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DISC CULTIVATING MACHINE USED FOR 
HEAVY. CLAY SZIK SOILS 



SECTION I-ALKALI LANDS. 

GEXERAL. 

REASOXS WHICH HAVE LED CP TO THE VISIT DESCRIBED IX THIS REPORT. 

I. The Lloyd Barrage and Canals project in Sind, which is now m1der 
construction (and which will commence irrigation in May 1932) has many large 
areas in which the subsoil water level is high and where alkali lands exist. lt1 
1930 it was decided to form a Research Division in Sind. This division is to carry 
out investigations into subsurface conditions in the area referred to and to deal 
generally with problen_1s on the bor~erline between. I.rrigation and A¥riculture--: . 
such problems as poss1ble waterloggmg, land reclamat10n, the prevention of alkah 
formation, and the collection, compilation and investigation of data in regard to 
all factors affecting the subsoil water in the area to be irrigated by the Barrage 
Canal systems. The writer was informed that he would be placed in eharge of this 
division and obtained permission to undertake eight months' study at the 
Rothamsted Experimental Station in order to learn something about soils in general 
and about alkali soils in particular. A period of some eight months has been spent 
at the Rothamsted Experimental Station and the visit described in this report 
bas been underta.ken to round off tbe course of study. 

In Europe, alkali soils exist over very large areas in Hungary, and in Russia, 
hut: for many reasons, it was decided to visit those in Hungary. Investigation 
into, and reclamation of, alkali lands has been going on for many years in Hllilgary 
and certain classes o{ theRe alkali lands appeared to be very similar to the salt 
lands in Sind. It seemed certain, therefore, that much valuable iniormation and 
data could be obt.a,iued regarding methods of investigation and reclamation from 
a visit to the laboratories and reclamation works in Hnngarv. As some of the 
reclamation is by drainage it appeared that useful bydral~lic ·data: regarding the 
design of channels, costs, etc., might also be available. Dr. Alexius A. J. 
de 'Sigmond, Professor of Agricultural Chemistry in the Royal Hungarian 
University of Technieal Science at Budapest, bas actively inv~stigated the alkali 
soils of Hungary foJT some forty years and bas \Yritten a most valuable paper entitled 
''Hungarian Alkalli Soils and Meth<:Jds of their Reclamation", h'J. which he bas 
described the various soils, their chemical and physical properties and methods 
of reclamation in great detail. This paper was wTitten in 1923 and has supplied 
much of the information contained in this report-being supplemented and 
brought up to date, where possible and necessary, by later data obtained 
during the visit. 

BRIEF DESCRIPTION OF THE MAJN TYPES OF ALKALI SOILS IN HUXGARY. 

2; Dr. de 'Sigmond' has divided' the alkali soils of Hungary into two main 
dasses :-

(a) Heavy Clay Szik Soils, and 
(b) Saline Soda Soils. 

This classification of soils is based upon (I) Soil Profiles, (2) Mechanical Composition, 
(3) Physical Properties, and (4) Chemical Constitution. The characteristics of 
the two groups are, very briefly, as follows:-

(a) Heavy Clay Szil· Soils-
(1) Soil Profile.-The surface iayer varies in colour from black to mouse

gray-the colour depe~ding on the ~umus c?ntent. Xext is a tarlike sticky 
layer, black or brown m colour. Th1s layer IS greasv to the touch and when 
fn'sh, cuts easily. Xext is a sandv or clav-like mai·l containin11 lime ~oncre
tions and S?metimes.merging into a sandy .. silt permeable }aye;, which may 
bl' v.e1T thm or e1~t1rt'ly absent. Below IS the typical subsoil of thi:;; group, 
t'OllSJstmg of a thick layer of yellow, or grav, day containing few or no 
concretions of lime. This layer is impermeable: 

loiO·ffi 1~1.; F 41-1 
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(2) .Mechanical Composition-
!{ ote.-Classification adopted in this report is as follows :-

Rock, stones, etc. . . > 20 mm. dia. 
Gravel 20 mm. to 2 mm. dia. 
Coarse sand 
Fine sand 
Silt 
Clay 

2 mm. to 0 ·2 mm. dia. 
0'2 mm. to o·02 mm. 
0 ·02 mm. to 0 ·002 mm. 

.. < 0 ·002 mm. dia. 
The sand fraction varies from 30 to 50 per cent. and the largest sand particles are 
0 • 5 mm. india. There are no stones or gravel. 
The silt fraction varies from 25 to 50 per cent. 
The clay fraction varies from 10 to 40 per cent. 
Typical analyses are given below :-

Heavy Clay ~zrli~ Soils. 

1. Szik Soils. 2. Szik Steppe.~. 

-- (a) Dusty (b) Cracky 
szik of szik of (a) Without Naa (b) With some Na~ 

PusztadeC's. Csabacsud. C03 of Osi. C03 Bekescsaba. 

i 
I 

1·31\ 0·431 Coarse sand .. "ll 
.Fin~ oand .. "[ ~ 40•74 

I 

31·36 27'57 ~ 38·94 40•57;, 47·07 
.Fine d11st .. .. ,j 10·06 J 6·07 J 

..! Silt 
Clay 

.. 47·80 28•31 41·99 26·03 

.. ..I 11•46 40·3:J 19·07 26·()0 
I 

(3) Physical Properties.-Owing to their compact nature these soils crack 
on drying, the capillaries are very fine and permeability is, consequently, 
very low. Soils with a high colloid content or with 0 ·2 to 0 · 3 per cent. of 
sodium carbonate tend to swell on wetting and so become absolutely 
impermeable. When dry the surface becomes stone-hard and cracks while 
the soil below the crust remains ·wet. The crusts . are of two types : 
(1) a glittering gTay-white crust consisting of fine micaceous sand and silt
this crust forms on surfaces from which water can drain off, and (2) a brown 
or black leafy crust composed of silt and clay coloured by humus. This crust 
forms after the eYaporation of stagnant water. 

(4) Chemical Composition.-Dominant metals Aluminium and Iron. 
Dominant Acid Radial S04• Calcium Carbonate is concentrated in the 
lower horizons. 
Sodium carbonate is only present if calcium carbonate and water-soluble sodium 

8alts are associated under conditions suitable for the production of free carbonic 
acid. Sodium chloride is found in limited quantities only and sodium sulphate 
is the predominant sodium salt. This group has been subdivided as follows :-

(A) ProductiYe szik soils which contain not more than 0 ·2 per cent. of total 
:-.alts and no carbonates. Among these are the dusty szik soils containing not 
more than 10 per cent. of clay and having silt as the predominating fraction, and 
the cracked szik soils containing 30 to 40 per cent. of clay. 

(B) Szik prairies having more than 0 ·2 per cent. of total salt containing chiefly 
sodium sulphate but in some places also sodium chloride, sodium carbonate and 
calcium carbonate. 

This group is further divided into two-those which contain no sodium 
c::nbonate and in which calcium carbonate occurs in the lower layers only, being 
often associated with gypsum, and those in which the sodium carbonate and calcium 
carbonate occur in the upper layers. 

(b) Sali11e Soda 8oils.-The chief characteristic of this group is their 
content of sodium carbonate which is the chief cause of their unproductivity-

( I) Soil Profile and J.lleclwnical Composition.-The mechanical composi
tion nriP::l widely from coarse sandy soils through loamy soils to clay soils. 
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One feature is alu·ays present in the soil profile-the impermeable layer in the 
subsoil, and also, unlike the heavy clay szik soils, saline soda soils always 
occur in " basins ". 

(2) Chemical Composition.-Chiefly characterised by the quality and 
quantity of water soluble salts, the maximum amount being from 2 to 2 · 5 per 
cent. Half of the salts consist of sodium carbonate and the other half of 
sodium chloride. Sodium sulphate, the characteristic soda salt of the heavy 
clay szik soils, is not present in any considerable quantity. These soils show 
the true salt crust and efflorescence. The crust is always moist and dissolves 
easily in water, forming an alkaline solution which attacks the skin of the 
hands. They contain very large quantities of calcium carbonate, the percent
age varying from 16 to 37. The dominant metals are calcium and magnesium 
and the dominant acid radicle is co3. 
Saline soda soils are- subdivided as follo"·s :-
(A) Clay soils, containing 15 to 3.5 per cent. of fi!le sand, 30 to 50 per cent. 

of silt and 15 to 50 per cent. of clay, with a small amount of sand greater than 
0 · 5 mm. diameter. Sandy soil at a depth of 170 em. and no hardpan. 

(B) Loam soils, containing 5.5 to 75 per cent. of fine sand, 10 to 20 per cent. 
of silt and 15 to 20 per cent. of clay and a small amount of coarse sand. A sandy 
layer often occurs at from 20 to 40 em. depth, in which case a line hardpan is found 
from 1 to 2 metres depth.· 

(C) Sandy soils containing 80 to 95 per cent. of sand, 4 to 8 per cent. of silt 
and less than 1 per cent. of clay with considerable quantities of coarse sand greater 
than 0·5 mm. diameter. Sandy subsoil with a line hardpan similar to (B). 

Typical analyses are given below :-

Coarse sBnd 
Fine sand 
Fine dust 
Silt 
('Jay 

Saline Soda Soils. 

I. rlav 
Tdele~. 

I·Hj 
2l)· 10 :- 3:!· 77 
5·2:lj 

2\H:3 
:3s·l0 

2, loam 
Halas. 

4·39j 
63·61 ~ 69·65 
1•65 j 

11 •4:3 
1s·92 

:J, sandv 
)Iakraszek. 

12·56} 
77·87 
0·87 
8•55 
0·15 

91•30 

Plate II shows, diagramatically, the very strihng differences in chemical 
composition between the two main classes of soils. The first two soils belon<Y to 
the group of heavy szik soils, the last two soils to the saline soda soils. Th~ 
third soil is in~ermediate between the two main classes and pelongs geneticalJy 
to the first mam group. 

THE FoR~IATION oF ALKALI SoiLS IN HuKGARY. 

:t Dr. de''Sigmond concludes from his investigations and from the observa
tions of other workers. that the szik soils of the Great Hungarian Plain were formed 
under arid or semi-arid conditions in areas subject, periodl.cally, to excess of water 
and haYing impermeable subsoils. The arid climate caused weatherin<Y of the 
soil particles and decay of organic matter and there is, consequently, a hicrh content 
of clay and humus in szik soils. The periodical excess· of moisture led to the 
flooding of land, the formation of temporary marshes and the solution from the 
soil of the water-soluble salts. The arid climate caused the disappearance of these 
collections of water by evaporation, resulting in the concentration of the water
soluble salt which, in turn, resulted in the formation of alkali zeolites and humates. 
The impermeable subsoil contributed by prennting the leaching away of salts 
hy the standing water. 

The crEclitions contributinl)' to the formation of szik soil;; may thus be 
i-Hil\m<ni~ed as follo"·s :- =-

(I) the ariel climate, 
(:2) t lte impermeable subsoil, and 

. (3) meteorolog:ica~ conditions which bring the soil periodically u!l.der the 
wfluenu> of exce;;;s moJsture. 
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The evolution of szik soils may be described as having taken place in three 
distinct steps-

(1) The formation of an impermeable subsoil which hinders the filtration 
and drainage of water and causes the accumulation of salt solutions on the 
surface. 

(2) Surface evaporation of water and the consequent concentration of 
the solution of soluble salts from the soil, combined with intensive mineral 
and organic decomposition. 

(3) Base exchange produced by the sodium salts reacting with the soil 
zeolites and, humates, resulting in different types of szik soils according to 
the quantity and quality of the different sodium salts and to the original 
composition of the soil material. 

THE DisTRIBUTION oF ALKALI soiLs IN HuNGARY. 

4. The first main group of alkali soils, the heavy clay szik soils, occurs mainly 
on the left bank of the Tisza river beginning, very roughly, from the junction of 
the Szamos and Kraszna river~ with the Tisza and stretching south to the line 
Naka-Arad on the :Moras river; The second main group of soils, the saline soda 
soils, occurs in the areas between the Tisza and Danube rivers, and lies, very roughly, 
between Budapest on the north and the line Baja-Szabadka-Szeged on the south. 
I hope to be able to attach a soil map showing more accurately the distribution 
of alka,li soils, as Dr. Telegdy Kova~s has promised to obtain eopies of such a map 
fo~ :r;ne.. A eopy of the soil classification map is available but is too large to 
reproduce. This map will he lent to anyone interested. 

DESCRIPTION OF Tmm. 

5. I left England on the 14th July for Budapest, travelling by the Ostend
Constantinople Express, and arrived at Budapest at 23 ·50 on the 15th. The 16th 
and 17th were spent in Budapest. On the 16th I called, with Dr. Telegdy Kovats, 
at the- British Legation to report my arrival, and afterwards, at the Ministry of 
Agriculture on Dr. Ujhelyi, Chief of the Department of AgTicultural Experimenta
tion0 and on Dr. Viczenik, Deputy Chief of the Jl)epartment. Dr. Ujhelyi ·had 
very kindly arranged that Dr. Telegdy Kovats should accompany me on my tour 
in Hungary so as to be able to. act as interpreter when meeting the various 
official_s.. I then went to the Agricultural Museum in Budapest and met the 
DirectoJ; of the 1\lo..seu:m:, Dr. Nagy, and the Sub-Direet0r of the Meteorological 
Sect:ion~ DIJ. &yoly, who. very kindly showed us round. The museum contains 
a wry complete. collection of exhibits regarding all sections of agricultural work 
and al} matters which have any connection, with agriculture. The collections are 
so vast and complete·that a considerable time would have been necessary to· study 
them properly, but I was not able, owing to shortage of time, to do more than walk 
round the various se<;tions. The most interesting section, to me, was the 
Hydr;QlQgical section, dealing with all matters concerming river control~ drainage, 
riv~~ pJ:otec;tion, etc. The whole museum is. arranged. primarily for. the· general 
pu:hJic; ·and not for the. technical expert, and t,he methodi of imparting information 
about th~ various.exhibits.by pi~?tures on diagrams i&v:ery clea;n and easy to. folio,~. 
In thedter,noon I met Dr:. Becker at the Royal HungaDian Chemiaal:Institute and.i 
wa~ sb,orm round, the laboratories there. I obtained details of the Government 
schellfe f()r assisting in1 the reclamation· of alkali~ lands,. details: o£ which; are given 
in a lM-er~ pq;ragra ph of.this report. Dr. Becker is the head of an organisationl-:nown 
as an " agricultural experimental circle ". This is a private organisation, to which 
its memberf).pay a small subscl'iption, obtaining.in return~the·adv.antage·of expert 
advice frpm the leader (who is .a trained scientist) regarding all practical agricultural 
problems. The circle encourages its members to make field experiments, on 
manwial treatments, varieties, etc., to. adopt new. methods of cultivation, and 
provides the necessary expert supervision to see that mistakes are not made. The 
agricultural experimental circle, of which Dr. Becker is the head, is the first of its 
kind in Hungary ; but similar organisations exist all over Germany and are very 
successful indPed~ being entirely self-supporting, employing many expeTts, and 
maintaining_ thrir own. laboratories. It .is. expected that additional circles will 
come into existence in HUIJgary in the near future. Full details of' the German 
organisations are available (printed in German) and can very easily be obtained 
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if re(1uired. Yoluntary societi~s on Eimilar lines in Sind: in the area comman.ded 
lw the LloYd Barra.2e canals or m the Bombay Deccan~ IDlght perhaps be orgamsed 
i1~ connection with- existing co~operative societie'3 and would be of the greatest 
cssistance in propaganda work. 

On the 17th morning we called on Dr. Rohringer, Professor of H:nlrology 8-t 
the "Gnin?r.sity of Technical Science. Dr. Rohringer described the sy~tem of river 
control in Hungary for the protection of low~lying lands from floocling, ar.d described 
also a large draina6e project which has recently been completed. Short descrip
tions of the system of rin'r control and of the drainage project are given in Section 
II of this report. Dr. Rohringer showed us roru1d his hydraulic laboratory and 
explained the various experiments on models which were being carried out. One 
modeL of a section of the Tisza river, made to ascertain the effect on river flo0rl 
levels of bun ding one side of the river to protect some 80,000 acres of land, was most 
interesting, ancrProfessor Rohringer arranged to have the modPl working during 
the afternoon for us to see. This model is described later in the report. 'Ve then 
called on Dr. Bockh, Director of the Royal Hungarian Geological Institute and 
late Under Secretary of State in the Ministry of Finance. (Dr. Boekh was also 
for some years Geological Superintendent to the Anglo-Persian Oil Co.) Dr. Bockh 
shO\red us son~e of the milp~ of the Geological Survey of the Great Hungarian Plain, 
which is now complete, and other maps oft he Agro-Geological Survey of the Great 
Hungarian Plain, which is in process of being m~de. An agro~biological map of 
the same area is also to be undertaken. An agro-geological map is really a soil 
survey made from the agricultural, as distinct from the geological, point of view. 
In the afternoon we saw the Tisza river model working at the University of Technical 
Science, and then went to the Royal Hungarian Central Chemical Institute, where 
Dr. Becker demonstrated field methods of measuring pH and total salt content 
of a soil sample by means of Dr. di Gleria's apparatus. Particulars of this instru
ment have been obtained, as it might very likely be of use for field investigation 
in Sind. The instrument is also ~uitable for laboratory work. 

18th July.--We lett Budape<:;t at 07 ·so and proceeded by rail to Karczag~ 
where we saw the Agricultural Elementary (Peasant) School and the experimeutal 
farm attached to it. We al."o saw several areas of heavy clay szik land which had 
been reclaimed by lime dressings and one area which had been reelaimed by the 
" Digo " method. Details regarding these methods are given in paragraph 8. 
We saw a reclaimed area on whieh there was a floW'ishing growth of trees ; on 
part of this area the young trees were being shaded by a growth of tamarisk (the 
'' Lai '' of Sind). The tamarisk grows faster than the trees initially and serves to 
shield the young trees from the sun and also to reduce evaporation from the surface 
c.£ the soil. As the trees grow stronger and increase in size it is found that the 
tamarisk dies out. Karczag has very little rain during the summer months and 
tube-well water is used for the irrigation, by spraying; of crops such as lucerne. 
Photographs were also taken of a special type of disc cultivating machine 'vhich 
is used for the cultivation of heavy clay soil (Photograph No. 1 ). The school 
appeared to be a most efficient organisation~ in which practical training in all 
branches of farm work was the chief feature. The farm attached to the school is 
run very largely by the students, who have, in turn, to carry out all the work 
necessary in cmmection with agricultural dairying, pig keeping, gardening, tree 
nurseries, etc. Simple theoretical instruction in these subjects is given in addition. 
At Karczag we were shown also some experimental plots where treatment with 
acids had been compared "·ith lime dressir.gs. The acids used were sulphuric, 
ncetie and hydrochloric acids. The acid~treated plots showed &ome improvement 
when compared with the untreated control plots, but the improvement was 
insignificant when eompared w·ith that on the lime-treated plots. Acid treatment 
is not to be compared in its effeet with lime for heavy clay szik soils, apart from 
the fact that it is more expensive and is diffieqlt to apply to the land. From 
Karczag we went to Hajduszoboszlo and saw two deep artesian wells ori2:inalh .. 
made to explore for oil, but now supplying natural gas and water at 73 and 7.8 
degrees C. The natural gas from one of the wells is now beinO' us~>d for 
ger1erating elect.rieity in the'power station and the water, which contains

0

5 QTammes 
of s~l~d matter per litre and 6 milligr~mm~s of _iodine per litre, is being eused for 
med1cmal baths and for a large open~a!I sw1nunrng bath. This well is onr 1,00() 
metres (3,2.30 feet approximately) deep. The other is over 2,000 metres (6,50(} 
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feet approximately) ueep, and yields water at 78 degrees C and natural gas, neither 
of which is yet in use. From Hajduszoboszl6 we proceeded to Debrecen, arriving 
at20·30. 

19th July.-,Ye proceeded by train to Halasto on the Hortobagy plain to see 
fish ponds established on bad szik lands. From Halasto by train to K6nya, where 
we were shown round a typical Hungarian farm of 10,000 acres. The fish ponds 
are described in paragraph 8. On the farm we saw some very fine horses and cattle 
and also large areas of heavy clay szik land~ whic~ had been reclaimed by lime 
treatment. We were also able to see the typ1cal sOil profile of the heavy clay szik 
land, in which there was first a very thin humus layer, then a leached ·horizon of 
a light gray colour from 7 to 10 em. thick, then an accumulation horizon of black 
colour fr01n 25 to 35 em. thick, followed by the typical yellow clay containing 
calcium carbonate concretions. We went by train to Debrecen in the evenina . . o• 
arnvmg at 21 ·OO. 

20th July.-At Debrecen. We were shown around the sewage disposal farm 
at Debrecen by the Chief Engineer in charge of the drainage projects and other 
works in a large area surroundiD:g the town. The sewage is settled in open tanks, 
sludge being made into compost and used for the lands of the farm. Efliuent (and 
crude sewage as well) is used to irrigate 200· acres of market garden crops, and, 
in the summer months, the demand is so great that all the effluent is used for this 
purpose. Effiuent, if not required for irrigation, is passed into a small river and 
eventually reaches the Tisza river. During the winter the sewage is stored for 
two or thr~e weeks jn open natural depressions on the sewage farm and is then 
flushed into the river. No difficulty is experienced in getting rid of the e:ffiuent 
in this way in spite of the intense cold. The proprietors of market gardens pay 
100 pengoes (72 s. or Rs. 48) per acre during the summer for the effiuent. The 
system of cultiva.tion and irrigation is known as the "Bulgarian" system, and 
is exactly the same as is used for market gardens in Sind and the Bombay Deccan. 
We were shown the plans of several drainage projects which had been carried out 
by the Chief Engineer. These are described briefly in Section II of this report. 
In the afternoon we saw the Royal Hungarian Chemical Experimental Station 

· for Agriculture at Debrecen, and were fortunate enough to meet Dr. Arany, from 
whom I obtained details of the field and laboratory tests usually made for the 
investigation of an area of heavy clay szik soil for reclamation. Details in regard 
to these tests are given in paragraph 6. 

21st July.-We left Debrecen at 07 ·06 and proceeded by train to Szarvas 
arriving at 11 ·oo. At Szarvas we met Director Csabal of the Agricultural !fiddle 
School and some of his staff, and were shown round the Middle School buildings and 
the experimental farm attached to the school. We were also shown various areas 
of heavy clay szik soils which had been reclaimed by the Digo method and also 
by lime dressings. Details of these methods are given in paragraph 8. It is 
interesting to note that some 12,000 acres of heavy clay szik soil were reclaimed 
a bout 160 years ago by the '' Digo "method introduced by Pastor Samuel Thessedik 
and that this land remains good to this day. Director Csaba.I mentioned an 
interesting point in connection with the formation of szik soils. In the area around 
Szarvas it is found that lands, whose surface is now 82 m. above mean sea level 
are very good, lands whose surface is no:w 83 m. above mean sea level are szik lands, 
while those whose surface is now 84m. above mean sea level are first class lands. 
I was able to obtain, from Director Csabal, details of the system of agricultural 
education in Hungary, and a separate note has been written on this subject in 
Section III. We left Szarvas at 16'30 and proceeded by train to Bekescsaba, 
arriving at 19 ·30. 

22nd J.uly.-At Bekes~saba. 'Ve were shown round the municipal irrigation 
reclamation scheme by Agricultural Manager, Zahoran Pal. This reclamation 
scheme has been carried out ori an area of heavy clay szik land, and details are 
given in paragraph 8. We were also shown, by the Assistant Forest Engineer, 
a forest nursery of some 7! acres where trees of all kinds were being grown, for 
free issue to land mvners, to encourage the planting of trees on estates and the 
formation of forests. In this nursery there was a plot of land which had been 
successfully reclaimed by gypsum treatment. The soil was a loam. \Ve left 
Bekesesaba by train at 16 ·09 and reached Szeged at 19 ·20 the same evening. 
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23rd J ul!j.-At Sze!!ed. We called at the offices of the " Szegedi 
Armentesitri es Belvizszab61yoz6 Tarsulat )' (Company for Drainage and Control 
of Inland 'Yater at Szeged), and were l'hown by Chief Engineer and )Ianaging 
Director Pap, tbe plans of the area protected. a very brief description of which 
is given in Section II of this report. The Chief En¢neer also explained the system 
of river control in Hw1gary and g,ave me copies of the daily h~·drographical reports 
which are issued to all concerned from Budapest, and which show at a glance the 
rainfall, barometric pressure and the discharges of the various rin~rs. We then 
ir.spected, bv motor car, the river bund line, pumping stations, etc., maintained 
hv the companv. In the afternoon we ,...-ent to the Royal Hungari<m Experiment 
Station for Soil Research and Agro-Chemistry in Szeged, where Chief Chemist, 
Herke, gave me details regarding a soil survey carried out in the catchment area 
drainin()' into the land protected by the companv. He also gave me details regard7 
ina tht characteristic flora to be found on saline soda soils and the methods of 
sa~pling and the field and laboratory tests made '"hen investigating an area of 
land for reclamation. Details are given in paragraphs '6 and 8. 

24th July.-At Szeged. In the morning we were shown, by Chief Chemist 
Herke, some experiments which he had carried out for the reclamation of land 
by various treatments. Details of these experiments are given in paragraph 8. 
We were also taken, by the Chief Engineer, round the new works being carried 
out for the construction of a system of fish ponds, which are to make use of an area 
of bad alkali lands lying in the area protected by the company. A short note on 
this scheme is given in paragraph 8. An attempt is being made to use some of 
these bad alkali lands for the growing of rice on artesian water. """e saw, at one 
place, several acres of very flourishing rice crop, and at another place some rice 
which was not very good, presumably owing to the high salt content of the land. 
We left Szeged at 15'33 hours, and reached Budapest at 18"50 hours. 

25th July.-At Budapest. I called at the British Legation to report the 
completion of my tour, and then, with Dr. Telegdy Kovats, at the Ministrv of 
Agriculture to see Dr. Ujhelyi, Chief of the Department of Agricultural 
Experimentation, and Dr. Sajo, Chief of the Department of Hydraulics, to express 
my great appreciation of their kindness in arranging the tour for me and in accordin()' 
facilities for the inspection of the various works. · 0 

26th July.-Sunday. Spent in writing up notes. . 
27th July.--We were taken, by Professor Rohringer, to visit the large drainaae 

scheme referred to at the beginning of this paragraph. The journey was made 
by car, leaving Budapest at 08 ·oo, returning at 21 '15 in the evening, after covering 
more than 300 kilom. A description of the drainage scheme is given in Section II 
of this report. During the tour we saw many of the drainage ditches an 
excavator at work clearing the main drainage canal, the workshop and stor~ for 
the maintenance of the excavators, and many acres of drained land. We also 
saw t~vo methods ?f preparing the drained swamp land for cultivation. Swamp 
land 1s covered w1th clumps of reeds and coarse grass, and when drained the 
surface is covered with many hummocks containing the roots and dry stalks of 
the reeds, and it is thus not possible to plough the land. O.we la11d owner had had 
all the hummocks removed by hand, so that the land was level. The parts removed 
consisted chie~y of roots with some earth in~ermixed. These were stored in long 
heaps by the s1des of the fields, and are now bemg used to make a compost consisting 
of 50 per cent. hummocks and 50 per cent. farmyard manure. The compost is 
made by stacking the farmyard manure and the hummocks in alternate layers 
and allowing them to rot. The land owner stated that he had found these hummocks 
to be very valuable as manure. The second method adopted, bv the manaaer 
of a very large farm~ was to fit wide flanges on ~o the wheels of hvo steam plough~g 
en~ines and use them as steam rollers, thus rolling the hummocks flat and breakina 
th~m up, and enabling ploughing to be done. This method was very successful 
also. as the wheat crop off the land so treated this year amounted to S to S! centnars 
(l,i.)O to 1,92.3 lbs.) per acre. 're also saw, at KliDSentmiklos, an area of land 
prepared for reclamation by the " Boxing " method. The land was divided into 
plots of suitable area by small bunds, which are intended to catch and retain 
rainfall. The water is then supposed to leach through the soil, takina with it the 
water-soluble salts. The " boxes "seen had not had any water in the~, as there 
had been no rain, and Professor Rohringer is of O!Jinion that this method of 
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reclamation is not of much use unless there is ample natural precipitation or unless 
a supply of irrigation water is available to keep the boxes full. We were not able 
to see some experiments 'vhich were being made on irrigation (using the water 
from the main drain) in order to ascertain the increased yield which would be 
obtainable by irrigation. The rainfall in the drained area is defitient in the summer 
months, and there is a proposal to take water from the Danube, which is controlled 
for navigation, to irrigate some 15,000 acres of land in the drained areas. 

28th July.-I left Budapest by train and reached Zurich on the 29th July. 
30th July.-I called on Professor Weigner at the Technical High School, and 

was shown round the laboratories there. Professor Weigner introduced me to 
Professor Edouard Diserns, of the Federal Polytechnic School, who shO\ved me 
many interesting plans of drainage schemes in Switzerland. In the afternoon 
I· went to the hydraulic laboratory of the Federal Ploytechnic School a1:.d 
saw many interesting models of works which were being tested in the laboratorv. 
One model was of a fish ladder in which ·were tested the best form and position 
for the openings in the compartment walls of the ladder. Another was a model 
of a section of river and the intake to 11 power station. This model had 
been made in order to find. the best method of excluding sand from the power 
station intake channel. A third model was of a spillway dam and the river below 
the dam, and the model had been constructed in order to find out the best shape 
for the spillway itself and the best method of dissipating the energy in the water 
at the foot of the fall, and of preventing scour in the river channel. I was shown 
a cinematograph film of the latter, in which the various stages of the experiment 
were seen, and the movement of the water in the model was shown by slow motion 
pictures. The film showed the model and the effect of the various changes 
in design very clearly indeed. The slow motion pictures facilitate the analysis of· 
water movements and it iR quite clear that a modern hydraulic laboratory is not 
complete without a cinematograph camera capable of ta.king slow motion 
pictures. This experiment was undertaken by the laboratory at the request of a , 
company in Morocco, and the design, arrived at from the model tests, has been 
accepted for construction. Professor Weigner very kindly arranged for me to see 
some drainage sch~mes and schemes for the regrouping of lands which had been 
carried out in the vicinity of Zurich. These were inspected on the 31st July in 
company wjth the engineer in charge. The drainage schemes have been carried 
out on a,reas of low·lying land near the Rhine or in valleys. Drainage is by means 
of open channels, assisted, where necessary~ by pipe drains. In the scheme seen 
near the Rhine the drainage water is lifted by pumps into the river ; in the valley· 
schemes the water is disposed of by gravity. In all cases the discharge of 
the drains is controlled by valves so that, if rainfall is deficient, the subsoil water 
level can be raised under control so as to give water to crop roots. The reclaimed 
areas seen, which used to be swamps, are all now thickly cultivated. The 
Canton Government are doing their best to persuade land owners, whose holdings 
are generally made up of small and scattered areas, to agree to the consolidation 
of their holdings and the building of new farm houses on these consolidated 
holdings, the object being to increase the efficiency of agriculture. The Govern~ 
ment prepare schemes fir such ~onsolidation of holdings, and these are subject to 
the vote of the people concerned. If there is a sufficient majority in favour of the· 
proposal the Government carries it out, and also gives assistance towards the cost · 
of building the new farmhouses. I saw several areas in which such consolidation 
of holdings had been carried out, and the difference between the plans of the areas 
before, and after, consolidation was very striking. 

I left Zurich on the 31st July and reached England on the lst August. 
The various places visited can be seen on the accompanying map of Hungary, 

Plate I, on which they are underlined in ink. 

METHODS OF INVESTIGATION OF ALKALI LANDS. 

6. Land may be unproductive for several reasons, e.g. lack of water, very 
high clay content, high content of water·soluble salts, high content of sodium 
carbonate, etc. The method to be adopted for making land productive, or for 
improving its productivity, must depend on the properties of the soil and 
will yary according to the dominant property. It is, therefore, essential to know 
exactly the cause of unproductivity before deciding on a possible remedy. It has 
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been abundantly proved in Hm1qary that the ~eclamation ~f alkali land must be 
preceded by a thorough examination of the area m or~er to find out the reason for 
its unproductivity, and, thus, to. en~ure. the working ?U~ of the best .method 
of reclamation. When the investigation IS completed, 1t 1s easy to go mto the 
economic side of the question and to decide whether the land will repay reclama
tion. The investhration of an area of alkali land, with a view to its reclamation, 
is carried 'out as f~llows. The classification of an area of land for reclamation is 
~lOW made, primarily, from the natural flora wow~g On its ~urface. If nothing 
Is growing the appearance o~ t~e land surface 1tse~ I? some gm~e. ~~ map of the 
area is prepared, and on this Is marked the prelimmary classification, from the 
natural flora. The system of classification is that developed by Dr. de 'Sigmond, 
which is described later on in this paragraph. Soil samples are then taken in suffi
cient numbers to give an idea of the composition of the soil in the areas classified, 
and tests are made on the samples as follows :-

For heary Clay Szik Soils (data given by Dr. Arany of Debrecen): 
Field Tests-

(a) For calcium carbonate content with 10 per cent. hydrochloric acid. 
If calcium carbonate is found it may be assumed that sodium carbon
ate is present also. 

(b) pH by Kuhn's colorimetric system. 
(c) The surface water should be tested for sodium carbonate. 
(d) Total salt content (if required) can he found by Dr. di Gleria's method. 

Laboratory Tests-
(a) Calcium carbonate quantitively. 
(b) pH. 
(c) Determination of soluble carbonate, sulphate and chloride ions. 

Determination of calcium and magnesium. 
!d) Exchangeable bases. 

The results of the above tests are shown on the plan referred to, as also are 
the places from which samples were taken. From the results of the laboratory 
tests it is possible to calculate the lime requirements for the various areas classi
fied. The best way to take a sample is to dig a pit at each place to be sampled so 
that the various horizons in the soil profile can be seeu. Samples are then taken 
from each horizon. If this cannot be done, samples should be drawn in layers, 
0 to 10 c.m., 10 to 20 c.m., and so on up to 60 c..m. depth. Post-hole au ours 
10 c.m. (4 inches approximately) in diameter are used for sampling. For h:avy 
mils a very suitable tool can be made by splitting a piece of wrought iron pipe 
longitudinally and providing it with cutting edges at its lower end and with 
an extensible handle. The tool seen was approximately 60 mm. (2 · 37") diameter 
and 35 c.m. (13 '75") long. This tool removes a clean core of earth and so enables 
the various horizons of the soil profile to be identified. Soil samples should weio-h 
about 1 kilo. (2 ·2 lbs.) each, and are packed in double paper bags ~£ 
strong paper. Particulars regarding the site, horizon, etc., are written in 
indelible pencil ou the outer paper bag. They are also wTitten on a small wooden 
label which is put, with the soil, into the bag. The depth of subsoil water below 
the surface is recorded on each sample. No special records of temperatUie, snow, 
rainfall,~tc., are taken when the reclamation of any area is being investigated, as 
the ordinary data available from the Meteorological Department are sufficient. 

For SaJine Soda Soils : ' 
Classification of land is done by the dominant flora in the first place, and soil 

samples are taken as described above. 
Field tests-

( a) A test for sodium carbonate using phenol phthalein as an indicator 
and comparing with a colour scale. 

Laboratory tests-
( a) Prepare ~ sample by air drying, breaking down and putting through 

2 mm. s1eYe. 
( ~) pH colorimetric ally and electrometrically . 
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(c) Estimation of calcium carbonate (Srheibler~s method). 
(d) Titration for alkali~ calculated on sodium carbonate and using ~J 

potassium hydrosulphate with phenol phthalein as indicator. 
(e) Total content of w·ater soluble salts-electrometrically. 
(f') Mechanical analysis (Atterberg) in two ways:-

(i) with the soil as drawn and dispersed 'vith distilled miter and a 
soft brush only. 

(ii) on the soil after removing the calcium carbonate with -~ 
hydrochloric acid and washing free from chloride. 

(,q) Exchangeable bases. (This test is done on occasional samples 
only.) . 

The amount of gypsum, sulphur, sulphuric acid or other material to be used 
for reclamation is calculated from the content of sodium carbonate of the 
soil samples. This can also be ascertained approximately by testing the effect, 
on the fl.oculated volume of a dispersed sample of the soil, of solutions of gypsum, 
etc., of varying strengths. By comparing the volumes of sediment after ~n;equa1 
settling time, the strength of the gypsum, or other solution, giving the lowest 
volume can be found, and the requirement of gypsum or other material can thus 
be ascertained. The information given above regarding the method of classifica
tion, the method of sampling, etc., and in regard to field and laboratory tests for 
saline soda soils, was given by Chief Chemist Herke of the· Royal Huno-arian 
Experiment Station for Soil Research and Agro-Chemistry in Szeo·ed." The 
method of classification adopted for the investigation of alkali lands is that 
worked out by Dr. de 'Sigmond, which depends on (a) the total soluble salt 
contained, and (b) the content of sodium carbonate. This system was worked 
out by the classification of the natural flora which grew on the land, combined with 
the sampling of the soil from the classified plots, one sample being taken from • 
the upper horizon, 0 to 30 c.m. and one from the lower horizon, 30 to 130 c.m., in 
each case. The class of a soil is thus :fixed in the order of value of its natural flora· 
and in order of the tolerance, of the flora concerned, for total soluble salts and for 
sodium carbonate. The system of classification is as follows: 

(1) On the basis of total soluble salt content
! 0-0 ·10 per cent. 

TI 0 ·10-0 ·25 per cent. 
III 0 ·25-0 ·50 per cent. 
IV more than 0 ·50 per cent. 

(2) On the content of sodium carhonate
I 0--:0 ·05 per cent. 

II 0 '05-0 ·10 per cent. 
III o·l0-0·20 per cent. 
IV more than 0 ·20 per cent. 

(3) Combined classification in \vhich the numerator of the fraction refers to 
{1) and the denominator to (2) above-

l st Class I JI 
2nd Class . . A II JI or I /II 

B IIJII or III/I 
3rd Class . . A III /II or II /III 

B III /III or IV /II 
4th Class A IV /III or III /IV 

B IVJIV. 
The characteristic flora of the various classes of alkali land are given in 

paragraph 7. 

CHARACTERISTIC FLoR.A oF HuxG.<\.RIAN ALKALI SoiLS. 

7. Classifications of flora have been made to correspond with 
Dr. de 'Sigmor:d's classifications of alkali soils based on {i) the total content of 
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soluble l'alts, and (ii) the content of !'cdium carbonate. This classification 
is described in paragraph 6 of this report. 
(a) l!eary Clay Szik Soils (Hortobagy Steppe soils)-Dry. 

Class I Pao Angustifolia-Cynodon Dactylon Association~ Groups 5 
and 6. 

Class II Achillea-Inula britannica Association. 
On Class IIA land groups .4 and 5. 
On Class liB land groups 4 and 3. 

Class III Festuca pseudovina Association, group 3 for Class IliA land 
and with groups 3~ 2 and 1 for Class IIIB land. 

Class IY Camphorosma ovata Association, groups 1 anc~ 2. 

Group 1 
Group 2 

Group 3 

Group 4 

Group .5 

Group 6 

Camphorosma ovata. 
Puccinellia limosa, Artemisia monogvna, Statice Gmelini, 
Festuca pseudovina~ Plantago tenuiflora, Aster pannonicus, 
Matricaria chamomilla. 

Festuca pseudovina, Plantago maritima, Szorzonera cana, 
Pholiurus pannonicus, Hordeum Gussoneanum, Atriple:x: 
litoralE', Bassia sedoides, Polygonum aviculare, Kochia 
prostrata, Eragrostis pilosa, Polycnemum arvense, Bupleu
rum tenuissimum. 

Festuca pseudovina, Inula britannica, Plantago lanceolata, 
Achillea setacea, Achillea collina, Agropyron repens, 
Centaurea pannonica, Bromus hordeaceus. 

Festuca pseudovina, Cynodon dactylon, Lotus tenuifolius, . 
Alopecurus pratensis, Trifolium repens, Heleoc hloa alopecu
roides, Euphorbia cyparissias. 

Poa angustifolia, Lolium perenne, Agrostis tenuis, Trifolium 
pratense, Ononis spinosa, Potentilla reptans, Cichorium 
intybus, Eryngium campestre, Thymus, Galium verum, 
Andropogon ischaemum, Hieracium pilosella, Verbena 
officinalis, Taraxacum officinale. 

(b) Heai'Y Clay Szil• Soils (Hortobagy Steppe soils)-Wet. 
Class I Glyceria poiformis-Alopecurus pratensis. Lysimachia 

nummularia, Veronica scutellata, Potentilla reptans, Trifo

Class II 

Class III 

Class IV 

lium repens, Mentha pulegium, Agrostis alba. 
Agrostis alba-Alopecurus geniculatus. Lotus tenuifolius, 
Heleochloa alopecuroides, Polygonum aviculare, Mentha 
pulegium, Heleocharis palustris, Agropyron repens. 

Beckmannia eruciformis, Heleocharis, Pholiurus pannonicus, 
Plantago tenuiflora, Roripa. Kerneri, Artemisia monogyna. 

Bolboschoenus maritimus-Puccinellia limosa, Heleocharis, 
Plantago tenuiflora, Salsola soda. 

· Data for (a) and (b) above have been obtained from a paper by Magyar Pal 
('ntitled " Adatok a Hortoba.gy novenyszociologiai es geobotanikai viszonyaihoz," 
of which I have a copy (in Hungarian and German). 
(c) Character-ist£c Flora of Salhle Soda .Soils near Szeged

Class I 

Class II 
Class II 

or III 
Class IY 

Class I 
Cla!'s II } 
Cbss III 
Class IY 

On dry areas. 
Andropogon ischaemum, cichorium intybus, Potentilla 
anserina, Achillaea asplenifolia . 

. . Carex distans, Plantago lanciolata. 
Plantago maritima, Cynodon dactylon, 
Festuca pseudovina. 
Camphorosma ovata. 

On the basins or d(ll!lp areas. 
A~rostis alba . 

. . Planta2:0 maritima, Plantago lanciolata. 
Lepedi;m cartilagineum. 
C'amphorosma ovata, Sueda mariti1ua, Sabola soda. 
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The abo-re information was obtained from Chief Chemist Herke of the Royal 
Hungarian Soil and .Agro-Chernical Research Station at Szeged. The flora named 
are the chief flora which occur; there are, of course, others. Those named mav 
be taken as characteristic of the various classes of land. " 

1\IETHODS OF RECLAMATION. 

8. (A) Physical Methods-
( i) The " Digozas " metlwcl.-This is the oldest method of reclaiming szik 

land in Hunaary, having been used in the 18th century by Pastor Thessedik at 
Szarvas. The method consists of giving the land to be reclaimed a dressing of the 
yellow marly subsoil layer (known as "dig~" soil) w~ich contains concretions of 
calcium carbonate and some gypsum. Th1s method IS only used for the heavy 
clay szik soils. The digo soil consists chiefly of fine sand and silt and so acts in 
two ways: the sand and silt particles tend to lighten the hea.vy clay soil and make 
it more workable, while the calcium operates by floculating the clay fraction of 
the original heavy soil and· so improving its permeability and workability. · 
Examples of reclamation by the "digozas " method were seen at (a) Ka.rczag 
where a small area had been treated with "digo" soil obtained from a drainage 
ditch-the reclamation is quite satisfactory and the land is now growing trees ; 

, and (b) Sziuvas, 'vhere very large areas have been reclaimed successfully by 
this method. 

The general Scheme of work for obtaining the "digo " soil is as follows ; 
trenches 2 metres ( 6 · 5' wide are dug at 25 meters ( 81' approximately) apart and the 
soil above the digo soil is removed from the trenches and stacked evenly on the 
two sides of the trench. The digo soil is then removed from the trench and 
spread, in a layer about 6 em. (2·2") thick on the land, w'orking for a distance of 
12 ·5 metres (40 ·5' approximately) at each side of each trench. During the 
process the digo soil is undercut below the surface layers on the sides of tlie trench, 
which then fall in, carrying t.he deposited surface material with them and leaving 
a ditch which acts as a drain. The digo soil is le-velled off, any small hollows being 
filled up and then rolled. The crop is then wwn. Some 12,000 acres around 
Szeged w:ere reclaimed by Pastor Thessedik's Digo method 160 years ago and are 
still in. perfect condition. 

(ii) ·Lime a;essing.--The most successful and economical method of reclama
tion for heavy clay szik soils at present in use is the application of lime combined 
with farmyard manure and careful cultivation. The materials used are (a) ground 
limestone, (b) sugar beet sludge, (c) a ground soft limestone which is found as 
a deposit near mineral springs and is non-crystalli1~e in structure. Other materials, 
such· as waste calcium carbonate and tanners' refuse, have also been used. The 
two materials most used are apparently ground limestone and sugar beet sludge. 
Heavy clay szik lands reclaimed with Jime were seen at (a) Karczag, (b) on the 
Hortobagy Plain, (c) at Szarvas, (d) experiments at Szeged. Details of the amount 
of lime used, etc., are given below. 

(a) Karczag.-The materials used at Karczag were sugar beet. sludge an,d · 
ground calcium carbonate. Applications amounted to fro;n 10 to 15 tons per 
acre? and the method of applying was as follows : From one-quarter to one-third 
of the total lime dressing is applied in the first place and the land then shows up 
the bad spots, which can r~ceive additional dressings.. Farmyard manure
a minimum of 15 tons per acre, maximum 30 tons per acre-is given with the first 
dressing of lime. Heavy clay szik soils are not ploughed after the lime and farm
yard manure dressing is applied, but are cultivated by means of a special disc 
cultivator (Photograph No. I} which loosens the surface but does not form clods. 
If sugar beet sludge is received wet from the factories double quantities must be 
used. The costs of treatments are as follows :-· 

Calcium carbonate, including the application of 15 tons of farmyard 
manure, 160 pen goes (II5s. or Rs. 80 approximately) per acre including supply, 
loading, transport and application. · 

For sugar beet sludge (which is valueless at the factory) the cost including 
the applict~Jion of 15 tons of farmyard manure is 100 pengoes (72s. or Rs. 48) 
per acre. 

These costs do not include the value of the farmyard manure. 
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Areas of bad szik land \\·ere reclaimPd by lime dressings at Karczag and yielded 
in 1929-:>0 13 centnars (2~900 lbs.) of grain per acre. and in 1930-31, 3~300 lbs. of 
grain per acre. Before these lands were reclaimed they were marshes in ~pring 
and in wintkr~ aud, if the season was very favourable, might givt> from 4: to 5 tentnar~ 
of grain, but if the season was too wet or too dry would yield no crops whatever. 
The Director of the experimental farm at Karczag stated that the best results 
\Yith reclaimed lands were obtained on the depressions, becam~e of the higher 
moisture content. Higher areas were found to require, in addition, more lime· 
and farmvard manure than the lower areas. 

ol 

(b) Hortobagy Plain.-Large areas of land on the farm at Konya had been 
reclaimed by liming and the condition of the land showed very marked improvement 
when compared with untreated areas. 

(c) Szarvas.-Director Csabal of the Agricultural Middle School and Farm 
at Szarvas prefers sugar beet sludge to ground.calcium carbonate for the reclamation 
of heavv s?:ik soils. His method is as follows. Half the farmyard manure dressing; 
is appli'ed to the land and is turned in by the disc cultivator.to a depth of 25 en~. 
(approximately 10") if possible. The remaining farmyard manure is then applied 
and the field is rolled, after which the lime dres11ing is applied and t.urned in 6 to 8 em. 
(2 ·2 to 3 inches) and the crop is then sown. Wheat is usually grown for three 
years, and is then followed by lucerne. It is found, if the reclamation is successful, 
that lucerne can be grown for six to seven years continuously. Doses-15 tons 
farmyard manure per acre and 15 tons of lime per acre. On 'local bad spots of 
alkali Director Csabal increases the lime doses up to as much as 80 tons per acre. 

(d) Experiments with calcium carbonate ot Bzeged.-Chief Chemist Herke of 
the Royal Hungarian Experiment Station for Soil Research. and Acrro
Chemistry at, Szeged, has carried out experiments comparing the effect of gyps~mt 
sulphuric acid, bauxite decomposed by sulphuric acid, and calcium .carbonate in 
the reclamation of saline soda soils. These experiments are described later, but 
it will sufftce to mention here that the calcium carbonate was found to be of no
use. The calcium carbonate application was at the rate of 200 tons per acre_ 
This result is not surprising, as the saline soda soils themselves contain larue· 
quantities of calr,ium carbonate. ~ 

(iii) Preventing Evaporation.-Evaporation of moisture !rom the surface of 
la.nd causes the deposition of the water soluble salts on the surfaee. The water 
evaporated is replaced hy capillary action from the l'ubsoil wate.r and aaain 
evaporated. The process continues and results. in the accumulation of salt; on 
the surface and in the surface layer of the soil. This eva.poration .can be much 
decreased by shading, mulching or loosening of the soil surface. These methods 
are apparently successful in California, but I saw no land reclaimed in this way 
durin('f my tour. In fact, with the heavy clay szik soils, the rate of movement of 
soil ~oisture is so slow tl1at very little surface accumulation of salts can 
occur from evaporation. The method seems to me to be a preventive rather than 
a cure, and might well be used to prevent, or to retard, land once reclaimed from 
reverting .to an alkali soil. Shad0g (i.e., growing a crop such as lucerne), 
and covermg t~e s.urface of ~and mth ~traw. between fruit trees, for example~ 
would also ass1st m couservmg the so1l moisture and make it available for 
the crop. The use of tamarisk (Lai) at Karczag to act. as a shade for vouna trees 
would appenr to be an application of this principle, but in this case the land had been 
reclaimed before planting the trees and tamarisk. 
(B) Remot'ing the salts-

(i) S1reeping the salts from the surface.-In some areas in Hun crary the surface 
accumulations are so heavy that the salts can be swept up and re~oved. Indeed, 
in the past, the supply of sodium carbonate for the soap factory .at Szeged 
was obtained in .this wa~._ T~i~ method canna~ be ~wre than the first step 
towards reclamation, as the soll1tself must contam a high concentration of toxic 
salts, which would have to be dealt with, before crops could be grown on it. 
. (~i) ~eaching the ~alts 1·n.to the subs01:Z.-This has b~en do~e in Hw1gary by the 

'' boxm~ · · method, m which the land to be reda1med 18 divided into suit
ablP blocks by bunds, which retain all natural precipi~ation, thus allowu1g 
the water to stand on the land and to leach the salts mto the subsoil. To 
be successful this method would appear to require three conditions (a) a certain 
degree of permeability in the soil, (b) a sufficient supply of water, a~d (c) that the 

)IO·ni Bk F 41-l 
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level of subsoil water should be below the limit of capillary rise. I saw no 
·examples of the "boxing" method during my tour (except ~hat at Kunsze~t· 
miklos, vide paragTaph 5, where some land had been prepared m accordance With 
this method)l but I understand that it is used only for meadow land. The method 
of reclamation by leaching salts into the subsoil is used extensively in Sind when 
~n ample supply of irrigation water is available. 

(it'i) Surface lrrigation.-This system consists i~ dividing the land to be 
reclaimed into suitable blocks by means of bunds, leadmg water to these blocks by 
channels and flooding them in turn. The water is allowed to run over each plot 
and then let out into a drain, or into a lower plot and thence to a drain, 
which removes it from the area under reclamation. The salts on the surface, and 
presumably also those in the first inch or two of the soil, are dissolved by 
the water and removed with it. This met4,od is used in Hungary for meadow and 
pasture land. "l\Ieadow" land is the term used for reclaimed lands in which a 
good seed mixture of clovers and grasses is sown. Such lands must, subsequent 
to reclamation, be farmed as meadows, being manured, etc., in order to maintain 
their productivity. "Pasture" land is the term applied to land growing its 
natural flora onlv. Such lands may give hay crops or may only be used for 
grazin<Y, I saw ·one example ·of surface irrigation reclamation at Bekescsaba. 
This s~heme had been carried out on an area of approximately 177 acres of szik 
land, which is chiefly of Class II, III and IV. Plate No. III shows a plan of the 
area and the irrigation and drainage channels which have been excavated for the 
purpose of flooding the various plots with water and removing the water from 
them. Dr. de 'Sigmond has carried out extensive investigations in regard to this 
area of land and his paper entitled "Hungarian Alkali Soils and Methods of their 
Reclamation " contains very complete data, with maps and plans shmving the 
c.lassification of the area and the distribution in depth of the total salts and 
sodium carbonate. The manager of the Municipal Irrigation Reclamation 
scheme stated that it was not economical to reclaim lands of the third or fourth 
classes, as they require treatment for too long a period, and that this was 
prohibited by the cost of the water, which is pumped electrically from a canal near 
the area under reclamation. After being irrigated the meadow plots are treated 
with compost, which is made from the street sweepings and night soil of t,he town, 
and are then sown ·with proper seed mixtures. These areas are then farmed as 
meadows in the usual way. Reclamation of lands of the first and second class 
have been very successful and heavy crops of hay have been grown. 

(iv) Fishponds.-Land belonging to Class III-B or Class IV cannot economi· 
<:ally be reclaimed, and the use to which they are put in Hungary is to make them 
into fishponds. I saw two examples during my tour, one at Halasto, which is in 
{)peration, and a second at Szeged, which is under construction and will collllllence 
operations in the spring of 1932. The idea of the fishpond is to improve the land 
by dissolving the water soluble salts in the standing water of the ponds. The fish, 
in addition to the plankton on which they feed, appear to consume a certain 
amou~t of the soluble salts and generally also have to be fed artificially. It has 
been found, after four or five years, that the bottoms of the fishpond can success· 
fully be cultivated with crops, though, as Class IV lands are usually very heavy, 
very little leaching down of salts occurs and the land is liable t.o become 
alkali again by capillary action. The fishponds at Halasto apparently pav very 
well and will, I presume, continue to be run as fishponds only. · 

F1'sh ponds at Halasto.-The fishponds· at Halasto cowr an area of 2,800 
acres. There are twelve main ponds: the largest of which is 300 acres in 
area. The ponds are arranged with suitable canals between them for the removal 
<>f water, and there is a canal from the Tisza river which is used to bring water to 
the fishponds to supplement natural precipitation and drainage. Pumping 
stations are placed at suitable intervals along the dividing canals, and are used for 
moving water from one main pond to another~ so as to enable the ponds to be 
cleared of weeds, etc. The canal from the Tisza river is 24 kilom. (15 miles) long 
aud carries a discharge amounting to from 250,000 to 300,000 cu. m. daily. This 
water is pumped from the river into the canal. In addition to the main ponds 
there are 82 smaller ponds, 400 sq. m. area on the beds. These ponds are used for 
storage of fish during the winter months. Fish are moved from the main ponds in 
the autunm by lowering the w·ater level so that the fish follow the water into 
a. drainage channel, which is excavated along one side of each of the main ponds. 
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The fish are caurrht in this rhannel by hand nets, sorted into size by increments of 
one pound anl by varieties, and <'arried in large tubs on a light railway to 
the small ponds referred to above, in which they are stored for the winter. It is 
found that the fish grow chiefly during the summer months, and that they 
are more or less dormant during the winter months. During the summer month 
the fish are fed with wheat and maize, which is soaked for 24 hours in large tubs 
before being put into the water. When the main fishponds are empty, the small 
fry of fish, of varieties which are not required, are killed with quick-lin1e to 
reduce the uneconomic consumption of plankton. During the process, of course, 
a certain number of small fish of the cultiv-ated varieties are also lost. Fish are 
bred on the spot for stocking purposf:'s. The varieties of fish which are cultivated 
Hre as follows :-

f'yprymus Carpio This variety forms 95 per cent. of fish. 
Tinea 'Vulgaris 
Lucio perea sandra 
Siluris glamis 

· · l These make .. r ~ t <>per cen .. .. ) 
up the remammg 

Fish are sent away from the fishponds alive, in speeial tank wagons, and go 
as far as "" arsaw and Hamburg. These tank wagons carry cylinders of oxygen 
which is used to replace, in the water~ the oxygen used by the fish. A very 
interesting point was noticed at Halasto. The soil of the area is so heavy that a 
well which was dug only· 3 m. {approximately 10') from the surface of 
standing water in the main canal between the fishponds has its water level from 
.5 to 6 metres {16 to 19 feet) below the water level in the canal, showing that there 
can be practically no movement. of water from the canal into the soil. 

Fishponds a.t Szeged.-The fishponds at Szeged are being constructed on a 
vlan which is very similar to the plan of the fishponds at Halasto. They 
..are intended to use an area of 700 to 800 acres of Class IV land near the town of 
Szeged. The four main ponds will be 200 a.cres ear h in area. There will be, in 
addition, two smaller ponds of 60 and 40 acres and a number of small ponds for 
t.he winter storage of fish and for breeding purposes. ·water is to be supplied to 
the fishponds from the drainage of the catchment of the protected area, 
but arrangements are being made to supplement this supply from the Tisza river, 
in case of deficiency, by means of a canal. This canal will be used also to take 
surplus water from the drainage of the catchment to the river in case of necessity. 
Arrangements are made so that, in an emergency, the water in the fishponds can 
be let out into the drainage system, which connects up with the existing pumping 
stations of the protected area, and so can be pumped into the river. For 
the supply of water to the fish storing basins during the winter, three tube wells 
.have been constructed. These wells are artesian, and discharge, in all, 4 cu. m. 
(130 cu. ft. approximately) per second. · This water is at present being used in an 
attempt to grow rice in some 40 acres, but the crop has not been a good 
one, presumably owing to the concentration of salts in the soil. There are no 
special points about the design of tanks, etc. The main canal from the ponds to 
the river has a capacity of 11 cu. m. per second (350 c. f. s.) and a slope of 25 em. 
in 1 kilom. (1 in 4,000). The sluice through the river protection bund at the end 
of this canal is interesting, as the culverts through the bund itself (two rectangular 
(·ulverts built in situ and side by side) are made in three sections, the joints between 
these sections being made of copper strips and bitumen. The idea is to allow for 
unequal settlement of the earth composing the bund. 

(C) Chemical Treatment-
The materials which have been used for chemical treatment of alkali lands 

are : gyps~m, b.am~ite ~econ~posed with sulphuric ~cid, sulphur, sulphuric acid, 
hydrochlonc ac1d, acetic ac1d, and others. Expenmental plots for comparing 
various chemical treatments were seen at (i) Karczag and (ii) Szeged-

(i) Karczag.-The soil experimented on was a heavy clay szik soil, having 
a pH value of 5 ·6, but the soil was nevertheless an alkali soil. The effect of treat
ing with sulphuric acid, acetic acid and hydrochloric acid was compared with the 
effect of lime dressing and with control plots of untreated soil. The result of thi.~ 
experiment was th~t, alt~ough the acid treated .Plots showed some improvement 
on the untreated soll, the nnprovement was nothmg when compared with the lime 
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treatf:'d plots. Acid treatments, besides being expensive, do not therefore appt'ar 
to be of much use for the heavy clay szik soils. 

(ii) Sz~gl'd.-Chief Chemist Herke has c~rried out. a number of experiments 
on small plots to compare the effects of various chemical treatments. The soil 
experimented on was saline soda soil 'Of Chtsses II, III and IV. One expf'riment 
was made on Class II land to compa1·e the effect of teclamation by gypsum with 
the 1mtreated soil. This experiment has given most marked results. It has 
been going on for five years since the gypsum was applied to the land, and 
crops have been grown as follows: ~heat, sugar beet, ?ats, meadow gTass 
mixture, and oats. The treated plots g1ve from _2 to 2! ttmes the crop that 
is obtained from the untreated ones and show no signs whatever of deterioration .. 
The soil is a heavy soil and subsoil water is 1." 8 m. (5 ·9ft. approximately) below the 
surfaee. In a se~ond ~et of plots a com_pariso~ had been rna~~ of recl~mation by 
gypsum, sulphunc acid and sulphur I~ eq~uvalent quantities and m varying 
prop'ortions. The gypsum and sulphunc aCid plots were most successfuL The 
sulphur plots were successful, but not to the same extent as the other two. The 
Chief Chemist considered sulphuric acid to be the best treatment, but said that it 
is expensive and that it gives a lot of trouble in application, as it damages the 
clothes of the workpeople who are applying it. The difference between the 
gypsum and sulphuric acid treat€d plots and the untreateu plots in this experinwnt 
~as most marked. This experiment was made on Class III land and the· 
plots were each 4 sq. m. (42'5 sq. ft.) in area. On Class IV land similar· 
experiments had been made, with results which showed that gypsum was the best 
treatment which could commercially be used, but the Chief Chemist ,vas of 
opinion that the land at Szeged ~n the fourth clas_s could not ~e reclaimed properly 
by gypsum treatment unless this was accompamE'd by leachmg. Another series 
of experiments had been made to compare the ·e'ffec.t of equivalent doses in 
varying amounts of gypsum, sulphuric acid, bauxite ·decomposed by sulphuric 
acid, and calcium carbonate. This experiment indicated that calcium ·carbonate 
was of no use at all. The other applications were ~11 good, sulphuric acid giving 
slightly better results than the other two. The calcmm carbonate was applied at 
the rate of 200 tons per acre. · 

A further series of tests had been carried out on C1ass IV land on r)lots 4 sq. m. 
in area each, by removing and separately stacking from each plot four horizons ; 
0 to 20 em., 20 to 40 em., 40 to 60 em., and 60 to 80 em. In one series of plots the 
soil from the various layers was mixed with the calculated amount of gypsum 
necessarv (this being obtained from analyses of soil samples). The horizons were 
then replaced in the excavations in the correct.' order. Doses of gypsum were 
applied as follows :-'-

(a) Horizon 0 to 20 em. treated only, the remaining three horizons being 
replaced without treatment: 

(b) Horizons 0 to 20 and 20 to 40 em. being treated, the remain
ing horizons being replaced untreated. 

(c) Horizons 0 to 20, 20 to 40, and 40 to 60 em. being treated, the 
remaining horizon being replaced untreated. 

(d) All four horizons were treated with gypsum. 

In a second series of plots the untreated soil was replaced in the plots without 
treatment. In a third series of plots exactly ·similar horizons of good wheat soil 
from a neighbouring field were obtained and filled into the pits in correct order. 
The object of excavating the soil in four separate horizons and replacina 
these again in the untreated and the good soil plots was to ensure that all plot~ 
should rPceive equal agricultural treatment. The· result of the ·experiment was 
that the gypsum treated plots gave better yields than the plots of imported o·ood 

' wheat soil. Germination was good in all the gypsum treated plots, butl- the ~rop 
lrent off as soon as the roots reached the untreated layers in the 0 to 20 em. and 
0 to 40 em. treated plots, showing that the reclamation to these depths was insuffi .. 
c·ient. The difference between the crop on the gypsum treated plots and the 
untreatf:'d plots was most marked. Chief Chemist Herke considered that it would 
be suffieient to put on, as a smface dressing. the gypsum required to reclaim a depth 
of 60 em. and then to leach the land. This process would in his opinion effect 
reclamation. 
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The cror,::; had, d ('OUrse, all b~en removed from the experimental plot.~ 
d':scribed aboYe, but the clifference in the condition of the soil between the f'psum. 
trf:ated plots and the untreated soil -was indeed remarkable. Chief Chemi~t 
Herke has made experiments ·with alum, aluminium sulphate, iron sulphate, and 
with a material which has been manufactured by a chemical company in Hungary. 
the composition of which is a secret. The results of these experiments were good. 
hut redamation with alum, aluminium sulphate and iron sulphate is not possible 
€conomically in Hungary. The other material is, I understand, yet under test. 

THE 0RG.U.1SATIOX OF THE RECLA~IATIO~ OF SziK Lll"Ds L.~ HrxGARY. 

9. The reclamation of alkali lands is encouraged by the Hungarian Govern
ment, which is prepared to assist land own~rs for this purpose. 

Reclamation work is under. the Ministry of AgricultUre, Department of 
Agricultural Experimentation, and is controlled by a permanent central committee, 
which advises the Ministry in connection with reclamation work in general, 
controls the investigation of all cases in which assistance has been applied for, and 
recommends the action to be taken. The President of this committee is 
Professor de 'Sigmond. The general sequence of events in connection with an 
application for assistance to reclaim land is roughly as follows. The land ownE:'r 
makes an application to the Ministry of Agriculture giving particulars regarding 
the land which he wishes to reclaim, the committee arranges for two experts (a) a 
soil chemist and (b) an agricultural expert, to visit the land in question. These 
two experts examine the land, make pertinent enquiries and report the result of 
their observations to the permanent central committee on form A, an examina
tion of which will show that it contains all relevant data regarding the soil itself, 
the position and the capacity of the land owner, and the recommendation of the 
expt:rts regarding the area of land to be reclaimed and the lime required for thi3 
purpose. The central committee makes its recommendation to the Ministry 
of Agriculture, which issues orders for the despatch of the ground limestone 
(or sugar beet sludge). The application of the lime and farmyard manure and the 
cultivation of the land is done under expert advice, and the lands are inspected 
from time to time to see that proper farming methods are being used. Owners 
have to report year]}•, on form B, regarding the progress of reclamation. Heavy 
clay szik soils with no sodium carbonate, or "'ith only a small amount of sodium 
carbonate, can be reclaimed with lime. Calcium carbonate dressings are of no m;e 
for saline soda soils. 

Government assistance can be given to land owners in two w·ays :-
(a) By payment of part of the cost of the lime dressing, the land owner 

paying the balance; or 
(b) By the loan of the money for paying the whole cost of the lime 

dressing, subject to repayment under certain conditions. 

The average cost of lime dressing (15 tons per acre) is 145 pengoes (104 '25s.) 
per acre. This includes the supply and delivery of the lime to the unloadinO' 
point on the railway. The owner is responsible for transport to site, applica~ 
tion to land, etc. The Hungarian State Railways give facilities for the unloading 
of lime for reclamation at any place named (on the open line or otherwise) which 
is nearest to the land to be reclaimed. 

Scheme A.-The owner pays 40 pcngoes (28 · 7 5s.) per acre of land reclaimed. 
This amount is paid in two instalments; 20 pengoes (14 '37s.) per acre is paid to 
his village authorities on his making application for assistance in the reclamation 
of his land, and 20 pengoes (14:37s.) is paid when he is informed that the 
~Iinistry of Agriculture has approved of his application. The land tax on 
land which is reclaimed cannot be revised for 15 years from the year of reclamation. 
This scheme is applicable to peasants and small holders only. 

Scheme B.-The whole cost of 145 pengoes (104:25s.) per acre i>~ rriven bv the 
GoYernment as a loan. The land ownc>r pays nothing for the first fh?e years and 
no interest is charged for tbi-, period; but from the sixth year to the fifteenth 
year he repays the loan by instalments, plus interest at 5 per cent. The land tax 
on the reclaimed area cannot be revised for 15 years from the vear of reclamativn. 
If the land owner, during the period of repayment, dues not cultivate the reclaime<l 

II.O·IU Bk F 41--.'i 
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Iand properly, ghing proper dressings of farmyard ~anure, etc., he is liable to be 
called on to pay, at once, all the sum outstanding on the loan. The loan 
is secured by a mortgage on the land owner's property. Scheme B applies to all 
land owners who are not eligible for Scheme A. The most noteworthy features· of 
the organisation are (1) the joint inspection of the land by two experts, thus 
making available both theoretical and practical agricultural knowledge for the 
investigation, and (2) the permanent central committee of experts which advises 
the Ministry o£ Agriculture. 

Samples of forms A and Bare given. 

GENERAL CoNCLUSIONS. 

· 10. The reclamation of alkali lands should not be undertaken without careful 
investigation of the landr and such investigatio~ should be done by sc.ientificallv 
trained observers, one of whom should be a soil chemist, and one should 
have practical agricultural knowledge and experience. 

The most economical method of reclaiming heavy clay szik soils appears to 
be by treatment with ground calcium carbonate or with sugar beet sludge, 
combined with a dressing of farmyard manure and careful cultivation. Sugar 
beet sludge seemed to be pre-ferred by the various officials whom I met to ground 
calcium carbonate. If there are soils in Sind similar to the heavy clay szik soils 
of Hungary, ground calcium carbonate will have to be used, as sugar beet sludge 
is not available. ·For saline soda soils treatment with gypsum appeared to be 
the most economical method, combined with a dressing of farmyard manure and 
careful cultivation. Sulphuric acid gives, according to Chief Chemist Herke, 
slightly better results than gypsum, but is expensive in Hungary and so cannot 
compete with gypsum. Whatever system of reclamation is found satisfactory in 
Sind, the use of farmyard manure will be essentialf and the importance of conserv~ 
ing the farmyard manure now available and of increasing the number of animals 
so as to. increase the supply of farmyard manure cannot, therefore, be sufficiently 
empbas1zed.. · 
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Confidential. FOR\I A. 

To-The Permanent Central Committee for Soil Reclanwtion, Budape~t. 

RoYAL Hu:KGARIAN MTh"1STRY oF AGRICULTURE. 

Heport of the Experts sent out into . District in accordance with 
the order of the Ministry No. 50500/1930 JIX2 regarding Field Invest~gation 
of Alkali Lands to be reclaimed. 

I. City (Village). 

2. County. 

3. Name of Owner. 

4. Residence of Owner. 

5. Size of area to be reclaimed in acres. 

6. Despatching inst~uctions for lime-

(a) Railway station. 

(b) Section of Railway System. 

(c) To be unloaded on or side of railway embank· 
ment. 

(d) Reference t.o attached sketch. 

7. The owner has paid for acres. 

Form A.-At the t!me of signing contract . pengoes to the Treasury 
of · Village. 

Form B.-Desires a loan .of pengoes. 

Results of Investigations. 

8. Depth of Humus layer on the Szik land (ems.). 

9. Is there efflorescence from a sample of the ploughed layer when treated 
with Hydrochloric Acid 1 · . 

10. Other observations relating to soil profile. 

11. General financial position of owner

( a) Number of draft animals kept. 

(b) Amount of farmyard manure available on farm. 
(c) Can owner afford artificial fertilisers 1 

12. Crops cultivated on the Szik land up to present. 

13. Average yields per acre. 

14. Remarb. 

Experts' proposals. 

15. On the basis of these investigations we propose, for th(:' reclamation of 
acres of arable szik land, the despatch o£ 15 ton 

wagons of ground calcium carbonate. 

Dated day month year. 

Signature. Signatur~. 
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REPORT. 

lte.sults of Reclamation made in (year) , in accordance with the 
Reclamation Scheme of the Ministry of Agriculture to the Royal Hungarian 
Got•ernment. 
[To be sent to the Department of Agricultural Experimentation, Ministry 

of Agriculture, Budapest, before (date) ] 

I. GENERAL DATA. 

I. Kame of owner or tenant. 
2. Residence. 
3. Position of reclaimed land. 
4. Area of reclaimed land in year 19 . 

5. Material used-
( a) wagons (15 tons) ground limestone for 
(b) wagons (15 tons) sugar beet sludge for 
(c) wagons (15 tons) gTound soft limestone* for 

acres. 
acres. 

aeres. 

II. OBSERVATIONs RELATING 1'0 IMPROVEMENT oF THE SoiL. 

1. Permeability.-Are there any areas on which water stands after rain, or 
the melting of snow 1 

2. Tilth, Ploughing. 
Condition after ploughing, are clods soft or hard 1 
(a) For autumn cultivation. 
(b) For spring cultivation. 

3. "\Vas the dressing of lime sufficient ? 
4. Is there any improvement this year over last year ? 

Ill. OBSERVATIONS RELATING TO THE CULTIVATION OF CROP. 

I. Was there any improvement in germination 1 
2. vVhat differences have been noted in regard to the growth of plant's ? 
3. Did the crop mature at the same time as on unreclaimed land or not ? 
4. Has the crop in the reclaimed land wintered better than in the unreclaimed 

land? 

IV. CROP YIELDS. 

1. \\nat crops were cultivated on the reclaimed land 1 
2. What were the average yields of these crops obtained in the summer of 

19 1 
3. \\nat were the average yields of the same crops on tmreclaimed areas ? 
4. If an increase in yield has not been obtained, can it be ascribed to 

disadvantageous meteorological conditions, act of God, plant disease or 
insect pests ? • 

Dated 
(Owner's signature.) 

Certified that the above data are correct. 

Dated 
(Signature of village. authority.) 

Official stamp. · 
• NoTE.-This material ia obtained from deposits round mineral springs and is non·crystalline. 
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SECTION U-RIVER CONTROL, DRAINAGE AND IRRIGATION WORKS. 

THE 8YSTE!ll oF RIVER Cor..noL IN HuxGARY. 

1. Before the war Hungary was, as will be seen at a glance from Plate I, 
practically a complete geographical unit. The. frontiers were on. the mountai~s 
practically all round the country, and water which fell on Hunganan land practl· 
cally all drained into the two main rivers of Hungary, the Danube and the Tisza. 
The Danube passes through Hungary and receives some rep1enishment from 
Hungarian territory, while the Tisza drains practically the whole of the North and 
east of Hungary as constituted before the war. Only a very small area of 
Hunrrary on the north actually drained out of Hungarian territory. The fact 
that 

0

Hungary was a geographical unit made the co-ordination of control on the · 
rivers a very easy matter. There are very large areas of low-lying land along the 
Danube and tb.e Tisza which, in the past, were very often entirely flooded with 
water from the rivers, and the necessity of making these areas (some six million 
acres on the Tisza river alone) available for use led to the gradual building up of 
the control system as it existed before the war. The country was protected by 
the building of bunds along the rivers, similar to the bunds which exist along the 
Indus in the Punjab and in Sind (Typical sections of river bunds in use on the Tisza 
river are shown in plate IV) and by the removal of bends from the rivers by means 
of cuts. The actual construction of the bunds and the arrangements for drainage 
of the protected areas have been carried out by private companies. These 
companies recoup their outlay by a charge on the land protected. The position 
of bunds, their size and sections, and all other engineering matters, are controlled 
bv a central authority in Budapest. This was found essential in order to ensure 
that unifonn standards were adopted by the various companies operating. On 
the Tisza river aU the lowlands, except an area of 80,000 acres, are now protected, 
and this remaining area is now also to be protec..ted. The model, which I saw 
working in the hydraulic laboratory of the University of Technical Science, is one 
of this area, and the experiments on the model are being carried out to ascertain 
the effect on river levels, during flood, of the construction of the new bund 
to protect the area. The model is constructed on a scale of 1 to 10,000 for length, 
1 to 1,000 for width, and 1 to 250 for depth. The results obtained from the model 
experiments are only qualitative, but show that the maximum rise in the water 
level of the river, during flood, above levels which have been attained in the past, 
may be expected to be about 50 em. (19·5 ins. approximately). The positions, at 
which variations in the new flood levels from old flood levels will occur, can also be 
found from the model. The results of this experiment will be used to fix the top 
levels of the new bunds and to fix also any raising of existing bunds which is neces
sary. From the model it is possible, also, to measure. the rate of travel of the 
peak of a flood. · 

The straightening of the Tisza river (Ill cuts, in all, were made for this 
purpose) and. the bu~lding of the bunds h~s resulte~ in the _surface fall of the river 
during flood mcreasmg from 2 em. per k:ilom. (1 m 50,000) to from 4 to 5 em. per 
kilom. (1 in 25,000 to 1 in 20,000), and has reduced the period of high water level 
in the river from three to four months to three to four weeks. The system 
of recording, and ~eporting, meteorological data in Hungary is very complete, and 
it was found poss1ble for the Hydrological Department to predict the times and 
levels of floods _at various points in the _rivers wit~ ~ery great accuracy. I was . 
informed that nver levels could be prediCted to w1thm 1 em. (1 j5th of an inch). 
The various drainage companies are responsible for the maintenance of their own 
bunds, but the numbers of men employed on patrol, the stores held on the bunds 
for emergencies, and all other matters in connection with maintenance, are 
controlled by the orders of the central controlling authority. Every effort 
is made to grow trees on the land between the bunds and the river channels as 
these are found to be the best protection against wave w&.sh. In addition 'the 
surfaces of the bunds are all covered with grass. Where there are no tre~s the 
water faces of bunds are protected by a face, sloping at 1 to 1, of brickwork or re
inforced ce~ent concrete. The town _of Szeged was flooded, and practicall:· 
destroyed, m the 19th century, and IS now surrounded by a bund in order 
to prevent the flooding of the .town should the river bunds be breached. (Typic& l 
Rectio~ls of the ~und ~urrounding the _town o~ Szeged are' shown in plate V.) ThiiS 
bund LS faced Wlth bncl-work protection agal.IlSt wave wash. Typical sections d 

• Jto·m BJ. F 4J~ 
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this bund, and of the brick-work protection, have been obtained. The discipline of 
the patrolling staff on the bunds is very good, and it is extremely seldom that there 
is ever any trouble with the bunds during river floods. Bund sections appear to be 
much heavier than those in Sind, and typical cross sections have been obtained. 
'Yhere bunds have to be built on heavy clay szik soil, the top metre (3ft. Sins.) 
thickness of the water face is made from imported good soil to enable the growing 
of grass and to avoid the bad cracking which takes place when szik soil is dried by 
the sun. The Tisza river runs through heavy clay soils for most of its course, and 
no trouble is experienced from erosion on bunds. 

As a result of the peace treaties~ the sources of all the rivers of Hungary are 
. now in other countries, as also are lengths of the rivers themselves. The proper 
control of the rivers in Hungary, without all the information from the head 
reaches and without the control of the upper reaches themselves, is now a matter 
of some difficulty. In addition, the losing of practically all the mountain regions 
on the north and east has rendered infinitely more· difficult the development of 
jrrigation in Hungary as it is now constituted. 

DRAINAGE \YoRKS. 

2. The construction or bunds along the rivers protected the low land behind 
them from the river spils, but it was very soon found that the surface precipitation 
on the protected areas and the run-off from higher land which drained into them 
(the protected land being always low-lying) caused nearly as much trouble from 
flooding as the river water. It was therefore found necessary to combine protec
tion from river spils with interior drainage work and the control of the drainage 
water. I saw one scheme near Szeged in which the protected area is 40,000 acres, 
but the catchment area which drains into the protected area is a further 300,000 
acres. A brief description of this scheme is given below. In addition to the low
lying lands along the rivers, much drainage work has been carried out on small 
areas of swamp and water-logged land lying in. valleys. Plans of several such 
schemes were shown to me by the Chief Engineer at Debrecen. All such drainage 
work is done by the Government and is in charge of the Department of Hydrology 
of the Ministry of Agriculture. The lay-out and design of the drainage systems 
involve no unusual features, except that the greatest care is taken to mark 
on plans (similar to the Deh maps of Sind) the exact areas of land which are to be 
drained, so that the owners can be made to pay towards the cost of the work by 
lump sum or spread-over payments on capital cost or by an increase in the 
land tax. All channels on these small drainge sche:q:tes are dug by hand (this has 
been ordered by the Government to assist unemployment), but the Chief Engineer 
stated that the cost of excavation by machines and hand labour was about the 
same. The channels are all small and surface slopes are flat as a rule. The water 
is usually disposed of by gravity. 

The protect·ion and drai11age scheme for 40,000 acres at Szeqed.-The area 
protected is some 40,000 acres and lies on the west bank of the Tisza river, 
surrounding the town of Szeged. As a result of the peace treaties, a part of the 
original scheme has now become Yugo-Slavian territory. Protection is afforded 
by a bund built along the river bank. Behind this bund at intervals are small 
houses for the bund guards, and stores of materials, such as lengt.hs of timber, 
bmshwood, fascines, mats, etc., are maintained for dealing with emergencies. 
Breaches are exceedingly rare. The bund line is connected by telephone and very 
complete instructions are laid down for the action to be taken at each stage of the 
rise of the river and in any emergency. The discipline of the staff is very good, 
and patrolling and maintenance work appear to be most efficient. Bunds are not 
open to the public during the flood season, but are sometimes used during the low 
rinr season. Protection from wave wash is arranged, as far as possible, by the 
growing of trees on the land between the bunds and the main channel, and this 
form of protection has ·been found to be most efficient. The 40,000 acres 
protectEd serves as a drainage basin for some 300,000 acres of sloping land lying 
to the west and north of the area protectEd. Arrangements are made to collect 
drainage water in a system of drains which lead to sluices through the bund line. 
Pumps are also situated at these outfalls, but pumping is only resorted to if the 
water level in the river is too high to permit the drains to discharge. During tho 
ronstruction of the river bund a large loop of the river was eliminated and now 
lies behind the bund line. Thjs old channel is used as a reservoir for the storage 



23 

(1£ draitla!!e water when this cannot be passed by gravity to the. rh·er. Pumping 
into the i~iver is onlv commenced when the reservoir is full. The catchmeut area 
drainiw.; into the protected land consists of fairly long narrow valleys running 
from the north-east to south-west. The slopes in the Southern valleys are 
steepest and the land slopes gradually flatten out towards the north of the catch
ment area. The bottoms of these valleys consist of a series of depressions, which 
fill with water and from .which the water overflows. The catchment area is 
composed almost entirely of a sandy soil. A soil survey of this catchment area, 
which was carried out bv Chief Chemist Herke, has brought out mauy interesting 
features. In the depressions along the valley bottoms referred to above the soil 
tends to be alkaline, due to the standing water. In the southern valleys 
these alkaline areas are not bad, belonging mainly to Class I of Professor 
de 'Sigmond's classification, but the quality of land in the depressions becomes 
worse towards thea 110rth, until at the northern end of the catchment the land in 
the depressions is mostly of Class III. At the lower ends of the northern valleys 
nearest to the river there are large areas of Class IV lands, which are so 
badly alkaline as to be useless. Chief Chemist Herke attributes the change in the 
character of the alkaline areas to the flatter slopes of the northern valleys, which 
result. in much slower movement of the water down the valleys. Drainage 
projects have been prepared for the whole of this area of 300,000 acres, but only 
one or two of these projects have yet been carried out. Drainge channt'ls are 
designed by Kutter's formulae and their capacities are estimated by allowing a 
run-off of 1 /20th of a litre per acre for the catchment of eaeh drain for sandy soils, 
and 1 ;roth of a litre per acre for' other soils. Slopes in the Drainage channels are 
not steep, and channels have to be cleared every year of weeds, etc., in the 
aut~m. One interesting point v.-as noticed at the discharge from one of the main 
!JUmping stations through the bund line: The pipe discharge enters a small 
cistern, which is provided with a baffle similar to the Primary Baffle in Barrage 
designs for Falls. This cistern was put in to prevent scour down-stream of the 
masonry work, and is very effective. Quite a small stone apron on the down
stream side of this channel is a sufficient protection. A photograph of this outfall 
was obtained. The total capacity of the pumps for this drainage scheme is 7 cu.m. 
(230 cu. ft.) per second. 

Some 800 acres of Class IV land lying close to the town of Szeged are to be 
ronverted into fish ponds. Details of this scheme have been given in paragraph 
S of Section I. 

Short description of the drainage scheme seen on 27th July.-The area drained 
in this scheme is 123,000 acres, and lies on the left bank of the Danube south of 
Budapest. The area consists of a series of shallow basins not far from, and lyinc1 
approximately parallel to, the river. The actual drainage work extends rourrhl~ 
as far as the town of Kiskoros, approximately 100 kilom. (62! miles) south of 
Budapest. The areas drained were previously swamp land from which water did 
not disappear until August or September in each year. The catchment area for 
the proje~t is some 2,000 sq. kilom. (780 sq. miles approximatelv), and the terri
tory is, generally speaking, of a sandy nature. There are, however, considerable 
areas of heavy clay lands, especially in the areas actually drained. Drains are laid 
out on the v~lley lines as ascertained from a contour survey, and are designed to 
carry 0 ·1 htres per second for sandy land per hectare (2 acres) of catch
ment (0 ·025 gallons per second), and 0 · 720 litres per second per hectare (2 acres) 
(0 ·05 gallons per second) for heavier soils, and 0 ·3 litres per second per hectare 
~2 acrrs) (0 ·075 gallons per second) for heavy clay szik soils. The run-off 
1s calculated, of course, on the whole catchment area of each drainage channel, and 
the rates per hectare allowed are such as to remove the water from meltin11 snow 
and ice, during the period betw.een the last fr?s~s and the beginning of M:rch in 
each re.ar. c.ha~nels were desl~ed by ~hzm s formula. The surface slope in 
the mam dram IS 5 em. per kllom. (1 m 20,000). The calculated maximum 
1lischarge of the main drain is 20 cu.m. per second (690 cu.ft.) and the aetual 
measurrd maximum to date is 12 cu.m. per second (approximately 410 r.f.s.). The 
~cheme took five years to construct and has been completed two vears. The 
t'ubsoil water level in the draine~ areas is now from 1 to 1 · 5 m. (3 ·2.5 to 4 · 9 ft.) 
below the surface. The scheme 1s a great success, as larcre areas which wf're oll(·e 
swamp lards are now growing flourishing crops. An ~teresting feature of the 
s('how~ wa::> that the dassification of the Iandi\ to be drained for ~the purpose of 
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payment of a charge per acre on account of .drainage was carried out by a 
committee of peasants, and the land was graded mto three classes, first elass land~ 
medium class land and bad land. First class land pays 10 pengoes 60 filler per 
acre (approximately 7 · 5s.), and the worse class land pays 3 pen goes 96 filler 
(2 ·ss.) per acre, including all charges. The excavation of drainage channels was 
'Chiefly done by hand for the smaller c.hannels, but, on the main drain, mechanical 
excavators of the bucket dredger type were used. These machines are of German 
make and deposit the soil on one side of the canal only ; photographs 
were obtained of a machine at work. The rates for excavation with these 
machines varied from 1 · 5 to 1 · 8 pen goes per metre cube ( 10 ·1 to 1 2 ·1 pence per 
eu. yd.); the rate in deep cutting worked out to 1 ·2 :pengoes per metre cube 
(8 ·I d. per cu. yd.). The rate for hand labour was 1 pengo per metre cube (6 ·75d. 
per cu. yd.). The large excavator used was working on a channel average depth 
2 · 5 m. (8 ·125ft.), bed width 7 to 8 metres (23 to 26 ft.), and top width 10 to 12 
metres (32 · 5 to 39ft.). The side of the excavation next to the machine is at 1-1 
slope and that remote from the machine is at 1-1·5 approximately, but is 
actuallv a curve from the curvature of the bucket chain. Considerable trouble is 
experienced with the growth -of weeds in the drainage channels, and it ha.s been 
found necessary to clear channels every -other year on this section, although the 
original provision in the project was to clear once in five years. A network of tube 
wells has been put down over the drained areas to allow of the observation of sub
soil water levels. 

Frequent and careful observations are made of the discharge in the main 
drain at its tail and in the middle of its length and of the depth of subsoil water in 
the observation tubes. Meteorological data for the area are also recorded. It 
is hoped from this hydrological service to be able to correlate, after some ye!trs of 
observations, the discharges from the drain with the run-off from the surface due 
to· rain and melting of snow and with the variations in the subsoil water 
level. The results. of these observations should be of very great interest. 
The sections of the drainage channels are made with 1--:-1 side slopes unless the 
channel is in heavy clay szik soils: When this is the case, the upper portions of 
the sides are given a slope of 1-1 but the lower portions are excavated at 1-2 
to 1-3. This is because heavy clay szik soils when wetted tend to form a sort 
of liquid mud and the sides, if excavated at 1-1, settle down at 1-3, and the 
channels are therefore excavated at 1-3 in the first place. During our tour of the 
area we saw many of the drainage channels and much land, under flourish
ing crops, which had ·previously been swamps. ·There were two large areas of 
land which had previously been swamps and which, when inspected, were quite 
ilry, the subsoil water being 1 metre or a little more below the surface. These 
areas of land had not been cultivated by the peasants owing to the high cost of 
removing the hummocks, consisting of the roots and dried Rtalks of reeds 
with which the surface of the land was covered! and Professor Rohringer, who 
has had charge of the design and construction of this drainage scheme, emphasised 
the importance of working out complete details for the cultivation of t~e area to 
be drained before 'the undertaking of· a similar drainage scheme. He also 
emphasised the importance of working out a system of payments for the drained 
lands which would be within the capacity of the peasants to ·pay. The success of 
the drainage scheme inspected is apparently in jeopardy for two reasons, firstly 
because of the non-cultivation of these two large areas of reclaimed swamp land, 
and secondly because the rates per acre charged, although these appear to be very 
low considering the benefits received, are beyond the capacity of the peasants to 
pay in the present depressed condition of trade and agriculture. 

Natural precipitation during the summer months is deficient over a large part 
of the reclaimed area, and a scheme is under consideration for irrigating some 15,000 
acres by taking water from the Danube. · This is referred to in paragraph 3 of 
Section II. 

IRRIGATION AND IRRIGATION PROJECTS. 

3. Irrigation, as practised in India, does not exist in Hungary. Vario~s 
schemes for irrigation of areas on the Great Hungarian Plain were under considera
tion before the war, but, as explained above, owing to Hungary having lost the 
upper reaches of all the branches of the Tisza-river as a result of th~ peace t.reaties, 
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these schemes cannot now materialise. All possible storage sites are now outside 
the borders of Hunaarr. The onlv scheme which appeared likelv to be carried out 
was the irri0'ation of some 15,000 acres of the drainage scheme d~scribed in Section 
II, paragraph 2. For this area a small canal '\..-ith a discharge of 5 cu.m. 
per 8eco~d (165 cu. ft. approximately) is to be cut from the Danube. This 
discharge corresponds roughly to a duty of 12 · 5 acres per cu. ft. per second. 
Even allowin(r for the fact that this figure includes the losses in the canal from the 
Danube and 

0

losses in the water distribution svstem, the allowauce made for 
irrigation would seem to be very high indeed, considering that the crops which 
are to be grown are presumably wheat and maize, for which our duties in 
the Lloyd Barrage are 175 acres per cubic foot per second at Distributary Head. 
The Danube is controlled for navigation, so that only the canal, its headworks and 
the distribution system will have to he constructed, no barrage across the Danube 
being necessary. Experiments were being made on some small areas in irrigating 
crops. \Vater for tills purpose was taken, from the main drain of the drainage 
scheme, by pumping. The experiments are being carried out in order to ascertain 
the increase in yield which may be expected from irrigated crops, and so to obtain 
data for working out the economic aspect of the irrigation scheme, and presum~ 
ablv also the rate to be charged for the water. Professor Rohringer has promised 
to send me, later, a plan of the drainage scheme with details of the proposed irriga~ 
tion seheme shown thereon. 

SECTION III-THE ORGANISATION OF AGRICULTURAL EDUCATION 
IN HUNGARY. 

I. This matter is not one which is intimately connected with the subject of 
this report, but I had the opportunity of seeing, during my tour, two types 
of agricultura.l schools, and was so struck with the organisation of agricultural 
education in Hungary that I obtained material for a short note. H seemed to me 
that the system is desii!ned to educate the sons of peasants and other land 
holders definitely for agriculture and thus to encourage them to remain on 
the land, and at the same time to te:tch them improved methods of farming. Very 
great stress is laid on practical work at all of the agricultural elementary schools, 
which are situated invariably on experimental farms, and stndeuts are made to 
do their own share of all work on these farms. In 1766 there was in Szarvas 
a Protestant Pastor, Samuel Thessedik, who was a vcrv remarkable man. He 
had lived in various countries in Europe and had studied many subjects, such as 
Botany, Natural History, Physics, Chemistry, Veterinary Science, etr., in 
addition to Theology. Noting the very poor and uneducated state of the people 
in hif;l parish, he started a sehool for children during the winter months, 
when there was no outdoor work to he done. In this ~chool he taught 
handicrafts, etc. He was the first man in Hungary to make beet sugar and to 
introduce the indigo plant and the culture of silk. He was given, by the patron 
of his living, 20 acres of bad szik land as a parish garden, and having reclaimed 
this land by the digozas nwthod, he established on it a flomishing garden. He 
cultivated trees, produced tultivated varieties of fruit irom wild trees, distributed 
seed and trained the peasants iu improved agricultural methods and in the 
reclamation of alkali lands. As a result of his efforts, some 12,000 acres of ]and 
around Szarvas were reclaimed before anyone else in Hungary had thought 
of trying to reclaim alkaE lands. He was thus the father of agrirultural 
education and of soil reclamation in Hungary, and the Agricultural Middle School 
at Sr.arvas bears his name. After the death of Pastor Thessedik there followed 
a period of wars in Hungary, and it was not until after the conclusion of the war of 
Independence, in 1867, that Count Festertich laid the foundations of the present 
systE'm of agricultural education. Since that date the system has ~:,rradually been 
built up. The present system of agricultural education is as follows. There are 
three Agricultural High Schools in Hungary. These are organised as universi· 
ties, and, although they do not confer degrees, are really similar in status 
to universities. Each high school has its own experimental farm. The eourse of 
instruction consists of six: terms. equal to three years. In the first year the work 
is mostly practical. in the second year the amotmt of theoretical work i.;; increased, 
and in the third Year it is increased aaain. After passina tbrouoh the course and 

• 0 0 0 

obtt1inin)! their diploma. students go to big estates in Hungary as "pradicants" 
on small salaries, iu order to gain experience before they obtain employment. 

KO·m Bk F 41-7 
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There is one middle school for agriculture-that at Szarva.s. Pupils, before they 
can go to this school, have to spend four years (from 6 to 10 years of age) in the 
ordinary elementary school of the country and four years {10 to 14 years of age) 
in the ordinary middle schools of the country. They are then eligible to enter the 
Agricultural l\Iidclle School at Sz~uvas, but all students who enter this school 
must belong to families which own land (the area of land owned does not matter), 
and they are expected, on completion of their course, to go back to their land and 
not to take appointments. The course of instruction is of eight terms, equal to 
four years, and is very comprehensive indeed, including ample practical work on 
the 400 acre farm connected with the school. The agricultural training for the 
peasants is carried out at peasant, schools similar to the one seen by me at 
Karczag. There are at least twelve such schools in Hungary. They take boys of 
any age, and the only qualification is that they must be· able to read and write. 
The course in these schools is of four terms, each of half a year, and comprises 
both ·practical and theoretical instruction. The. practical work is particularly 
stressed. The schools are always associated with experimental farms, and take 
usually about 30 boys. Fees for board, lodging, etc., at the school at Karczag are 
300 pengoes per annum only (approximately £10 to £15). No fees are charged for 
tuition. In these peasant schools during the winter term additional elementarv 
theoretical courses on agricultural subjects are arranged for any persons who care 
to attend. These are called agricultural winter schools. In many villages where 
actual agricultural elementary (peasant) schools do not exist there is a building 
and staff maintained for the holding of the agTicultural winter school courses. 
During the summer months the staff of these schools tour round their areas, giving 
lectures and demonstrations and holding discussions on agricultural subjects, and 
keeping in touch generally with their students. In addition to the above, there 
are travelling agricultural lecturers who give lectures to peasant audiences in the 
ordinary vmage elementary schools in the evenings. 

In conclusion, I must record my very great, appreciation o£ the kindness of the 
following gentlemen : 

Dr. Ujhelyi, Director of the Department of Agricultural Experimenta
tion of the Ministry of Agriculture, who kindly deputed Dr. Telegdy 
Kovats to accompany me on my tour, and afforded all facilities in 
connection with my inspection of matters pertaining to the reclama
tion of alkali lands. 

Dr. Sajo, Chief of the Department of Hydraulics, Ministry of Agricul
ture, who kindly afforded facilities for my inspection of the various 
drainage and other works pertaining to his Department. 

Dr. Telegdy Kovats, who organised my tour of inspection, accompanied 
me during the tour, acted as interpreter and placed freely at my 
disposal his own vast st.ore of information on subjects in connection 
with alkali reclamation. The success of my tour of inspection is 
almost entirely due to the extraordinarily hard work put in. 
by Dr. Telegdy Kovats. 

Professor Rohringer of the University of Technical Science, who very 
kindly conducted me round the drainage scheme referred to 
in Section II of this report. Professor Rohringer, at consider
able inconvenience to himself, put in a very long day during 
this inspection and placed at my disposal all information, plan~, etc., 
which would help pw to understand the scheme. 

Finally, I should like to record my very great appreciation of the kindness and 
unbounded hospitality accorded to me hy all the various officials and gentlemr 
whom I met during my tour. 

C. G. HAWES, 

Executive Engineer, I.S 
Bombay Pr" 

80)!BAY: rRINTED A.T THE GOVERNMENT CENTRAL l'RESS 
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FIG. 1. 

TYPICAL CROSS-SECTIONS OF RIVER BUNDS 

_lli_ 
HUNGARY. 

PLATE NO: .rl 

TYPE SECTION OF RIVER BUNOS IN THE UPPER REACHES OF THE TISZ.A RIVER. 

FIG~. 

TYP£ SECTION OF RIVER BUNDS IN THE. LOWER REACHES OF THE TISZA RIVER. 

DIMENSIONS ARE GIVEN IN .FEET. I"IGURES IN BRACKETS 

INDICATE EQUIVALENT DIMENSIONS IN METRES· 

cS . ~.Z. O . PODNA, 1933 . 



TYPICAL CROSS-SECTIONS OF RIVER BUNDS IN HUNGARY. 

w.L. 

DETAI L AT X TO DEfLECT WAVES. ...! ... 

13·1a ro e2 ·57 
(4·0 TO 7·0) 

l ~·li TO 22.·9..; 

(4"0 TO 7·0) 
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FIGS. 3 &4 

SE:CTIONS OF BUNDS PROTECTED AGAINST WAVE-WASH AS ADOPTED IN 

THE: BUND SURROUNDING THE. TOWN Of SZ.EG£0 WHICH SOME 30 YEARS 
AGO, WAS ENTIRELY FLOODED BY THE TISZA RIVER. 

PLATE. NO: 'Sr 

DIMENSIONS ARE GIVEN IN FEET. FIGURES IN BRACKETS 

INDICATE EQUIVALENT DIME:NSIONS IN MET"ES. 

G . P. Z . O . POONA, 1933. 


