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Summary

The paper is based on the researches carried otitariong term trial placed on the preluvosoil fr@nadea in 1976, for establishing
the soil water balance. In the irrigated variantetlsoil moisture was determined 10 to 10 days fontaming the soil water reserve on
irrigation depth (0 — 50 cm for wheat and bean, 5em for maize, sunflower, soybean, sugarbeettpaind alfalfa 1st year and 0 — 100
cm for alfalfa 2nd year) between easily availabktev content and field capacity. Thus, an averaggation rate of 2560 m3/ha was used
in the 9 experimental crops. The average of theuahrainfall for the 1976 — 2008 period was of 82%nm. The technologies used were
correlated with the needes of the crops, such d®raton crop rotation, chemical fertilizers in aordance with the chemical export on the
yield, manure (40 t/ha) was used in potato ancadoeet. After 33 years of the irrigation use tlod structure degree (38.62%) did not
decrease when compared to the unirrigated maizé&eatvcrop rotation (37.01%). Bulk density, totargsity, penetration resistance and
hydraulic conductivity have worse values than thesoin the unirrigated variant. The humus contsntery close to the humus content
determined in 1976, the phosphorus and the potassantent increased very much in comparison wighittitial content (117 ppm vs 22.0
ppm); (180.0 ppm vs 102 ppm). The use of the adedendilization system and of the irrigation wateith a good gaulity did not determine
a decrease of the pH value of the soil. The irilyatetermined the improve of the microclimate gk, the increase of the plant water
consumption, yield gains very significant stateticand higher protein content of the maize grains

INTRODUCTION

Drought and desertification are the major probleshghe world in the context of the climate change
(Doorembos, Pruitt, 1992, Kay, Angers,1999, Ladeniur and Assouline, 2005, Page, Miller and
Keeney,1982, Wakindiki, Ben-Hur, 2002) There arenatic changes in Romania, too (Canarache, 1990);
Dobrogea and the South-Eastern part are considbesdrea with desertification; other areas arengwoitant
part of Moldavia and the Romanian Plain and a spe of the Western PlainDomuta, 2005). The Crisurilor
Plain is a part of the Western Plain and it waswmdor its large areas with water logging and diduand also
for that the rainfall is not in accordance with tiggimum water requirement of the crops. In 1968rdsearches
regarding the irrigation crop started in Girisu @gs and in 1976 the researches regarding the ‘crogizr
consumption were carried out in Oradea (Domuta32@Brumeza, Kleps, 2005)

The researches regarding the irrigation nghé Crisurilor Plain emphasized the irrigatiomppogunity
in the sustainable agriculture system, the yielthg@roduced by irrigation were statistically sfigant every
year, the maize, soybean and sugarbeet yields shmm@ovements in their stability and quality, ahé water
use efficiency improved, as well. The correlatiansantified in the soil-water-plant-atmosphere sysi@oil
moisture-yield, soil moisture — yield gains, watensumption — yield, climate indexes — yield) andremical
efficiency sustain the irrigation opportunity inigharea(Domuta, 2003, 2005, 2007, 2009, Borza, 2006,
Grumeza, Kleps, 2005).

The paper presents the irrigation impact on thenrplaysical and chemical properties of the soil Haze a
33 years’ study.

MATERIAL AND METHODS

The researches were carried out in the long teahpiaced in 1976 on the preluvosoil from Oradaagrder
to study the soil water balance and the crops watesumption. The research data was compared gtllata
determined in an experiment with whea-maize cragtians near the research field for water balategys The
crop rotatation used in the research field forgbié water balance study was a melioration onelfalf™ year —
alfalfa 2year — maize — bean — wheat — soybean — sugariseeiflower — potato.

In the ploughed land, the colloid clay contentfi8 5.5%.
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The field capacity (FC) is a medium one on the guoifile and the wilting point (WP) has a mediuntueato
80 cm depth and a high value below this depth. &asily available water content (Wea) was estabdishe
considering the soil’s textuteAs a consequence, the following formula was udéga=WP+2/3(FC-WP).

During the research period (1976-2008), on thgation depth (0-50 cm for wheat and bean; 0-75 @em f
maize, soybean, sunflower, sugarbeet, potato,falfil year; 0-75 cm for alfalfa" year) ten to ten days
determinations of the soil moisture permitted tointzn the soil water reserve between the easibilable
water content and the field capacity. The accompiisnt of this objective determined the use of 2.5&Ba of
irrigation water in the studied period and in thedged crops.

The water source for irrigation is ground wateraal5 m depth. The main chemical properties of the
irrigation water used are presented in table 1.dtdum content (12.9%) is low and the salinizafmtential is
low, too (CSR=-17; SAR=0.52) (table 1).

Table 1
Chemical parametes of the irrigation water usettiénresearch field, Oradea
Min. N.
ca | Mg | Na* | K | co?, | HCo, | L | soZ | pH ';'/a rezid.fix | SAR | CSR| Florea
0 g/l Class
mg/litre
49.1] 44.0] 208 27 -] 266B 354 80[3 7.3 129 05 530 -1.8] I

The crop technologies included the use of the cbalnfértilizers according to the yield export fateey crop
and a medium rate on the melioration crop rotatddd40 kg/ha s.a,Ps 110 kg/ha s.a and,JR 90 kg/ha s.a. In
the sugarbeet and the potato crop a dose of 4@ftAmanure was used.

The macrostructure’s hydrostability (aggregate250nm) was determined using the Cseratzki methdd (G
Budoi, A. Penescu, 1996). The bulk density, hydecaglonductivity and the penetration resistance were
determined using the same cylinders with a volufn®06 cni. The humus content, pH, the mobile phosphorus
and mobile potassium content were determined usi@gommon methods of the agrochemistry laboratpimne
a laboratory of the Agricultural Research and Depeient Station Oradea.

De Martonne aridity index (IdM) was determined gsihe formula
am = 122
t+10
p= monthly rainfall (mm); t= average temperaturetlom month C)
Characterization class: < 15 arid; 15-24 demia&#:30 moderate drought; 31-35 moderate wet |; 36—40
moderate wet II; 41-50 wet; 51-60 wet |; 61-80 We1-100 very wet; >100 excessive wet (Daay2009)

in wich:

Domua climate index was determined using the formula:
1D = 100W+12.9A

>t+Sb

W= water (mm); A= air humidity (%)t = sum of the monthly average temperati@;(Sb= sun brilliance.
Characterization class: < 3 excessive drought;3very drought; 5.1-7 droughty; 7.1-9 median dhiyg
9.1-12 median wet; 12.1-15 wet |; 51-60 wet I; £38 wet II; 18.1-25 wet II; >25 excessive wet (Daau
2009)
Both de Martonne aridity index and Dotalclimate index for irrigated vriant included tlmggation rate in
the calculation formula (Dona C., 2009)
Water consumption was determined using the soiémzdlance method.
The research data was analysed using the varisadygsés methogDomuta, 2009).

in wich:

RESULTS AND DISCUSSION

Theirrigation influence on the soil physical properties

The irrigation influence on the soil structure

The soil aggregates with a diameter bigger thad @gn from the variant with irrigated meliorationopr
rotation had a value of 38.62%, higher than thee#B7.01%) determined in the variant with unirtégghwheat-
maize crop rotation but the difference (1.61%; 48bhot statistically assured. In the variant withirtigated
melioration crop rotation, the macro aggregatesdrbystability increased statistically very sigréit in
comparison with the unirrigated wheat-maize andnaportant difference (12.58%; 32.6%) was registeired
comparison with the irrigated melioration crop tata (table 2)
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Table 2

Irrigation influence (1976-2009) on the macrostuecs hydrostability,
in the conditions of the preluvosoil from Oradea

. Macrostructure Difference Statistical
Crop rotation hydrostability significance
% % % %

1.Unirrigated wheat—maize crop rotation 37.01 100 - - Control

2. Irrigated melioration crop rotation 38.62 104 61l. 4 -

3. Unirrigated melioration crop rotation 51.20 138 14.19 38 XXX
LSD 5% 2.01
LSD 1% 3.95
LSD 0.1% 6.03

Analyzing the situation of the macro aggregatessfary determined diameter, a very different situatvas
registered regarding the macro aggregates witlameter > 5.0 mm; in the variant with unirrigatediioration
crop rotation a value (2.80%) with 618% higher thia@ value (0.39%) from the unirrigated wheat-maiaep
rotation was determined; the value (0.62%) fromithigated melioration crop rotation is with 39%gher than
the value registered in the unirrigated wheat-maizg rotation. There were differences regardirgy ritacro
aggregates’ hydro stability in the 2.0 mm, 1.0 nmd 8.25 mm case, too (table 3).

Table 3
Macroaggregates diameter (mm) under the irrigatiinence in
the conditions of the preluvosoil from Oradea
Macro aggregates diameter
Crop rotation >5 mm 2.1-5mm 1.1-2.0 mm 0.25-1.0 mm
% % % % % % % %

1.Unirrigated wheat—maize crop rotation 0.9 100 883 100 | 3.10| 100 29.64 100

2. Irrigated melioration crop rotation 062 139 &8 74 3.45| 111 31.64 107

3. Unirrigated melioration crop rotation 280 718 9®| 101 | 3.76] 121 40.74 137

The irrigation influence on the bulk density and onthe total porosity

In the variant with unirrigated wheat-maize cropatimn, the value of the bulk density (1.34 gfgis high.
In the variant with irrigated melioration crop ritm, the value of the bulk density (1.40 gfyrincreased
statistically significant but is situated in thergacharacterization class. The value from unirddahelioration
crop rotation (1.20 g/cthis statistically very significant lower than thalue registered in the wheat-maize crop
rotation emphasizing the importance of the melioraicrop rotation in the evolution of the soil’s ysical
properties (table 4).

Table 4
Irrigation influence (1976-2009) on the bulk densif the preluvosoil from Oradea
Crop rotation Bulk density Difference _Sta_ti_stical
glent % glen? % significance
1.Unirrigated wheat—maize crop rotation 1.34 100 - - Control
2. Irrigated melioration crop rotation 1.40 1046 .0® 4.5 X
3. Unirrigated melioration crop rotation 1.20 89.6 -0.14 -10.4 000
LSD 5% 0.05
LSD 1% 0.09
LSD 0.1% 0.13

As a consequence, in comparison with the total $ityr¢49.4 %) determine din the unirrigated wheatiza
crop rotation, in the irrigated melioration crofgation a smaller value was determined (47.1%) betvalues
are situated in the same characterization clase. Vitlue of the total porosity (54.7%) in the ugated
melioration crop rotation is statistically very sificant, higher than the one registered in therigated wheat-
maize crop rotation (table 5).
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Table 5
Irrigation influence (1976-2009) on the total patpsf the preluvosoil from Oradea

Crop rotation Total porosity Difference .Sta.ti.stical
% % % % significance

1.Unirrigated wheat—maize crop rotation 49.4 100 - - Control

2. Irrigated melioration crop rotation 47.1 95.4 .32 -4.6 0

3. Unirrigated melioration crop rotation 54.7| 1108 5.3 10.8 XXX
LSD 5% 0.9
LSD 1% 2.6
LSD 0.1% 4.9

The irrigation influence on the penetration resistace

In the irrigated melioration crop rotation the \alof the penetration resistance (31.38 kg)dmstatistically
significant higher than the value (29.3 kgf¢rdetermined in the unirrigated wheat-maize craation but the
values are situated in the same characterizat@ssch median one. In unirrigated conditions, tlediaration
crop rotation determined a decrease of the peir@iragsistance with 32.7% statistically very sigraht. The
characterization class changes to “small”, in taise (table 6).

Table 6
Irrigation influence (1976-2009) on the penetratiesistance
of the preluvosoil from Oradea
Crop rotation Penetration resistance Difference .Sta.ti.stical
kg/cnt % kg/cnt % significance

1.Unirrigated wheat—maize crop rotatign 29.3 100 - - Control
2. Irrigated melioration crop rotation 31.3B 107.1 0.8 7.1 X
3. Unirrigated melioration crop rotation 19.71 67.3 -3.7 -32.7 000

LSD 5% 0.6

LSD 1% 14

LSD 0.1% 3.5

The irrigation influence on the hydraulic conductivity

Irrigation did not have a statistically significanfluence, the value of the hydraulic conductiviggistered
in the melioration crop rotation, 13.5 mm/h, iswelose to the value registered in the wheat-meigp rotation
(14.0 mm/h). In the unirrigated melioration cropaton, the hydraulic conductivity (20.6 mm/h) tatsstically
very significant higher than the value determinethie unirrigated wheat-maize crop rotation (taf)le

Table 7
Irrigation influence (1976-2009) on the hydraulanductivity
of the preluvosoil from Oradea
Crop rotation Hydraulic conductivity Difference .Sta.ti.stical
mm/h % mm/h % significance

1.Unirrigated wheat—maize crop rotatign 14.0 100 1 - Control
2. Irrigated melioration crop rotation 13.5 96.5 .50 -3.5 -
3. Unirrigated melioration crop rotation 20.6 147.2 6.6 47.2 XXX

LSD 5% 1.7

LSD 1% 3.1

LSD 0.1% 5.6

Theirrigation influence on the soil chemical properties

The irrigation influence on the humus content

In the melioration crop rotation conditions and dogoil management practices in comparison with the
humus content (1.7%) in the start year of the metes, a very close value (1.8%) was registerghdrrrigated
variant in 2008. In unirrigated conditions the rogdition crop rotation and the applied soil managegme
determined the increase of the humus content (1i8%)mparison with the start year; the differe(ite.8%) is
distinctively significant (table 8).
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Table 8

Irrigation influence (1976-2009) on the humus cante the preluvosoil from Oradea

Specification Humus Difference .Sta.ti.stical
% % % % significance
1.In 1976 1.70 100 - - Control
2. In 2008 (irrigated) 1.67 98.3 -0.03 -1.7 -
3. In 2008(unirrigated) 1.90 111.8 0.20 11.8 XX
LSD 5% 0.07
LSD 1% 0.12
LSD 0.1% 0.21

The irrigation influence on the pH value

In 2008, the soil reaction (pH=6.0) in the irrighteariant increased, distinctively significant,damparison
with the value of the soil reaction (pH=5.81) datared in the start year of the experiment. The a&xgiion
consists of the G4 high content of the irrigation water used in theaarch field. In unirrigated variant the pH
value (5.58) decreased, distinctively significanedo the chemical fertilizers use (table 9).

Table 9
Irrigation influence (1976-2009) on the pH valuéshe preluvosoil from Oradea
Specification pH Difference Sta_ti_stical
Value % Value % significance
1.1n 1976 5.81 100 - - Control
2. In 2008 (irrigated) 6.00 103.3 0.29 3.3 XX
3. In 2008(unirrigated) 5.58 96.1 -0.23 -3.9 00
LSD 5% 0.11
LSD 1% 0.17
LSD 0.1% 0.31

The irrigation influence on the mobile phospbrum and potassium
The mobile phosphorus content of the preluvosaimfithe research field in the start year, 22.0 ppas w
low, but after 33 years of good agriculture praggie- melioration crop rotation with alfalfa, cheatitertilizers
doses in accordance with the yield export — theilmgihosphorus content became very good, 117.0 ippm
unirrigated conditions and 109.0 ppm in irrigatechditions; the differences in comparison with thertsyear
are statistically very significant both in unirrtigd and irrigated conditions (table 10).

Table 10
Irrigation influence (1976-2009) on mobile phosplscontent of the preluvosoil from Oradea
Specification PaL Difference Sta_ti_stical
ppm % ppm % significance
1.1n 1976 22.0 100 - - Control
2. In 2008 (irrigated) 109.0 495.5 87.0 395.5 XXX
3. In 2008(unirrigated) 117.0 531.9 95.0 431.9 XXX
LSD 5% 12
LSD 1% 21
LSD 0.1% 39

The mobile potassium content of the preluvosoihia start year (183.0 ppm) was high and, after &8s
the mobile potassium content was very high, 29@@ [in unirrigated conditions and 240.0 ppm in iatied
conditions; the differences in comparison with skert year are statistically very significant (eaffl).
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Table 11

Irrigation influence (1976-2009) on mobile potassicontent of the preluvosoil from Oradea

L KaL Difference Statistical
Specification 3 e
ppm %o ppm % significance
1.1n 1976 183.0 100 - - Control
2. In 2008 (irrigated) 240.0 131.2 57 31.2 XXX
3. In 2008(unirrigated) 290.0 158.5 107 58.5 XXX
LSD 5% 12
LSD 1% 19
LSD 0.1% 30

The irrigation influence on the microclimate condiions

The irrigation determined the improve of reportvestn water and temperature quantified by de Magonn
aridity index with 126%; the microclimate was cladesized “wet” in comparison with “demiarid”, the
microclimate of the unirrigated maize. The usehd Domua climate index show a “wet I” microclimate in
comparison with “median drought” the microclimafette unirrigated maize. (table 12)

Table 12
Irrigation influence on microclimate in maize, Oead2007-2009
Variant Irrigation season (April-August)
Value | % | Microclimate characterisation
de Martonne aridity index (IdM)
Unirrigated 21.7 100 demiarid
Irrigated 49.1 226 wet
Domua climate index (IcD)
Unirrigated 7.0 100 median drought
Irrigated 14.5 207 wet |

The irrigation influence on the plants water consurmption

Total water consumption of the maize plants inedasith 45.1% in irrigated conditions, variationerval
9-145%. The participation percentage of the iri@atn covering of the total water consumption asrthe yeas
was between 7.4% and 61.2% (table 13).

Table 13
Irrigation influence on maize water consumptiona@®a 1976-2009
Total water consumption Covering sources
Variant m¥ha Variation interval Soil water Rainfall Irrigation
% reserve m’/ha | Variation interval %
Unirrigated 4343 100 1064 3279 - -
Irrigated 6300 109 — 245 536 3279 2452 7.4-61.2

The irrigation influence on the maize yield quantity and quality

The irrigation determined an yield gains of 78%riatéon interval 7-812%. The yield stability was
improved, too; the standard deviation value dee@agth 42.6% (table 14)

The protein content of the maize grains increasethé irrigated variant in comparison with unirtigg
variant with 19.7%. As consequence, the relatifieidince between the protein production from inggiavarint
and protein production from unirrigated variant %) is bigger than relative difference between ggos
production (78%) (table 15).

Table 14
Irrigation influence on maize yield, Oradea 197®20
Yield -
Variant Average Variation interval Standard deviation
Kg/ha % Kg/ha % Kg/ha %
Unirrigated 6870 100 1510 -11840 100 3271 100
Irrigated 12232 178 7850 - 16480 107 - 912 1879 457,

LSE)/Uz 370; LSD1%= 490; LSDO_1%= 720
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Table 15
Irrigation influence on the grains protein contehthe maize, Oradea 2007-2009

) Protein content
Variant % % Kg/ha %
Unirrigated 8.88 100 605.0 100
Irrigated 10.63 119.7 1300.3 215

CONCLUSIONS

The researches that were carried out in the lomg teal placed on the preluvosoil from Oradeal @76, in

the Northern-Western part of Romania, led to thie¥ang conclusions:

In the melioration crop rotation with alfalfa, afte3 years of a correct irrigation use, the maggregates’
hydro stability degree (38.62%) did not decreasecamparison with the unirrigated wheat-maize crop
rotation. In unirrigated conditions, the value &%) determined in the melioration crop is very ffigant,

higher than the value determined in the wheat-maiap rotation; the highest differences were regest in
the aggregates with a diameter bigger than 5 mm.

In the irrigated melioration crop rotation, the kuensity, total porosity, penetration resistancd the
hydraulic conductivity had worse values than thesoim the unirrigated wheat-maize crop rotationtbe
unirrigated melioration crop rotation, the valuesrgvvery significant better than the values froririgated
wheat-maize.

After 33 years of a correct irrigation use andhie tonditions of the melioration crop rotation amganic and
chemical fertilization in accordance with the yig®port, the humus content did not decrease sagmifiin
comparison with the initial content 1.67% vs. 1.4%the unirrigated variant the difference is statally

very significant bigger than the initial content.

The use of the irrigation water with aaigh content determined an increase of the pHevelistinctively
significant (6.0 vs. 5.81) in comparison with tinéial pH. In the unirrigated variant, the chemidettilizers
use determined a decrease distinctively signifi¢arh vs. 5.81) of the pH in comparison with théiah

value.

The mobile phosphorus increased in comparison thghinitial value (22.0 ppm) with 39.5% in the gaied
variant and with 431.9% in the unirrigated variarie increase of the mobile potassium was of 31a2
58.5%. All the differences in comparison with théial values are statistically very significant.

The irrigation determined the improve of the midimate conditions, the increase of the plants water

conditions, the yield gains very significant stitially and bigger protein content of the maize.
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