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ABSTRACT

The paper presents the results of the researches carried
out during 1976-2000 under field conditions, for soil wa-
ter balance from Oradea. Ten to ten days determinations
of the soil moisture show, on 3-75 cm depth, the de-
crease of the soil water reserve below minimum available
water content (MAW) every year and below wilting point
(WP) in ten out of the 25 studied years. The irrigation
regime used for maintaining the soil water reserve below
minimum available water content and field capacity n-
cluded an irrigation rate of 2,285 m®/ha (variation interval
300-4,020 m¥ha) gplied in five rates. The irrigation de-
termined the improvement of the water/temperature +
light rapport (Domupa hydroheliothermic index); the mi-
croclimate of the irrigated sunflower was characterized
~wet I” vs. ,moderately droughty” under nonirrigated
sunflower. The values of the daily water consumption
increased, the greatest differences between irrigated and
dryland variant were registered in July-August. Total
water consumption increased, on an average, with 50.9%
in irrigated variant. Rainfall registered during the sun-
flower vegetation period had the biggest participation in
covering the water consumption, 72.9% in dryland vari-
ant and 48.3% in irrigated variant. The irrigation partici-
pation was of 38.9%, the variation interval 6-62%. Irriga-
tion determined the obtainment of an average yield gain
of 1,132 kg/ha (3,401 kg/ha vs. 2,269 kg/ha). The variation
interval of the relative differences between the variants
was of 6.1% (in 1979) — 109.9% (in 2000). During ten
years, water use efficiency had smaller values under irri-
gated variant and during 15 years under dryland variant.
The statistically ensured inverse links, were quantified in
the soil —water — plant system between number of days
with soil hydric stress (water reserve below minimum
available water content and wilting point) and yield, wa-
ter use efficiency, respectively. The statistically ensured
direct links, were quantified too, between number of
days with soil water reserve below minimum available
water content and yield gain obtained by irrigation, be-
tween water consumption and yield and between the
water/temperature + light rapport (Domupa hydrohelio-
thermic index) and yield. Also, all links sustain the irriga-
tion opportunity in sunflower under Cri® Plain condi-
tions.
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INTRODUCTION

nflower is capable to achieve reasorable
and oil quantities even under hydric

stress conditions, because of a favourable rappart
between evapotranspiration deficit and yidd dimi-
nution (Vranceanu, 2000). At the same time, s
flower satisfies itsdf with moderate moigture, till
the inflorescence opening, but the yield is strongly
affected when water defficiency appears during
flowering and in the following stages (Bilteanu,
1974). Robdin (quoted by Bilteanu and Birnaure,
1979) shows that the most harmful drought effect
on yidd manifests keginning with 20 days before
flowering till 15-20 days after it, and Sandoiu,
quoted by the same authors, shows that another
citical point for waer is a 4-5 weeks after
emergence during the flora internodes formation.

On the world plane, numerous research re-
garding the sunflower irrigation, have been pe-
formed. The Romanian research had in view the
irrigated sunflower management irrigation influence
on water consumption and yield, correlation water
consumption — yidd, watering prognoss and
warning (Vranceanu, 2000).

The sunflower ecologica map performed by
Vrénceanu (1974) places the Cris Plain into the
third favourableness area of the crop. Research
regarding different aspects of sunflower technol-
ogy in this area were published by Mate (1972),
Zahan et al. (1984), Ciobanu (1988), Csep
(2000), Ciobanu and Popescu (1996), Bucurean
and Voinescu (1995). The irrigation nfluence on
water consumption and yield, watering prognoss
and warning were performed by Grumeza et d.
(1987). Domuta published researches regarding
the contribution of the weter layer subadjacent to
watering depth to the total water consumption,
influence of watering rate diminution on yied and
waer efficiency, influence of irrigation on micro-
climate (Domuta 1995; Domuta et a., 2000).

In this paper, the soil — water — plant system
is andysed by the subsystems soil — water (peri-
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ods with the water reserve below both minimum
avalable water content and wilting point) and wa
ter — plant (water consumption), emphasizing the
irrigation influence on microclimate, yield and wa
ter efficiency; dso, the corrdations ketween dif-
ferent parameters of soil — water — plant system,
are quantified.
MATERIALS AND METHODS

The researches were performed in the field
of soil water baance placed a Oradea on a
brown luvic soil, with a humus content of 1.8%
and a pH of 6.5. After 25 years of daionary re-
searches (characterized by a superior crop man
agement), the content of available phosphorusinto
ploughed layer ranged from 30.6 ppm to 130.5
ppm and the content of potassium reached 190.6
ppm.
The cdimatic dements were registered at
Oradea meteorologicad daion. The rainfal mulk
tiannua average (1931-2000) registered during
an agricultura year is 615.5 mm and that of ar
average temperature of 10.2°C; air humudity has
the vaue of 78% and the sunshine duraion is of
2,039.8 hours.

The aunflower irrigaion was carried out
when the soil water reserve on 0-75 cm depth
reeched the minimum available water content
(19.2; 2,163 nilha) established at 2/3 from the
active moisture interval (2,655—1,181 n/ha).

In order to maintain the water reserve be
tween the minimum available water content and
the field capacity, determination of soil moisture
was necessary every ten days. The determination
of soil moisture was gravimetrically realized on 10
cm depths till 1985 and gravimetrically on G-50
cm + neutronically on 50-150 cm, during 1986—
2000. For the neutronic determination, the UVA-
2 equipment performed by the Indtitute of Physics
and Nuclear Power, Bucurest-Magurde, was
utilized. The good cdibration of the equipment
into fidld determined the obtainment of an
creased precison — 1.24% standard deviation of
differences between neutronic moisiure and gra-
vimetric one on 50-150 cm depth and 0.45% on
100-150 cm (Domuta, 1995).

For the microclimate characterization, the
»,Domuta hydroheliothermic index” wes uti-lized;

this indicator proved to be superior to other indi-
cators used in Romania (Sabau et a., 1999;
Domutaet a., 2000).

The water consumption was determined by
the soil water balance method, the utilized depth
being 0- 150 cm (Grumeza et d., 1987, 1989).

The optimum crop technology for the ares,
was utilized. All dong the years, the Romsun hy-
brids were sown, and from 1988 till 2000 they
were replaced by Super hybrid. The sowing den
sity was of 60,000 pl./ha under irrigation and
50,000 pl./ha under dryland conditions.  The
fertilization consisted of 120 kg N/ha, 120
kg P205/ha and 60 kg Kzo/ha.

RESULTS AND DISCUSSION

Soil hydric stress in nonirrigated sunflower

The specid literature has accepted the defini-
tion of minimum avalable water content given by
Botzan in 1966 as ,the point from the avaiable
moidture interva until which the soil moisture can
decrease without affecting evidently the yieds’
(Canarache, 1990). As follows, the periodswith
water reserve below the minmum available water
content represent periods with soil hydric sress.
The identification of these periods was possible
because the decadd determinations were graph-
cdly represented, on millimetric paper, into dr-
namicss, annud diegrams which dlowed the
enough dear identification of periods in which the
water reserve on G-75 cm depth was below the
minimum available water content, have esulted.
During some years, the water reserve on 0-75cm
depth (sunflower wetting depth) decreased even
bdow the wilting point. As regards the wilting
point, the explanations given by Simota (1959),
quoted by Canarache (1990) should be teken into
congderation, showing that it is carrect to define
an wilting intervad in which the wilting coefficient
has a conventiond place, because, under field
conditions, the plants can survive & a moidure
below the wilting point.

The soil hydric stress was quantified by two
parameters.
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— number of days with water reserve bdow
the minimum available water content on 0-75 cm
depth;

— nurber of days with water reserve below
wilting point on 0-75 cm depth.

The data andlyss regarding the number of
days with water reserve below the minimum avail-
able water content on G-75 cm depth in nonirri-
gated sunflower, emphasizes the fact that the phe-
nomenon was registered every year out of 25
tested ones. The mean number of days with hydric
stress during the sunflower irrigation (15" April —
15" August) was of 87 days; in 11 years
(44%) the number of days was letween 60 and
90, in 7 years(28%) was between 90 and 120, in
3 years (12%) was between 30-60 and 120-
150 respectively, and in one year, the number of
days was smdler than 30. The longest periods

with water reserve lelow the minimum avalabdle
water content were registered in August (27 days)

and July (28 days) ( Table 1).

The decrease of the water reserve below the
wilting point was registered in ten years (40% fre-
quency); the longest period (63 days) was regis-
tered in 1992. The highest frequency of the pre-
nomenon was registered in August (Table 2).

Irrigation regime utilized for the maintaining
of water reserve between minimum available
water content and field capacity

During the invedtigation years, the mean irri-
gation rate used for the maintaining of water re-
serve between minimum available water content
and field capacity on G-7/5 cm depth had the
vaue of 2285 ni/ha, and the mean watering
number was of five; the variation ntervas 300-

Table 1. Analysis of periods with soil water reserve (WR) below minimum available water (MAW) content
on 0-75 cm depth, in nonirrigated sunflower. Oradea, 1976-2000

Days with
WR < MAW,
o = - ° . 3 Tota_l days Veget_ation Irrigation % from
Specification 2 § § E] =) with: period period*’ = -
< WR<MAW (days) (days) "o | ®.o
28| 2%
o =
Minimum value 0 0 0 0 10 10 110 122 9.1 8.2
Maximum 10 31 30 31 31 125 164 122 76.2 | 102.5
value 2 11 19 27 28 87 135 122 64.4 71.3
Mean value 40| 44.0 | 92.0 | 96.0 100 100 - - - -
Frequency%

* Irrigation period: 15 April— 15 August = 122 days

Table 2. Years with water reserve below the wilting point on 0—75 cm depth, in nonirrigated sunflower,
under conditions from Oradea, during 1976—2000

May — May —
Year June July August September August September
1987 17 31 15 48 63
1988 13 13 13
1990 8 8 8
1991 18 18 12 10 48 58
1992 2 31 31 - 64 64
1993 13 16 31 - 60 60
1994 31 31 - 62 62
1995 5 31 36 36
1998 5 - 5 5
2000 3 18 31 9 52 61

Table 3. Irrigation regime utilized for the maintaining of water reserve between minimum available water content and
field capacity, on sunflower watering depth (0-75 cm). Oradea, 1976-2000

Annual regime Monthly regime
Specification am n _ April _ May _ June _ July OAumst
am n am n am n am n am n
Minimum value 300 1 0 0 0 0 0 0 0 0 0 0
Maximum value 4,020 8 320 1 1,000 2 1,280 3 1,660 | 3 | 1,040 | 2
Mean valiie 72 7858 5 - — 275 112 530 1112 Q990 2 490 1
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4,020 nt/ha, 1-8 waterings respectivdy. The
highest mean vaue of monthly irrigation rate (990
n/ha) was registered in July (Table 3).

Irrigation influence on water/temperature +
light rapport

A possibility to characterize the crop climate
and microdimate is the utilization of dimetic indi-
ces. There are lots of climatic indices, anong the
wdl-known ones being De Martonne aridity
index, Donciu dimatic index and recently, Pdfa
aridity index. The Domuta hydrohdiothermic i
dex was proposed in 1995, and Sabau et 4.
(1998) dotained better results with this index in
compaison with the above mentioned indices.
The hydrohdliothermic index was cdculated after
the formula:

IhD = 100W/at + D.sss;
inwhich:

W = waer (ranfdl, irrigation, underground
water), mm;

at = hiologicaly active temperature sum, °C;

D.s.s. = sunshine duration, hours.

The characterization of irrigated crops ni
croclimate by the climatic indicators erphasizes
only the irrigation influence on weater factor. The
irrigation influence on ar temperature and humidity
should be taken into congderation, too (Domuta

et a., 2000).

On an average, during the studied years, the
irrigation season was characterized as ,,wet I” ur
der irrigation conditions vs. ,, moderately droughty”
under dryland conditions, the difference between
IhD vaues in those two variants being of 55.5%.
In duly, the month with the highest irrigation rete,
the difference between irrigated and dryland con
ditionswas of 115.3% (Table4).

Irrigation influence on sunflower water
consumption

As arule, the sunflower was sown in the last
decade of April, so that in this month, the mean
vaues of daly water consumption were of 17.5
nt/day under dryland conditions and of 18.2
n/day under irrigation.

Beginning with May, the utilization of irga:
tion determined an increase of the daly water
consumption of 48.4% vs. dryland conditions.
June is the month with the greatest rainfdl; the
better supply with water determined daly water
consumption vaues close to those of irrigated
surflower, the relative difference being of 26.9%.
The highest absolute difference between the two
variants was registered in July (21.8 ni/day), and
the highest rddive difference was regigered in
August, 107.7% (Table 5).

The maximum vaue of sunflower water con

Table 4. Irrigation influence on water/temperature + light rapport (Domupa hydroheliothermic index, 1hD) in sunflower.
Oradea, 1976-2000

. A . April -
Variant Specification April May June July August August
Nonirri- Value 9.5 8.7 10.3 8.5 6.1 8.62
N Moderately | Moderately Moderately | Moderately Moderately
gated Characterization wet droughty wet droughty Droughty droughty
Value 9.5 11.6 16.6 18.3 10.8 13.4
Irrigated . Modera- Modera- Modera-
Characterization tely wet tely wet Wet Il Very wet tely wet Wet |
Diff.irrigated — nonirrigated (%) 0 33.0 61.1 115.3 77.0 55.5

Table 5. Mean daily water consumption of sunflower, under both irrigation and dryland conditions. Oradea, 1976—2000

April May June July August
Specification m®ha % m%ha % mha % m3ha % m3ha %

Dryland

Mean value 175 100 26.4 100 40.4 38.6 19.5

Variation interval 5.2-23.8 - 13.5-42.9 - 19.6-64.8 5.7-50.1 3.3-36.0
Irrigation

Mean value 18.2 104 39.2 148.4 51.3 126.9 60.4 156.5 40.5 207.7

Variation interval 10.0-35.0 - 19.5-45.0 - 36.2-68.3 - 32.0-79.5 - 29.5-59.0 -

Diff. irrigated —

NnNnnirrinatand an7 AN 412 Q AQ A +1Nna 2R Q 421 Q ER R 421 N 1N7 7
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sumption was registered in June (40.4 n/halday),
under dryland conditions, while under irrigation
the maximum vaue of waer consumption was
registered in July (60.4 n/halday). Figure 1 pre-
sents the evolution of daily water consumption in
the two tested varants and the regression func-
tions.
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Figure 1 Theirrigation influence on daily water con-
sumption in sunflower. Oradea, 1976—2000

Under these conditions, the total water con
sumption in irrigated sunflower increesed with
50.9% vs. dryland variant (5,876 n¥/havs. 3,893
nt/ha), variaion interva 7-166%. During the
years, the tota water consumption vaues were
between 4,781 m¥ha (in 1979) and 7,083 ni/ha
(in 1989) under irrigation conditions and between
2,340 m¥/ha (in 1992) and 5,847 m¥/ha (in 1978)
under dryland conditions.

The precipitation during the sunflower vege-
tation period represents the main source for cov-
ering sunflower water consumption under both
irrigation  (48.3%) and dryland conditions
(72.9%). During sunflower vegetation period, the
ranfal ranged between 95.0 mm (in 2000) and
531.6 mm (in 1978).

The irrigation had a moderate weight in pre-

cipitation supplying of 38.9%, the variation inter-
va being between 6% (in 1998) and 62% (in
2000) (Table 6).

Under dryland conditions, sunflower utilized
1,036 mf/ha from the soil reserve (precipitation
registerad during the preceding crop harvesing—
sunflower sowing) and with 282 ni/ha less than
under irrigation conditions, as follows, the soil wa-
ter reserve registered at the sunflower harvesting
hed higher vadues under irrigation, dlowing a

qualitative ploughing.

The irrigation influence on yield

During 1976-2000, the irrigation determined
an average yidd of 3,401 kg/ha, with 49.9%
greater than in dryland variant.

During the years, the yield rlative differences
were between 6.1% (in 1979) and 109.9% (in
2000). The greatest yield difference was regs-
tered in the year with the smallest rainfal quantity
during the sunflower vegetation period, but the
smdlest yield difference registered does not coin-
cide with the year with the greatest rainfal quan-
tity. In five years the yidd rdative differences
were below 20%, in other five years the yield dif-
ferences were ketween 20 and 40%, in four years
theyidd differenceswereof  80-100%, in three
years the relative differences were of 40-60%
and up to 100% respectively and in other years
the relative differences were between 60 and 80%
(Table 7).

Previous researches performed under the
same conditions show that the irrigation deter-
mined the improvement of yied sability, the vdue
of dandard deviation being smdler with 8.6%
than in dryland variant (Domuta et al ., 2000).

Table 6. Total water consumption of irrigated and nonirrigated sunflower and the sources for water supplying.
Oradea, 1976-2000

Total water con- Sources of water consumption supplying
sumption
Variant Soil reserve Precipitation Watering
mé/ha % Variation Variation
m*/ha % m¥ha % interval m?/ha % interval
(m%¥ha) (%)
Nonirrigated | 3,893 100 1,036 27.1 2,837 729 | 950-5,316 - - -
Irrigated 5,876 150.9 754 12.8 2,837 48.3 | 950-5,316 2,285 | 38.9 6-62
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Table 7. Irrigation influence on sunflower yield under conditions of Oradea, during 1976-2000

Precipitation Yield Yield difference
(mm) (kg/ha) irrigated — nonirrigated

Year October - April -
irri i 0
March September Unirrigated Irrigated Kg %

1976 146.2 355.7 2,020 2,730 710 35.1
1977 296.8 299.8 1,810 2,310 500 27.6
1978 255.3 575.6 1,520 1,760 240 15.8
1979 165.5 279.8 2,310 2,450 140 6.1
1980 176.5 493.1 1,700 1,820 120 7.1
1983 207.7 312.1 2,920 3,300 380 13.0
1984 173.3 351.5 1,500 2,390 890 59.3
1985 194.1 416.0 3,090 4,070 980 31.7
1986 283.8 354.8 2,530 3,760 1,230 48.6
1987 208.8 368.7 2,410 4,550 2,140 88.8
1988 348.2 328.0 2,770 4,580 1,810 65.3
1989 135.5 420.4 2,990 4,460 1,470 49.2
1990 164.8 254.4 2,000 4,110 2,110 105.5
1991 195.5 391.6 2,690 4,470 1,780 66.2
1992 226.9 226.5 1,570 3,220 1,650 105.1
1993 262.3 271.5 1,750 3,360 1,610 92.0
1994 271.8 358.1 1,350 2,620 1,250 94.0
1995 219.6 343.9 1,860 3,470 1,610 86.5
1996 257.6 623.1 2,915 3,630 715 245

1997 226.1 524.3 destroyed by hail - -
1998 178.2 603.2 3,152 3,660 510 16.2
1999 289.3 447.2 2,960 3,670 710 23.9
2000 352.0 175.4 2,110 4,430 2,330 109.9

Water use efficiency

There are many categories of indicators of
water use efficiency estimation (Grumeza e d.,
1989; Domuta et d., 2000). Among them, in the
paper are analysed: water use efficiency (WUE) —
caculated as a rapport between yield obtained
and the tota water consumption; transpiration co-
effident (TC) cdculated as a rapport between
water quantity (kg) consumed for the obtainment
of 1 kg of dry matter of main yield and by prod-
uct. After Merrien, quoted by Vranceanu (2000),
the water use efficiency was calculated as a rap-
port between dry matter quantity from sters and
the consumed water (litres) aswell asrapport be-
tween dry matter from achenes and consumed
water (litres).

The data obtained point out a better water
use efficiency (WUE) in dryland variant as cam
pared with the irrigated one, 0.58 kg/n? vs. 0.57
kg/m?. During the years, ten Situations have been
regigered when the WUE vaue in irrigated variant
was smdler than in dryland one and 15 Situations
when the WUE vaue was gregter in irrigated vari-
ant than in dryland one. The greatest negative dif-

ference letween the WUE vdue from the two
variants was re-gistered in 1977 (45.5%), and
the greatest podtive difference (39.0%) was reg
igered in 1991 (Table 8).

Table 8. Irrigation influence on WUE by sunflower crop
under the conditions of Oradea, during 1976-2000

. Water use effi- Variation interval
Variant ciency
kg/m® % kg/m?® %
Nonirrigated [ 0.58 100 0.26-0.81 | 100
Irrigated 0.57 98.2 0.31-0.89 [ 54.6-139.1

The dry matter quantity determined for the
tota stem mass was, on an average, of 4,400 kg
in nonirrigated sunflower and of 9,020 kg in irni-
gated one. Under these conditions, by the calcula-
tion of transpiration codficient, the meen differ-
ence regisered between the two variants
(19.6%), is bigger than the difference registered at
the previousindicator.

The calculation of the WUE as rapport be-
tween dry matter quantity obtained to 1 litre of
consumed water emphasizes greater vaues in irmi-
gated variant, 1.54 ¢/l vs. 1.13 g/l. At the same
time, the dry matter quantity from achenes do-
tained as follows of 1 litre water consumption has
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smdler vaues under irrigation conditions vs. dry-
land ones, 0.64 g/l vs. 0.65 g/l (Table 9).

tion coefficient vaue (0.69) is smdler than the
corrdation coefficients obtained at other crops

Table 9. Irrigation influence on value of some WUE indicators in sunflower. Oradea, 1976-2000

Transpiration Efficiency
Variant coefficient Total dry matter Dry matter in achenes
kg dry matter/kg % g/l % g/l %
consumed water
Nonirrigated 606 100 1.13 100 0.65 100
Irrigated 487 81.1 1.54 136 0.64 98.4

Table 10. Correlations in soil-water-plant system at nonirrigated and irrigated sunflower crop. Oradea, 1976-2000

Correlations Regression functions Corr_e!atlon
coefficient (r)
Day number with water reserve < Pmin. x Yield Y =-0.4388x° + 60.843x + 614.7 0.81%%
Day number with water reserve < WP x Yield Y =-0.5156x2+ 11.79x + 2,970.9 0.86%°
Day number with water reserve < Pmin. x WUE Y =-3E0.5x%+ 0.002x + 0.6902 0.77000
Day nymber with water reserve < Pmin. x Yield gain Y = 25.06x08%6 0.82%**
Water consumption x Yield Y =-9E0.5x2+ 0.1294x- 10.816 0.62**
Hydroheliothermic index x Yield Y = 626.84x06152 0.77***

Correlations in soil — water — plant system
at sunflower crop under both irrigation
and dryland conditions

The corrdaions of ,number of days with
waer reserve below the minimum available water
content” indicator emphasize a datidticadly very
ggnificant inverse link, between day number with
water reserve beow the minimum available water
content and yield obtained under dryland condi-
tions.

The same link type was registered in the car-
relation with WUE too, but the correlation coeffi-
cient has smdler vaue, the phenomenon is ex-
plained by the fact that during 1976—1983 many
gtuations in which the WUE had vaues inferior to
the vadues obtained under dryland conditions,
have been registered because of the utilized hy-
brids as well as datidicdly very sgnificant direct
link, with the yield gain obtained by the irrigation
utlization.

The corrdation ,day number with soil re-
serve below the wilting point” indicator with the
yield obtained under dryland conditions indicates
a daidicdly very sgnificant inverse link (Table
10).

Between the sunflower water consumption
under dryland and irrigation conditions a digtinctly
ggnificant direct link was registered. The correla

from area (Domutaet a., 2000).

A ddidicaly very sgnificant direct link was
registered between the Domuta hydrohdiothermic
index vaues and yields obtained under irrigation
and dryland conditions. This shows that the im-
provement of microclimate conditions by using the
irrigation determines the yield increesing. Among
these five tested yield functions (linear, logarithmi-
cd, polynomid, srength and exponentid), the
grength function mogtly quantified the link be-
tween climatic indicator and yidd. All these yied
functions emphasize that by the correction of soil
hydric stress and the improvement of microclimate
conditions and water corsumption, sunflower
yidds superior to those obtained under dryland
conditions, have been achieved. If a the hybrids
used during the first years of research the WUE
was inferior in dryland veriant vs. irrigated one,
the results from the last 10-13 years under irriga-
tion conditions revedled a superior WUE. All
these results uderline the fact tha the irrigation
are necessary and opportune in sunflower crop
under conditions of Cris Plain.

CONCLUSIONS

The ten to ten days determination of soil
moisture shows that during 19762000 in dryland
sunflower, the water reserve on 0-75 cm depth
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decreased bdow the minimum availeble water
content every year, and in ten out of 25 sudied
years, the soil water reserve on the same depth
decreased even below the wilting point.

For the water reserve maintenance between
the minimum available water content and fidd ca-
pacity on 0—75 cm depth, a meaen irrigation rate of
2,285 m*ha (variation interval 300—4,020 nt'/ha),
was used. The irrigation determined the improve-
ment of water/temperature + light rgpport
(Domuta hydrohdiothermic index) in irrigation
period, the irrigated crop microcimae beng
charecterized as ,wet |7 vs ,moderatdy
droughty” under dryland conditions. The values of
dally water consumption incressed, the gregtest
differences being registered in July and  August
(flowering — grain filling); mathematica models of
daily consumption are as a second degree poly-
nom. The total water consumption of irrigated
variant increased, on an average, with 50.9%. The
ranfal during the sunflower vegetation period had
the greatest participation in water consumption
covering, 72.9% under dryland conditions and
48.3% under irrigation conditions; irrigetion had a
participation of 38.9%, variation intervd: 6-62%.

The irrigation determined the obtainment of a
mean yield gain of 1,132 kg/ha (3,401 kg/ha vs.
2,269 kg/hd). The variation interva of relative dif-
ferences between the two variants was between
6.1% (in 1979) and 109.9% (in 2000). The irri-
gation determined the yield gtability increasing.

During 15 years, the WUE had greater val-
ues under irrigation conditions and during ten
years had greater vaues under dryland conditions.
The transpiration coefficient had a value of 606
under irrigation vs. 487 under dryland conditions.
The rapport between dry matter from achenes
and consumed water had the mean vaue of 0.64
o/l under irrigation vs. 0.65 g/l under dryland con
ditions.

In the soil —water — plant system, Satigticaly
ensured inverse links between day number with
s0il hydric dress and yidd, WUE respectively,
have been quantified. The Satisticaly ensured d-
rect links between day number with soil reserve
bdow minimum available water

content and yield gain obtained by irrigetion, wa-
ter consumption and yiedd as wdl as between
Domuta hydrohdiothermic index and yield, have
aso been quantified. All these results underline the
sunflower irrigation necessity and opportunity ur
der CrisPlain conditions.
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Table 1. Reproduction &hility of the E. integriceps recent generations,
as compared with multiannua average (1970-2000) and with the
specific years: favourable (1986) and unfavourable (1989).
Natural Prolificacy (egg/female)
gene
rationof E under under  controlled

field conditions

condi
tions
integriceps average  max-
mum/fe
mde
1970-2000 40.2 579 311
1986 56.3 713 298
1989 18.8 271 87
19% 471 69.9 302

1997 46.6 68.6 197
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1998 375 538 209
1999 388 545 219
2000 393 557 208

Table 2. Prolificacy level of some E. integriceps populations (fertile
femdes), from generations with different fat body levels, collected from
the field, at the beginning of migration and studied under controlled
conditions.

Fat Gengdion  Prolificacy

body (egg/femde)
aver- maxi-
age mum

23.4 1989-1990 32.1 97

22.5 1972-1973 334 127

26.5 1971-1972 46.4 148

27.9 1977-1978 67.5 186

28.0 1984-1985 836 210

29.7 1985-1986 953 234

29.8 1994-1995 104.7 246

Table 3. Levd and stages of fat body diminution at E. integriceps

(multigeneration average).
Stages Fat body level Diminution

limits average limits average
Diapause 33.03-37.58 3569 0 0
beginning
End of diaz 21972764 2543 24.57- 27.39
pause 36.33
End of ovi- 812-1039 8.78 6650 7443
position 78.69

Table 4. Mortaity registered a the Eurygaster integriceps
populations, during digpause in different generations, from
Romanian area

E. integriceps Mortdity (%)

naiurd  popula-
tion
Limitsin counr Total area
ties (mean)
2000-2001 4.6-35.7 8.7
1995-1996 3.7-36.4 10.2
2001-2002 5.1-32.3 12.7
1985-1988 3.841.2 14.8
1999-2000 4.8-97.6 24.5
1973-1974 11.6-85.0 39.5

1988-1989 17.5-68.4 48.2
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Table 5. Fat body vaue at Eurygaster integriceps populations,
established on femae groups, distributed in weight classes, at the
beginning of digpause (multigeneration average).

Weight (mg) % from the total of Fat body (%)

population

limits average limits average
below0.110 3.7-7.7 5.6 262-266 264
0111-0.118 76231 133 265288 287
0.119-0126 159-247 197 328335 336
0127-0134  325-348 337 349364 354

over 0.145 24-308 286 35.7-39.8 387

Table 6. Fat body vaue at Eurygaster integriceps populations,
edtablished on mae groups, digtributed in weight classes, at the
beginning of digpause (multigeneration average).
Weight (mg) % from the total of Fat body (%)
population
limits ave- limits ave-
age age
below 0105 7.019.7 123  253-267 26.2
0.1060.113 168-199 173  27.2-285 27.7
0.1140.121 203-295 237  294-338 315
0.122:0.129 192-327 285  312-355 326
over 0130  155-239 194  314-36.6 338

Table 7. Mortdity (%) registered a Eurygaster integriceps fande

populations, depending on the fat body (multigeneration average).
Fat Mortality (%)
body
(%)

During August During November-

October March

limits average limits average
26.4 17-2 204 59-64 61.3
287 1315 129 4354 476
3B\6 917 125 4152 46.2
B4 411 66 29-34 336
3B7 47 58 26-35 309

Table 8. Mortdity (%) registered at Eurygaster integriceps mde

populations, depending on the fat body (multigeneration average).
Fat Mortality (%)
body
(%)
During August During Novenber-
October March
limits average limits average
26.2 2231 226 6271 67.1
277 11-24 204 5362 574
315 12-19 14.3 3947 440
326 9-18 12.7 3044 376
338 5-14 91 2445 323

Table 9. Sterility and prolificacy registered at the Eurygaster

65
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integriceps populations, depending on the fat body (multigeneration

average).

Fat Females sterility Mean prolificacy (egg/female)

body (%)

(%) limits ave- limits aver- maxi-
age ae mum

26.4 100 100 0 0 0

28.7 60-72 635 4.1-6.6 5.4 42
33.6 54-63 57.3 16.2-22.8 195 78
35.4 3544 391 264-331 303 135
38.7 2532 298 38.9-51.7 4538 194

Table 10. Multiplication index at the Eurygaster integriceps
populations, depending on the fat body (multigeneration average).

Fat Multiplication index
body (egg/femde)
(%)

limits average
26.4 0 0

28.7 0.37-2.47 154
33.6 4.54-9.62 6.95
35.4 28574018 35.22
38.7 49.38-64.83  56.47



