 65 Lo
noticeable serious unsuitable | difficult
effect offect for erops | to reclaim
| |
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Table
Salinity class in

1 2
Total aren - - | -

| | urea % | aren ‘ LA

| | | |
Left bank non perennial .. .. 1,715,800 65,200 3.8 | 236,780 | 13.8
CJH) sowownn o i 0% 6 0% 4% o o9 5 ; 115.300 25,043 | 225 28,249 24.5
Tardey BEEE oo o s 0 5y 0 g 37,200 2.304 7.0 5,282 14.2
iplit BEnk o o on 20 0 o0 i 603,800 19,322 3.2 82,117 13.6

i 2,472,100 112,764 = 352,428 —
Larkana Shikarpur ......... i 378,000 168,200 ‘ 29.1 l 165,300 28.6
Khairpur ...... ... ..., 650,000 192,000 32.0 | 165,000 27.5

i |

Totil vooemmee e an we i vs o s | 3.700,000 473,000 } i 525 ‘ 683,000 l 18.4

\ | I

Data for saline area for Ghulam Mohammad Barrage (2.5 m.ac.), Larkana
Shikarpur (0.578 m.ac.) and Khairpur (0.650 m.ac.) is given in Table 10.

The ultra saline lands having salt percentage up to 1.43 or 110 tons per
acre constitute about 7 percent in central Sind and about 23 percent in the
Delta area of Ghulam Mohammad Barrage. The overall percentage is 20.
These soils are very difficult to reclaim. They represent a high order of dete-
rioration of the land and may have high alkalinity, high pH and can he classed
as an example of sodic soils of West Pakistan. The next class of highly dete-
riorated land is that with electrical conductivity of more than 15 m.mhos/cm.
possessing 0.73 per cent salts or about 65 tons per acre. These soils are unpro-
ductive and nothing can grow in these. These are very difficult to reclaim and
another example of salinc-alkaline soils. Such soils need great efforts to
reclaim but these can be successfully reclaimed. In middle Sind such soils
constitute about 20 per cent and in the Delta area about 32 per cent giving
an overall percentage of 30.

Soils with salinity range of 0.379], electrical conductivity between
8 — 15 corresponding to 33 tons of salts per acre need reclamation to bring them
to full production. These constitute about 14%, in Sind. The reclamation is
easy to accomplish.

Non saline soils and those possessing salts up to 0.2%, constitute about
309 in Sind although in the Delta avea their percentage lies between 3 to
14 only. Some sensitive crops may get damaged with salt content of 0.2 percent..
It may be noted that the percentage of land of non saline or those with salinity
up to 0.2% is much less in Sind as compared to the Punjah, the proportion
being 56 and 31%, of the total ultrasaline lands or those with very high order
of salinity are much more in Sind than in the Punjab, the proportion of the
two being 34 and 209%.

C) Causes of soil salinity
We have already enumerated the causes of soil salinity in West Pakistan.

Some soil salts may be the remanents of the period when alluvium were depo-
siting in the sea water.
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10.
Sind area
3 4 ’ 5
a.;ea '_ Lyt area % T [ area o4
234,770 | 13.1 [ 548,056 | 32 : 639,993 37.3
22,483 I 1.5 ‘ 25,360 a2 13,260 11.5
5,840 | 15,7 | 14,359 | 38.6 9,114 24.5
82,117 | 13.6 i 224,613 ! 37.2 | 195,631 324
e i I
385.210 | = | 813,394 ! - | 857,998 -
R R : B
96,100 16.6 | 84,400 14.6 63,000 10.9
84,000 14.0 | 170,000 26.5 15,000 4.3
513,000 ‘

14.0 ‘ 1,068,000 } 28.8 ‘ 936,000 | 201
|

Salts might also be transported by alluvium and deposited along with
soil. Besides, these salts could also be added from two outer sources, the irri-
gation water and by upward movement from underground water or soil,
We discuss below the contribution from each of these external sources.

1. Salts deposited by irrigation waters

Before the present development of irrigation system, the areas kept under
crops were the flood plains of rivers. These received annual flood water which
infiltrated down washing the land of the salts. The excess water was drained
out leaving the soil with sufficient moisture to produce crops. These lands were
generally without salinity.

The conditions of land brought under irrigation during the last century
were quite different. These were seldom flooded, their ground water level never
fluctuated, rather continued to rise regularly since the start of irrigation. The
application of irrigation water was so insufficient that it never caused
drainage of the land. The result of these defects was that whatever small
doses of salts were added to the soil through the irrigation water they
remained in the soil.

2. Salts in water of Indus and its tributaries

The salinity status of water of the Indus river is very satisfactory. Their
salt content varies from 100 ppm. to 250 ppm. The percentage of caleium and
magnesium is usually two to three times that of sodium and potassium (see
typical chemical analysis of water of river shown in Table 11) bicarbonates
are high as compared to sulphates and chlorides. Harmful elements such as
boron are generally non-existent. Tn spite of this property as the annual flows
are high, the quantities of soluble salts carried are also high.

In Table 12 and 13 are shown the estimates of soluble salts passed hy
various rivers and their tributaries [13].

In these tables, the annual flow period is separated into three groups.
The periods are six months of winter, 3 months of pre-monsoon when the
discharge is from the melting of snow and three months of the monsoon.

a
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Table
Quality of river water samples
i Total 3
i - O B -
22032 | Sutlej
Suleimanki .. .... March 20, 4,769 284 198 0,06 8
22139 | Sutlej 2
Suleimanki ...... Aug, 24, 259,455 324 573 0.07 14
22033 | Rabi
Boat Bridge..... May 12. 4,041 201 148 0,02 11
22144 | Robi 2
Shadra, ......... Aug, 2. 9,153 207 207 0.05 14
22034 | Chenab
Marala.......... March 11. 11,380 226 167 0.02 6
22142 | Chenab
Marala.......... July 29. 70,844 179 102 0.09 6
22141 | Jhelum
Mangla ......... Aug, 7. 59,640 231 137 0.03 12
22143 | Indus
Kalabagh ....... Aug. 2. 212,500 301 169 0.05 7
22036 | Indus
Sukkur ........ Jan. 30. 31,000 370 244 0.19 8
22035 | Indus?
Karachi......... Feb. 27. 2,751 418 270 0.30 11
22140 | Panjnad
Panjnad ........ Aug. 22. 200,598 253 149 0.07 9
Table

Dissolved salts of

Period 1 = April to June. Period II = July to September.

I. period II. peried
Ri & site is, i | Aver. Total Total it 0 Aver, Total Total
e | I:;;;Lm | salts salts salty Dis. rm s';iEs salf:]s sz(‘:lbs
| i ppm. | af. m.tons Tk ppm. af. m. tons
B | % !
Jhelum at Demel 1.442 225 231 0.404 5.334 224 843 1.484
Nelum at
Muzafarabad 2.047 211 307 0.537 2.550 211 382 0.669
Khunor at Ghari
Habib-Ullaha 0.836 277 163 0.269 0.916 282 184 0.322
Poonch at Palak 0.650 191 88 0.154 1.340 226 215 0.376
Jhelum at
Mangla 10.009 35b | 2,023 4,115 9.611 402 | 2,743 4.800
Total 14.984 - 3,312 5479 19.751 — 4,367 7.661

Note: Jhelum river was previously known as Kishan Ganga.
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11.
taken in Spring and Autumn of 1962
Milli-equivalent per litre -
Cazt M= Nat K+ ﬁ%‘o_' S0 - B Noy
1.562 0.75 0.75 0.13 2.05 0.43 0.60 0.01 0.01
2.45 0.63 0.48 0.18 2.40 0.36 0.15 0.01 0.04
1.35 0.55 0.19 0.10 1.65 0.36 0.15 0.01 0.00
1.28 0.61 0.28 0.16 1.83 I 0.07 0.15 0.01 0.02
1.38 0.74 0.21 0.08 1.75 0.48 0.10 0.01 0.02
1.42 0.25 0.12 0.08 1.60 .21 0.10 0.01 0.01
1.98 0.39 015 0.06 2.20 0.20 0.05 0.01 tr.
2.69 0.25 0.22 0.10 3.10 0.02 0.14 tr. 0.01
2,12 0.86 0.88 0.14 3.00 0.25 0.69 0.01 0.00
2.08 0.97 1.04 0.10 2.356 0.81 0.62 0.01 0.00
1,71 0.56 0.42 | 0.10 2.15 0.33 0.20 0.02 0.02
Iz,
the Jhelum river system
Period III = October to Dec. and Jan. to March.
111, period ‘ Total of I+II+I11. period
' ppm. af. m. tons ppm. af, m. tons
3.942 209 585 1.024 10.718 219 1,659 2,912
0.649 145 67 0.117 5.246 189 756 1.323
0.226 262 42 0.073 1.978 273 389 0.664
0.294 182 38 0.066 2.284 199 341 0.596
5.187 272 1,002 1.753 24.807 343 6,268 10.668
10.298 — 1,734 3.033 45.033 — 9,413 16.163

Q*
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Table
Dissolved salts in the Indus

Period I = April to June. Period Il = July to September.

| 1. period I period
D\amr.‘R(jiebrlt-e & Dis, in Aver. Total Total i Aver, "Lotal Total
maf, salts salbs anlts mal. salts salts salts
pprm. af. m.tons pPp1o. af. m. tons
1
1. Indus at

Durband 11.310 160 1142.7 | 2.000 35.493 251 6370.8 11,149
2. Kabul at !

Warsak 5.308 324 1310.8 | 2.294 5.968 244 103.4 0.181
3. Suat at Munda 1.522 153 166.3 10,291 1,854 146 179,6 0.314
4, Soan at Mukhad 0.138 265 18.9 | 0.033 0.826 | 224 137.7 | 0.241
A, Siran at

Thapla ! (L233 413 65.3 | 0.120 0.139 226 229 0.038
6. Harrow at |

GT. Rd. 0,134 . 229 21.8 | 0.040 0.147 260 28.1 0.050

Total item :

1—6. 18,735 | — | 2728.8 |4.778 44.427 6841.8 | 11.973
7. Indus at ‘ | i | |

Kalabagh | 23.817 200 3080.0 | 5.390 47496 241 0 B065.9 | 14.215
8, Kurram at

Kurram Ghari 0,467 a8y 140.4 | 0.259 0.372 444 116.8 0.205
9. Gomal at

Gulkatch. 0.021 300 4.6 | 0.008 0.018 193 2.4 0.004

Total of !

items 7 —9. 24.305 | — 5 3234.0 | 5.657 47.886 — | B185.1 14.424

|

With the annual flow of 148 maf. (173418 m.cu.meter) about 42.5 tons of
salts are carried by the rivers.

At present ahout 70 maf. (86 709 m.cu.meter) of water is being diverted
to irrigate about 24 m.acres (9.7 m.ha.) so that about 21 tons of soluble salts
or roughly one ton per m. acre is being spread on the land annually. Caleium
and magnesium salts are beneficial, but the small amount of sodium may
have a cumulative effect of the last 50 or 60 years of irrigation of the land
which are without drainage and are never flushed.

3. Accumulation of salls on the soil surface from ground water sources

The whole of the irrigated areas of the Indus plains are saturated with
water almost to brim. At no place where the irrigation has been practized,
ground water is deeper than 30 ft. In the Punjab and Bahawalpur and at
many places of Sind, ground water is within 5 or 10 ft. of the surface. Accord-
ing to the recent estimates, areas with different positions of ground water are
shown in Table 14.

Extensive irrigation exist in Chaj, Rechna and Bari Doabg, so that in
these lands of about 16 m.ac. (6.4 m.ha.) water table in half of the land lies
within 10 ft. (3.0 meters). In fact in this area it is fairly high as is shown in
Table 15 which gives still closer break up of water table between 0 to 0.92
meters and from 0.92 to 1.83 meters. These are areas where drainage schemes
are under way.
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13,
river system and its tributaries
Period III = October to Dec. and Jan. to March.
II1. period Total of I-IT4III.
5o Aver. Total Total fer ¢ Aver, Total Total
Di [:;; fl:ll S:i E; Ratte salts I:;i;in s;{g saodts S& ts
! ppm. af. m.ions ppm. af. m.tons
5.985 249 1055.8 4.539 52.788 220 8569.3 17.688
0.966 503 350.7 0.614 12.332 363 1764.9 3.089
0.461 269 88.5 0.155 3.83%7 189 434.4 0.760
0.052 266 7.8 0.014 1.016 235 164.4 0.288
0.134 323 30.7 0.054 0.506 321 121.2 0.212
0.112 319 27.6 0.050 0.393 270 77.5 0.140
7.710 — 1561.1 5.426 70.872 — 11131.7 22,177
11.705 168 1416.4 2.479 83.018 203 12562.3 22,084
0.491 192 178.0 0.312 1.330 442 444.2 0.776
0.009 914 4.2 0.008 0.048 469 11.2 0.020
12.205 — 1598.6 2.799 84.396 — 13017.7 22,880

Water table in about 409, of the areas of Rechna, Chaj and Thal Doabs
lies within 1.83 meters from the surface. Khairpur is also an area of high water
table in 238 000 hec. of Larkana—Shikarpur fluctuates between 2.14 to 2.75
meters during rice cultivation and dry season. Thus there are large areas with
high water table in which the water constantly continues to rise to the surface
when salts of the ground water are deposited after the water has evaporated.

Table 14.

Table showing areas in acres of water-table depth in various regions of West

Pakistan (June 1959)

Regions | Totalarea | w- % i F-10° ! % | 10-13 | % ’ L Ly %

| |

Peshawar | | i
Region ... ;17,623,040 20,787 0.118] 182,067 1.03] 106,496| 0.607|17,313,69098.24*
Chaj Doab. 3,229,000| 432,200/ 13.3 1,926,400] 58.42)  442,000| 13.68 428,400(13.26
Rechna Doab : 6,916,0000 483,400| 6.9 2,982,800 43.12] 1,886,400 27.27| 1,563,40022.59

Thal and i i
Derajat ... IQ,TSG,ITBi 250,000{ 0.019] 1,650,000 12.90‘ 950,000  7.42| 9,936,173177.71
Bari Doab . | 6,553,600 16,783 0.25 | 1,365,903| 20.84| 1,780,838 27.17| 3,390,076/51.72
Bahawalpur |10,667,187  240,000] 2.24 990,000 9.28| 1,210,000{ 11.34| 8,227,187|77.12
Sind....... 35,926,080| 572,621 1,59 |3,346,152| 9,33|1,286,349| 3,58/30,720,958185,51
Total ...... 93,701,080| 2,015,791 2.14 |12,443,322| 9.89; 7,662,083 8.16] 71,570,884(76.22

\ \ '
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This order of salts deposition is fairly high as the salt percentage in ground
water is also high

a) Salts in ground water : The quality of ground water is nowhere
as good as that of the rivers. Even within the flood plains, the range of salinity
is nearly double that of the rivers. In fact the infiltration from the rivers,
rain water and flood spills, has washed down the saline water and improved
the ground water in extensive areas in the Northern regions. There are evi-
dences that salts have been washed down to be accumulated in depressions [14].
This process has continued for ages. All the former depressions have now saline
water. The flood plains or the regions below foot-hills have all good quality
water which has replaced the saline one.

When the irrigation practice was undertaken about 60 to 100 years
back, the infiltration from canals and fields ete. continued to be added
to the underground formation. Consequently the ground water rose. The
infiltering water had good quality, so that it depressed the saline water
downwards.

At present generally within a depth of 100 ft. (30.5 meters) and in some
cases up to 200 ft. (61 meters) the ground water of low salt content is
floating on saline water at the bottom. There are a few exceptions where
saline water is held up in pockets and has not been washed down. This is
the condition of area which has deep saline water. The regions from which
salts were washed down have good quality water often to a depth of 600 ft.
(183 meters).

In the South i.e. Sind region, the conditions were different. Here the
rainfall was low, soil crust was thick and heavy, irrigation was insufficient with
the result that ground water has generally remained very saline. Only those
areas which constituted the flood plains or where intensive rice cultivation
was practiced or in the vicinity of big canals, the top ground water has improved
by depressing the saline water downward.

In the big delta arcas of Ghulam Mohammad Barrage and tail of Sukkur
Barrage, the ground water is too saline within shallow depths.

b) Extent of areas with saline ground water : In the Northern regions of
the Punjab saline ground water lies within one quarter of the total area (Fig. 3).
In the four Doabs its extent is as under:

Total ‘ Suline area Good water quality
Py salts above area salts less than
Region 1000 ppm. 1000 ppm.
Area in millions of acres
i
Rechna Doab .... ‘ 4.70 0.70 4.00
Chaj Doab ....... 2.00 0.42 1.08
Thal Doab ........ 5.30 1.48 3.82
Bari Doab ........ 4.40 1.76 2.64
Total ............. 16.40 4.36 12.04

The saline water also lics at deeper depth. In case of Chaj Doab, for
instance, (see below) which had before the start of irrigation in 1900, water
table at 60 ft. (18.3 meter) at present the depth of good quality water is
within 100 ft. (30.5 meter) from surface.
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Chaj Doab
[ Condition of
Zone Depth of ground water Salts ppm. I ground water
A Up to 600 ft. 250 to 1100 usable
B less than 200 ft, 500 to 2000 usable with dilution
200 to 600 2000 to 15 000 not usable
C less than 100 ft. 1000 to 4000 top 50 ft. usable
100 to GOO Ft. 3000 to 20 000 not usable
D loss than 100 ft. 1000 to 8000 top less than 50 ft. usable
100 to 600 3000 to 20 000 not usable

In Lower Thal in an area of 0.48 m.ha. (1.2 m.ac.) saline water is limited
to very small area and that too is deeper than (100 ft.) 30.5 meter. The range
of salinity is:

Lower Thal

Zone Depth of ground water Sa.li.niibg’mr:ange rJnu ‘:Z. z‘;.e?lf
A less than 200 ft. < 1000 0.985 77
B less than 200 ft. 1000 to 2000 0.139 11
C less than 200 ft. > 2000 0.164 12

1,288

Ground water in the Delta area : In case of the Delta area at many places,
the ground water from the very top is very saline. An example is given below
which shows the percentage areas which have ground water of various ranges
of galinity.

STau |
. EC in mmbhos.fem, Total
Site m. aC.
| 0—5 5—10 | 10—15 | 1525 | 25—50 l =50
Gaja 9, of total area ............... 49 12 11 9 12 7 0.130
Tando Bago 9, of total area ........ 17 9 1.1 8 21 34 0.398
Whole G. M. 9% of total area ...... bt | 10 5 3 12 | EXY 2.800
1

Detailed chemical analysis of deep and shallow ground water of each
Doaly has heen carried out. All waters contain different proportions of Ca2*,
Mg**, Na®, K7, bicarbonate, sulphate and chloride. Other radicals are either
non-existent or exist in minute proportion. A few typical cases of detailed
chemieal analvsis of ground water are shown in Table 16.
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¢) Accumulation of salts in the soil profile from ground water. From
a bare soil evaporation takes place. The order of evaporation with watertable
at various depths is as under:

Depth of % evaporation with respect to free water surface
watertable
in ft. Sand l Silty Soil Clayey Soil
0.5 65 ‘ 82 93
1 45 | 62 76
2 27 | 35 50
8 18 ’ 22 31
5 9 9 12
10 1.3 1.3 1.3

Watertable at (6.0 ft.) 1.83 meter is within the capillary range, so that
water continues rising up and on evaporation leaves the salts at the surface.
In large areas the ground water possesses salts between 500 to 1000 ppm,
so that from an area of 0.2 m.ac. with watertable at 3.0 ft. and from 1.0 m.ac.
with watertable at 6.0 ft. the annual water lost by evaporation is 0.8 and
2.0 m.aft. Thus 1.2 m.ac. of land losses 2.8 m. af. of water, which is 2.33 times the
area on that salts were deposited (so one acre is equal to 145.2 lbs. per year
assuming the ground water salts equal to 1000 ppm). There are areas in Sind
particularly in the Delta, where the ground water salinity is 10 to 40 thousand
ppm. If these order of salts are allowed to rise to the surface, in one year
these may add 1452 lbs to 6808 lbs of salts on an acre.

d) Base Exchange in Solonchak and Solonetz Soils. Solonchak soils :
These contain enough soluble salts in the soil profile to interfere with the
growth of crops. Soils of Pakistan are usually alkaline in reaction with pH
between 7.4 to 8.5. Saline soils contain little adsorbed sodium. Such a soil
usually shows white incrustation particularly during winter and efflorescence
on the surface during summer. Some soils of this type appear oily damp,
slightly dark brown and are devoid of any kind of vegetation. The degree of
their salinity is estimated by the determination of the coneentration of soluble
salts.

The adsorbed ions in such soils are principally caleium and magnesium.
Such soils flocculate in water and can easily be worked into granules and
crumbs. Their permeability is usually as much as that of non saline soils and
in some cases even higher and can easily be freed ofthe excessive salts by
proper leaching and can be brought to the desirable textural condition for
normal plant growth.

Solonetz Soils : An alkali soil contains sufficient amount of adsorbed
or exchangeable sodium to interfere with the growth of most plants. Such
soils are impervious to water, manifest phenomenon of mirage and give
metallic sound on tapping.

In the Punjab, such soils have a highly alkaline top layer but the soluble
salts are not excessive. Below the top layer there occurs a zone of medium
alkalinity, containing caleium carbonate nodules varying in size from a few
mm. to 4 or 5 cm.
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Below these two layers there exists generally a layer of high perme-
ability sand.

In these soils, sodium is the dominant cation. Soil particles are electri-
cally charged so that these can adsorb and retain cations of sodium and cal-
cium. These are firmly held as a result of this charge but they can freely inter-
change with other ions of the soil particles. This reaction i called the cation
exchange. The greater the concentration of various types of cations, the greater
is their concentration in the exchange complex of the soils. The bond between
sodium cations is not so strong as it exists between calcium and magnesium
so that for reaction of sodium with soils its concentration should bhe fairly
high. Sodium is a medium which disperses soils and thus makes them imper-
vious to both water and air. This property effects the seed germination and
the plant growth.

In order to bring these soils back to production, it is necegsary to replace
adsorbed sodium, create good physical condition of soils by rearrangement
and aggregation of soil particles to form granules and produce good tilth.
The measures of improvement for such soils are discussed under soil recla-
mation.

Saline-alkali soils: These soils possess the properties of both saline
and alkali soils independently. There are both high soluble salts and high order
of adsorbed sodium. Such soils are not highly alkaline with pH generally
lower than 8.5. If somehow soluble salts are leached out, the soil becomes
alkaline.

e} Sodium Hazard of Ground Water: For removing salinity and saline-
alkalinity of soils, the removal of deposited surface salts, mixing of salt free
silt or soil, growth of salt resistance and salt removing plants, have been
tried but without much success.

The only effective measure is the washing down of salts by water with
effective drainage and by the use of chemical amendments and green manuring.
The last two measures are necessary for alkaline soils. Many techniques of
paddy cultivation for leaching the salts and proper crop rotations have been
developed and are described in many publications of Irrigation Research
Institute and Land Reclamation Department but the main limiting factor
is the water. Soils of the Indus plains contain sufficient lime and gypsum.
Even gypsum is locally available but the main commodity for soil reclamation
is the water, the supply of which is very limited. Some attempts have been
made to utilize the excess summer water. The other source is the ground water,
the use of which needs very careful analysis and knowledge of the reaction of
these waters with the soils.

AsarAr, Purt and Tavror [1] in 1936 put forth a Salt Index Method
for determining the suitability of irrigation water. The relation was:

Salt index = (Total Nat — 24.5) — (Total Ca?* — Ca?*in CaCO0O,)4.85.
All quantities referred to are in parts per hundred thousands. The degree of
goodness was equivalent to the magnitude of the negative factor. The salt
index varied from 24.5 to zero for all good water and is positive for all bad
water.

The present practice is to base the determination of sodium hazard
of water on the basis of sodium absorption ratio (SAR), residual

sodium carbonate (RSC) and caleulated exchangeable sodium percentage
(ESD).
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If the ratio of soluble sodium (Na+) to that of soluble calcium (Ca?*)
plus magnesium (Mg®*) is high, the order of this factor increases, and the
sodium hazard tends to increase. The expression for sodium adsorption ratio is

SAR = Na*

ga2+ — Mgt
2

The concentration of the three soluble cations is given in milli-equivalents per
litre (me./L). The eritical value of SAR depends to a certain extent on the
texture of the soils. For permeable, or sandy soils of the Indus plains, a limit
of SAR equal to 20 has gencrally been accepted and for fine textured soils
the limiting value is close to 10.

Residual sodium carbonate (RSC'). Trrigation water contains carbonate
plus hicarbonate. If they are excessive in relation to calcium plus magnesium,
this excess is called the residual sodium carbonate. The effect of thig high
concentration of carbonate and bicarbonate is, that calcium and magnesium
tend to precipitate as insoluble carbonates. This happens particularly at high
order of concentration.

Removal of Ca?* plus Mg?* increases the proportion of Na*, so that
there becomes a greater tendency for Na* to be adsorbed and the soil acquires
the properties detrimental to the growth.

The generally accepted limit of RSC values of water not suitable for

irrigation is 2.5 me./l. Water marginal for irrigation possess RSC bhelow 1.25
to 2.5 me./L.

Recently BowEr and MAsSALAND [4] have proposed an equation to deter-
mine ESP for water containing high amount of carbonates and bicarbonates
hut having no residual sodium carbonates. The equation being:

LSP = 28AR + 2SAR (8.4 — pHe)

where pHe is the caleulated value for water in equilibrium with CaCO,. This
is based upon Langelier’s conception of saturation index expressed as

Saturation index = pHa — pHe

It was concluded that waters for which ESP is found to be 10 or less,
are safe for direct use. Water with I8SI? between 10 to 20 are marginal and
those with ESP more than 20 are hazardous.

On the basis of these studies, the limits of safe marginal and hazardous
waters has been fixed as under:

[
‘ Safe } Marginal ‘ Hazardous
- [
TDS < 1000 ppm. 1000 —2000 = 2000
SAR = 10 10 — 20 ‘ = 20
RSC << 1.25 | 1.25 — 2.5 > 2.5
ESP = 10 0 — 20 > 20
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Appendix to the review on salinity-alkalinity status of irrigated
soils of West Pakistan

Pakistan is the fifth largest state of the world in which reside about
100 million peoples. Tt has two parts. East Pakistan and West Pakistan.
separated by nearly 1000 miles (1610 km.) of Indian territory. The two wings
of Pakistan are quite different, climatically and in the intensity of population.
In East Pakistan, in an area of about 55,126 sq.miles (143,27 sq.km.) reside
nearly 50.84 m.people. Its climateis humid. It gets 100 to 200 inches (2540 mm.
to 5080y mm.) of annual precipitation generally within the summer monsoon
months,

West Pakistan on the other hand is arid or semiarid. Its annual preeipitation
varies from 40 to 4 inches (1000 mm. to 100 mm.). Tt constitutes about 310.000
sq. miles (806,000 sq.km.) or 198 m.acres (80 m.ha.) in which reside 43.00 m.per-
sons. West Pakistan can be divided into two distinet hydrological units.
An arid dry plateau of about 100,000 sq.miles (259,000 sq.kn.) adjacent
to the arid regions of Persia and Afghanistan. It is called Blauchistan. The area
has little water, having hardly 4 inches of precipitation annually. It is
sparingly populated, is undeveloped waste land, except for one or two
small valleys.

The second hydrological unit is the catchment of the Indus and its tri-
butaries. A very large portion of this constitutes flat fertile plains. It is one
of the biggest single culturable units of land watered by the great rivers con-
sidered to be a major natural resource of the world. The Indus and some of
its Lastern tributaries rise in Tibet and Kashmir. Its Western tributaries
rise in Afghanistan and flow into West Pakistan. Total catchment area of the
Indus and its tributaries is estimated to be 348.000 sq.miles of which 204,000
sq. miles lie in West Pakistan. The rest of the catchment lies in India, Jammu
Kashmir, Afghanistan and Tibet. Its approximate distribution is as under:

Drainage Aren

|
Country i § ilos [

S, THIes sq. km. , m. hee. Im. acres

West Pakistan ............. ‘ 204,000 530,400 52.5 130.5
o o 29,000 75,400 7.6 18.5
Jammu Kashmir............ I 52,000 135,200 12.5 33.2
Afghanistan ................ 63,000 163,800 16.5 40.3
o By} ) 348,000 904,800 89.1 222.5

Nearly half of the catchment within Pakistan is hilly, unculturable
waste land with small valleys wherever water is available. The rest of the land
is a flat plain about 800 miles (1.288 km.) long and its broadest end is about
300 miles (483 km.). In the Northern portion separated by Pothar plateau is
another small valley of Peshawar nearly 100 miles (161 km.) long and 30 miles
(48.3 km.) wide. It is irrigated by Western tributaries of the Indus. The cultur-
able commanded area of the region is 0.681 m.ac., land slope is high, rainfall
occurs both in summer and winter. This region has no problem of salinity
and alkalinity except in small patches. The wide Indus plains lie in a region
called the Punjab and Bahawalpur. Itisa flat land of about 300 miles (483 km.)

10
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in width and 450 miles (725km.) inlength.Tt is watered by the eastern tributaries
of the Indus and constitutes about 44.0 m.acres (17.6 m.ha.). Next to it lies
the Sind, through the heart of which flows the Indus. It is nearly 350 miles
(563.5 km.) long and 100 miles (161 km.) wide. It constitutes about 12.6
m.acres (5 m.ha.). This extensive culturable flat unit of land of about 62.0 m.ac.
(25 m.ha.) is watered by withdrawals from the Indus and its tributaries which
have an annual run off of about 135.7 m.a.ft. (168,092 m.cu.meters). The
annual flow of the three rivers being:

Discharge in M, A, Ft.

; Max. | Min. Average maf,
Indus ......... 1 115 69 92.25
Jhelum ........ | 29 15 22.00
Chenab ........ ! 29 19 24.25
Total .. ... | 138.50

Originally about 6.5 m.ac. of the Punjab and Bahawalpur used to
receive about 24 m.a.f. from the rest of the three Eastern tributaries. Their
annual flow is as under:

Discharze in, M. A, Ft.

‘ Max, Min.

‘ Averuge

|
Ravi couvives ‘ 9.30 4.25 6.73
Beas wouuvisae 20.20 6.25 13.23
Sutlej....oooen. 17.40 10.25 13.83
Total ! ‘ 33.79

According to a recent settlement with India the water of these three
rivers is now to be used by India and Pakistan is to divert a part of the flow
of the Indus and the Jhelun after conserving the flood water flow which goes
waste into the sea during the two and half summer monsoon months,

The Land of the I'ndus Plains

In geological times the present Indus plains were oceupied by sea. This
portion was filled in hy alluvium brought in by the geological rivers so
that at present the thickness of the alluvium varies from 1000 to 10,000 ft.
(305 to 3050 meters). The thinnest deposit is a few 100 {t. The rivers meandered
moving from one place to another. Within the historic times there are ingtances
of rivers moving from one site to another. There are still dry river beds.
There must have been frequent changes in the rivers when the plains were
heing built in. Exploration of the formaton profile to a depth of 600 to 1000 ft.
shows predominance of alluvium sand of medium grade with deposition of
the finer sand grade, silt and clav, located at different elevations without
any order and possessing different dimensions and depths. The top surface
generally consists of soils of different textures, heavy, medium and light.
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Pure sand exists only in the active or some parts of the abandoned beds of
rivers.

The thickness of soil crust is small. It varies from 5 to 20 ft. within the
alluvium plains. Areas under the foot hill possess deposits of pedimont soil
produced from disintegration of rocks. The soil crust of pedimont deposits is
usually thicker and has predominence of medium or heavy soils particularly
at some distance from the hills.

Old irrigation systen

West Pakistan receives insufficient and unequally distributed precipi-
tation. Artificial irrigation is essential for crop production. About 100 years
back the population of the area was low, its requirement of food and fibre
was small so that thin strips of land 5 to 10 miles wide along the two banks
of the major rivers were sufficient to produce the agricultural requirements.
Every year the summer floods raised the rivers to a high stage of flow. The
water spread along the rivers, saturated the soils and with falling stage of the
river, the excess water was drained out leaving sufficient moisture in the soil
to grow winter crops. Irrigation requirements, if any, during the growth were
satisfied by lifting underground water by the local system of Persian wheels.
Summer crops were grown on the basis of monsoon rains. The crop production
was sufficient for the small population. In certain areas particularly in Sind,
inundation canals were dug to divert water during high stages of the river flow
onto the land. This agricultural land thus received annual flushing. Doses
of fresh fertile silt and washing of land by fresh water was an annual drainage
feature of the land, which remained in production for ever without showing
any sign of deterioration. This land constituted about 6.0 m.acres (2.4 m.ha.).

Present irrigation system

The present irrigation system was started to take shape about 100 years
back when regular structure started to be built on the rivers to control the
rivers and raise their level during low stage to perpetually feed the irrigation
channels.

Extensive flat virgin land was in existence. It only needed water to bring
it into production. The first irrigation system was undertaken in 1834. The
success of this measure opened out a way to utilize practically all the perennial
flow of the rivers. At present there are 17 low dams called the barrages, with
a capacity to divert 350,000 cusecs (9905 c.m./sec.) of water.

Problems of irrigation agriculture

Irrigation of the virgin land caused reorientation of the salt balance in
the soil and other soil structural changes. Addition of water to the formation
from irrigation channels, agricultural operations, and changes in the natural
drainage of the country resulted in water-logged conditions. The problem of
salinity and deterioration of land made its serious appearance after 1920.
By this time fall in vield at many places had started. Many fields were showing
signs of salt accumulation but the menace of salinity had not vet taken a
serious turn. Waterlogging was considered the main cause of all the ills and
early measures were all directed to cure it.

10%*
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Counter-measures for water-logging

In 1882 observation points were fixed to record the changes in the ground
water twice a year. It was found that construction of canals, roads and rails
had caused obstruction to the natural run off of the land which was considered
to be a cause adding to the ground water. A system of surface land drains was
taken in hand to quickly drain the rainfall accumulation.

Lining of channels to stop percolation from the sandy beds was attempted
but the programme could not progress due to high cost of this operation and
quick construction of new canals.

Wherever it wag possible, the high elevation of irrigation canals was
lowered to give relief to high level of ground water.

Even surface seepage draing were also attempted, but as the measures
were short of the intensity of the problem, water table continued to rise in all
areas where originally before the operation of irrigation it was veryv deep,
upto a range of 60 to 100 ft. below surface. The rate of rise varied 1 to 2 ft.
per year and when the water level reached close to the surface all the water
originally adding to the aquifer started to be disposed off by evaporation or
evapo-transpiration aggravating and quickenning the soil deterioration.

Among the mal-practices which helped in the deterioration of land were:

1. The insufficiency of irrigation water to bring the irrigation intensity
to a high order. Generally in the old canal systems the irrigation intensity was
fixed at 259, in summer and 50%, during winter.

2. High water duty so that insufficient water was spread on the land.
Usually the duty was fixed at 8 cusecs (0.8 c.meters/sec.) per 1000 acres
(400 hec.).

3. Absence of drainage wasg never considered an essential component
of asuccessful irrigation practice. There were no seepage drains, tile drains
or any other system of land drainage.

4. No systematic secientific erop rotation was adopted. It was left to
the agriculturists to adopt any system they considered fit.

Summary

1. The practice of soil survey was started for the first time in West Pakistan
in 1941 and till 1940 about 6.0 m.ac. were surveyed.

2. In 1953, classification of the soils of the Punjab into five textural series was
started. All the 20.0 m. irrigated acres of the Punjab have been classified according
to these five textural series.

3. Twelve million acres of the Sind are, however, being classified into six textural
series.

4. Texturally the soil of the Indus plains can be classified into the following
groups:

Delta arean of
Indus Plains

Central Indus
Plains (Sukkur)

Northern Indus

Texture of soils Flains

(The Punjab) percentage G. M. Barragge
Very light ........... 59 ‘ 17 ‘ 15
Mediiit v s o we na 35 48 27
Hegly cosvvmmmmmng s 6 35 40
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5. So fur the published information available on the salinity status of the soils
of Indus Plains is aceording to the percentage of soluble salts. This information is as
under:

Percentage area with salts percentage

J Aren l Non I
Zone | studied saline 0.2—0.59%, 0,5—1.09, = 1.0%,
| moae. | <02% |
Punjab ... ‘ | s | a3 14 7
Middle Sind* .. .... AR 20 |7
Pelta Area ..., .. ! 2.5 18 | 30

1
s 86
| i
* Middle Sind constitutes 7.0 m. ac. of which only Kimirpar and Larkana districts were
considered.

. The existence of salts is due to

@) Old remanent of sea salinity when alluviums were depositing in the sea water.

L) From disintergration of rocks salts deposited with the alluvium.

e ) Nalts added by irrigation water.

d) Salts brought up by evaporation from sub-soil by high ground water.

e) Conversion of Ca and Mg salts into Nat complex to cause high order of
allealinity.

7. Considerable reorientation in the salinity distribution and concentration has
taken place by washing of saline salts from surface by good quality water of the rivers.

The present status of ground water salinity and its depth in various zones of the
Indus plains is as under:

[}
‘ Area with Average | Area with Depth where
Zone Kegion Total salts less depth of good | salts more saline water
ares ‘ than 1000 quality water than 1000 appears
‘ ppm, Th Ppm. It.
— 1
! Areas are in millions of acres and depths in ft.
| —
Tiinah  Reehns Dk, 47 400 | 200600 ‘ 0.7 100 — 500
- Chayj 2.0 1.8 ' 300 600 0.41 50—100
" Thal | 53] 3.84 200 — 400 ‘ 1.48 100—200
4 Lower Thal 1.3 1.12 ‘ S00—700 | 0.16 200 —300
" Bari L 4.4 | 2,64 | | 1.76 50 —100
Total [ 177 | 13.16 [ 300- 600 4.52 50 —100
Delta Area (5. M. Barrage [oas | 0.28 40 — 80 2,52 25— 50
I
Middle Sind Sukkur Barrage ‘ 7.0 2.50 100 —400 ! 4.50 25100
Total . 298 | B0 -400 7.0 25—100
|

8. Depth of ground water in 60", area of 10 m.ac. of Rechna and Chaj Doab is
within 10 ft. In the Sind in about 7.0 m.ac. it is at 15—26 fi. depth. Only about 2 m.ac.
the Punjab within top 25 ft. is less than 1000 ppm. and in Sind in 7 m.ac. is much more
than 1000 ppm. Evaporatlion continuously eauscs the salts of ground water to accumulate
at the surface. This process is very serious in the Punjab but not so serious in the middle
Sind for several reasons.

9. The water of Indus river system contains 100 to 250 ppm. of salts which Ca
and Mg constitute about. 7%, the rest are the sodium salts. The other radicals being
C17 503~ and CO3~ or HCO;. During the last 60—80 vears these small doses of salts have
continued (o accumulate in (he soil surface having no drainage,
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10. Soils hazardous to alkalinity are now being classified on the basis of sodium
absorption ratio (SAR) and the water on the basis of residual sodium carbonate (RSC)
and exchangeable sodium percentage (ESP), For safe eondition limits have been fixed
for SAR, RSC and ST at less than 10, 1.25 and 10 respectively,

Before 1953, degree of alkalinity, dispersion coefficient and salts index were
developed as a eriteria to determine the limaits of hazardous soil and water.

i I1. In this paper some basic general information about West Pakistan is also
included,
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0030p no 3acoNleHHI0 OPOLIAEMBIX MOYB 3amagHOro
IMaxucrana

HA3HP AXMAJ

HcceneporaTtennckuil Hueruryr o Opoineniio 3anagHoro IMawmcrana, Jlaxope, ITaxucran

Peawme

B Hacrosiuiee Bpemsi H3 62 MIH. aKpoB (25 MAH. 1a.), HAXOANMXCH M0/ CENbCKOX 085~
CTBEHHBIM HCIIOJIb30BaHKeM, 3emens FMuaycckolt HusmeHsoctd npufnuMsuTensHO 32 MIIH.
axpos (13 maH. ra.) opomacTest BOAAMU PeKH FIHZA u ee MPUTOKOB ¢ lCMONL30BaHHem 87 000
MIIH. M® BOJBL
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B 1941 rojy prepsuic OuUlM HAUATH TOYBEHHBIC CHLEMKH 3TOH TEPPHTOPHH, U B TIPO0I-
YKEHIH [TATIL JIeT ObII0 H3YUeHo rmpumepHo 6 MuH. axkpos (2,5 MiH. ra.) 3emMenb, rIaBHbIM 00pa-
30M TIOJIEBLIMIL METOIAMH, TOMOJHCHHBIMIT HEKOTOPLIMH J1A00PATOPHLIMK AHAJIM3AMH, KAK TO:
AHAJIH30M MeXAHHUCCKOTO COCTABa [104B, IIPHMEPHOI0 COJEP/KAHHS BOJHOPACTBOPHMEIX colicH
H OnpejescHues pejmuinn pH.

HeroTopble KOPPEKTUBLL B MeTOAUKE H3VYeHHsT NouB Oblad sHeceHsl B 1953 rojy, xoraa
unouser Cepeproif Hisyennoctn B pailonax I[Mynnsad 11 baxasannypa rojpasaeiiiil Ha IsTh
cepuii, [pi NOUBEHHBIX HCCIICA0BAHIBIX B LICJISIX APEHHPOBAHMS HHAKO pacrojomxennoil Huyc-
croit HugmennocT, nposejerHsx B 1960 1., B paiione Cunia, NouBLl OLUTH DA3IEJICHL HA CeMb
[JIABHEIX TIPVIIL 10 MEXAHHYCCKOMY COCTABY.

ITH JaHHBIe XapaxkTepHsyioT 2,7 AJH, Ta. NOUBLI, 13 KOTOPbIX 1,3 MJIH. ra. OTHOCSTCHA
K cenepHoMy pailoHy, a ocTafibHas YacTh — K KIKHOMY paloHy HusMeHHOCTH. 3aK/oueHHs
B OTHOIIEHHH 3ACOACHHOCTII 9THX MOYB ObUIH C/le/aHbl, TIABHLIM 00pa30M, Ha OCHOBAHWM TTpH-
CYTCTBHS B HIX BOHOPACTBOPHMLIX coJteit 1f o peanuanse pH. Takus o0pazo, 0 cTeneHH sa-
COICIIHOCTIL NMOUBBLI OBLIH Daslesedbl HA 4 MM MATE Py Takue jasHbIe 1IMeloTes 11 2,8
ML ra. semens Miaaycekolt Hussennoctin ToLKO B ocieIHee BPCMs CTAMH H3YUATDL OT1eNLI0
BACOJICHHOCTD H COJJOHOCHOCTD STHX T0UB HA OCHOBC COJCPKAHHS 0(MEHHBIX KaTHOHOB, rian-
HBIM ()(.)]‘.rilf!()\l KATHOHOB Ha'l‘pllﬁ[, H CoAepAaHHsL CObl B HHX,

B HactosieH padoTe nousnl 1GIACCHYHINIPYIOTCS, B MEPBYIO QUEPElh, 110 MeXaHHUC-
CKOMY COCTABY I CTCIIEHIT 3ACOJICHHOCTIL,

[Tpolieccnl 3acO€IM 1 HAKOTLICHIA COAB B OPOLIAEMBIX [104BAX, TPOHCXOISIIHE 110
BUBIHIEN HPPHTAIIIOHHOH BOAB, coJep:Kannsi BOJHOPACTBOPHMBEIX coJiell B MOYBEHHLIX [OpI-
BOHTAX, 3ACO/ICHHOCTH IPYHTOBLIX B0, HAKOTUIEHHS COJiell H TIpeBpatleHie HoPMANLHLIX 11045
B COIOBDIC, OTBSICHSIOTCS HA OCHOBE H3YUEHHS COJepKaHlst 0JMCHHLIX KATHOHOB B II0UBE.
B paiote npHpoaTest JAHHBIC XHMHYCCKOI0 AHAJIHN3A PedHOIl BOJM, aHA/IH3A PYHTOBHX BOj,
a TAKIKE [PEIelbHbIE JAHHDIE MIHCPATH3AUNE IPYHTOBBIX BO;L, JJ5 H30e/KaHIsi OMACHOCTH BTO-
pH‘[HOI‘(] 3acoieHHsd.

B npunoskennsx Ja0TCs KPATKHE CBEICHHA 0 3emiisix H pexax 3anaaHoro [lakucrana,
H 0 Da3BHTHH TaM OPOIIAEMOro 3eMees sl

A) TloueHnble HCCEAOBAHUA

a) Mexanuieckull cocmag noue

Ileppbie NOYBCHHBIE CHEMKH B 9T0i cTpade OpiM npope/icHsl B 1941 r., koraa Ooin no-
cTpoen Hopblil KaHan Txaun (C pacxogom 170 m¥ceK.), BTOPOIl 10 BeHTHHE HA 9TOI TEPPUTOPHH,
FLIST OPOLICHHS LeIHHALIX 3evMenb Txama., 3TH HCCeI0BaAHAS JIaill CBEIeHHST 110 Tororpadi,
MEXAHHYECKOMY COCTABY M 3ACOJICHHK) BePXHHX [10UBCHHBIX I'OPHIOHTOB. 3a OTHMH padoTamu
H0CIIEI0BAAH APYIrHe MOUBEHHLIE CHEMKH, T TAKHM 00pasoy, K 1946 roay ObIIO0 H3VICHO 0KOIO
2,43 . ra. 3exedb. B 1953 r. prepnuie nmouss! pafiosa [Tyabsid OB Pa3/eaeHnl Ha N5ITH TPYIIL
M0 HX MEXAHHYECKOMY COCTABY. ITH TPYIUIL CIIGAYIONIHE: oUeHL nerkie noussl (Karg), nerxue
nouBsl (Fazida), cpe;ne noussl (Chruharkana), cpeane-tspiensie (Buchiana) 1 TsoKennle MouBe
(Nothar). Hoyenraarypa KaaccuHKalUdl COOTBETCTBOBAA IISITH, XOPOLIO M3BECTHLIM HACTSIM
paitona ITyHuad. Tlo sroff wknaccupurammn 1,2 mas. ra. opommemerx seme:b Hoaba, Txai,
Yeit 11 PexHa 110 MEXaHHUECKOMY COCTABY PACTIPEACASIMCH Coeayionmm odpasom: 219
COCTARJIAIOT 0UCHDL Jerkde noussl, 369, — nerkiie, 349, — cpexie, 5,6°7, cpelHe-TsIACILIC H
TSIZKEILIE T[T0YUBbL.

4,86 . ra. opomaemnx semenb mibkHefl uactn Muoaveckoit HusmennocTii Hocar
HA3BAHME ¢CHI. DTH 1I0YBLI PASICICHB! HA [ECTh PPYIII 110 MEXAHITUCCKOMY COCTABY ClIeTVI0-
M 00PA30MI JIErKHE, JIerKHe-TSREbIC, CPeHIe-NErKHe, CPEIHHE, CPCIHHE-TSKeNbe, Tske-
apie-Aerkue 1o rsiressie. Ha ocuose atoil knaccuukaigin 0,5 Mud. ra. sevesn cpetiero Ciajla
(Kxanpnyp, Jlapkana, Haxapiyvp) pacupeiesiores CHCLyIOnmM oopasov: 159, — aerkue,
Yy — cpeanie 11 35%, — Tskedsle nouskl, B opafione lenwTel, o Toil sie kaaccuuikai,
Teppuropio 1,1 s, ra. cocrapasior 15%, nerkux mous, 27% — cpeHHX 1oun u 40%, —
TSKEABIX.

BrlmenpuseeHHbIe JalHble YKA3bIBAIT HA HCOJHOPOIHOCTH 10 MEXANHUCCKOMY CO-
CTABY NOUBCHHOTO TMOKPOBA 3THX TeppuTOopuil. B cesepHerx paiionax IMynesnda npeodnajaior
1IOUBBLL JICTKOI0 MEXAHHUYECKOrD COCTABA, B IEHTPAIBHLIX palioHax CHHAA MouBbl CpejiHero
MEXaHHUECKOr0 coctaBa, a Ounbke K Jlesnbre, HA 10r¢, HAXOAITCH camble GobLUIME TEPPHTODHI
THKEINILIX 1104B.
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[Tounwr Mapyecoi Huamennners oipasoBaiucs B Haureil reonordueckoll smoxe. Ha
SHAUMTENBHBIX TEPPUTOPUSIX TIOMMEL HA OTJIOAKCHUAX M/, TI0YB00HPA30BaHIe NPOXOIUT U B
HACTOsuNEeC BpeMsA. Ha MOBHILUEHHLIX MECTAX MOHMBI, 10 CHX [Op HMEIONMX CBSI3b C pexami,
B HACTOSILICE BPEMST e ITPOHCKOAUT OTI0MEHUS 1A H3 PeK, HO HEKOTOP0E KOIHYCCTBO CHEHKETO
HIIA W TJHHGL OTIATAETCS [IPH CIYCKe HPPHMALMOHHLIX B0, Ha 0CHOBE 9TOT0 MOGKHO CKazaThb,
uTo Muayeckas Hu3MEHHOCTb nojHMMacTes Ha | ¢yt 3a cro ner. ITouBbl HUBMEHHOCTH OTHO-
CATCST K MOJO/BIM, MAJIOPasBHTLIM o caaloll pnddepenmmamyed npoguis,

0) 3acoaerniocms noug

TIpH NOUBEHHLIX CheMKAX aToil TePPITOpUN, HapAAY ¢ MEXAHHMUCCKIM AHAIIBOM, npo-
BOAMINCEL UCCIEN0BAHUA XHMHUECKHMX CBOHCTR roupkl. OBMEH3BCCTHO, uT0 nouBsl Hujycckoii
Hu3MEHHOCTH ABSIIOTCS 3aCOMEHHLIMH, IEIOUHBIMI [ COAEPHKAT COAY, HP jI0 CHX TOP OHH
KAACCHPHIIPOBAIICE TOJILKO TI0 OGIEMY COACNKAHINO BOAHOPACTBOPHMLIX cOJiefl. Y Kasul-
BaJach JHUIL CyMMa BOJHOPACTBOPHMLIX costeil 11 earunnnl pH. B G0ee JeTajbHBLIX XHMHue-
CKHX aHaJIM3AX OTpeaessimick Houol Ca**, M3+, CO3- u HCOjz, a raixe SO~ n Cl-, HoHw
IATPHA M KaIMA ONPEAe]siHCh 110 pagHocTi. B mocnenuiie § meT NpOBOLMINCE HENOCPE/ICT-
BeltHbie (MPsIMBIE) ONPEACIENHsT HATPUS I KAMIST. BLUTH MOMNLITKI KIaCCH(MIHPOBATL 11e/10u-
HLIC TTOWRLI HA OCHOBE CTENEHH HX LICI0UHOCTH, KO3(WpHINICHTa HICHePCHOCTH H BeIAMYMHLL pH,
HO OHU OKOHYHJMCL Heyaauell. B macrosmee Bpemst Ipu KnaccH(MKALMIL 33COJCHHBIX MOYR
UETO0MHOCTE H COLOHOCHOCTR OlICHHBaETCSI N0 % -omy cofepkaniio HATpist (E. S, P.) u cotep-
Aanmo coant (R. 8. C.). Kapri, WunoCrpHpyomue pacnpeieieHie Mea0dunx 104s, euie
HAXOITCH B CTAAHH TOAMOTOBKH.

I!) Hpaqenm 3ACOAEHHBIX 3eMenb 6 COOMGENICMEUIU ¢ PA3AUUNON CIMeENeHbo 3a60AeHHOCTTU

B Hacrosmee Bpessi TPOBOJNTCS jIeTa bHAST OLEIKA TOUB € PAIIMUHLIM TIPOLCHITHLIM
COALPIRARTICN BOAOPACTROPHMBEIX coneil. Ha ociose atoro, 1,8 man. ra. seveib paiiosa [TyHbsid
1 Tpex paiiosop Hoadc 0THECCHD! K HE3ACOJICHHLIM [OUBAM € CONEPIKAHIIC BOJHOPACTBOPHMBIX
coaedt yenbuue 0,2%,. 3TH I0UBL cocTaBanioT 55,6% or Beell Tepputopii. TTousn! ¢ cojaepKa-
niem coneit ot 0,2% 10 0,5%, cocranasor 23,1%,, ¢ 0,5 a0 1,09, — 149, U OUBHI, coaepHangie
suiwe 1,09 coneli, cocraBnsioT Tonnko 7,5% TEPPUTOPHH.

HlvewoTest 104podHbIe JalHHLIE M0 3ACONCHHOCTH A5 1 AL ra. Noup pationsl lenbTol
n s 1,8 s, ra. nous paiionon cpeanero Criuja. B paftonax JlenbThi HE3aCOMICHHBIC MOUBEE
{conepskanue cosedt menvire 0,079%,) u ¢ coaepsraHuem coieil jgo 0, % COCTABASIOT TOJIBKO
179 Tloussl ¢ cogepskandem codeii g0 0,379, cocTaBasioT npumepno 159, ¢ cojlepskaHiem
coyedt 10 0,73 11 1,4% cocramusnior 35% 1 309, beeit tepprropit [lousnl pafioma enbrsl
CHNLHO 3acosieHbl. HesaconeHHbX HiH €n1afo3acoieHHnX HoUs 3/ech Mano.

3acodieHubie MouBbL TepPUTOPHI cpeuiero Cunaa (0,48 MIH. ra.) He CJHIIKOM NI0XO0Tr0
KauecTsa. B 9THX palionax 1esacosICHHBIC 1 3ACOJCHHLIC MOYBLI € COJACPHaHHeM cojelt 10
0,29, cocrannstior 30%, 1 289 ot Beeli TeppHTopIM. PalioHBl ¢ 3aC0JEHEHIMH TIOUBAMH, COED-
AKaumme coneit 0,37%, 0,73% n 1,49, cocrannsior coorseretRenno 159, 209 u 7%, TeppH-
TOPHH,

r) Pacnpededenue saconeHnsix nous na Hudycewoil Husmennocmu

B macrosiee Bpemsi, Ha ocHOBE, CTATHCTHMCCKH 00PAGOTAHHLIX CHELUATLHO cobpaH-
HBIX [IAHHBIX, MOPKHO CRasaTh, uTo M3 [4 sun. ra. semesns Muoaycexoit Hussenrnocru, 159 Tep-
PHTOPHI TIOKPLITA 3aCONEHHBIMH MOYBAMM, TIDH 3TOM IOJ0BHMHA 9THX 11048 HMCET 3acofeHHe
crapuie 1sTi Jter. Hpyrast o1eHKa 104 OblJia N0;1V4eHa HA OCHOBAHIUI HCCACH0BAHMI pafiona
o piany Kononbo. beito omeuenn, uto 2,0 MAH. ra. 3eMeNb 9TOr0 paiioHa OTHOCHTCS K CHITLHO
BACOIEINLIM, 1IPILOTOM 4,7 MIIH, 12, ¢1a00 JAPeHHPOBAHL! HITH BPeMCHHO 3aTOMICHDL! BO10i1.

B. [1pnunHbl, BLI3bIBAKILUE 3ac0IeHHe MNOUYB

B sroit padore pazdupalotces nsiTo (aKTOPOB, BL3BLIBAIOHIMX 3ACOJCHHE TIQUR:

1. Tlosepxnocts Muaycekoli Huswensoctit B 1aBue reoiorigeckHe Bpenena Onliia
3AMITA MOpeM. Bramuna sanosmisiach afioBuAILHLIME HAHOCAMH, MPHHOCHMBINE PCKAMH.
C TexX BPEMEH MPOHIOLULD CHALHOE BBIHEIAMIBAHIC CONell, HO BCE TAKH BCTPEUAIOTEST JLTHSbI
(CTATOYHOIO MOPCKUTO 3ACOJCHMSI. DTH JTH3L], B BIIC HECKOIBKHX HED0bLUINX TSITCH, HAXO-
JSITCST B BEpXHel 1 cpeaneii wactn Muaycexoit Hussmenuocr, B paione JlenbTol, rae ;10 cHX
[op HET HATEHCHBIOIO 0POLIEHIIs!, He3HAUNTEILHOE KOJHMYECTBO 0CAIKOB, HE MPOHCXOIT Na-
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BOKOBOIO 3ATOTUICHHST TI0UB — TaM TIOYBLI COAEPHKAT D0JbLIOE KOJIHYECTRO BOA0DPACTROPHMHIX
cosieli, B HEKOTOPLIX COIyHasix 3acOICHHOCTR I'PYHTOBOI BOJLI Takasl ke, KAK MOPCKOIl,

2. Hexoropoe KOAHYCCTBO BOXOPACTBOPHMEIX COJicH HAKAIJIMBACTCS BMECTE C ajllio-
BHAJILHLIMIT HAHOCAMH. TTpOMCX0:KACHHE HX, HAA0 II0JI0TATh, CBSSAHO € BLIBETPHBAHHEM I'0D-
HBIX 110p0f1, Boapl, OepeHOCANHE COAH, OTKJIAALIBAIOT UX B 00pasosanHoM TuacTe. C redenues
BPEMEHH TROHCXOJT 3HAYHTEIBHLIE M3MCHCHHSI B 3aJierailni coneill, B NX KOHUCHTpAIUIH U
KomyecTBe. CoJM, CMLIBASICH B 0CHOBHOM C IOIMEHHBIX TCPPUTOPHIT, 0TKIAALIBAIOTCA HA HI3KO
PACIOIOKEHILIX YUACTRAX € TAYOOKHM YPOBHEM 3aiCraHMsl PYHTOBBIX BOJL M € BBICOKOI
KPYTH3HOH YKI0HA IT0I0YBLL, U,efrrpanm{mﬁ paiton Hoadca npencrapisii cofoii 3oHY, rie
IPYHTOBLIE BOJDLI HAXOAHIHCh [JYOOKO OT NMOBEPXHOCTH, TAK CMBITBIC COJIM, CCTCCTBCHHO, OT-
KI14IBIBAJIHCE HAN HHMIL

3. Bojel per TAKyKE MOMKHO CUMTATh HCTOUHHKOM HAKOTIICHHA cofiell B mouse. M3 peu-
HBIX BOT MOYBA MOAYYACT €3Kero/iHo IPHMEPHO 43 TOHHH cosieil. B HacTosiulee BpeMst st opo-
meHHsT 10 MAH. ra. 3eMeilb HCMoJL3VeTCs NPHOmMSHTe bHO 87 000 MIIH. M® BO/IH, TAKHM 00DazoM
Ha 0Hi KD MOUBLL IPHXOANTCST 1 ToHHa cosell, npHHoCHMLIX Bofoil. Boja pexu HMuxa u ee
HPHTOKOB NMPHHOCHUT ¢ cofoil npuiansuTebio ot 100 10 200 Mr./i1. cosell, N3 KOTOPBIX Ha COTII
KAAbIIMSI U MArHHST NPHXOIMTCST 0K0A0 T0%, Ha conl HaTPUsA H Kanua — 309%. M3 annonos &
ITHX BOJIAX CojACp:KaTcsl KAploHATD], XJN0PHIAB U CYALATE. Ha ocHome 3THX JAHHLIX, MOJHO
CKa3aTh, 4TO B 3THX BOJAX MNP KOHIEHTPALMH BOAOpAcTBOPHUMBIX costell, pashofi 200 mr.jiL.,
KaTHOHD! LATPHA M KAJHs COCTABJSIOT TOABKO 1/3 wacte. Ipyrue 2/3 uactu codefi okasbl-
BAIOT 0JarompHATHLIT 2pphexT Ha NouBLL

Heo0xoaumo oTMeTHTE, uTo B 3ana;Hom IlaxiicraHe, Boodue, He IPOCKTHPYETCS 1pe-
HAMKS ceTh, M BO/JA BCerja MOKphIBaeT o0uMpHLIe TeppHTopuil. Opowaemas enbTta pacro-
J107KeHa JI0BOJLHO BBICOKO H PEAKO TPedyeT A0MOAHMTEILHOro ApeHayka, PesyiasraTom ITofl
CHCTEMBI OPOLICHHST ODLII0 TO, UTO BCE COJIHM OPOCHTENLIBIX BOT OCTAIHCH HA TEPPHTOPHH ODO-
meHdst, ez KakHX AHO0 HAJeH] HA HX Boluejaunsanne. OTI0MCHH cosiell HA HEKOTOPLIX
TEPPUTOPHSX B TeueHHe nocieannx 60—80 seT B peayabTaTe OPOIeHHsT MOYKeT OLITh 01HTIM L3
NCTOUHHKOB BLICOKOIO COJEPyKaHHs cojiell B IOYBC.

4. B pesyiabraTe OpOLICHHsI HAOMIONACTCH IOAHSTHE YPOBHSI TPYHTOBLIX BO1, TAK B
paiionax Paxna n Yeit Jloadc rpyHTORBIe BOIBI HA 10%, TEPPHTOPHH HAXOASITCS Ha raydHue
0,5 »., a B ApYrux yacTax paitona (50%) B mpejenax 3-x Merpos. B paitone Hoalc na muoma
B 4 MIH. ra. HeT TAKOI0 MECTa, rje TPYHTOBLIE BOALI OLIMN Obl raylsxe 9,15 w,

Ha TeppuTtopun, miomaaeio 3 1,2 sl ra., smisioneiics 4actbio pailonos Paxna, Yeil
u Txan Ioate, umeercsi npudausureiasio 0,08 1 0,4 MiH. ra., Tie YDOBeHb I'PYHTORDBIX BOJL
sajeract Ha rayOude mexay 0,92 n 1,83 m. B omux pafionax HaG10JaeTesl KAlMAISpHOE N0/1-
HSITHE I'PVITOBLIX B0 A0 [OBCPXHOCTH IOYBLI, TAKHM 00DA30M, COJI 9THX BOT LENOCPCACT-
BEHHO COMPHKACAIOTCS C BEPXHHMH IMOYBCHHLIMH TOPU3onTaMIL TIpH coepyKaHHI B TPYHTOBLIX
Bojax 1000 mr./a. conei, 3a 0fIHH TO HA OHOM aKpe MOYBLI HAKOTUIAETCA 0Koilo 50— 60 Kr.
coseil., DTo TAKOKe SIBISIETCH OJHUM H3 HCTOYHHKOB HAKOTUICHHST coJielt B 1OuBe,

[Monoskende B cepepHLIX pailonax, 1Mest B BHAY 3ACOJIEHHE MOUB MOJHBHLIMH BOJAMH,
HE TAK OMACHO M BEPXHME I'PYHTOBbIE BOALT BIIOJHE MNPHIOJHBL JI8 OpOLICHHs. 3aeraomie
INIY00K0 conenociiie Boanl (conefl Gosice yem 1000 Mr./i1) MOMKHO BCTPeTHTH Ha TEPPHUTOPHH
nom@a60 B 1,8 MuH. Ta., a Boawpl, cofepskautie Merabwe 1000 mr./i. coseil, Ha TeppUTOpHI
B 5 Mad. ra. Monoxkenne B dennre B paiionax Cunja sigasiercst 0ojice cepbesHbiv, B pailioHax
JICNILTLI PPYHTOBLIC BOML € cojepsikandem couteii 20—24 TeIc. Mr./i. 3aieraiorT Ha rayinHe
4,6—6,1 M. 0T TOBEpPXHOCTH.

5. Hakomienne coiiefl B nouse Mo:KeT MPOHCXOJUTL B DPeE3VibTaTe Iporecca olMeHa
rkationos. Ilousnt Daccefina Mnaa sipistiorest nienovHsmi U umeoT pH = 7,4, 3acoicunsie
HOUBL! COICPHAKAT XJA0PHABL, CYIbpATh, & TAK)Ke KaploHATH HATPHSA 1 Kaimus. FrHoraa st conn
BBLIBETANOT HA TIOBEPXHOCTH TI0YBbL, 0COOGHHO B 3MMHHII niepuoi. Hexortopule HOYBL 1penpa-
IIAIOTCS B TEMHOLBETHLIC, ¢ OVPLIM OTTEHKOM 00J10Ta, HeNPUIOAHBIC ISl PASBHTH ¢. X. pacre-
HItH. DTIL ITOYBLI HMELOT B TOrSIOAKIICM KOMILIEKCE HOHBI KAJIBIHSA H MAPHHS, HX BO;10NPOHI-
AeMOCTh JIOBOJALHO BRICOKAS H TMPH J0CTATOMHOM KOJHUCCTRE BOJLL, COIM MOIYT (bITh BBIMBITLI
U3 110UBLL

Ec.iH B moupe HMEIOTCs! OO0MCHHbBIE KATHOHLL HATPHSA, TO, HECMOTPST HA To, 4TO SHEPIHsI
[HOTJIOMEHTTST 3TOT0 HOHA MCHBIIE, UeM Y HOHOB KAJLIHS I MACHHS, IIPOHCXOJHT HOHHLIH 00MeH
B I0UBE B NOAL3Y HOIOB HATPHA, €CJII PeaKiysl cpe/lbl NouBbl meoudast. Tariie rnousnl CHABIO
JMCIEpeHLBIe, UPAKTHYCCKIT BOIOHCIIPOHHLACMBL, B CYX0M COCTOSIHIH NPH Y/ape H31a10T MeTail-
JIUeckKHiT 3BYK H TEPPUTOPHH PACTIPOCTPARCHIS TAKHX TIOUB NPCICTABISIIOT COO0IH TYCTBIHIO
¢ mupazrami. Q0ObIMHO 110,100HBIE TIOUBLL cojepskar mano coaefl. B 3amagnoy INakucrane aua-
UHTEALHBLIC TePPHTOPHH 3AHSTLL MOUBAVMM C BLICOKHM COACPIKAHHEM BOAHOPACTBOPHMBIX coel,
DTOFAI 3ACOCHHBIC 1171 COI0BO-3AC0CHHbIE TTOUBRLL.
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B, Ipeaenst oOmena noHOB HATPUA

Hak 0bi10 yrasaHo, NpH KJIACCHHKAIIMY 3aCOEHHEIX 1I0UB YACTO BCTPEUAIOTCS TPYyI-
HocTi. Hexoas TonbKo H3 BeJHuuHbl pH TPy IHO nonyuuts HeoOxommumbie ciefeuus. CTerneHs
IICJIOUHOCTH TAK YKe HE OKA3BIBACT NMOMOLb B PemeHnd 31or0 Bonpoca. 10 Beell BepoATHOCTH
3TO JKE SIBNFLTCH MPHUHHOI, TOUeMy B JIHTCPATYPC 3ACOJEHHBIC NIEIOHHLIE TI0YBBI HE BbIAEIsI-
mick. B nacrosnee Bpems ONMpPeeICHHC CTENECHH MOrnoments Houos naTpis (SAR), Kotopas
SIBJISICTCSI BRJIHUMEOM KOHIEATPAINTH KaTHOHOB HATPHS 110 OTHOWEHHI0 K KOHIIeHTPAIHH KATHO-
HOB KaJbLHsT 1 MATHHS, TIOMOTAeT B OMpPENe/eHNH npeenoB (KpuTepies) 0e30MacHOr0, Cpene
OMACHOIO I OMACHOI'0 ISl 3acoieHus XapakTepa nods. B nouse co suauennenm (SAR)Mmenpie
10 1e mpveercst 0nacHOCTH JUTST 3aCOJIeNHs, c0 3HaucHueM oT 10 40 20 — cpegusst oMacHOCTh
JL751 3acosieHtst, Gonbiie vem 20 — HMeeTesl CONkIIAA OMACHOCTL 3ACOJICHHSI 3THX 1INUD.

[. Tlpepenel AJisi onpefesieHdsl NPUrOJHOCTH TPYHTOBHIX BOJ ANA Uefei
OpoLIeHUsA

HauecTBo 0pocHTEIbHBIX B0 BAMSICT Ha MOHHBIL ofMeH coieil B nousax. B 1936 r. Ac-
kap Tlypu i Telinop nerranick HCNOML30BATE COJIEBOH MHAEKC JIs1 OMPEAeNeHHS KauecTsa
0POCHTEILHBIX BOjl. CONEBOH NMHEKC BLIUMCITSICA ¢ KATHOHAMIL HATPUS, Kajbllsl M py-
THX 10 CJIC,‘IyIOHICMY }'DE}BHCHIIIOZ

Comenof mizere = (cymma Nat — 24.5) — (cymma Ca2+ — Ca®* ng CaCO,)- 4,85,
B sacrosiiiee BReMst YCTAHOBIICHO, YTO OMPEIETCHHE COMCPHAHNS COA M %, 00MEHHOT0 HATPHS
SIBJSACTCA JIYUIIHA KPUTEPHEM s KJAcCHHKALNE KayecTBa BObLI, 110 CPABHEHHIO ¢ YpABHe-

Hiem. Ha aToil ocuoBe 1ionuBHLIE BOIDI PA3ICJIMAH HA TPH KJacca: NPHrojHee, IepexoHble 11
HCTIPUTOAHEBIC A7 OPOLICHIA, CACAYIOUIHM 06]’)3.30;\1:

OnacHOCTh [UIA 3ACOJIeHHA
Hazeanue 3uak
manana I cpeaHsana | CHIBbHAasA
Cymma pacTBopHMeX conefl ........... | TDS 1000 mr./n, | 1000—2000 2000
MI/TT. M. /1.
Crenelb ICIVIOUICHHST HATPHST o .. ... .. . SAR 10 10—20 20
Cojieprxande CoAbl B TIOYUBE  .......... RSC 1,25 1,25—25 25

Obmennpi HATPHIT B %% oo | ESP | 10 10—20 30

A. Mennopauus CcoJ0BO-3aCOJEHHBIX MQUYB

Ha ocHoBaHMH [aHHBIX ONBITOR 33 24 I'0/lda YCTAHOBNEHO, UTO B HACTOSICE Bpems 3a-
costeHHble noysbl Muayccroit HH3MEHHOCTH MOMHO MEIHOPHPOBATL 0e3 0cofHIX TPYAHOCTCH.
Bona, ecnu oHA JOCTYNHA, SIBSETCS CPEACTBOM, MPH MOMOLYT KOTOPOTO MOYKHO MENHOPIPO-
BaTh 3TH 3aCOJIEHHLIE IT0YBLL

ITpu MeJIHOPALHH 1ICJIOUHBIX SACOMEHHLIX TI0YB BCTPEUAKTCH HEKOTOpLIE TPYIHOCTH,
TAK KaK OHM TPeOYIT JUIsl MeJIHODALINH, ¢ OMHOH CTOPOHBI XHMHYECKHX CPEICTB, Kak, Ha-
TIpUMeE), THIICA, ¢ SPYTOH cTOPOHDL, TPeGyioT 3eneybX yaobpeunit — o6a OHH SIBIAIOTCS HellerKo-
JIOCTYIIHBIMH MEPOIPHUATHAMM B yenoBuax 3amandoro Ilaxucrapa. Ilenounbie nousmt B He-
KOTOPBIX MECTAX YCIMENIHO YIJIYUILAJHCh BLILICHASBAHHLIMI MeTOMAMHU 34 3—6 BereTarMoHHLIX
nieproaa. Mesnopais nous HYakanxsamt @opm 1 MOHTrOMEpPH SIBJISETCH XOPOLIHM IIPHAMEPOM
JTOrO.



