NEW ASPECTS REGARDING THE BEHAVIOUR OF MAIZE HYBRIDS UNDER DROUGHT
AND HEAT CONDITIONS

Dumitru Mitu”

ABSTRACT

The behaviour of 22 Romanian maize hybrids was stud-
ied during 1999-2002 at the Agricultural Research and
Development Station of Teleorman, under the conditions
of three different types of drought. The experimental
results show that the influence of drought on maize
yield varied depending on the severity and the way of
action of hydric and themmic stress, at different stages of
plant growth and development. During the maize vegeta-
tion period, under dryland conditions compared to irriga-
tion ones, drought led to yield diminution of about 28-
35%. During tasselling, blooming, pollination and corn -
grain formation, drought determined greater yield losses
under dryland compared to irrigation, between 56-65%.
Among the tested hybrids, Milcov, Fundulea 322, Parti-
zan, Paltin, Fulger, Faur, Campion, Olt, Fundulea 376 and
Rapsodia proved to have a good tolerance to drought
and heat.
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INTRODUCTION

Under Burnas Plain conditions, the great fre-
quency of drought and heet represents the
main limiting factor of maize yidd. In this areg,
both drought and heat occur as effect of insuffi-
cient soil moisture, ar maximum temperature
(>30°C), ar minimum relaive humidity (<35%) or
cumulative action of these factors, during different
meaize vegetation stages (Mitu et a., 1994).

Other researches from the specid litera
ture (Cosmin et d., 1978; llicevic and Radu,
1986; Mitu et d., 1989) showed the complexity
of drought and heat phenomena as well as the in-
fluence of these factors on maize growth and de-
velopment.

During 1999-2002, under Burnas Plain
conditions, different types of drought manifestation
were registered, which led to the obtainment of
new data regarding the behaviour of some maize
hybrids.

MATERIAL AND METHODS

During 1999-2002, under dryland condi-
tions, a A.RD.S. Teleorman, the yieds of 22
Romanian maize hybrids tested in compedtive tri-
as were used. The experiments were sown le-
tween 2" May (2000) and 11" May (1999,
2001) and the physiologica maturity was quoted
between 15"August (1999, 2000, 2001) and 6"
September (2002). In order to avoid the experi-
ment compromising, in 2000 and 2002 years, wa-
terings with reduced water norms were applied on
12" July (500 ni/ha) and respectivdy 5" June
(300 ni/ha). The behaviour estimation of maize
hybrids to drought and heat was made by com
paring the yields dotained under both dryland and
the irrigation conditions as well as by determina-
tion of gerile plant percentage.

The data processing and interpretation were
performed by ANOVA, regressions and correla-
tions (Saulescu and Saulescu, 1967; Sarca and
Ciocazanu, 1993).

PEDOCLIMATIC AND VEGETATION
CONDITIONS

The experiments were placed on a cam
bic/vertic chernozem, with high fertility, in a three
years crop rotation (soybean - wheset - maize), on
a background of 80 kg N + 80 kg ROs/ha. In
1999, during the maize vegetation period (1% May
- 31% August), 191.4 mm of rainfal wes regis-
tered, with 19% less than the zond normd quan-
tity (237.6 mm), fact that suggests the droughty
characteridic of this year for maize crop (Table
1).

The soil moisture reserve due to greater rain-
fal from the last two decades of May (22.8 and
20.7 mm) ensured favourable conditions for maize
emergence and vegetative growth. The drought of
1999’ s summer was much attenuated by the more
abundant rainfal from the third decade of June
(33.3 mm) and the last two decades of July (45.4
mm), coinciding with maize flowering, silking, pd-
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lination and grain formation which led to the ob-
tanment of high yidds of 39.3 - 61.8 g/ha. In
2000 year, the rainfdl during 1% May - 31% Au-
gust represented only 25% from the multiannud
zond average (Table 1).

vegetation period. Thus, June, July and August
were rainier with 44.0, 32.8 and 76.6 mm vs.
multiannua average, while May regstered a mois
ture deficit of 32.6 mm. This moisture deficit from
May and from the firs decade of June negatively

Table 1. Rainfalls and their distribution during the experimentation years
A.R.D.S. Teleorman, 1999-2002

% VoV v vie i Ix 1.\S/En32).:v| 1.V||Sf:sr:11.:vu| 1.V2T\:/III.
1999 54 | 561 | 539 | 497 | 317 | 993 (1815%/3 (%;2) (}391%/1‘)
2000 274 | 85 | 23 | 158 | 25 | 772 (3(1)5,) ( 113(;2) (gg(;)
2001 73 | 25 | 1541 | 179 | 193 | 32 | oo é;ﬁ) (223?;/3
2002 “s | 28 | 144 | 42 | 1280 | B4 | ig;'f@ (2201;;)) (fgf;;;)
X 512 | 202 | &7 | 44 | 41 | e13 (132;;)) ( gg';) | (%071'/1‘)
q'\l';;::?:y 49 | 94 | 704 | 614 | 64 | 428 | o000 ( ig&i) (128;2)

The very severe drought during the whole
maize vegetation, negaively influenced the plant
growth rhythm and had a harmful effect on fructifi-
cation processes, leading to the dotainment of
smdl yiedsof 8.6 - 31.9 g/ha.

In 2001 year, from the sowing to maize
physiologica maturity (1% May - 31% August), the
cumulated ranfal was of 220.8 mm, insuf-ficient
quantity for covering the maize water supply (Ta
ble 1). The rainfdl digtribution was ununiform dur-
ing the maize vegetaion period. Thus, June was
rainier with 83.7 mm vs. the normd of areg, while
May, July and August were very droughty with
deficits of 29.9, 435 and 27.1 mm. The more
abundant rainfall from the second decade of June
(120.9 mm) favourably influenced the maize vege-
tative cevelopment, because it coincided with the
intense plant growth. The moisture deficits from
July and August crested unfavourable conditions
during the reproductive organs gppearance (flow-
ering, slking) and grain formation, determining the
obtainment of relatively smdl yields of 34.6- 46.6
g/ha

In 2002 year, the cumulated rainfal during 1%
May - 31™ August exceeded with 51% the normal
of the zone (237.6 mm), suggesting &vourable
climatic conditions for maize crop (Table 1), but
thelr digribution was ununiform duing the maize

inflenced the plants growth rhythm and their
height. The more aundant rainfdl from the last
two decades of June and July as well as the rain
fdl from the first decade of August had a favour-
able influence on tassdling, floweing, silking, pd-
lintion and grain formation, leading to the obtain-
ment of rdaively great yidds of 37.2 - 92.5 g/ha
(Table4).

Under thermic aspect, dl experimentation
years (1999-2002) have been characterized by
hot summers, the average temperature of summer
(VI-VIII) being with 1.4 - 2.8°C higher than the
norma of the zone (Table 2). Sixty-one daysin
1999, 63 days in 2000, 57 days in 2001 and 45
days in 2002, the air maximum temperatures dur-
ing June - August (which coincided with the gp-
pearance of eproductive organs, pollination and
maize grain filling) had vadues between 30 and
44°C, and the ar minimum relative humidity de-
creased in some daystill 15 - 30% (Table 3).

Andysng the dimatic conditions of those
four experimentation years, one can ascertain that
they were \ary differentiated among them, by the
manifestation of three diginct drought types. Thus,
1999 and 2000 years could be characterized as
years with prolonged drought during the whole
vegetation period, 2001 year as a droughty year
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in the second part of summer and 2002 year as a
droughty year in the firg part of maize vegetation

period.
RESULTS AND DISCUSSION

The yidds achieved by the maize hybrids,
during the four years of experimentation, eflect
the totd rainfal quantity from the maize vegetation
period (1% May - 31™August), being maximumin

Greater yields, between 44.5 and 49.5 g/ha
were achieved by Fundulea 322, Danubiu, Granit,
Olt and Partizan hybrids, too. Their yieds gains,
as compared with the standard hybrid (Fundulea
320) were very significant vs. experiment eror.

In 501-600 FAO maturity group, Campion
hybrid gave maximum yied of 54.7 g/ha, exceed-
ing very dgnificantly the control (Fundulea 376)
with 14%. The yidd difference (+6.8 g/ha) vs.
control was very sgnificant vs hybrids x years
interaction, too.

Table 2. Air average temperature (°C) during the maize vegetation period
A.R.D.S. Teleorman, 1999-2002

Years Average Deviation
Months v v v Vil Vil X 1VI.-3LVIII vs. normal
1999 12.8 16.7 227 24.6 23.7 18.3 237 +19
2000 144 185 22.8 25.6 25.3 17.3 24.6 +2.8
2001 10.9 17.3 20.3 24.9 25.9 18.8 237 +19
2002 9.7 19.2 22.3 25.3 22.0 16.9 232 +14
; 120 179 220 251 24.2 17.8 238 +20
Normal 11.6 16.9 20.5 225 22.3 18.0 218 -
Table 3. The frequency of heated days during the maize vegetation period
A.R.D.S. Teleorman, 1999-2002
Months Total
Years . June-
April May June July August September Auaust
No. of dayswith maximum air temperature > 30°C
1999 1(32°C) 21(30-34°C) 23(30-36°C) 17(30-39°C) 5(30-35°C) 61
2000 8(30-31°C) 18(30-38°C) 22(30-44°C) 23(30-39°C) 4(30-32°C) 63
2001 4(30-31°C) 7(30-39°C) 25(30-37°C) 25(30-38°C) 9(30-33°0) 57
2002 5(30-31°C) 14(30-39°C) 23(30-38°C) 8(30-33°C) - 45
No. of dayswith minimum air relativ e humidity < 30 %
1999 4(27-30%) 8(20-30%) 10(20-30%) 6(20-30%) 8(20-30%) 12(15-30%) 24
2000 1(30%) 3(27-30%) 15(22-30%) 18(21-30%) 10(24-30%) 1(30%) 43
2001 4(27-30%) 5(20-30%) 10(25-30%) 8(23-30%) 16(22-30%) 12(22-30%) 34
2002 5(27-30%) 17(22-30%) 16(23-30%) 11(25-30%) 4(28-30%) 9(28-30%) 31

2002, minimum in 2000 and intermediary in 1999
and 2001 (Table 4). In 301-400 FAO maturity
group, on an aerage of the experimenta cycle,
Minerva and Milcov hybrids gave very sgnifi-
cantly superior yieds vs. control (Saturn), with
9.9- 10.7g/ha

In 401-500 FAO maturity group, the grest-
et yidds (52.2 - 52.7 g/ha) were dotained by
Rapsodia, Pdtin and Fulger hybrids, which ec-
ceeded the control (Fundulea 320) with significant
yield gains vs. error and lybrids x years interac-
tion.

The linear regressons from tybrid and con
trol yieds, from each FAO neturity group, have
been analysed, in order to esimate their behav-
iour, under the three drought types conditions
manifested during the experimentation years
(1999-2002).

In 301-400 FAO maturity group, Minerva
and Milcov hybrids produced yields sgnificantly
superior vs. Saturn, both in 2000, year with &-
tremely severe and long duration drought and in
1999, year with prolonged but moderate drought
as well as in 2001 and 2002, years with @tid
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drought manifested in different intervas of maize
vegetation period (Figure 1). In comparison with
the control (Saturn), Oituz hybrid gave a Sgnifi-
cantly superior yiedd in 2000, year with totd
drought, but it was inferior to control and Mi-
nerva and Milcov hybrids, in 1999, 2001 and
2002, yearswith partid or long-duration drought.

In 401-500 FAO maturity group, Olt hybrid
gave yidds sgnificantly superior to control (Fun
dulea 320), during dl experimentation years,
showing a good adaptability to al kinds of
drought (Figure 2).

Granit and Partizan hybrids gave yidds smi-
lar to control (Fundulea 320) under excessive
drought conditions (2000) and significantly supe-
rior to it under moderate drought conditions
(1999, 2001 and 2002).

Pdtin hybrid gave yields sgnificantly superior
to Fundulea 322, under dl conditions during the
experimentation years, manifesting a high ecolog-
cd pladticity for the AR.D.S. Tdeorman zone
(Figure 3).

Danubiu, Rapsodia and Fulger hybrids had a
behaviour similar to control (Fundulea322)

Table 4. Yields obtained by the maize hybrids studied at A.R.D.S. Teleorman during 1999-2002

Hvbrids Yeas Averageyield Diff. Signif. vs:
y 1999 | 2000 2001 | 2002 gha | % g/ha error | interaction
FAQO 301-400* : 45-55,000 pl./ha
Saturn 4213 86 36.2 54.7 352 100 Control -
Minerva 556 14.2 46.6 64.0 451 128 + 99 bl
Milcov 55.3 223 392 66.7 459 130 +10.7 *kk *
Qituz 409 16.7 346 37.2 324 92 - 28 0
LSD 5% 26 101
LSD 1% 35 145
LSD 0.1% 4.6 21.3
FAO 401-500* : 40-50,000 pl./ha
Fundulea 320 446 20.7 3H1 59.6 400 100 Control -
Fundulea 322 455 24.4 404 69.5 450 113 +50 i
Danubiu 465 28.4 396 83.6 495 124 + 95 i
Granit 454 239 3385 70.1 445 111 + 45 bl
Olt 440 319 22 734 479 120 +79 * ok
Opa 461 230 364 474 382 96 - 18 -
Pandur 431 249 356 46.2 374 4 — 26 °
Rapid 426 27 435 62.8 429 107 + 29 *
Rapsodia 565 229 423 89.2 527 132 +12.7 el *
Soim 50.6 305 454 401 416 104 + 16 -
Vultur 485 159 425 634 426 107 + 2.6 *
Partizan 461 24.7 36.7 82.7 475 119 + 75 bl
Pdtin 61.8 283 46.0 73.8 525 131 +125 ok *
Fulger 544 258 453 831 522 131 +12.2 bl *
LSD 5% 25 11.2
LSD 1% 34 15.0
LSD 0.1% 4.4 19.7
FAO 501-600* : 3545,000 pl./ha
Fundulea 376 504 272 36.6 774 47.9 100 Control -
Octavian 492 211 394 80.6 476 99 -03 -
Faur 517 239 308 795 48.7 102 +0.8 -
Campion 59.7 235 429 925 54.7 114 +6.8 bl *
LSD 5% 30 56
LSD 1% 40 81
LSD 0.1% 52 119

* The framing of hybridsin FAO maturity groups was done based on the cultivars (hybrids) official list from Romaniafor

2001, published in Info-Amsem, no. 2/2001.
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in 2000, year with totd unfavourable conditions
for maize crop, but they proved to be productive
in 1999, 2001 and 2002, years with moderate
drought and heat. In 501-600 FAO maturity
group, Octavian, Faur and Campion hybrids gave
yields close to those of control (Fundulea 376) in
2000, the droughtiest year from the research pe-
riod (Figure 4). These hybrids achieved yidds
sgnificantly superior to Fundulea 376, only in
2002, the most favourable year for maize crop,
which indicates a higher vidding potentid.

7.0
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Figure 1. Linear regressions of grain yields of Minerva,
Milcov, and Oituz hybrids compared to Saturn; A.R.D.S.
Teleorman, 1999-2002
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Figure 3. Linear regressions of grain yields of Danubiu,
Rapsodia, Paltin and Fulger hybrids compared to
Fundulea322 A.R.D.S. Teleorman, 1999-2002

The sgnificantly negative corrdation (r = —
0.803°°) between the frequency of dterile plants
and yidd (Figure 5) demondrates thet, in
droughty years, the plant dterility represents the
decisvefactor of maize yidd diminution.

The investigated hybrids had a different ke-
haviour regarding the manifeation of this phe-
nomenon. Thus, some of them: Milcov, Fundulea
322, Danubiu, Partizan, Pdtin, Fulger, Fundulea
376, Faur and Campion presented a lower per-
cent of derile plants (5-9%) vs. average. The
grestest number of derile plants (14-20%) was
registered in Saturn,  Oituz, Pandur, Rapid and

Vultur hybrids.
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Figure 2. Linear regressions of grain yields of Granit, Olt
and Partizan hybrids compared to Fundulea320 A.R.D.S.
Teleorman, 1999-2002
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Figure 4. Linear regressions of grain yields of Octavian,
Faur and Campion hybrids compared to Fundulea 376,
A.R.D.S. Teleorman, 1999-2002
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In order to establish the factors invalved in
the manifegtation of this phenomenon, the corrdla-
tions between some climatic eements and the
number of derile plants in the 22 maize hybrids
tested a A.R.D.S. Teleorman, were caculated
(Tableb).

The experimental data show that the rainfdl
during summer (1% May - 31% August) sgnifi-
cantly diminished (r = —0.609°) the frequency of
derile plants.

Between maximum average air temperature
during 1% June - 31™ August and the dterile plant
percentage, a sgnificantly postive correlaion (r =
0.699") was established.

]
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Figure5. Correlation between sterile plant
frequency and grain yield of maize hybrids tested
at A.R.D.S. Teleorman during 1999-2002

A negative correltion, close enough (r = —
0.623°), between minimum ar relaive humidity

(average T une - 31% August) and the number
of serile plants, was determined.

Sgnificantly pogtive corrdaions between the
number of days with ar asolute maximum tem-
peratures (> 30°C) during 1% June- 31% Au
gust and the Sterile plant percentage (r = 0.596*)
as well as between the number of days with very
low minimum air rdative humidity (< 30%) for the
sameinterva and the frequency of sterile plants (r
= 0.839**), were established. These results em+
phasize that the more abundant ainfal and the
higher ar rdative humidity, during 1% June - 31%
August, determined the plant Serility diminution
and maxmum air temperatures and the frequency
of days with heat during the same time, ampified
the manifestation of this phenomenon.

The direct link between ranfdl for a given
period and maize yidd is underlined by the carre-
lation coefficients calculated for 1999-2002 years,
under A.R.D.S. Teleorman conditions (Table 6).
It is evident that the rainfdl from May, June and
July favourably but un sgnificantly influenced the
maize yidd. A didinct influence had the rainfdl
from August and those during 1¥ May - 30" June
and 1% ly - 31% Augugt, which were Signifi-
cantly pogtive coarelated (r = 0.863**; r =
0.659*; and r = 0.753**) with grain yield.

The cumulated rainfals during maize vegeta:
tive growth (1% May - 20" June), were not signifi-
cantly correlated with yield.
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Between the cumulated rainfdls during maize
vegetative growth (21% June - 31% August) and
yield, a digtinctly sgnificant postive corrdation (r
= 0.790**) was established.

A stronger positive correlation (r = 0.815**)
was determined between the sum of rainfall during
summer (1¥ June - 31% August) and maizeyidd.

During 1999-2002, a A.R.D.S. Teleorman,
the highest correlation coefficient (r = 0.880**)
was established between the sum of rainfals dur-
ing maize vegetative period (1* May - 31¢
August) and yield. Based on these results, one can
ascertain that under in zones with high frequency
of drought and heat from Burnas Plain, a favou-
able rainfal regime during this interval, ensures the
obtainment of grest and stable maize yidds. The
influence of rainfal quantity and digtribution, dur-
ing the vegetation, on maize yield, in 2001 and
2002, years with two different drought types, is
presented in table 7.

In 2001, year with rainfdls prevaent ditri-
bution (81%) during the maize vegetative growth
(1% May - 20" June) and only 19% during the
flowering and grain formation (21% June - 31

August), the yield losses under dryland conditions
vs. irrigation ranged between 56 and 65%, for
hybrids belonging to the three maturity groups.

In 2002, year with rainfdl supplementary dis-
tribution (76%) during pallination and grain filling
(21% June - 31% Auguwst) and a deficient rainfall
regime (24%) during plant intense growth (1%
May - 20" June), the yield losses under dryland
conditions vs. irrigation, for hybrids belonging to
the three maturity groups, were less compared to
2001, with limits between 28 ard 35%.

Based on this andyss, one can ascertain that
in A.R.D.S. Teleorman zone, drought accurredin
the second pat of maize vegetion period
(22* June - 31% August) determined the accentur
ated diminution of yield vs. drought occurred in
the first part of vegetation (1% May - 20" June).

In 2001 and 2002 years, the maize irrigation
with 1,200 and respectively 900 nt water/ha led
to the obtainment of high yields (8,540 - 11, 440
kg/ha) and to an obvious increasing of water use
efficiency (Table 8). Thus, in order to counteract
the thermic and hydric gtress effect on maize u+

der Bur-
_ o _ o _ nasPlan
Table 5. Correlations between some climatic elements and the number of sterile plantsin maize hybrids tested .
at A .RD.S. Teleorman during 1999-2002. <o di-
tions,

Climatic dements

| Correlation coefficients(r) |

Cumulated rain Table7. Influence of rainfall quantity and distribution during the vegetation period on yield of maize hybrids
Maximumair t tested at A.R.D.S. Teleorman during 1999-2002.
Minimum air re
No. of dayswfi Total rainfalls and their Grainyield, ¢/ha
. ' H Trri H 0,
No. of days wi Venrs distribution (average of maturity groups) Yieldlossesvs. irrigation, %
1V- 1V-20VI 21VI- FAO301-| FAO FAO FAO FAO FAO
Table 6. Go 3Lvil 3LVIII 400 401-500 501-600 301-400 401-500 501-600
21 179 42
T (100%) (819) (19%) 401 403 39.7 56 &2 65
actory Irrigated = 1,200 m¥ha 92.0* 106.8* 1130% -
infal inMay 388 B3 295
infallindune | 2002 | (1009%) | (24%) (76%) 56.0 69.3 825 35 2 28
infal in July Irrigated = 900 m*/ha 85.4* 101.0* 114.4* -
infall in Augus *) Yields obtained in experiments performed by M.C. Zamfir

infal during 1*
infal during 1*
infall during 1¢

Table8. Grain yield and water use efficiency of maize hybrids at A.R.D.S. Teleorman during 2001-2002

infall during 21 Total rainfdl +irriga- Grainyield, kg/ha Coefficient of water utilization (kg
infal during 1 Crop condi- tion during (average of maturity groups) grains'mm water)
infall during I Years tions 1* May — 31¥ August FAO FAO FAO501- | FAO301- | FAO 401- | FAO 501-
(mm) 301-400 401-500 600 400 500 600
2001 Dry land 21 - 4,010 4030 3,970 181 182 18.0
Irrigated - 341 9,200% 10,680* 11,300* 27.0 3.3 33.1
2002 Dry land 338 - 5,600 6,930 8,250 144 179 213
Irrigated - 478 8,540* 10,000* 11,440* 179 211 239

*) Yields obtained in experiments performed by M.C. Zamfir
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beside the utilizetion of tole-rant to drought and
heat hybrids, it is necessary to irrigate the maize
crop.

CONCLUSIONS

During 1999-2002, at A.R.D.S. Telearman,
three types of drought and hest manifedation
were registered during the maize vegetation stage:

— 1999 and 2000 — years with prolonged
drought during the whole vegetation period (1%
May - 31* August);

— 2001 — year with drought in the second
part of summer (21% June - 31% August);

— 2002 — year with drought in the first part of
maize vegetation period (1% May - 20™ June).

In droughty years, the frequency of derile
plants was the decisve factor in maize yield dimi-
nution.

A favourable hermic and pluviometrical re-
gime during 1% June - 31% Augus determined the
plant gerility diminution and the high frequency of
heat days increased the nurber of sterile plants.

The hybrids Milcov, Fundulea 322, Partizan,
Paltin, Fulger, Faur, Campion, Olt, Fundulea
376 and Rapsodia had a good tolerance to
drought and heat while Saturn, Oituz, Pandur,
Rapid and Vultur proved to be senstive to the
meanifestation of this phenomenon.

The strongest positive correlation was estab-
lished between the rainfall quantity in maize vege-
tation period (1 May - 31% August) and yield.

The drought effects on maize yield were de-
pendent on drought intendty and manifestation
way during the different plant developmentd
stages.

Drought occurring in the maize vegetative
growth (1¥ May - 20" June) determines yidd
losses under dryland conditions vs. irrigation, of
28-35%.

Drought occurring during maize tassdling,
flowering, pollination and gran formation (21%
June - 31% August) leads to higher yield losses,
under dryland conditions vs. irrigation, of 56-
65%.

In order to limit the yidd losses it is re
commended the cultivation of two-three tybrids,
with different precodities, having in view that the
ealier hybrids (FAO 301-500 maturity group)
give greater yiels in years with drought in the
second part of maize veggetation period (21% June
- 31% August) while the samki-late hybrids (FAO
501-600 maturity group), in years with drought in
the first part of maize vegetation period (1% May —
20" June).
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