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IxrrODUOTION

l’l‘ is universally recognized that, in the famine areas of the Bombay-
Decoan, the most important single factor contributing to crop failures is the
inadequacy of soil-moisture which is entirely.- dependent upon the monsoon
rains, often precarious and uncertain in this tract. In an examination of the
problem of these crop failures under the Bombay Dry Farming Research
Scheme, investigation into the ultimate disposal of rain water naturally
forms an important plank in the research programme of the Scheme. It is
obvious that a considerable part of the rain water is lost by surface run-off
but no definite information regarding the actual quantity of rain water lost
in this manner, nor the circumstances under which such losses ocour, is avail-
able.  Rain water, while ruuning over cultivated, fallow or grazing lands,
removes part of the ‘surface soil, causing what is known as sheet erosion which
is sometimes difficult to recognize. Where such water gains bulk and momen-
tum, e.g. at lower levels, it causes gully erosion which can generally be easily
recognized on account of its conspicuous erodifig effect. Investigations into
the run-off of rain water thus necessarily include the determination of the
extent of soil erosion of both the types mentioned above.

Evidence placed before the Royal Commission' on Agriculture in India
[1926] showed that the action of monsoon rains on the sloping hillsides of up-
land tracts in peninsular Mespeclally in_the southern districts of
the Bombay province, produces soil erosion similar to that produced by
fluvial action of rivers in Northern India. The Royal Commission, there-
fore, recommended that ‘ the exact extent of soil erosion in the Bombay Presi-
dency should be invessigated.’

In the programme of work under the Bombay Dry Farming Research
Scheme at Bholapur, elaborate experimerts have been included to determine
the loss of rain wa.ter by run-off and also the extent of erosion 1y rainfall on
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arable lands, Prior to these experiments at Sholapur, experiments of a pre-
liminary nature were carried out under the Soil Physicist to the Government
of Bombay at a small Dry Farming Station at Manjri near Poona from 1929 to
1033. The plot, however, on which these early experiments were carried out,
I had & slope thet was much greater than the average slope of the majority of
, agricultural lands in the Bombay-Deccan. The experiments which are herein
described were laid down on a piece of land with a natural slope which could
be considered to be typical of the majority of agricultural lands in tha Bombay-
Decoan. No similar experiments to determine the extent of soil erosion from
. arable lands have been done before in India and the resuits presented here
. are the first of their kind, not only in the Bombay-Deccan, but also in the
l whole of Indisa.

Sir Archibald Geikie has mentioned in his T'ext-book of geology the huge
figure of 358-3 million tons of solid matter s being carried off the land by
the Ganges during & single year. Sahasrabuddhe [1929] has given a figure
of little less than 100 tons of solid matter estimated to be oarried away by the
Mula river near Poona on a day during the monsoon. With the exception
of such limited referencos of a general nature, no data of any precise character
are available with regard to the quantitative aspect of erosion of arable landa
in India. T o
~  fSome experiments on this subject have been reported by Gorrie {1938}
from the Punjab, but these were carried out on forest soils and the plots chosen
for experimental work were very small. _

A very large number of experiments on rainfall run-off and soil erosion
have been carried out at a large number of experimental stations in the
U. 8. A. and, of late, the subject of soil erosion has received considerable
attention all over the world. ' ‘

II, REVIEW OF PREVIOUS LITERATURE

As an ountoome of this work, a mass of data has now been collected and
published. In thie sectiom, however, only such literature which bears
directly on the experiments described in this paper is briefly reviewed. Two
somprehensive publications on soil erosion and its control in different countries
have been publiched by Eden [1933) and Jaoks and Whyte [1938]. Recenily,
Gorrie [1939] has compiled a bibliography of Indian work dealing with the
subject of soil erosion,

There is & consensus of opinion that all rainfalls do not produce run-off
and erosion. Dickson [1929] noticed very heavy erosions with an average
snnual rainfull of only 21-68 inches. Yowdermilk [1931] found a correlation
between run-off and intensity of rainfall. On the other hand, Conner, Dick-
eon and Socoates [1930] failed to establish any direot relation between erosion _
and intensity of rainfall. They found, however, thet run-off was influenced
by the moisture content of the soil at the time of rainfall. Christiansen-Weni-
ger [1934] is of the opinion that ‘ average precipitation is of little importance,

tho ohief factors being maximal precipitation and the distribution of rainfall
"in the different seasons.’ It seems, therefore, that the total rainfsll of a
traot is no criterion for judging the possibility of the ocourrence and extent

of erosion. It is the intensity of rainfall that is most responsihle for causing
ra-oft and erosion, . .
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ers. Mosier and Gustafson [1918] noticed a marked seasonal variation in
percentage run-off. Over a period of three years, the run-off varied from 31
}" to 50 per cent of the annual rainfall. Gorrie {1938] recorded a run-off vary-
. ing from 5 per cent, in the case of plots covered with grass and shrub, to 25
_per cont from a bare soil. As regards the amount of silt lost per acre as a

The amount of rainfall lost as run-off has been measured by a few work-

result of rainfall run-off, the results vary ocomsiderably. In Russia [Jacks !

"and Whyte, 1938], the average soil losses varied from 20 tons per heoctare
"per-annum on gentle and moderate slopes fo 50 tons on steep slopes, In
‘Ceylon, Holland and Joachim [1933] found that, under current estate prac-
tices, the loss by erosion varied from 56 to 101 tons per acre during & period

of six yoars. Gorrie [1938], in India, records nearly 8 tons per acre as the °

amount of soil lost from a bare plot during a single monsoon. -

The effect of some sort of cover on s0il has been recorded by several
,workers. Duley and Miller [1923] found that plots under annual crops suffer-

ed more than plets under sod. They also noticed that a wide-sown crop,
_like maize, allowed more run-off and erosion than a close-spaced one. Holland
.and Joachim [1923] found that seil erosion was greater in control plots than
in plots having vegetation. In Africa very similar results were obtained by
Thompsen [1935] and Staples [1936]. Thompson found that ‘ annual hay
.crops wore less detrimental. Among perennial planted grasses, Rhodes grass
was not effective in preventing erosion and run-off.” Staples obtained the
least percentage run-off with perennial grass and deciduous thickets, followed
by Bulrush millet. Russian investigators, as quoted by Jaoks and Whyte
-{1938], have come to a similar conclusion as regards the importance of grass
in preventing run-off and erosion.

As regards the effect of cultivation, the data of Lowdermilk [1931],
Holland [1930] and Duley and Miller [1923] show thet cultivation increases
the rate of erosion. ~Duley and Miller’s results show that, while cultivation
increased erosion, it reduced run-off. Deeper cultivation, however, was
found to cause less erosion than shallow cultivation. The results obtained
by Miller and Krusekopf [1932] fail to substantiate the common belief that
deep ploughing is markedly better than shallow ploughing in reducing erosion
Josses. The resulta of Staples [1036], however, show that flat cultivation on
& bare plot caused less run-off and erosion as compared with a bare unculti-
vated plot. Eden [1933] cites other workers who consider deep tillage to be
offective in checking erosion, though, in conclusion, he observes that the
effect of cultivation must be regarded as an open question.

Duley and Ackerman [1934] recorded a larger percentage run-off from
‘short plots than from long ones. Their results on 8oil erosion were less con-
sistent but they appear to indicate that, when the rainfall is light, short plots
may undergo greater erosion, but that the reverse is true when the rainfall ia
heavy. :

As regards the amount of nutrienta removed in the process of soil erosion,
Duley and Miller [1923] observe that the losses are in some cases greater than
the annual crop requirements. The losses in general follow the trend of the
actual loases of soil. Most of the nitrogen is removed from the soil as organio
nitrogen, the loss of nitrates being very low. This view was later confirmed
by Duley [1926] who found very little nitrat:s in run-off water. He found

-
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that caloium formed the largest proportion of the total nutrients removed in
t -off water. ‘ ' :

be rﬁ?ller and Krusekopf [1932] support the findings of Duley and Miller.
Their meohanical analysis of the eroded material showed that the uncropped
plots lost more sandy material than the others, ) ‘
" Just as soil type influences erosion, erosion changes the soil type. Ben-
nett [1931] gives examples of new soil types having been formed by erosion.
In many cases the present surface soil is the original ‘B’ horizon. This
Jeads to tho formation of what ere known as truncated profiles. Elsewhero,
e.g. in Russia and Africa [Jacks and Whyte, 1938} and in England [Robin-
son, 1036), similar cases have been recorded.

TII. FAOTORS AFTFEOTING RUK-OFF OF RAIN WATER AND SOIL EROSION

The environmental factors that influence the extent of run-off of raim
water and of consequent soil erosion are :— ] . .

(1) Topography, (2) soil types and their geological origin, (3) vegeta~
tion cover and (4) the climatio factors, of which the temperature and the
extent and distribution of rainfall are the most important.

The area under the Dry Farming Rescarch Station, Sholapur, is very
ropresentative of an extensive tract of the Bombay-Deccan, which is liable t>
periodic famines and soarcity. This fract includes the three entire districts
of Ahmednagsr, Sholapur and Bijapur, and also the eastern portions of Nasik,
Poons, Satara, Belgaum and Dharwar districts. It forms the area yin%
between E. longitude 74° and 76° and the parallels of latitude 16° and 21
N. L. and is about 26,000 square miles in extent. The Western Ghats or the
Sahyadri range of mountains forms the western boundary of this tract. In
faoct, the Sabyadri range itself is a comparatively less eroded ridge of hard
Deccan trap of volcanio origin. Numerous spurs from the Sahyadri range
extend to the east and protrude at right angles to the main range into the
traot forming the Bombay-Deccan. The general slope of this region is to-
wards the east, The whole tract, therefore, consists of & platesn or a table-
land with gentie undulations intersested by spurs from the Sahyadri range
at right angles to the main range, thus forming a series of ridges and
across the plateau. The elevation of the Deccan Plateau ranges from about
2,000 ft. in the west to about 1,400 f. at the eastern boundary of the Bom-
bay province. The geological formation of the whole area forming the Bom-
bay-Deccan from the river Godavari in the north to the river Krishna in the
south is the well-known Deccan trap or basalt. To the south of the Krishna
river in the Bijapur district, other formations of the transition series and of
still older periods are met with. The whole tract which is gently undulating
with altetnate ridgee and narrow valloys, consists of agricultural lands which
have undergone varying degrees of erosion, leaving only a thin cover .of soil
in wany places. Along the banks of the rivers, more extensive, level and
deep lands are to bo found. These topographical features which are the result
of geological agencios, influence very greatly the run-off of rain water and the
extent of soil erosion in’ different portions of the tract. A detailed contour
map of any portion of the tract shows very distinctly the undulating charac-
ter of the area. The map of Bijapur taluka (Wig. 1), which is given as an
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illustration, shows that the area is traversed by a large number of nallzs and
their tributaries. All these nmallas finally coalesce into larger streams such
as the Don or the Krishna rivers and serve as surface drains for the storm-
water received during heavy and intenmsive showers in the monsoon months.
Aocordingly, every year these rivers and streams carry away millions of tons
of suspended soil or silt from the agricultural lands of the tract which mainly
consists of the finer and more fertile fractions of soil. The area is charaocteriz-
ed by the absence of any large tree growth except in the region of hsavy rains
just adjacent to the Western Ghats. Even annual vegetaticn is generally
stunted and of very poor growth. The open, bare and uncovered nature of
the tract facilitates losses of rain water and contributes to soil erosion on an
extensive and widespread scale.
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F1a. 1. Map of Bijapur taluka showing naturel surface drains

IV. CLIMATIC FACTORS INFLUENCING RUN-OFF AND. SOIL ERBOSION IN THE
BomBAY-DECOAN
(4) Temperatures

As the atmospheric f,empératurés of the. tract at different periods of the
year bave an indirect influence on the extent of run-off and erosion, they are
discussed here very briefly, In this extensive tract, the prevalent tempera~
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tures throughout the year show considerable variance from north to south
as well as from west to east. The extent of elevation above sea-level also
has considerable influence on prevailing temperatures. If the records of
temperatures at the four important district towns are examined (Table I),
they olearly indicate the great range through which the seasonal tempera-
tures of the tract fluctuate.

TasLE I¥*

Record of temperalures at smportant towns

Nasik Ahmednagar{ Sholapur Bijapur
north- north. south- . south
western eastorn eastern egstern
area area ares area
Highest monthly mean maxi- 100 . 103 106 104
mum (°F.}
Lowest monthly moean mini- 48 51 56 bb .
mum (°F.) : )
Absolute maximum (°F.) . 107 110 110 108
Absaolute minimum (°F.) . 42 . 44 48 46

* Figures given in Tables I and II are from the Statistical Atlas of the Bombay
Presidency [1926].

The highest monthly mean maximum and the lowest monthly mean
minimum temperatures show a difference of nearly 50°F. at all stations, while
the absolute maximum and minimum show a difference of more than 50°F.
during the year. The meximum temperature is reached either in April or
May, while the minimum is experienced either in December or January. The
air i very dry for six months of the year from November to April. During
this period, the soils become extremely dry and loose and are easily blown
away by the wind and oarried off in suspension by water if a heavy shower
of rain is received. More detailed data regarding temperatures and humi-
dity from month to month at Sholapur are given later while discussing
experimental work at this centre. The figures given above for the four re-
cording centres illustrate how the maximum temperatures increase from
lnorthtt_o sc;lut.h n.n;li also from west to east. The minimum temperature is
owest In the northern fract, as represented by Nasik i -
wards the south, ie. Sholapur a.nIc)l Bijapur, Y " al?d gra.d'ually nses k0

(B) Rasnfall

.. . The average monthly rainfall statistics for the same four centres show how
‘the total rainfall, and more particularly its distribution from month to month,
vary from weet to east. . '
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TasLe I
. Average monthly rainfall in inches
Mont ok | Aty Suupr | Bl
western eastern eastern eastern:
area ares area areas
January 0-10 0-17 0-15 0-09
February , 0-04 0-13 0-07 0- 06
March . ., 0-03 0- 10 0-20 0-22
Apdl . ., 0-18 0-23 0-46 0-80
May . . 0-92 0-92 1-05 0- 31
June , A 557 4-57 4- 67 3-37
© July . 8- 67 3-61 © 4-20 2-51
August R » . 509 277 4+ 54 2:88
September . 593 6-84 7-71 833
October 2-81 2-18 3:02 3-88
Novomber ’ R 0-46 0-83 1-06 1-52
December . 0-18 055 0-46 0-31
Angual total 29- 98 23- 50 27- 55 23- 28
Average number of rainy days* | 48-6 36-1 ‘ 41°3

36-1

_ * According to the prdct.ice edopted by the Meteorclogical Department, only such
days as receive 10 cents or more of rainfall during the 24 hours are counted as °*rainy

days .
this article.

Fhe same procedure is followed in calculating the data dealt with throughout in

The rainfall at Nasik is typical of the south-west monsoon, which is
vestricted to a period of five months from June to October. This rainfall is
generally evenly distributed during the four months of June to September and
is usually received spread over a large number of rainy days. The maxi-
mur rainfall is received in July. Under such conditions, the effects of surface
run-off and soil erosion are limited. The rainfall at each of the other three
stations is similar in character and represents the type of monsoon generally
experienced in the eastern parts of the Bombay-Deccan. The rainfall received
during the first three months (i.e. June-August) amounts to about 50-565
per cent of the total precipitation, while the remaining rainfall oocurs from
September onwards. The number of rainy days is limited, especially during
the latter part of the season. The rainfall in this tract largely conaista of
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intermittent heavy showers of great intensity. It should be remembered
that the figures given in Table I are averages. The actual figures obtained
in any one year may deviate very considerably from them. Such variation
can be seon from the rainfall figures for five years at Sholapur which are given
later.

Two other important factors which influence the climate of the tract are
the average wind velocity and the atmospheric humidity. The nature of both
these factors in the eastern tract differs considerably from their nature in the
western tract of the Bombay-Deccan. These factors tend to make the climate
in the eastern tract dry and desiccating even during the monsoon months,
and, in this area, facilitate the quick drying of the surface soil after it has -
become loose and pulverized by such agricultural operations as harTowing
and weeding. Therefore, the heavy downpours of rain, common in Septem-
ber and Qctober, cause sorious losses of such dry, loose and pulverized soil by
erosion. :

V. EXPERIMENTS * ON RAINFALL RUN-OFF AND SOIL EROSION AT THE SHOLAPUR
Dry FARMING RESEARCH STATION

To begin with, experiments were laid down with a view to finding out as
aoccurately as possible the amount of rain water lost by surface run-off and to
enable an approximate estimate to be made of the total amount of soil carried
off annually by erosion on & representative soil of the tract under the different
methods of cultivation and cropping common in the south-eastern part of -
the Bombay province. The slope of the land chosen for this experimental
work was as far as possible selected so a8 to be representative of the average
slope to be found on the majority of the cultivated fields in the tract. The
experiments were laid out on the same plan as was followed by Duley and
Miller [1923] in their classical experiments at Missouri in the U. 8. A., but
due to differences in local environment, the plot dimensions chosen and the
slope used were somewhat different from those adopted by the.e workers.

V1. SOIL TYPE AND ITS PHYSICAL AND CHEMICAL CHARACTERS

The soil of the experimental plots can be described as medium deep soil-
the depth varying from 9 in. to 18 in. This soil is derived from decomposi-
tion of the Decocan trap and is of a residual type, a portion of the ¢ A * horizon
having been lost by previous erosion. Such decomposed trap is found imme-
diately helow the comparatively thin layer of surface soil. The colour of the
soil is derk brown and it shows a compact constitution with the texture of
- heavy clay. The mechanical composition of the soil as determined by the.

International Soda Method is given below.

These data indicate that the soil contains a very high percentage of clay
and can therefore be classified as belonging to the heavy olay type. Study
of some of the physico-chemical constants indicates that this soil has a high
moisture equivalent of 43-6, a high wilting coefficient of 20-10, sticky point
of 67-7, with a shrinkage value of 62:7. The total exchangeable bases have
been found to be 38-4 m.e. of which exchangeable lime is 30-0 m.e. It has
& wide C : N ratio of 17 : 1 and the pH value of 8-14. 'The chemical composi-

tion of the soil, dotermined from the results of apalysi 1cal ¢ >
hydrochloric acid, is given in Table IV, of analysis by digestion with
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TaprLe IIT
Mechanical analysia of soil of experimental plots
Expressed on per cent dry matter )
Surface Sub-surface
layer layer ‘
« 0—9 in. 9—18 in.
Stones per cent on original soil . . . . . 5-28 687
Loss by solution . . . ‘. . . . . 1- 64 267
Coarse sand . » . . . ’ . . . . 071 2+ 34
Finesand . . . . . . . . 11- 87 g:18
St . . . . .+« « . .1 2686 26:33 ,
Clsy . A e 58* 60
-Difference . . . . . . . . 0-63 - 0-98

TasrLE IV

Chemical analysis of soil of experimental plois
’ Expressed on per cent dry matter

Burface

Sub-surfaee’

layer layer
0—9in. | 9—I8in.
Loss on ignition . . . . . . . . 7-73 868
Sand and silica . . . . . . . . 65-65 84-42
Tronoxide(FegOs) .« .+ o« . . < .| 10-99 10-48
Aluminium and titanium oxides (A1,0, + Tiy0,) . . 11-48 11-20
Lime (Ga0) » v o« o & o« o+ o .| 148 2-32
Mognesisa(Mg0) « o « « o & . . 0-35 0-79
Potash(Es0) « « v o o« & o 0-44 0-48
Phosphoric acid (P,0,) . . . . . . - 0-08 0-06
Nitogen () . . . . . . . . [ 0-039 0040
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These figures show that the loss on ignition is high and is largely due to
the combined moisture held by the colloids resulting from the high percentage
of clay. The amount of sand and silica is comparatively high. The propor-
tions of iron oxide end aluminium oxide are nearly equal. Phosphoric acid
and nitrogen are both low, but other important plant-food ingredients, such
a8 lime and potash, are adequate from the point of view of dry crop cultiva-
tion. The experiments described hereafter were condueted on this type of
soil which can be taken as a typical representative soil to be found through-
out the tract,

VII. PLAN AND EQUIPMENT OF THE EXPERIMENTAL PLOTS

The area of the experimental -plots was surveyed and the levels were
determined at a distance of every 5 ft. The major slope was found to be in the
north-westerly direction and the lay-out of the experimental plots therefore
was fixed in the same direction. Eight unit plots were laid out. The gize of
each unit plot was fixed at } guntha or 1/80th of an acre for seven plots, the
shape being & long narrow rectangle having its breadth and length in the
proportion of 1: 8. In the case of the eighth plot, the length was 18 times
the breadth and the size of this plot was one guntha or double that the
others. The avesage slope of all plots -was 1-18.per oent (fall of 1 in 84).
As the length of each of the seven plots was 68 Tt., the total vertigal fall in
each plot was 0-78 ft. In the eighth plot, the length was 132 ft. and the
total vertical fall from top to bottom was 1:56 ft. Each plot was surrounded
on three sides by galvanized iron sheets 18 in. wide, half of which were buried
in the ground and fixed by means of stout iron stakes at a distance of 4 ft.
aspart. The fourth and lower side of each plot was open and was level with
the top of the side wall of a series of masonry tanks constructed at the lower
end of each plot to catch the run-off of rain water and silt. Each tank had a
flat bottom. Seven of these masonry tanks had dimensions of 8 ft.x 38-3
ft. x 3 ft., while the eighth one was 8 ft.x 5 ft. x4 ft. An outlet pipe was pro-
vided in each tank which could be opened or closed as required. The ground-
plan of the eight experimental plots and the tanks is shown in Fig. 2. All
the outlet pipes opened into a drain whence the water from the benks could
be allowed to escape through an underlaid china pipe of 4 in. diameter to out-
side the experimental area. Plates XXXI and XXXIT illustrate the general
arrangemont of the experimental plots and the tanks,

VIII. TREATMENT OF THE EXPERIMENTAYL PLOTS
The undernoted eight treatments were given respecti i
plots mentioned e.bove.g‘ X : gl. : pectwgly to the cigt
Plot 1:  Retenlion of natural vegetation or sod (Treatment 1)

_ . This plot was kept unstirred and in its- original condition, i. e. covered
with the usual annual flora which was rather sparsa et the commencement of
the experiment. This vegetation was allowed to grow and develop naturally
during the monsoon and to dry up during the hot weather months. During
the five years’ exporimental period, the whole plot became completely covered
with vegetation. In the hot weatlier, much of this vegetation dried up, but
generally sprouted- again during the monsoon. The most common species
of plants present wera: Cynodon dactylon, Ischaemum pilosum, Euphorbia
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Some of the run-off plots with tanks



vy

BURFACE RUN-OFF AND SOIL EROSION

503

hyperecifolia, Justicia quingueangularis, Tridaz procumbenx, Tephrosia pur-
purea, Pndigofera Linifolia, Merremia emarginata, Panicum isachne, Pantcum
ramogwns, Iseilema anthophoriodes, Cocculus villosus, Euphorbia dracunculoides,

ebo, _
' Dmﬂ[
*
2 TAWK |
Plot Freatment Plot Treabment i t
Xo. | : No,
—— X
1 | Weeds preserved 5 | ¢ Scooped’ 1 .
2 | Weeds removed @ Eharif crop of bajri and fur .
i
3 | Harrowed only 7 | Ploughed and harrowed’ ’
4 | Rabi crop of jowar 8 |[Ploughed and harrowed with '
’ double length A1,
1 1
K
* ]
]
: DRAIN .
ﬂ'A[ﬂ{S-—-—t 8
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F1a. 2. Plan of the run-oft and erosion experiments at Sholapur
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Plot 2 ¢ Removal of natural vegetation by cuting (T'reatment 2)

The natural vegetation on this plot was superficially removed by entting
oo to the ground without disturbing the surface soil. This was done
annually, two or three times during the monsoon, whenever the vegetation
had grown enough (one to two inches above ground) to interfere with the
run-off,

Plot 3 : Shallow cultivation by local harrow (T'reatment 3)

This plot received only such cultivation as is usually given by cultivators
in the tract. Such cultivation is shallow and, for this purpose, the country
blade harrow is the common implement used by the cultivator.. The plot
was harrowed to a depth of 4 in, two or three times during the season, once
in the hot weather before the monsoon (May-June) and twice during the
monsoon, (July-September) before the sowing season.

Plot 4 : Cullivation of a rabi crop of jowar (Treatmeﬁt 4)

In this plot, ploughing was done in the hot weather and subsequent
harrowing was done every month from May to September. In the first yoar,
the ploughing was carried oub with a CT2 plough but, in the succeeding four
years, the plot was hand-dug in order to get the effect of ploughing as actual
ploughing was found to be impossible on account of the iron sheets fixed along
the borders of the plots. A rabi crop of jowar (Andropogon sorghum) was
sown at the beginning of Qctober and received about four interculturings at
an interval of about three weeks during November-January.

Plot 5: Cultural treatment with a * scooper * (T'realment 5)

The *scooper’ is a specially devised bullock-drawn implement which
makes a number of shallow hollows or pockets when worked over a well-
prepared soil. By the use of this implement, about 150 * scoops * or hollows
were made over the surface of the plot,. the intention being that the rain
water should be held in these ‘ scoops * and run-off checked. The size of each
hollow or ‘ scoop * was about 15 in.X 9 in.X 3 in. and the space between two

‘scoops’ was about 12 in. The scooping was done on two occasions, once
early in July and again late in August. r
"Plot 6 : Cultivation of a kharif crop of bajri and tur (Treament 6)

After a thorough preparatory tillage consisting of one ploughing and two
harrowings, this plot was sown with bajri (Pennisetum typhoideum) and tur
(Cajanus sndicus) mixture every year. In sowing this mixture either in June
or July, the usual cultivators’ practice of sowing three rows of bajri and the
fourth row of ur was followed. The rows ran across the slope so as o obtain
the fullest effect of the standing crop in checking rainfall run-off and soil
erosion. Four to five interculturings were given to the standing orop at an

interval of three or four weeks during July-October.
Plot 7 : Thorough and intensive preparatory tillage (T'reatment 7)

In this plot, intensive preparatory tillage was given, which consisted of
deop ploughing in the hot season and harrowing four times during the monsoon
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from June to September. In the first year, the ploughing was done with
a CT2 plough, but later on the plot was hand-dug to imitate ploughing. The
furrows were made across the slopse. No crop was cultivated.

Plot 8 : Treatment 7 on a plot double the length of plot 7 (Treatment 8)

This plot received similar treatment as was given to plot 7, i.e. in
tensive preparatory tillage consisting of ploughing and four harrowings. In
this plot the effect of the greater length of the plot on the run-off and erosion
was under study as the length of this plot was 132 feet, or double that of plot
7 and other plots. '

Nore.—Treatment 4 was carried out on plot 7 in the first year of the experiment and
treatment 7 on plot 4 but, during the remaining four-year period, treatment 4 was conti-
nuously on plot 4 and treatment 7 on plot 7. The reason for this change was to avoid
the sheltering effect of the standing crop of bijri and tur of plot 6 on the jowar erop of
plot 7, es laid out in the first year. As plot 6 was to the west of plot 7, the standing
crop on the former plot used to intercept the showers of the south-west monsoon and thus
affect the growth of the jowar crop on plot 7.

IX. MEASUREMENT OF THE RUN-OFF WATER AND THE RESULTS OBTAINED FROM
Juxyr 1934 To May 1939

The experimental work started on 1 June 1934, when the construction
of the tanks and the lay-out of the eight plots were completed.

Whenever run-off of rain water took place, measurements of the depth
of the acoumulated water in each plot-tank were taken as accurately as pos-
sible, an average of six readings correct to a tenth of an inch being ¢alculated.
The volume of water was then calculated on the basis of the known tank dimen-
sions after making correction for the rainfall received directly into the tank.
The water in each tank was then thoroughly agitated by stirring, and allowed
to escape through the outlet near the bottom of the tank. A sample of
this water was taken in a Winchester bottle, care being taken to obtain
a fair sample. The quantity of suspended silt was determined in the
laboratory by filtering the water through a filter paper and then by drying
and weighing the residual material. The actual volume of water was
then calculated by deducting the calculated volume of silt from the combined
volume of water and silt. The amount of run-off from each plot was cal-
culated both as cubio feet of water collected in each tank and as inckLes.of
rainfall lost. The results obtained over five years are given in Table V, which
shows the equivalent inches of rain water lost by run-off annually from each
of the eight plots receiving the different-treatments described above.

On account of the expensive nature of the lay-out required for these
experiments, they weré conducted on single plots only. It will be shown
in Appendix II by the analysis of variance that variation between plots
is extremely small when the data of plots similarly treated over some period

ars worked out statistically.
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X. RAINFALL AT SHOLAPUR DURING THR PERIOD OF THE EXPERIMENT

Before disoussing the results of the experimental work on run-off, it is
neoessary to examine how the rainfall varied during the experimental period
of five years and how far it represented the average rainfall obtained n this
tract over a prolonged period, both with regard to the total annual rainfall
and its monthly distribution. '

In Table VI, data regarding monthly and annual rainfall at the Research
Station along with the number of rainy days ere given. In column 2 of
this table, the average monthly and annual rainfalls for a period of 25 years
from™ 1908 to 1033, i.e. just prior to the commencement of the experiments,
are given, Columns 3-7 give similar data for the five years of the experiments,
while in the last column, the average monthly and annual rainfalls and the
number of rainy days for the whole period of five years (1934-39) are
given along with their deviations from the annual average. It may be seen,
by comparison of columns 2 and 8, that the average annual rainfall for the
shorter period of five years was practically the same as the annual average
over the longer period. The average distribution differed, however, in the two
poriods, The average rainfall of the three months from June to August was
somewhat higher during the shorter period than during the longer period.
On the other hand, the rainfall during September and October was some-
what lower during 1934-39 than during the previous 25 years’ period, i.e.
from 1908 to 1933. The number of rainy days per annum did not differ
much. Curves showing the average monthly distribution during the two
periods readily illustrate the above points (Fig. 3). If the individual years
are considered separately, then it can be seen that the years 1934-35 and 1936-
37 were years of drought when only 80 and 60 per cent, respectively, of the an-
nual average rainfall were received. The year 1937-38 received very nearly the
annual average rainfall. The remaining two years, viz. 1935-36 and 1938-39,
were wot years and received rainfall higher than the annual average. This
increase, however, was only 20 per cent in the former year but was nearly 40
per cent in the latter. In the year 1938-39, the number of rainy- days was
also much higher, viz. 57 as against the normal average of 41-2. It can
be seen _thereforg that the period of experimentation may be taken as fairly
typical in covering possible variations in individual years and, at the same
time, giving approximately average rainfall conditions over the total period of
five years similar to those experienced over a long period of 25-30 years.
Fig. 4 indiontes the variation in the monthly distribution of rainfall during
the five years of the experimental work. It can be seen from the data
in Table VI that no exact relationship appears to exist between the number
of rainy days in a year and the total rainfall received during the same period.
Although it is true that in general the higher the number of rainy days, the
greater the total rainfall and vice versa, this is not always the case. Thus,
in the year 1937-38, the rainfall was nearly 25 per cent higher thah that of
1934-35, but the number of rainy days was smaller, viz. 42 in the former yoar
as against 46 in the latter year. Again the year 1935-36 received nearly 40

per cent more rain than the year 1934-35, but the total . .
in both the years was exactly the same, number of rainy days
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1 ‘.-'.-n-.-a- Average ot 25 years (1008-1938)
‘\-....u.... Average of 5 yoars (1034-1030)

Fia, 3. Average rainfall at Sholapur

TasrLe V

Qmmtmes of water lost by rainfall run-off in inches from each plot during the five
years of experiment

Rainfall Iost in Inches
No.
of Treatrmoent June 1934— | June 1936~ | June 1936— | Yune 1937— | June 1038—
plot May May Mn; May May
1935 1036 198 1938 1939
1 | Betention of natural vegetation 0-21 4.02 0-07 0-86 0-04
2 N%malvegeuﬁonremmd by cut- 1-87 5:80 1.00 8-36 048
8 | Shallow cultivation by harrowing . 1-24 570 2-22 8-88 951
4 | Thorough and lntendva coltlvation 109 B6-55 1-89 T-47 692
by !lloushin_g and harrowing and
growing rabi crop of jowar
6 | * Beooplng * of the surface soil after 0-02 8-88 0-19 482 2-01
thorough cultivation
6 | Thorough cultivation by ploughing 0-58 462 158 6:00 &4
and lﬂ'mwlng d growing Lhari]
bajri and fur mixture
7 | Thorough and intensive cultivation 142 6-02 1-93 714 S+41
plghuzhlns and harrowing
8 orough and intensive cultivation 1-21 581 2.19 774 630
'I'h“ in plot 7 with double length ’
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AverE’ge of 5 years
(19.:4-1939}

For the year 19'34—-35 .

For the yearﬂ 1953‘-36" -‘

Inches of rainfall

For the year 1936-37 .

For the year 1937-38

For the year 1938+39
F1a,4, Average monthly rainfall gt Sholapur during the experimental period



Taste VI

' Rainfall and the number of rainy days ot Sholapur

Average for Average for the

25 yoam 1934-35 1935-26 1036-37 1937-38 1038-30 yoars 1034-39
Catender montha Rainfall| No. of | Ralofalll No. of | Rainfall| No. of | Ratnfalf| No. of | Ralnfall| No. of | Rainfall{ No.of |Balnfall| No.of

in rainy In | rainy rainy in ralny in rainy in ralny in ralny

inchea | daye | inches | days { Inches | days | Inches | days ) fnches | daya ; inches | days | Inches | daye

Juns . . . . 4-55 6-0 0-50 8. 8:5¢ 10 248 4 1-92 2 8+4b 18 3-89 o4
July . . ' . 870 I 6:06 19 2-20 [ 1:62 [ 808 12 11-59 19 504 110
August . . . 8-16 T8 8-33 g 10-84 1 110 8 1:58 4 458 12 407 78
Boptomber . ' . 8-10 g9-0 6-58 12 344 0 8-12 s 8-98 11 11-02 0 662 86
Octobor . . . 830 43 028 2 639 ? 0-47 | 512 5 1:08 2 260 84
November . . . 1-75 16 1-68 8 0-01 P 37 8 . 1-08 1-2
Decomber . . . Traco 06 " 056 1 0-66 208 8 e - 0-54 08
January . . 018 0+3 019 1 s e . '™ wan o~ e 0-04 0-2
February . . . " 0-73 2 0-28 1 e e 0-1p 06
March . . . 0-20 04 0-38 1 07 221 ] 0:66 1-0
Aprll, . . . 040 10 | 041 2 0-856 1 2:40 4 023 1 0-49 2 0-84 20
May . . . 0-75 22 011 1 0-74 1 0-41 2 0-26 0-8
TOTAL 26-40 41:2 1 21°15 46 £20-52 40 15792 28 26-11 [+ 37-14 b7 25-96 48:8

£1:563 . +3-62 |+0-00

NOISOEX TI0S ANV 440-NAY¥ ZOvIEas fax

603-
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. Similarly, 'monthly rainfall is not always proportional to the number of
rainy days in the month. This is due to the fact that the intensity of rainfall
is different in different months, as can be seen clearly from the figures given
in the last column of Table VI. It can be stated in general that the intensity
of rainfall is greater in the latter half of the monsoon, i.e. from September
to November, than in the first half, i.e. from June to August. The month
of July gave the largest average of rainy days but the intensity of rainfall in
this month was the lowest. It should be noted that the rainfall during the
period of September to November is generally received. in the shape of stormy
downpours lasting for only an extremely short period of one to two hours daily.
The rainfall during the eéarly ‘period of the monsoon is generally received as
small showers of a persistent and sonking nature, lasting over a large number
of hours each: day. This shows that the early monsoon rains are generally
of low intensity while those of the later period are of great intensity. This
intensity of rainfall has a very great bearing on the run-off of rain water and
on consequent soil erosion, -

XI. TEMPERATURES; HUMIDITY AND WIND VELOCITY AT SHOLAPUR

Mention has already been made of the influence of climatic factors, other
than rainfall, on the run-off of rain water and on consequent soil erosion.
In Table VII monthly average values for some of the more important meteoro-
logioal observations taken during the experimental period of five years, i.e.
1934-35 to 1938-39 axe given.

TasLe VII

Monthly averages of important meteorological observations at. Sholapur Dry Farm
(Average of § years from 193435 to 1938-39)

Max!mom Minlmum - M - enind Eazgra?:n

Month : to Dr.\xx;u)t.um ‘tumgti;ajtum hmpe?ftum ﬁﬂﬁ'ﬁ"y mvlf(l:gcr‘g su:’f:f:eerin
D) 8 CF) | pereent hour inchea
Jue, ., . ., 4-23 78-35 83-70 704 | 10.78 11-78
Juy . . . . . 88+43 04 ' 766 | 8234 | 10-40 8-61
August . . . 88-15 70-02 7¢~10 81-08 9-48 8-17
Boptomber . L . . 86-84 en-68 | 78-10 82:40 7.81 7-80
October . . ., " .| "90-04 | ‘6658 ‘|- 7830 85-79 ' 5-78 10-77
November ., . , 8017 [ 6382 | 7250 58-04 B-04 §-83
Dooomber . . ., . 84-28 6593 70-12 5899 C o dead 8-66
Jamvary ., . . ] T84T | bs-98 "] 7202 65-30 4-13 9-04
February . . . o] - 90:78 | 8085 | . 75-72 47-57 4478 10-81
Mareh e e 07-90 87-33 8252 84-07 5-12 16-30
Amit. . . L L 10108 | sz | gpers 40-80 6-05 17-22
May . . . o 10541 76-44 2008 | ag.p7 7-72 20-48
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The data of monthly average maximum and minimum temperatures
indicate the wide range of temperatures prevailing in this tract. The very
high temperatures during April and May result in considerable sun-drying
and baking of soils, which causes considerable cracking and fissure formation
in the deeper types of soils. These cracks ultimately give rise to gully for-
mation as a result of the run-off of heavy rains at the outbreak of the south-
west monsoon. The higher temperature of the atmosphere, combined with
the high wind velocity during the monsoon months, produces a highly desic-
cating effect on the soils. Slight showers are, at that time, ineffective as the
soil moisture is largely lost by evaporation during the following 24 hours.
The high rate of evaporation of water noted from free water surface indicates
a similar trend of rapid evaporation of soil-moisture. These factors result
in the surface soil remaining dry and pulverized, thus facilitating its removal
by the run-off water resulting from the heavy showers commonly received
in September and Qctober in this tract. The knowledge of the influence of
such climatic factors facilitates & clearer understanding of the experimental
results on run-off and soil erosion which are discussed hereafter.

XII. RESULTS OF RAINFALL RUN-OFF EXPERIMENTS AT SHOLAPUB

'tA) Effect of experimental lreaiments

The eight different treatments given to the eight plots in the experimental
area have already been mentioned in detail. The main object of these
different treatments was to ascertain whether any particular method of
tillage or cultivation or the growing of any particular crop would have a
controlling effect on the quantity of water lost by run-off. The results of the
experiments given in Table V were obtained from the estimate of the actual
volume of water lost from the area of 1/80th or 1/40th of an acre in cubio feet
from year to year and are expressed in inches of rainfall thus lost. Table
VIII shows the number of occasions upon which run-off of rain water took
place in each year and also the total number of such run-offs during the five
years under each plot treatment. The quantities of water lost from each plot
in inches are also shown. Careful scrutiny of these results shows that the
treatment on plot 1, viz. the plot with natural vegetation preserved in sifu
gave the lowest number of run-offs and lost the smallest quantity of rain water
by run-off during the experimental period of five years. In this plot, there
were, in all, 23 run-offs during the five years and the total quantity of rain
water lost in this way amounted to 5-59 in. during the same period. This
treatment was, therefore, the most effective in checking the loss of rain water
by surface run-off. The treatment given on plot 5, which consisted of scoop-
ing ’, ranked second in effectiveness in controlling run-off. The number of
run-offs on plot & during five years was 31 or nearly 25 per cent more than
on plot 1, but the total quantity of rain water lost amounted to 10-37 in.,
which is nearly 85 per cont more than the loss on plot 1. 'Only one more
treatment, viz. the cultivation of bajri and tur crops on plot 6 showed some
appreciable effect in controlling rain water run-off. The number of run-ofis
in this plot was 43 and the water lost amounted to 18-28 inches. If, however,
the results from plot 6 are compared with the results obtained on plot 1, i.e.
vegetation cover, the number of run-offs on the former plot was nearly double



Tagpre VIII
Number of run-offs from each plot and inches of rainfall lost from each plot in different years
Plot 1 Plot 2 Plot 3 Plot £ Plot 5 Plot 6
Betegt.lon Removal * Bhallow Cuitivation * Bcooping* Cultivation of TEL‘}%E gh T;fgfcfuzh

of o cuitivation of rabi jowar kharif daj cultivation * | cultivatior and

vegetation vegetation and fur double-length
Yearof
obeervation infall| N Bainfalll No Rainfall| No. Rainfall] Ni Rainfall] No Rainfall] N
3 0. n; . . 8 0. alnfa h A

No? ]11& : bay of lost by of lost by of lost by of lost by of loat by o% Ilt(;itngay!] No?‘ I{!&lﬁn{aﬂ
run-offe) run-offs run-offs run-oife | run-ofis | run-offa | run-offs { run-offe | run-offs run-offs| run-offs | run-offe | run-offs | run-offs rup-offs| mn-o
(In.) (In.) (In.) (In.} (In.) (In.) (In.) . (In.)
1034-85 5 | o 1-37 5 | 1.2 1-09 4| 002 6 [ oes 1-42. 191
10385.36 . 8 402 580 [} 570 565 . 3-83 462 502 5-81
1036-87 . 8 0-07 1-08 5 2-22 1-89 3 0-18 3 1-58 1-93 2-19
1957-28 . v | o-a5 16 | 6-36 20 | 838 | 18 | 747 | 11 | 432 15 | 6-0p 18 | 714 15 | 7-74
1938-89 . 2 | 064 16 | 984 5 | 951 13 | 602 7| 201 13 | 441 13 | 641 18 | 630
Total In & yeaw 23 6-59 50 | 24-48 64 | 27-08 46 | 22-92 81 | 10-3F7 43 | 18-28 46 | 2192 438 | 22-75

\
Average  per 46 | "1z 10 4:88 10-8 540 92 458 62 207 88 3-65 82 4-38 88 4-55
apoum

o
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that on the latter and the quantity of water lost more then three times. The
bajri crop stands for 3-34 months during the south-west monsoon period
and the fur crop remains much Ionger. The combined effect of these stand-
ing crops in checking run-off can be seen in the results obtained on plot 6 if
compared with those of plot 7.

The treatment given in plot 2, where the natural vegetation was removed
by outting close to the soil surface without disturbing the soil itself, showed
by contrast the great preserving effect on soil erosion of the plant cover on
plot 1. The soil in both cases was undisturbed, but there was a vegetation
cover in plot 1 and no such cover in plot 2. Treatment on plot 2 gave in
all 50 run-offs and lost a total of 24-43 inches of watoer during the five years.
The number of run-offs was more than double that on plot 1 during that period
and the rain water lost by run-off on plot 2 was more than four times that lost
on plot 1 which had plant cover. It was observed that this plot used to get
dry and crack extensively during the hot weather. This cracking facilitated
the vertical percolation of rain water and thus reduced the loss of rain water
by surface run-off.

The treatment on plot 3 consisted of shallow cultivation, viz. two or
three harrowings during the monsoon months done with a blade harrow.
This plot gave the largest number of run-offs, viz. 54 and also lost the largest
total quentity of rain water, viz. 27-03 in., during the complete period of
five yoars. The difference of 2:6 inches in the total water lost by run-off
between plots 2 and 3 was mainly due to higher loss from plot 3 in one year.
During the year 1937-38 which gave a greater number of intensive showers,
there were four additional run-offs and 2 in. excess loss of rain water from
plot 3 as compared to plot 2. That the difference between the treatments
on plots 2 and 3 is not statistically significant, is shown later on in another
statement.

The treatment on plots 7 and 8 consisted of thorough and intensive culti-
vation of the land by one deep ploughing in the hot season, followed by four
or five harrowings during the monsoon months. The length of plot 8 was
double that of plot 7. The total number of run-offs during five years was 46
from treatment on plot 7 and 43 from treatment on plot 8. The total quantity
of water lost was 21-92 in. and 22-75 in. from plot 7 and plot 8 respectively.
As compared to no oultivation on plot 2, or shallow cultivation on plot 3,
the run-off was somewhat lower in the case of the deeper cultivation on plots
7 and 8. There was no noticeable difference due to the different lengths of
the two plots. This is contrary to the result obtained by Duley and Acker-
man [1934] in the U. S. A. They found that the shorter plots gave a larger
percentage of surface run-off then longer plots. Thus, although the thorough
arrd deep cultivation given effected a slight reduction in the number of run-
offs, and in the quantities of water lost by run-off, when compared with the
treatment on plot 3 which received shallow cultivation and also with treat-
ment on plot 2 which received no cultivation, the difference was not statis-
tically significant. Miller and Krusekopf [1932] found no benefit as a result
of deep ploughing in checking the surface run-off of rain water.

The remaining treatment on plot 4 consisted of thorough and intensive
cultivation, as in plots 7 and 8, and had in addition a rabi crop of jowar from
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' October to February.  The total number of ran-offs during the five years
from the plot was 46 and the total quantity of water lost _amountefi to 22-92
in. Thus there was no apparent influence of the cultivation of & jowar orop
on the rain-water run-off. . This may be attributed o the fact that most of
the rains were received before the sowing of the orop and only & small amount
.during the very early stage of the crop when the young seedlings could not
in any way influence the run-off. Fig. 6 illustrates the comparative losses
.of water every year under different treatments.

b—i

,min.:az_;q.ssva 41E3+6¢7 8 LE34 5678 1L34 86678 12L24567T8

193435 . 193536

_ 1936~3T 1937-38 1938-39

£ [ach baight of the velumn ppresaats § lackes of naln-waber rus-o

F16. 5. Relative quantitiea of rain water in inches lost by run-off from plota under
different treatments

[Plot 1, woeds reserved ; plot 2, weeds removed ; plot 3, harrowed only; plot 4, rabi cro
of jowar; plot 5, scooped ; plot 8, kharif crop of bajré and tur; plot 7, ploughed and
harrowed ; plot 8, ploughed and harrowed with double length)

Thus, to sum up the results of the experimental work on the effect of '.
the different treatments on rain-water run-off, it can be stated that: (1) There
is some reducing effect resulting from deep cultivation on the number of run-
offs and on the quantity of rain water lost by run-off as compared to the
effocts of shallow or no cultivation. The results of treatments on plots 2, 3
and 7 suggest the above conclusion. (2) The length of the plot does not affect
the run-off materially as seen from the comparison of the results of treatments
on plots 7 and 8. (3) The cultivation of rabi jowar also had no influence on -
the run-off. (4) The cultivation of a mixed crop of bajri and tur in the kharif
season reduced the guantity of water lost by run-off. (5) The special cultural
treatment of ¢ scooping ’ reduced both the number of run-offs and the total
quantity of water lost by run-off. (6) The most effective treatment in con-
trolling and reducing the rainfall run-off was found to be the conservation of
the natural vegetation on the untouched surface of the soil. "
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{B) The total annual rainfall, the number of days on which run-off occurred
and the quantity of rain water lost by run-off during the experimental
. period of five years

Having considered the effect of different cultural treatments and systems
of cropping on the quantity of rain water lost by run-off in the preceding
paragraphs, it will be interesting to see whether any relationship can be traced
between the total annual rainfall and the number of days on which run-off
occurred as well as the total quantity of rain water lost by run-off during the
same period.

TapLE IX

Total annual rainfall, the number of days on which run-off took place and the
total quantity of rain water lost by run-off ,

Total rainfall | The number of | The total quan-
during the | deys on which | tity of rain
Year year in inches | run-off ocour- | water lost by

red run-off in.
inches
1934-35 e e 21-15 5 j 1'24
1035-36 e e . 29- 52 9 5°70-
1936-37 . . . . . 15-92 1 222
1937-38 e« e -a . . 26-11 20 8-30

1938-39 . . . . . 37°14 15 9-51

The data presented in Table IX are for treatment 3, i.e. shallow
cultivation by harrowing on plot 3. The data from this plot are selected for
consideration as this treatment represents olosely the wusual cultivation
followed by the cultivators in the tract.

Careful sorutiny of the figures in columns.2 and 3 would indicate that.
no relationship can be established between the total annual rainfall and the
number of days on . which run-off occurred during the year. This is illustrated
by the fact that the year 1938-39, with the highest total rainfall (37-14-in.),.
was not the year which recorded the largest number of run-off days. On
the other hand, the year 1937-38, with only 26-11 in, total rainfall, recorded
the largest number of days on which run-off occurred. Similarly the total
quantity of rain water lost by run-off during the year is not proportional to
the total rainfall received during the same period. This can be clearly seen
‘by comparison of the data for the year.1934-35 with those for 1936-37 and
again the data-for the year 1935-36 with those for 1937-38. Thus the number
of days on which run-off occurred and the total quantity of water lost by
run-off bear no- definite' proportional relationship to: total annual rainfall,
Other factors in this connection are-considered later.
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(C) Monthly rainfall, number of days on which run-off occurred and the total
rainfall run-off from month to month during the experimental period

The average number of days upon which run-off occurred in each month
is shown in Table X for the whole period of five years for the treatment on plot
3, i.0. trentment 3, viz. shallow cultivation by harrowing. It will be seen that
the maximum number of days of run-off was recorded in the month of Sep-
tember with an average of 3-2. July stood second with 2- 2 days of run-off and
August third with 1.8, The month of June recorded 1-6 days of run-off
followed by October with an everage of one day of run-off. The re-
maining seven months together recorded only 1-2 days of run-off. The
average quantity of water lost generally increased from June to September
and rapidly decreased from October to Decomber. The remaining months.
except March, recorded no run-off. The quantity of water lost by run-off
was much higher in September and was equal to the total quantity lost during
the three months of June, July, and August. The differing effects on rainfall
run-off of the early rainfall (June-August) and the later (September and
October) can be seen from the detailed consideration of the data presented
in Table X. Thus, in the year 1934-35, the month of July recorded 6-08 in.
of rainfall and the month of September, 6:56 in. But there was only very
slight run-off equal to 2 cents of rainfall in July, while in September & loss of
1:20 inches ocourred on three occasions. Examples can be multiplied to
" show that there is no exact relationship between the monthly rainfall and the

quantity of rain water lost by run-off during the month. Detailed considera-
tions of the experimental data for five years indicate that, for a given slope and
type of soil, the most important factors that influence rainfall run-off
appear to be : (1) the intensity of individuel showers and (2) the moisture-
status of the soil previous to the rainfall resulting in run-off. Both these
factors are considered in detail in Table X.

(D) Intensity of showers and rainfall causing run-off

Appendix I-a shows the rainfall recorded on all rainy days in each
month. The figures representing rainfalls that caused surface run-off from
any of the experimental plots have been shown in italics. The data for
all the five years of the experiments have been included in that table. In
addition, the rainfalls have been grouped into four- classes indicating
_ varying intensities according to the quantity of rainfall received during a day

or 24 hours. These data have been summarized in Table XI, which gives
the total number of rainfalls in each class for each year and the number
of rainfalls in each class which caused surface ran-off.

It can be seen from Table XI that the total number of rainy days was
218 during the whole period of five years. QOut of this total 55, or nearly
256 per cent of the total number, caused surface run-off. Only,' nine, or
nearly 4 per cent of the total number, exceeded 2 inches of rainfall. Twe’nty-
five, or 11-4 per cent varied from 1 in. to 2 in. Forty, or 18-8 per cent, varied

from } in. to 1 in., while the remaining 144, or near

¢ . ! ly 66 per cent, represent
less than } in. rainfall in & day. Detailed examination of I1)-,11333 data I;.S pre-

sented in Table X1 reveals an interesting relationshi i i
of rainfall and the occasions of rainfall ruxgl-o ationship botwwoen the Intensity



: Taprz X
Monthly distribution of rainfall, the number of days of rainfall run-off, and the quantity of water lost by run-off
‘ (Plot 3)
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TapLE X1

Classification of rainfall according o intensity and the number of rainfall run-
: offs in each class, during the experimental period

0— | 60~ | 1— | More
50 100 2 than
Year ' . cents | cents | inches; 2 | Total Remarks
inchesl
1934356 . . . | No. of rainfalls In each clasa 38 4 4 2146
No. of ralnfalla that caused run-off 2| L. 2 21 6 #Sharp showers
on previously
1035-30 , . . . | No. of rainfalls in each class 28 12 3 2 | 46 saturated soil
No. of rainfalls that caused run-off 1+ 2t 8 2] 8 1Showers  were
either of great
+ 108687 ., . | No. of rainfnlls in each class 18 7 2 1|28 intensity or
were recelw
No. of rainfalle that caused run-off 1* 2t 1 1| & on11 saturated
80
1087-88 . .. . | Ne. of rainfalls In each class 28 8 6 2142
No. of rainfalls that cansed run-off [ 14 ] 6 212
1938.39 , N . | No. of rainfalls in each class 36 9 10 2| b7
No. of rainfalls that cansed run-off 20 8 8 2116
‘Total for five yenra . | No. of ratufnlls in ench olass 144 40 25 9 218
No. of rainfalls that eaunsed run-off 12¢ 14 20 9| 65
Parcontage of the number of rain- | 8-38 35 80| 100 | 25-2
falls that coused Tun-off

1t can be seen that: (a) all the nine showers of more than 2 in.
rosulted in surface run-off of rain water; (b) 20 rainfalls, or 80 per cent
of the rainfalls varying from 1in. to 2 in., also resulted in surface run-off.
Five rainfalls belonging to this class, which did not result in run-off, were
received as ‘soaking’ and intermittent rainfalls spread over the 24 hours.
In some oases, however, they were solitary showers during the dry season
from November to May ; (¢) about 35 por cont, or 14 out of 40 rainfalls be-
longing to the olass of }in.-1in., resulted in surface run-off. These were
sharp showers of considerable intensity usually precipitated in less than one
hour; (d) of the remaining 144 rainfalls (belonging to the class with less
than 50 cents a day) only 12 rainfalls, or 8:3 per cent, resulted in run-off. The

. average rainfall of the 12 showers causing run-off in this class was, however,

- —

e - -

.

35:8 cents. All these showers were of great intensity and were received on
alroady saturated soil surface. The smallest shower producing run-off in
this class was one of 17-cents, and was received in continuation of the
provious day’s rainfall on an already saturated soil surface. '

E) Moisture status of the soil previous to the occurrence of rainfall run-off

Consideration of the data given in Appendix I-z, in eddition to those
summarized in Table* X, reveals that, in general, the number of days of
run-off was higher in the latter part of the monsoon season. But, more
particularly, the quantity of water lost by run-off was distinctly greater
during the period from September to November than during the period of
June to August. It has been shown in the preceding paragraph that this
18 due partly to the greater intensity of the showers in the latter part
of the monsoon. But another very important factor which contributes to
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run-off is the moisture status of the soil previous to the rainfall causing such
run-off. At the commencement of the monsoon in June, the surface 12 in.
layer of soil of the arable lands in the tract is very dry. Moisture in such soils
gradually increases from June to August and usually reaches saturation poinf
in August or September. This may be seen from the data of soil-moisture
content for the two seasons of 1934 and 1935 given in Table XTI,

TapLe XII
Change of eoil moisture from month to monih (per cent)

1934 i . 1035
D fm Slurfaca r?'“b-l Dates Sll:lrfaco Sub-
Al aver | surfacoe layer al or rface |
0—6 n. | 68 In,—12-in, O—-’é in. gu lnﬁfflzni:.,

b5 March . . . . . 12-45 21-61 4 May . . . ) Y76 20-14
O Aprl . . . . . 29-02 23-04 4 June . . . . 6-80 19-33
4 July . . . . . 23-85 26-47 5 August . . . 10-89 16-29-
4 August. . . . - 41°43 80°40 5 September . . . 8314 89-41
13 September . . . . 38-80 41-44 :

When the land is fairly level and the soil is dry and porous, the rain water
first moistens the dry soil and then percolates vertically downwards. When
the surface-soil layer has become saturated, the rain water begins to run over
the surface along the direction of the slope. The deeper types of soil in the
Sholapur district have a high field capacity or a high saturation point, holding
nearly 40-44 per cent moisture by weight. The surface layer of 12 in. can
easily hold 6-7 in. of rain water and run-off would generally begin only after
this saturated condition has been reached at least in the surface layer. Hence
the number of run-offs in June, July and August is usually very limited. But
this normal behaviour is often upset by other factors, viz. the intensity of the
showers, the slope of the land and the impervious nature of the soil. When
showers of great intensity, such as those which yield 1-2 in. ofrain in an hour,
are received, run-off of rain water may take place even before the saturation
of the surface layer. Similarly, when the slope of the land is relatively greater,
the rain water may begin to move along the slope before the saturation of the
surface layer is complete. The effect of intensive showers, especially on
impervious soils, is to saturate and compact a thin layer of 1-2 in. on the
surface and thus to obstruct vertical penetration of rain water, causing lateral
- movement of water along the sloping surface. The data of soil-moisture
contents for 1934 and 1935, given in Table XII, show how the soil-
moisture normally increases during the monsoon and saturates the soil either in
August or in September, after which period by far the greatest quantities of
rain water are lost as a result of surface run-off.

(F) Perceniage of the annual rainfall lost by run-off

The quantities of rain water lost by run-off from year to year for any
of the eight treatments indicated in Table VIII show trenendous variations
from year to year. This variation has been shown to bo duo to the variation
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in the annual rainfall, difféerence in monthly distritution of rainfall and varia-
tion in the intensity of showers. The same data are calculated as per cent of
the total annual rainfall and are given in Table XIII. :

Tasrg XIII
Rainfal] lost by run-off as per cent of the annual total for 1934-39
Year Rainfall| Plot Plot Plot Plot Tlot Tlot Plot Plot
in 1 2 3 rt 5 6 7 8
Inches
10335, . . .| £21418| 0-99] 6-47| 5-86| 56| 0-00, $21| 670/ 670
103580 . . .| 20-52 | 13-60 | 19-60 | 19-32 | 18-84 | 12.90 | 15-64 | 17-00 [ 17-00
108687 . . .| 1602 | 0-43 @-60| 18-04( 11-85) 119 9-02| 12-12 13-70
108788 . . .| 26:11| 248 | 24-35| 52-01| 28-60 | 16-54 | 26-77 | 27-34 | 20-64
10%8-30 . . .| 871 172| 2o40| 2660 | 18-68 | 6-41| 11-80 | 17-24( 16-02
Avetagoof five years | 2608 | - 3-44 | 16:60 | 18-34 | 18-61 | 7-22 | 1848 | 16-08 | 16-71

The examination of these figures indicates fairly consistent behaviour of
most of the plots under different treatments in the majority of seasons. The
average results of five years show that the percentage losses of rain water in
two treatments, viz. that of untouched vegetative cover (plot 1) and of
‘scooping ’ (plot 6), are distinctly lower, viz. 3-44 and 7-22 per cent of the
average total annual rainfall elthough there is considerable seasonal varia-
tion. In the remaining six treatments, the average percentage losses vary
from 13-48 to 18-34. The lower figure was obtained with the treatment of
bajrs and tur cropping (plot 6) and the largest for the treatment of mere shallow
cultivation without any orop (plot 3). Miller and Krusekopf [1932] in their
experiments found the run-off to vary from 12 to 307 per cent of the total
rainfall, ) The percentage losses found at Sholapur appear therefore to be
comparatively smaller than those recorded in the U, 8. A.

(@) Loss of rain water by run-off as per cent of the rainfall causing run-off
It has already been shown that all rainfalls are not capable of producing
run-off. Most of the run-offs are produced by rairs of more than } in.
In intensity. As the important crop in this tract (jowar) is grown in the rabi
season on moisture resulting from the rainfalls during the early monsoon and
conserved in the soil, only such of the rainfalls as can penetrate down into tho
low?r 1&y_ers of the soil can be considered as useful from the point of view of
rabi oultivation. It has been observed that rainfalls of more than one inch
received in 24 hours are of this type and nearly 80 per cent of such rainfalls
usually produce run-off. Therefore, if the amounts of the rain water lost by
run-off are calculated as porcentages of the rainfalls causing run-off, the
figures obtained indicate that a very high proportion of the agriculturally
useful rainfalls are lost by run-off. ~Caleulations on these lines along with
their deviations, are given in Table XIV. ,
Examination of the figures in ‘Table XIV indicates more consistent
behaviour as regards run-off of most of the plots in the majority of years.
It can ba seen thai:. only two plots, viz. 1 and &, which had the lower run-offs,
show wide fluctuations. With the remaining plots under different treatments,
the annual figure of run-off in four yeurs out of five shows a close agreement
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with the average figure computed for the total period of five years. In the
first year of the experiment only, the results were much lower than the average
figure on account of very favourable distribution of rainfall during that year.
The average proportion of the water lost to the total rainfall causing run-off
under most of the treatments is very high varying from 26 to 38 per cent
in the six cultural treatments used in the experiments. This proportion in
some years and under some treatments exceeded 44 per cent. This high loss
of useful rainfall assists in explaining the occurrence of crop failures even in
yoars with g total average rainfall.

TaBLE XIV
Rainfall lost by run-off as per cent of the total rainfall causing run-off

Total
Year Iain- Plot Plot Plot Plot Plaot FPlot Plot Plot
fall 1 2 3 4 [ 6 7 8
caueing
run-oflf
1034-35 .. . 811 2-50 | 16-96 | 15-31 | 1345} 0-25] 8-39) 17-53 ] 14-04
1035-268 . .| 14-77| 27-21| s9-26| 38-50| B37-58| 25-08 | 81-837 | 33-08( 35-05
1636-37 . 503 1-18 | 17-87 ) 3744 31-87) 13-20) 26-65| 32-55| 356-03
1937-38 . . .] l9-38 3-35 | 82-82 | 43-13| 9%8-54{ 22-20( 36-07| 37-10| 39-93
1038-39 . . .| 22-30 2-88 | 44-82 | 42-83| st-17 9-05 | 10-86 | 28-87 | 28-37
Average . .} 14-09 7-93 | 34-05| 38-34 | 32-51 | 14-71| 25-03 | 81-09 | 32-27
$8-16 | £4-96 | +5-97 | £5:86 | £4-62 | £5-28.| £4-88 | £1-70 | £ 4-53

XIII. 1.0SS OF SOLUBLE SALTS FROM SOILS IN RUF-OFF WATER

The quantities of the fertility elements removed in solution by run-off
waters were determined in some years. The total salts and lime thus lost
in run-off waters were determined in all years after every run-off. These
data are given in Appendices I-c and I-d. Considering the data for plot
4, i.e. treatment 4, viz. cultivation of rabi jowar after intensive preparatory
cultivation, the total soluble salts lost in a year show a variation of from
26-06 Ib. to 234 Ib. per acre during the five years. Soluble lime forms quite
a substantial proportion of the total salt. This can be seen from data
in Appendix I-d. The quantity of lime removed hes varied, indifferent
years, from 9-22 1b. to 91-18 1b. per acre, showing that it forms nearly
35-39 per cent of the total soluble salts.

The nitrogen content of all the run-off waters, both as nitric nitrogen and
as ammoniacal nitrogen, was also determined in three seasons. The
total quantity of nitrogen thus removed in solution was found to be very
small in each of these years. The average quantity lost every year during
this period varied in different plots from 0-13 1lb. to 0-53 1b. per acre. The
nitric and the ammoniacal forms of nitrogen were found in mnearly equal
proportions. The nitrogen received in the rain water every year was separately
determined and deducted from the nitrogen obtained from the run-off waters.

Phosphoric acid removed in solution in the run-off waters was determined
during 1936. The total quantity lost during the whole year was found to be
very low, being only about } Ib. per acre from plot 4, i.e. rabi jowar ocultiva-
tion (treatment 4). -
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If the quantities of nitrogen and phosphoric acid lost in solution in rune
off water are compared with similar figures for other countries, the Shola-
pur figures are found to be very low indeed. The quantities of phosphoric
acid lost in similar experiments at the Missouri Experiment Station are much
higher, viz. 47 Ib. per acre in the uncultivated plot as compared to less than
3 1b. at Sholapur. Even the nitric nitrogen lost at Missouri exceeded
6 1b. per acre in the uncultivated plot. These low values at Sholapur are
mainly due to the low initial fortility of the Sholapur soils, with regard to both
nitzogen and phosphorie acid.

XIV. RESULTS OF SOIL. EROSION EXPERIMENTS AT SHOLAFUR

Theloss of rain water by surface run-off is no doubt a considerable factor
contributing towards crop failures in the Deccan tracts of precarious rainfall,
but such loss of water is only temporary, being restricted in its effects to the
season only. The con-comitant loss of soil that takes place with every run-
off of rain water causes a serious permanent and accumulative damage to
the land. The soil lost is lost for ever. The same factors which influence
the run-off of rain water also influence soil erosion. Thus the cultivation
given to the land, the total annual rainfall, the intensity of successive showers,
the moisture-status of the soil, all have a direct influence on soil erosion as
on rainfall run-off, It is not therefore necessary to consider these factors
again In detail. The experiments to determine the losses of rain water by
run-off, described hitherto, were simultaneously utilized to determine the
quantities of silt lost under different methods of cultivation -or treatment.

The exact quantities of silt lost during the five years from the plots under
varying treatments are given in Table X V.

(4) Effect of varying plot treatments on soil erosion

When the quantities of soil carried by run-off water from the eight plots
!mdgr different treatments are considered, as shown in the data in Table XVI,
16 can be seen that each plot shows a similar trend from year to year. Thus,
plot 1, where the natural vegetation of grasses and weeds were preserved,
sh?wed the smallest degree of soil erosion in each year. Plot 5, which re-
coived the special cultural treatment of ¢ scooping ’, stood next lowest though
1t lost comparatively higher quantities of sils when compared with plot 1.
Plot 2, which was uncultivated but from which the wesds were removed
by cutting close to the surface, stood third lowest in the total quantity of silb
lost dunng_ the experimental period of five years. Plot 6, which had a mixed
crop of bajri and fur every year, ranked fourth in its effect on checking soil
erosion. Plot 3, which received only shallow oultivation every year and
carriod no orop, is next in order, Plot 8 had double the length and hence
double the area as compared to the rest of the plots. But, when calculated
on the busis of area, the quantity of silt removed was lower than that of
Plot 7 with which it is otherwise comparable. Plot 7, with thorough and
mtenswe_ cultivation but with no crop, lost nearly 35 per cent more silt than
Plot 3 with shallow cltivation. Plot 4, with thorough and intensive culti-
vation and CaITylng a crop of jowar during the rabi season, lost the highest
quantity of silt during the period of five yenrs, probably on account of the
comcidence of the interoulturing operations given to the plot and the
oceurrence of so e of the heavy rainfall showers, The surface 2-inch layer of



TapLe XV
Quantity of silt in pounds carried by run-off water from each plot
Plot 1 Plot 2 Plot 3 Plot 4 Plot 6 Plot 6 Plot 7 Plot 8
Thorough Thorough Thorongh
Total and intensive cultivation by and Intenslve
malnfall | Ralnfall | Retentlon | Natural | Shallow | cultivation by | * Seooping® ploughing Thorough oultivation
Year during eausin of vegetation cultivation] ploughin of the surface , and harrowing | and intensive asin
the rn-o notural | removed by and harrowing] sofl after and oultlvation by Dlot 7
year (lnches) | vegeta- v harrow- and thorouzh growing ploughlag with
(Inches) tion cubting ing growing cultivation kharif dzjri | and harrowing double
rals crop and fur length
of jowar mixture
1034-35 . 21+16 811 0-73 25-61 14-28 27-83 0-20 28-86 37-02 2-50
35-38 . £0-52 1477 16-24 608-858 | 1,670-18 8,235-48 1,099-(_)9 1,252-28 2,854-56 2,501-12
1030-87 . 15.92 598 | «2-02 80-50 8)-87 120-78 0-86 250-38 40385 6345
1037-88 . 26-11 19-38 644 2,450-52 | 8,185-28 2,727-24 1,411-78 8,811-5¢ 3,201-23 6,805-08
1088.30 . . 37-14 22-30 4-62 572-88 508+02 938-3% 379-90 30402 84677 1,662+57
Total 120-84 7049 80-05 8,786+95 | 5,463-61 7,044-63 2,900-81 5,106:00 7,302.83 11,114-52
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the soil became loose and dry as a result of these interculturing operations
end a large quantity of soil from this layer was removed with the run-off
water after the heavy showers of October, November, or December.

In Table XVI, the soil erosion data for five years are given as tons of
silt lost per acre. The seriousness of this problem of soil erosion is brought
out very markedly by these figures. Natural vegetation appears to be the
most effective means of checking soil erosion. The special treatment of
‘ gcooping ’, though effective in reducing erosion, still resulted in a loss of
nearly 100 times the quantity of silt lost from plot 1 with natural vegetation
cover. Shallow or deep cultivation proved even more harmful and resulted
in the loss of still more silt as can be seen by comparing the data of plots
2, 3 and 7. Shallow cultivation resulted in an increased loss of silt by about
40 per cent, and deeper cultivation by about 90 per cent as compared with the
loss of silt from plot 2 with no cultivation. Increase in the length of the plot
did not increase the extent of erosion, as may be seen by comparing the results
of plots 8 and 7. In fact, there seems to be a tendency to deposition of sus-
pended silt when the distance over which the run-off water has to travel
increases. The results obtained by Duley and Ackerman [1934] on this
point were not conclusive. But, in general, they found that light showers
caused more erosion on shorter plots, while heavy showers caused more erosion

on longer plots. Fig. 6 illustrates the comparative quantities of silt lost
during the five years under different treatments.

Pmlu!.lt.'a.;ui;f 1 L3 § [:] + 74

19343y 1935-3¢

TEIFES T

13%6- oy 19%37-n8 205099

F1a. 6. Relative quantities of soil lost by erosion from Plots under different treatments
[Flot 1, weeds preserved; plot 2, woeds removed ;

erop of jowar ;

lot 3, harrowedonly; plot 4, rabi
harrow_-ed

of bajri and tur ; plot 7, ploughed and

plot 5, scooped; plot 6, kharif croP
e length]

; plot 8, ploughed and harrowed with doub!
(1 inch height of col. = 40 tons,)



- TapLE XVI
Silt carried in run-off water caloulated as tons per acre from plots under different treatments during five years of
experiments
ol | Ratagan
Year Mg | eag | Pt Plot 2 Plot 8 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8
the lgcm- run-off .
(Inches)
1094-35 . . . . 21-15 811 0-026 0-918 0-510 0953 0007 1-028 1.822 0576
109588 . ., . . 20-52 1478 0-580 24-060 | so-ov0 | 115-860 39+260 44010 94-820 46:270
1938-37 . . . . 15-p2 5-98 0-072 1-082 2-924 4810 0352 8-220 17830 113
193798 . . . . 26-11 19-38 0-230 87-840 | 118780 | 133-480 50-420 | 118-270 | 117-54¢ | 127-880
100880 ., . . . 3714 2830 0185 20-442 | 17:900 83-330 18-570 14.070 39-210 27+ 900
Total during five yoars . | 120-84 70-45 1-073 135-250 | 106-12¢ | 287-778 | 103-509 | 185548 | 281622 | 203-556
Average of five years 2597 14-09 0-215 2706 30-02 67-58 20-71 37-12 £2-80 10-1
ﬁumber of wears roquired to erodo 8 Inches of oultl- [ 4,148-0 32-92 22-84 1548 43-01 2401 17-04 21:80
. vated layor of surface soll :

[A1
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On the basis of the data of five years’ experimental period, the average
loss of silt per year from the plot cultivated with rabi jowar, i.e. plot 4
was 57-56 tons per acre. This indicates that nearly } in. of the surface
layer of soil is liable to be lost by erosion each year. If the weight of the
first aore-foot surface soil is taken as three million pounds, the cultivated
surface layer of 8 in. could be lost in about 15} years if no attempt be
made to cheok erosion by proper levelling, terracing, or bunding of the fields.
This rate of erosion seems to be much greater than that found elsewhere, as
in the U. 8. A. It was found by Duley and Miller [1923] in their experi-
ments in the U. 8. A. that it would take 28 years to erode the cultivated surface
layer of 7 in. The slope of their experimental plot was much greater, viz.
3.76 per oent, than the moderate slope of 1-18 per cent of the Sholapur
experimental plots. The average rainfall at the American experimental
station was also higher, viz. 3587 in. instead of 25-96 in. at the Sholapur
Experimental Station.

Accordingly tropioal conditions seem to be more favourable for heavy
erosion. The rate of erosion under Deccan conditions i8 extremely high, as
may be seen by examination of the figures in the bottom line of Table
XVI. The surface 8-in. layer is taken as the cultivated layer of the soil and is
known to weigh about 2 million pounds per acre. From the average quantity
of soil lost per year under each plot treatment, the number of years required
to erode completely the cultivable layer of the surface soil has been calculated.
As already pointed out, plot 4, which represents the normal cultivation of rabi
jowar followed by a few good cultivatorsin this tract, shows that the surface
layer is liable to be lost in an extraordinarily short period. Other methods
of cultivation tried in these experiments also indicate similar high rates of
erosion, requiring only 17-43 years.for the removal of the cutivated layer of
the surface soil. The only effective treatment for checking soil erosion was

the preservation of the natural vegetation on the surface soil as represented
by the treatment in plot 1.

(B) Relationship between total annual rainfall and soil erosion

The total annual rainfall during the five years during which the experi-
mental work has been in progress has varied from 15-92 to 37-14 inches,
w hile the total rainfall causing run-off and producing soil erosion has varied
from 8-39 to 22-30 in. in the five years. It has been already shown that
the total run-off is not always proportionate to the total rainfail of the year.
The intensity of the showers and the moisture-status of the soil have more
influence on the extent of run-off than the total rainfall. 'The same finding
holds good in the case of soil erosion. The year 1936-37, which recorded the
lowe_st rainfall (Tables XV and XVI), was not the. year of the lowest soil
orosion. In the same way the year 1038-39 with the highest total rainfall
was 0ot the year of- the highest soil erosion. The year 1937-38 with only an
ivgl'z%e ._a,mma% h:sa.mfall had theé highest number-of rainfalls causing run-off
hirfl; hestozlr?s:ipn. 18 year, therefore, proved most damaging in that it gave the

(C) Effect of the intensity of showers on s0il erosion

Out of the total amount of soil lost during each year by erosion, the

reater proportion was lost during one to three intensive rainfalls only. The
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term ‘intensive ’ implies either a high total rainfall or rainfall that is received
a8 stormy showers, within a short period of time, e.g. 1-2 hours. Thus, in
the first year only one rainfall on 7 September amounting to 2:67 in.,
received overnight, resulted in the loss of 89 per cent of the total silt removed
during the year from plot 4 (Appendix I-b). In the second year, out of
nine rainfalls causing erosion, two only accounted for 90 per cent of the
total soil lost by erosion in that year. In the third year, two rainfalls
out of five were responsible for the greater part of soil loss. In the fourth
year, out of 20 rainfalls, three intensive falls only resulted in the loss
of nearly 80-90 per cent of the total silt lost during the whole year. In
the fifth year again, only two rainfalls out of 15 falls resulting in erosion
caused the greater proportion of soil loss. :

Thus, out of the large number of rainfalls (55) causing erosion (Table XI)
during the five years, only 10 rainfalls could be termed intensive and these
resulted in the loss of 80-90 per cent of the total soil lost from the seven
plots under different treatments, during the experimental period of five years,
as shown in Table XVII. In this respect, the data regarding run-off of rain
water alone are somewhat different. In the case of run-offs, a greater number
of total rainfalls is required to make up 80-90 per cent of the total loss of
Fain water., This indicates that the intensity of a shower has a greater
influence on erosion than on run-off.

TasLE XVII

High proportion of silt lost in five years by ten intensive rainfalls

Total pounds Percenta

: Total pounds of of sofl lost of tota
Flot Treatment so0il lost during ’ during the soil lost
No. the 6 years 10 Intensive szm_ter.
: rainfails rainfalls

1 | Retontlon of vegetation 30-06 16-08 63562

2 | Removal of vegetation 8787-01 3437-61 91:07

3 | Shallow cultivation . 5403-01 G055+456 92-56

4 | Cultivation of rabi jowar . 8054-83 7367-47 9147

65 | * Scooping’ . . 2000-72 2001 -9 8071

G | Cultivation of kharif bajri and fur 5196:900 - 420698 80-93

7 1 Thorongh and intensive cultivation 7422-83 6547-24 88-22

8 | Thorough cultivation and double length 11144-52 10234-37 91-83

(D) Moisture-status of the soil previous to soil erosion, and its effect on ol erosion

As the type of soil erosion considered here is dependent upon the run-off
of rain water, all the factors that affect rainfall run-off also affect soil erosion. *
The moisture-status of the soil, previous to rainfalls causing run-off of rain-
water has been shown to influence the quantity of rain water lost by such
Tun-off. A similer influence of this factor on soil erosion can be seen rom ibe
detailed data of soil lost by erosion given in Appendix I-b.  Comparatively
greater losses of soil take place from erosion after the surface soil attains
moisture-saturation which does not usually happen before August or Septem-

ber.
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(E) Relative proportion of water and silt lost by run-off and erosion

It will be interesting to examine whether any relationship exists between
the quantity of water lost by & run-off and the amount of silt carried away by
such run-off water, The comparative quantities of water and silt lost in
pounds from each plot during the five years of experiments are given in Table
XVIII. In the last line of this table, the ratio of the total water lost to the
total soil removed is shown for the whole period of five years. It may be said
in general, that the groater the amount of water lost, the greater is the amount
of silt removed. But the ratio of losses of water to losses of soil differs widely,
e.g. from 7:96 to 520-8, according to the varied treatments given to the
plots. The plot with vegetation cover gives the widest ratio of 520-8 and
-differs entirely in this respect from the other treatments. The remaining
‘seven treatments show a ratio ranging from 7-96 to 18-07. This would in-
dicate that the capaoity of run-off water to remove soil under the experimental
conditions at Sholapur is very high when compared with the results obtained
in similar experiments conducted in the U. 8. A. The curve showing the re-
lation of water lost to soil eroded shows a general relationship between run-
off and erosion under different treatments (Fig. 7). Under tropical and arid
conditions, the rate of soil erosion appears to be very high. It may be
pointed out that the soil type in the present experiment cannot be considered
a8 erodible acoording to Middleton as it belongs to the heavy clay type but the
results obtained in the experiments at Sholapur agree with the views of

Bennett who considers sticky soils with high swelling and shrinkage capacity
as very erodible, '

INCEES . g 60 —oms
+ To
13
59
4- L 40
* 30
2
L2
- ql
10
o A
3 4 5 r3 i a
PLOT Hos,

F1a. 7. Relative proportion of water and silt lost by run-off and erosion under
' erent troeatments

[Plot 1, weoda preserved ; ‘ t . .
rabi crop of ;mar,- glot 5, scoop‘;]é’ ;2513‘?%"18 removed ; plot 8, harrowed only; plot 4,

kharif crop of bajre ; ed
-and harrowed ; plot 8,-ploughed and harrowed withfdos.gl: langtrl:]and s plob p.l ough



NOISOYE TI0S ANV JJ0-NAY AIVIINSG

TasLe XVIII
Comparative quantities of waler lost by run-off and silt carried in pounds per acre
Plot 1 Plot 2 Plot 8 Plot 4 Piot 6 Plot 6 Plot 7 Plot 8
Year
Water | 611t | Water | St | Water | Sut | Water | Sut | Water | Siit | Water [Silt | Water | Sut| Water| Sib
08485 . . . . .| 88| 07| 88l 28] sar2| 14 66| 28| 1,006| o-2| 1,004 e0| sev6| 87| g6 82
08588 . . . . .| 11,266 16-3 | 16,200 | 899 | 15,900 [1,670 | 15,640 |3,256 | 10,724 |1,000 | 12,056 |1,282 | 14,050 |2,655 | 29,736 |2,501
108087 . . . . .| 198| 20] 208s| 81| ezme| s2| s202| 121| 32| 09| 4424 | 230 5,402 | 404 | 12,264 | 8
08738 . . . . .| 1,820| 64| 17,808 960 23,408 |3,185 | 20,016 |5,737 | 12,008 {1,412 | 10,5672 (3,812 | 19,002 (3,201 | 43,344 [6,505
109890 . . . . .| 1,702] 4-0| enss2| 672 | 26,628 sos | 10,373 | 933 | 5,628 %80 | 1,284 | 8s6 | 17,948 ss5 | 35,280 (1,568
Toal for fle sears, (Ftom 1 Juge | 16,052 | 20-0 | 68,404 | 4288 | 76,654 (5,468 | 61,177 8,054 | 30,684 | 2,901 | 40,070 5,060 | 61,374 |7,322 |1,27,400 1104
Pounds of water required to carry 520-8 18-06 13-8 7-96 01 . 827 .
1 ltl'Ju. of silt ?n the run-off ¢ 10 9:88 1144
wator

Tar

659
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Although the ratios of soil removed t6 rainfall run-off for the whole
period of five years under seven different treatments show & limited variation,
the adtual day-to-day ratios have been found to show extraordinary variation.
A litre of water could ocarry silt in suspension varying from less than 1 gm.
to more than 400 gm. on different days, depending upon various factors, such
as the total quantity of rainfall, intensity of showers, and the moisture-
status of the soil previous to run-off. '

(F) Effects of soil erosion
{a) Increase in the slope of land

Before the commencement of the experiments at Sholapur in 1934,
acourate levels of the experimental plots were determined by a dumpy level
along three lines in each plot at every & ft. distance. From the difference
between the average levels at the top and at the bottom, the percentage slope
of each plot was determined. The average slope for all the plots was 1-18
.per cont or a fall of 1 in 85,in 1934. At the end of the period of five years,
levels were again determined by the same method in all plots. The average
slope for all plots was found to have inoreased to 168 per cent or a fall of 1
in 60, in 1939,

Thus, the accumulated loss of soil from the plots due to erosion during a
period of five years had resulted in increasing appreciably the original slope
of the plots. Such an increase in gradient is likely to accelerate the rate of
run-off and also of erosion. This change in level is illustrated in the verti-
cal section of plot 4, along the length, in Fig. 8. '

ot

104,97
104,88
i TTm—n —._-_\\\ 104,06
: “1103.72
e ——— Eurface i-we.l in 1932
2 103 g ------ Surface lavel tn 1939
T -~
i
10&1 8
ELT ] .L hd

L] & I 5 W IV 3 I 40 48 ¥ Ar  Ga €5
Voot

F1q. 8. Change in gradient of plot 4 by soil erosion
(b) Loss of fertility elements :

The soil lost by erosion after each rain-fall resulting in run-off of rain
water from the eight different plots wes collected for a pgeriod of three years,
viz. 1934-35, 1935-36 a.n_d 1937-38. A’ composite sample was prepared each
year for each plot by taking a proportionate quantity from each bulk of eroded
material and these samples were analysed for total nitrogen.



.Percentage of nitrogen tn silt oblained in run-off

TasLe XIX

waters and pounds of nitrogen lost per acre from different

treatments
1084-35 1935-36, 1087-38 Average for 3 years
Plot No.
Percentageof | Pounds of | . Percentageof | Pounds of Percentage of | Pounds of | Percentage of Pounds of

N N lost N N lost N N lost N N lost

in sllt DPer acre 1n ellt per acre in silt . per acre in silt DET acre
1. Reteatlon of vegetation . . 0-133 0-07 0-109 1-41 .- 0-082 074
2; Remaval of vegetation . . N 0-059 1-21 0-047 2_0-27 0051 107-51 0-052 44-08
8, Bhallow oultivation . . 0-069 079 0-050 6726 0-058 142-70 0058 70-21
4. Cultivation of rabi jowar. . R 0-052 1:156 0-040 126-95 0-055 184-47 0-062 104-19
5. ' 8cooplng* . . 0-068 001 0-042 348-92 0-052 68-78 0-054 82:88
8. Cultivation of n kharif crop of 0046 1-05 0050 4028 0-082 175-08 0058 7544

bajriand {tur .
¥. Thoreugh cultivation . 0-052 1:54 0-046 97-70 0-058 155-84 0-052 84-86
8. il‘hor%ugh cultivation with doubls 0087 116 0-058 58-04 0-070 20020 0-071 88-48
engt.

NOISOUd TIOS ANV JI0-NAY FIVIIA9

19



(Expressed on per cent dry matter)

_ Tapre XX _
Chemical analysis of silt lost from surface run-off plots during 1935-36

Plot, No. I8 | sema | Feos | Gog' | ceo Mgo | K0 2,0, | Nitrogen | cont on'
fgnition TiOs original
1. Retentlon of vegetation .o .| ws1 | 6518 | 20.0 | 1285 1:80 1-28 0-50 0-06 | 0-100 865
2, Removal of vogetation ' . . . 7-86 65-47 10-73 11-10 4-69 1-38 0-47 0-05 0-047 23-42
s, Shallowoultivatton . . . . .| 728 | e5-76 | 1088 | 12°60 8-43 1-58 0-48 0-08 | o050 | 12-5%
4 Coltivation of rafijowar . . . .| 780 | 5469 | 10-66 | 1342 3-28 1-84 0-40 0065 | 0-049 | 15-08
5, * Scooping e e e o« o« | 7m | bees | 1121 | 12.07 8.59 1-54 0-568 006 | 0-042 7-90
6. Cultivation of kharif dajri and tur . .l 883 | 5666 | 1190 | 1257 2:72 1-88 0-61 006 | 0-050 7-38
7. Thorough cultivation . v v o 778 | 5648 | 1188 | 1212 2-80 1-24 0-57 008 | 0046 | 11418
8. Thorough cultivation with double length . | 802 | 5058 | 1169 | 1256 1-81 1.32 050 | 008 | 0-056 848

TONEIOS TVENLINOTEOY 40 TYNUOOL NVIANT THI

Ges

od
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The percentage of nitrogen present in the eroded soils obtained each
yoar was distinetly higher than that found in the original soil which was only
0-039 per cent. The presence of vegetation on plot 1 naturally increased
the nitrogen content of the soil from that plot. Table XIX shows the per-
contage nitrogen. in soil and estimated quantities of nitrogen lost per acre
under different experimental treatments during the three years. It may be
seon that the quantity of nitrogen lost has varied according to the gquantity
of silt carried off by the run-off water from the plots under different treat-
ments,

The average annual loss of nitrogen per acre during the three years was
found to be very high from all onltivated plots, whether with or without orops,
although that loss varied considerably from year to year. Only in the case
of the plot with natural vegetation-cover, was the loss very low due to low
loss of soil. The average loss of nitrogen per year is equivalent o nitrogen
removed by 8 or 10 crops of jowar or bajri when cultivated on this type of soil
in this tract. These losses are higher than the results of similar estimation
made by the American workers [Miller and Krusekopf, 1932].

Complete chemical analysis of the eroded soils from different plots was
made in the year 1935-36, by the method of hydrochloric acid digestion. The
rosults of these analyses indicated that soils removed were richer in important
fertility constituents than the original soil (Table XX).

# XV SUMMARY OF THE EXPERIMENTS AT SHOLAPUR
RAINFALL RUN-OFF

1. Exporiments conducted at Sholapur for a period of five years from
1934-35 to 1938-39, to determine the loss of rain water by surface run-off, are
described.

2. The soil type upon which these experiments were conducted belongs
to the Chernozem group derived from the Deccan trap. It has a high clay
content and is rich in potash and lime but comparatively poor in nitrogen and
phosphoric acid.

3. Bight unit plots were laid down under the following treatments* res-
pectively :—

(1) Preservation of natural vegetation—no crop.

(2) Natural vegetation above soil surface level removed by cutting—
no crop.

(3) Shallow cultivation by harrowing—no orop.

{4) Thorough and intensive cultivation with subsequent cultivation of

. rabi jowar crop.

(5) Special oultural treatment with a  scooper '—no crop.

(6) Thorough and intensive cultivation followed by s mixed crop of
bajri and fur.

(7) Thorough and intensive cultivation only—no crop. .

(8) Thorough and intensive oultivation on a plot length double that of
) plots 1 to 7—no crop.

*It will be noted that crop cultivation was carried out on plots 4 a

only. Iniensive cultivation implies deep ploughing in the hot weather season follél‘?eg/

by several harrowings during the monsoon period and several intoreulturings duriag th
normel period of crop growth. Ploughing was done acroos the slope of thegglots. g1he
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4. The shape of the plots was a rectangle having the dimensions 66 ft.
length X 8+25 ft. width in the first seven plots and 132 ft. lengthx 8-25 ft.
width in the eighth, with an average one way slope of 1-18 per cent along the
length of the plots,”

5. The 'average annual rainfall during the experimental period of five
years corresponded closely with the average annual precipitation in the tract
during the past 25 years. The monthly distribution of rainfall, however,
showed some deviation from the average. 'The average number of rainy days*
per year during the experimental period of five years and the past 25-years
period was also similar. ’

6. The annual number of rainfalls causing run-off of rain water during
;he five-year period varied from 5 to 20, the annual average for the whole period

eing 11. '

7. These run-offs of rain water were mostly restricted to the period from
June to Qotober. The month of September recorded the highest number.
The average annual loss of water by run-off varied from 1-12 in. to 540 in.
under the different treatments under experiment.

8, All the rainfalls received during the experimental period of five years
have been grouped into four classes according to their intensities, i.e. accord-
ing to the quantity of rainfall received during a day, i.e. 24 hours. It is
found that all rainfalls exceeding 2 in. during a day resulted in run-off of
rain water, There were nine such rainfalls during the experimental period
of five years. The totel number of rainfalls in class 2, i.e. rainfalls varying
from 11n. o 2 in, during a day, was 25 and, of these, 20 rainfalls or 80 per cent
of the totel caused run-off of rain water. There were 40 rainfalls varying
from § in. to 1 in. received in a day in class 3. Of these, 14 rainfalls
or 35 per cent caused rainfall run-off. The last class consisted of 144 rainfalls
of less than 4 in. recorded during a day. Of these, only 12 rainfalls or 8 per
cent of the total of this class resulted in run-off of rain water.

9. The previous moisture-status of the soil influenced the occurrence

and extent of run-off very greatly.
' 10. The number of rainfall run-offs appeared to depend more on the
number of_ heavy showers received during the year rather than on the total
annual rainfall. Rainfalls exceeding 1 in. received during & day, ie. 24
hours, are reckoned as heavy showers, '

11, The treatments which appear to have the greatest effect in checking
or reducing the run-off of rain wa.tgr are ;— &

(1) the preservation of the natural vegetation,
(2) the special treatment of ¢ scooping *,

(3) the Pz?s‘mce. of & mixed orop of bajri and fur after intensive culi~
vation. -

_ 12, Thorough and intengive cultivation alone showed a more restricting
influence on the number of rainfall run-offs and on the quantity of water losb
by such run-offs, when compared with shallow cultivation or no cultivation.

. ?Afrainy’ day
rainfall were receiv

indicates o day of 24 hours upon which 10 cents or more of
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13. The doubling of the length of the plot, or the growing of a rabi orop
of jowar, showed no noticeable difference in influencing the number of rain-
fall run-offs or the quantity of water lost by such run-offs.

14, Appreciable quantities of soluble salts are removed from soils in
rainfall run-off, lime forming a considerable proportion of such losses. The
loss of nitrogen and phosphoric acid in solution was however found to be very
small. '

Sorm. EROSION

I. The extent of soil erosion was determined annually by measuring
the quantities of soil carried away by run-off of rain water from the same eight
unit experimental plots under different treatments (para. 3 above) upon
which the run-offs of rain water were detérmined during the five years of the
experiments. - o : :

II. The same eight different plot treatments as mentioned in para. 3
above were compared to ses their comparative effect on soil erosion.

III. The annual average loss of soil by erosion varied from 0- 215 tons per
acre in plot 1, i.e. the plot with natural vegetation preserved, to 57:55 tons
per acre in plot 4, i.e. the plot with the rabi crop of jowar following intensive
hot, weather cultivation. The special treatment of ‘ scooping ’, i.e. plot 5,
gave an average loss of 20-71 tons per acre, showing some checking effect of
this treatment on soil erosion. Plot 2 with vegetation removed and without
cultivation showed less erosion, viz. 27-05 fons per acre, than plots with
shallow and intensive cultivation, i.e. plots 3 and 7 respectively, which show-.
ed 39-02 and 52-30 tons per acre respectively. The standing crop of bajri
and tur mixture after intensive hot weather cultivation, i.e. plot 6, had some
effect in reducing soil erosion, this plot giving an average loss of 37-12 tons
per acre. Increase of the length of the plot, i.e. plot 8, showed an average
loss of 40-71 tons per acre, and the tendency to the deposition of silt along
the plot surface reducing the érosion to some extent.

IV. Exocept on the plot with natural vegetation preserved, i.e. plot 1,
the average quantity of run-off water required to remove 1 Ib. of soil showed
a variation of from 0-796 to 1-806 gallons under different treatments. These
figures indicate an extremely high' rate of erosion under the Deccan conditions.

V. The average number of occasions upon which soil erosion was found
to take place was 11 per annum. Of these, only two per year, on an average,
are responsible for causing 80-90 per cent of the total loss of silt by erosion
during theé year. The rainfall on these two occasions was very heavy and in-
tensive, usually more than 2 in. recoived in a few hours on an already
saturated soil surface. . :

VI. As a result of 8oil erosion during five years, the original slope of the
plots was found to have appreciably increased. .

VII. The soil removed by rainfall erosion is richer in all plant food ingre-
dients than thé original soil. The average quantity of nitrogen lost in such
eroded soil ini a year is équivalent to that removed by 8-10 jowar or bajri crops.
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APPENDIX X
(@) Rainfall received on rainy days classified according to intensity, during the experimental
period of five years
[~}
E g 2
Class | Ralofall tn inches® s |8 B8 {3 |& g
s lz (E 12 512218 (5 (8 (% (z
ElBla |a | |2 |8 |2 & |z |& |=
_ (1934-35)
10— + +[010(0-17 [ 0-17{0-11}0-10 | 0:18) .. [ 010 e 1. 00280413
0-25) 010 | 0-30 | 0+35 [ 0-18 [ 0-20 | ... | . o [0-12
011 ) 017 | 0-31 | 0-27
026 | 0-12 | 0-20
0:10 | 0-38 | 018 .
025 | 0-24 | 0-30 |
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APPENDIX I—contd,
. g .
mwmmmm,_héggégggaeh
E1E S| |8 |22 (52|55 |3
¥
(1934-35)—contd.
0-49 020
0-40 014
0-81 014
0413
2lgy—1. . 0-93 | 0-95 | 0-75
050, ‘
8|1—2. - 1-18 | 1-22 124 b
1-52
4| Aboves ". 217 267
‘ {1935-36)
1]0—¢. . 0-17)0-16{ 0-38{ 0-24 { 0-16 | ... | 048] .. |O-47[ 0867 wv | oo
0-20 012 0-14 | 041 | 0-43 0-26
0-16 | 0-18 | 0-48 | 0-20 | 0-28
0-84 [ 0-12 | 0-47 | 0-25 | 0-42
0-18 0-23 0-13
0-20
0-26
2|l§¢=—-1. . 0-76
0-bd | 6-78 | 0-50 | 0-96 | 051 0-65 | 0-T0
0-69 | 0-65 | 0-54 | 0-99
8|1—-2. . 1-57
1-03 t
1-36 .
4| Above2 . 3.52 «-30
' (1936-37)
1104, . 018 | 0-16 [ 0-25 | 0-14 | 0-37 0-21} 0-40 [ 0-22
0-25 | 0-85 { 0-47 0-20 | 0-41
920 | 018 | 0-42
0-10 0-13
2lg—2. . 0-84 | 0-85 0-90 0-56
) 0-70 0-89 ‘
; 0-56
8({1—2. . 1-73 1-03
4| Aboves . 2-03
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APPENDIX I—contd.

[XT

Class

Ralnfall in inches

Jane

July

Avgust

£

Boptent

;
.

November

December

January

Feobrnary

March

April

May

4

0—f . . .

Above 2 ., .

0—f. + .

Above 2 | .

0-98
0-80

0-34
[ 0-10
0-81
0-16
0-30
0-18
0-10
0-10

004

1-80
1-50
178

060

0-16

027

047
433
0-42
0-17
014
0-24
0-21
0-22
0-14
0-83

0-25
0-44
0-10
g-11
0-30
0-42
027
0-34
0-15
0-33
0-30
011
0-41
0-10
0-56

1-r2
I1-78
118

23271

0-16
014

054
0-52

0-18
0-19
0-28
0-10
0-10
0-18
0-24
010
0-20

0-05
0-59

1-60

(193
0-80
0-38
0-82
0-dd
028
012
0-26

I1.80
115
-1
2:05

(1938-39)

0-31
0-28

0-86
070
0-56

1-14 |

178
1-14
£08

7-38)
0-30

047
082
1-87
I-4é

0-23

0-75

0-39

1:35

0-8%

1-40

0-11

0-25
0-18

0-81
0-10

* The figures In ifalics Indicate the rainfall that caused ron-off of rain water and soll eroslon.



(b) Losa of rain water by run-off in inchea and loes of soil by erosion in pounds per acre on each day of run-off during the

APPENDIX I—contd.

experimental period of five years

. (1934-35)
e ) . Dates . .. 80-7.84 2.8.34 26-8-84 40-34 7-0-3¢ 8-0-34
Plot - Treatment :

Raipfall . e 217 1-52 0-38 122 2.67 017
1 | Retention of vegetation . . . | Ronoffwater . . . . 0+006 0-008 0004 T 0-008
it lost . . e 116 . 7-60 070 48-50 0-8%
2 | Romovalof vegetation . . . | Run-off water . e . 0-087 - 0-024 | 0-148 1-105 0-061
' - Silt Jost . A, 13-6p 107-72 23056 | . 1,648-08 |  .45-20
8 | Shallow cultivation . N .. | Bunof water . e 0-019 w 0-028 0-097 1040 0-063
' i : SHtlost . C e 854 47-97 50-62 97586 56-48
4 | Culttvatlon of abijowar . . .| Run-off water O 0-018 - 0-026 0-099 0-898 0053
' ) | Sntlost . - e . 839 1260 |  160-81 1,070-25 87-80
&|'Swoplng® . . . . .|Bunofwater . . [ ., - 0-008 0-008 0-015
o | snt1ost . .o s88 | 173 617
8 | Onltivation of & Ehanif crop of bajei | Run-off water . e . 0037 "0-032 0:011, 0-053 0-506 0-043
|| wmasur | sntiest . . . . 24-29 18-82 19508 || 186-08 | 1,888.07 61-17
7 | Thorough culttvation ., . . | Bun-off water e e 0-123 o0-021 |  0-028;  0-145 1-067 0-042
‘ Siltlost . . 126-09 4-66 212-81 ||  550-14 2,004-81 |  65-14
8 | Thorough ocultivation with double | Bun-of water . ., 0-048 0-0086 | 0-108 100 0-053
Jongth 811 lost e . 8-06 4445 'l w874 | 1,130-86 8178

3
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APPENDIX I—contd,

{1935-36) ,
Dates . . .| 26-6-36 5-7-36 24-8-36 | 256-8-36 | 27-8-85 28-8-35 29.8-35 30-8-35¢ | 24-10-35*
Flot Treatment Raln-fall . 0-89 0-78 3:62 0-48 1-57 1-03 0-54 1-86 430

1 | Rotentlon of vegeta- | Run-off water . e m 1-18 0-35 0-32 0-18 1402 1-03
tlon SiltJost . . 4190 145-4 201-4 920 15 4539

2 | Removalof vegetation | Run-off water 0-010 0-011 1-54 0-003 0-67 0-56 0-24 1-20 1-46
. SIIt lost -3 5-80 | 3,607°0 14 898-0 1,585-0 1,461-0 | 81,040-0 | 16,386-0

8 | Bhallow cultivation . | Bun-off water 0+051 ¢-011 1-62 0-007 0-78 0:59 0-22 1-17 1-30
Siltlost .| a0-s 30 5,217+0 2.6 o716 | 1,085-6 $78-0 | 855700 | 40,000-0

4 | Cultivation of radi | Run-off water . o-011 1-51 0-024 0-76 0-55 0-22 1-18 1-20
Jowar Stitlost . . 2.7 v |11,14000 18.7 | 4,825-0 | ¢,800-0 2,544-0 | 137,800.0 | 97,160-0

5( ‘Scooplng® . .| Bun-off water . . 151 - 0-19 0-33 a-08 1-02 073
Bilt: lost . . o 5,968-0 oa 484-7 1,165-0 3366 43,120-0 36,870-0

6 | Cultivation of kharif | Bun-off water . o 1-48 . 0-51 0-50 0-16 1-14 0-83

crop of bajri and tur

8ilt lost . o - 38,6360 1,7268-6 14,8600 840-1 86,1000 6,461-0

7 | Thorough cultivation | Bun-off water o 1-37 0-008 0-83 0-38 0-22 1-26 1-16
Blit lost . . P s 21,460-0 3-8 4,680-0 6,6860 1,735-0 53,610-0 124,400-0

8 Th%ligggd?;uo&gll;:t#ﬂn Run-off water . - ) 1-51 0-51 0-29 0-20 1-24 1-54
8ilt lost . . . 11,570-0 026-4 2,264-0 729-3 48,7700 39,6800

¢ Shows rainfall of great intensity mentloped in Table XVIiI
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APPENDIX I—contd.

(1936-37) .
Date . R . 28-7-36 26-9-3¢ 28-9-36 18-11-30* 14-11-86*
Flob . Treatmant Rainfall . 0-85 1-73 0-42 203 0-90
1 Retentlon of vegetation- . Bun-off water . 0-06 0-02 .
S11t lost . . 926 . 69-49 -
2 | Bemoval of vegetation + | Run-off water . 0+09 0-48.| - 0+04- 0-27 0-18
Silt lost . . 101-8. 7758 ‘ 85-0 592-6 01140 )
k] Shallow cultlvation .. . » | Run-off water . 0-04 070 0-08 1-02 0-40
' Blitlost . . 579 000°5 846 2,381:0 8,775°0
4 | Cultlvationof rabijowar .. + | Bun-off water . e 069 - 0-01 0-82 0-87
‘ Siltlost . "1,051°0 223 35140 | 51740
5 [ *Beooping’ . . . { Bun-off water 009 | 0-10 0-006
Siit Tost - . . 433-0 e 20146 84-59
[} Cultivation of kkarif crop of bajri and tur » | Run-off water . . 0-48 076 0-34
Silt lost . . 596-9 11,6000 6,144-0
7 Thorough cultivation « | Run-off water . e 0-68 0-03 0+83 039
St lost . 0608 472 87,160+0 1,301.9
8 Thorough cultivation with double length + | Bun-off water . e 078 008 - 090 0-49
Sittlost . 638°0 257 1,151°0 073'3

* shows rainfall. of great Intensily mentioncd

in Table XVII
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f .

WL

APPEN
' ' . (1937-
’ 10-7-37
Date . .| 17-6-87| 19.6-37 | 6-7-87 { } 5-8-37 2-9-37 3-9-37
Plot Treatroent 11-7-37
" | Ralfall . [ 0-98 0-80| 0-47 0-96 0:54 71 1-80 038
1 | Betention of vo- | Bun-off water| ... VU
getation
511t lost ) - ] e - - .
2 | Removal of vege- | Bun-off water 0-22 0-07 0-13 0-03 0-28
tation 811t Jost f 823:4 |278-8 198-1 84-8 203-0 e
8 | Shallow ocultiva- | Run-off water| 0-26 0-43 0-08 0-15 0-08 0-8l Trace
: ton Silt lost .| 8715 802-4 | 362-1 247-7 121+5 388+8 14-56
"4 | Cultivation of rald| Tun-off water | ©0-21 | 0-42 |Trace 0081 - 088| .
Jowar 81t Tost .| 8730 1,614-0 87432 124-8 e 280-0 aee
"5 | (Scooping) . | Run-of water| 0-10 |  0-87 | .. 026| ..
Silt lost . {3588 [ 1.788-0 232-7
_0— Cuitivation  of | Run-off wator 018 040 | Troce 0:07 0-46
khari, crop of
. bajri andtur. 8(1t Tost .| 287-1 1,8080 85-6 146-5 ee 220-2 e
7 Ttlflgﬁoughoultiva- Run-off water 0-08 0-39 | Trace 0-08 0-41
Silt lost .1 121-1 1,381-0 | 79-40 150-3 N i 407-2 aa
8 { Thorough ocultl- | Rub-off water 0-05 0-30 0-08 050
vation with i
double length Slit lost .| 1037 438-8 91-4 e 836-9 wee
o . (1938~
= i
- 7-6-38 20-6-38
Plot Treatment Date . {8-0—38 } 19-9.33 {21—6-38} 22.8-38
Rain-fall 2-0 1-50 272 0-60
1| Betepklonof wvegetation . . | Rup-offwater . . 0-15 .-
Sfitlost . f . " 66-9 .o
2 | Removal of vegetation . . | Run-of water . . 0-38 0-56 1-69 0-15
St lost . . . 2295 1,154-0 1,986-0 88-0
8 | Snallow cultivation . . ., | Run-off water . . 0-28 0-57 1-56 0-18
—t—n. Slit lost . . 173-2 8654 2,187-0 83-8
4 | Cultivation of vabi jowar. . | Run-off water . . 0-35 1.27) - o2
Siltlost . . 441-0 | 2,010-0 78-4
& | " Scooping* .. . . .| Bup-of water . . Trace
Bilt loat . . . o e 106-2 aer
6 wﬁﬁfﬁﬁm‘f kharif crop of | Run-of water . . - 0-34 1-00 0-08
Siltlost . . N e 533-8 8,060-0 55-38
7 | Thotough cultlvation ., | Bun-off water , . 0-41 1-28 0-01L
— Bilt loat . . 448-8 38,3590 67:0
8 Thﬁ:ﬁﬁh cultlvation with doublel Rua-off water . 0-04 119 0-08
8iit lost . . e 00-8 660-1 4£8-6
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DIX T—contd.
38}
[ [ 3-10-37¢ .
21-0-37| 22-9-37 | *24-9-37 | *26-9-37 | 2-10-37 {4-10-37 }5-10-37 13-12-37] 14-12-37| 24-12-37; 26-3-38
115 | 044 2-13 205 0-97 259 1.44] 0-39) 0-34 1-350  1.40
0-24 0-31 | 0-10 Trace | ...
. 145-1 1856 73-63 wo-9| .
0-20| 0-06 1-20 1-42 0-30 1-26 06l | .. Traco | 0-40
2041 | 95-8 ({58,650-0 | 75,0100 78-2 {65,650-0 | 4,109:0 pa2-3 | 712-2
6-48] 0-08 1-39 1-37 0-22 1-08 0-48| 0-01| 0-01 106 o0-68
680-4 107-4 |} 79,030-0 |89,300-0 1,204-0 | 72;810+0 3,075-0 8102 | 47-2 4,436-0 | 789-2
0-46 | Trace 1-38 1:39 0-16 1-07 048] .. 1-07, 037
340-4 | 11-82 16,5000 |116,0000 | 805-0 |44,230.0 | 2,266-0 . w. l15,420.0| 8381
. 0-56 0-08 0-15 0-87 0401 .. 0-57 002
- . |35130-0 |40,100-0 7991 |22,720.0 | 8,782-0 - v |2,885-0 | 1887
018 l . 1-42 i-28 0-19 1-08 0-62) .. 0-78 0-34
215-8 . 117,300-0 |93,870-0 } 1,172-0 |34,040-0 | 6,816-0 " v | 5,381-0 | 854-3
" 040 o0-04 1-27 1-20 0-27 1-23 o435 | ... | .. .0-92] 0-35
549-3 | 78+60 [113,200-0 |94,450-0 | 8,300-0 |35,850-0 | 9,387-0 e |8,533:0 | 582-9
0-42 | 0-03 1-40 1-22 0-26 1-35{ 060§ .. 1-13] 044
417-8 | 40-80 | 76,4700 [:34,000-0 | 3,2125-0 |[55,440-0 |10,810-0 e |4,255°0 | 501°4
39)
#3.7.38 6-7-38 8-7-38 13-7-38 16.7.38 | 3-0-88 10-9-38 | 21-9-38 {.2“'38
25-0-88
2-32 1-72 178 0-34 0-98° 1-14 1-78 1+1¢ 482
Trace . o 043
474 - .- . - 254-6
1-59 0+48 ¢-36 0-02 0-24 048 0-96 0-40 2-74
12,310-0 799-7 626-2 42-0 8602 792-8 | 1,810-0 | 2,019-0 |23,600-0
1-40 0-47 031 0-01 0-20 0-43 0-80 049 |  2-75
12,640-0 11,49-0 229-8 27:8 269+8 313-¢ |1,521-0 | 8,708:0 [16,000-0
1-15 0-03 | ‘Trace 0-08 0-31 0-80 0-42 2-61
18,650-0 44-8 10-7 30-4 1052 | 9205 | 2,446-0 |[54,920-0
0-02 0-17 0-04 1-78
130-4 1767 230-4 |20,730-0
0-62 0-10 0-07 0-08 0-11 0-13 0-04 1-75
1,016-0 120-4 91-0 73-8 5.0 116-1 220-2 |24,340-0
0-63 0-20 0-08 007 031 0-64 0-38 2-85
21,5300 189-2 20-0 74-8 175-1 416-5 | 1,000-0 |40,480-0
1-18 0-18[ Trace 0-05 0-38 0-67 0-41 2-19
2,084-0 | 88-7 23-8 9-5 216-7 5284 7636 |58,060-0

* Shows rainfall of great intensity meationed in Table XVIX
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(o) Total soluble salts in run-off waler
(Expressed in pounds per acre)

APPENDIX I—concld.

[x1

Total
during &
Plot No. and treatmen’ 1084-35 | 1085.3¢ | 1030-37 { 1037-38 | 1938-80 | years Averago
19:34-15 to per
1938-39 anm]-m
1. Rotentionof vegotation .| 11-18 | 76-08 567 | 1646 23:32 | 181-61 26-32
2. Removnl of vegetation .1 881 | 10170 24.80 | 13887 | 255:70 | 67387 | 114-70
8. Shallow cultlvation - . 4848 | 124-51 30:90 | 174-48 | 207-70 | 677-02 | 136-40
4. Cultlvation of rabi fowar 48:31 | 104-41 2608 | 148-08 | 234-02 | Goo-s6 | 11217
B. 'Scooplng® . . . 6:08 8100 228 | 101+51 71-08 | 208-53 53+70
8. Cultilvnblonoﬂ-harvbajﬁund s0-12 83-27 28-20 | 14366 | 15550 | 446-23 B0-88
ur
7, Thorough cultlvation . .| 3781 03+07 30-84 | 143-74 | 1756-17 | 490-63 08-12
8. Thorough cultivatlon with | 41-68 88-48 $3-22 | 1830-556 | 171-54 | 4056-27 9305
double length
(d) Total soluble lime {Ca0) in run-off walers
(Expressed in pounds per aecrs)
dnaeg s | &
VOra,
Plot No. and treatment 1034-35 | 1095-3¢ | 10%0-37 | 1937-38 | 1938.3¢0 gre::lrg perge
1034-36to| annum
1038-39
.
1. Rotentlon of vegetation . 8-18 $1-83 1-81 8-58 6:95 49-86 9-97
2. Romoval of vegotation .| 15-08 42-74 627 48-83 08-86 | 211-76 42-36
8. Shallow cultivatton ~ . .| 16-75 51-09 10-57 71-43 | 101-87 | 250-71 60-14
4, Cultlvation of rabi jowar .| 18-02 44-42 p-22 62-44 91-18 225+88 4517
5. *Scooplng® . ., 1-43 24-82 242 87-67 80-48 0660 19-32
8. Cultil::tinnofkharifbajﬁnnd 8+43 38-36 9-78 64-14 04-04 | 182-68 8852
7. Thorough cultivation . . 7-87 87-00 $-10 67+57 7466 | 188-27 87-25
8. Thorough eultivati Ith | 10-8 30- . . . . .
Souple Tongth om wit! 1 0-24 9-45 57-30 72:63 | 179-99 35-09
APPENDIX II

STANDARD ERROR OF THE TWO RUN-OFF PLOTS RECEIVING SIMILAR TREATMENTS

An attempt is madehere to answér any possible objection regarding the single-plot
lay-out mentioned earlier. Fortunately we have some data to throw light on the possible
variation between two similar plots. Plots 4 and 7 were practically the same. Plot 4
bhad a rabi crop of joiar from October onwards, but most of the run.offs took place before
tThlfesc?:tI:g i?f thett.:tl,'pp, ?nd therlefore both the plots can be considered as comparable.

) ol quantitied of water lost by run-off as cal ni lots
during the five years are as folows. Y calculated in inches from theso p
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Inckes of rainfall lost by run-off
Total
1934-35 | 1935-36 | 1936-37 { 1937-88 | 1938-39 | for five
yoars
Plot 4 . . 1-09 b 66 1-89 7-47 692 22:92
Piot 7T . 142 5-02 1-93 7-14 g-41 21-92

The results in all the years show such a great agreement between the two plots that
no objection may be raised regarding the single-plot lay-out. Further, in order to find
out the probable variation in the two plota receiving exactly the eame treatment, the
regults of run-off during five years are again compared, after omitting the run-offs obtain-

ed after sowing of the rabi jowar in October. The following table shows the actual figurea
thus obtained for the two plots for five years. ' .
Years Plot 4 Plot 7 Total
193436 . . . - . . 1-09 1-42 2-51
1935-36 . . . . . 4-26 387 8-13
1938-37 . . . . . . 0:70 071 1-41
1937-38 . . . . . . 6-14 5-87 12-01
1938'39 - . Ld - . - 6' 92 6' 41 13' 33
Total . 20- 54 18-85 40-39
Analysis of variance
‘ Degrees Sum Mean Z
.Due to of of squars theo,
freedom SQuares
Treatments . . . 1 0-07 0-07 Not significant
for b per cent
Season . . . . 4 58-38 14-59% Significant for 1
Pper cent
Error . . . 4 0-22 0-055
Total . 9 58-6b6 ..

The-analysis of variance clearly indicates that the variation between plote is very
small and is not statisticaily significant. ’

GIPD—8 3—838 IC of AR—2.10.41—60.



