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ABSTRACT

The present investigation was undertaken in the Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana, Punjab to evaluate 41 genotypes of sunflower (Helianthus
annuus L) for morphological and yield traits affecting water use efficiency under different water
stress environments. The traits under study were days to 50 per cent flowering, days to maturity,
plant height, head diameter, seed yield per plant, 100-seed weight and oil content. Analysis of
variance revealed significant differences due to genotypes and environments for all the characters
under study. Among the four environments W, (control) yielded the maximum value for all the
parameters followed by W, (withholding of irrigation at anthesis completion stage and thereafter
complete withholding of irrigation after soft dough stage), W, (withholding of irrigation at 50 per
cent flowering stage and soft dough stage thereafter complete withholding of irrigations after
hard dough stage) and W, (withholding of 2" irrigation ie before button stage and thereafter complete
withholding of irrigation after soft dough stage). The estimates of heritability and genetic advance
were found maximum for seed yield per plant followed by 100-seed weight indicating the predominance
of additive gene effects. Hence this trait can be improved to a considerable extent by limited selection
cycles. Estimation of GCV and PCV values were also higher for seed yield per plant as compared to
other traits indicating high genetic variability for this trait. The genotypes P-87-R, P-93-R, P-100-R
and P-110-R were identified as water use efficient genotypes. The stress environment W, (withholding
of irrigation at anthesis completion stage and thereafter complete withholding of irrigation after soft
dough stage) could be considered as good as the control to realize maximum yield in sunflower..
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INTRODUCTION sunflower to capitalize on favourable

Sunflower (Helianthus annuus L)
is an important oilseed crop widely adopted
and accepted for its high quality edible oil.
Furthermore sunflower oil contains fat
soluble vitamins A, B, E and K good for
heart proteins. Inherent capacity of

agroclimatic conditions renders it a crop
of worldwide importance. Being a thermo
and photoinsensitive crop it can be raised
in the plains throughout the year. In Punjab
since majority of the farmers grow
sunflower after potato most of the area is
planted late ie in the month of February
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and March because of delay in the vacation
of fields and availability of hybrid seed of
private sector. Due to the delayed sowing
the water requirement of the crop increases
because of high temperature at the time of
anthesis and maturity in the months of May
and June and there is requirement of
irrigation every week and sometimes in the
light soils twice a week. However the
present alarming situation of depleting
underground water advocates the saving of
water. Thus to cope up with such a situation
the water use efficient genotypes need to
be identified so that the number of irrigations
can be reduced. Knowledge of genetic
parameters is essential for understanding
and their manipulation in any crop
improvement programme. Further success
in plant breeding depends upon the nature
and magnitude of variability present in the
germplasm (Ali and Khan 2007).
Assessment of heritable and non-heritable
components of total variability will have
immense value in the choice of suitable
breeding procedure (Habib et al 2007).

MATERIAL and METHODS

The experimental material
comprised of 41 lines of sunflower
comprising of 16 maintainer lines and 25
restorer lines planted in a randomized
complete block design with three
replications. Physical properties of soil were
analyzed to determine the native fertility and
soil texture of experimental field. Initially
before sowing of crop composite soil
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samples were collected from 0-15 cm
deep layer of the experimental site and
analyzed for sand, silt, clay content and soil
temperature (Table 1a). The experiment was
repeated four times to create four different
environments by providing following
irrigation regimes viz W (irrigation level 01,
irrigating the plots during the entire growth
cycle to maintain the soil water content close
to field capacity, W, (irrigation level 02,
withholding of 2™ irrigation ie before button
stage and thereafter complete withholding
of irrigation after soft dough stage, W,
(irrigation level 03, withholding of
irrigation at 50 per cent flowering stage
and soft dough stage thereafter complete
withholding of irrigations after hard dough
stage, W, (irrigation level 04, withholding
of irrigation at anthesis completion stage and
thereafter complete withholding of irrigation
after soft dough stage).

RESULTS and DISCUSSION

Analysis of variance (Table 1b) for
all the seven characters studied revealed
highly significant differences among the
genotypes in all the four environments. The
status of morphological and yield characters
are presented in Table 2. Days to 50 per
cent flowering were found to be higher in
control ie W, followed by W,, W_and W,
In W the genotype 48-B was the earliest
(57 days) and P-111-R was the latest (81
days) to flower. In W, genotypes P-6-R,
P-75-R, P-94-R, P-119-R, 11-B, 50-B
and RHA-297 recorded earliest flowering
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Table 1la: Physical properties of
experimental soil

Soil property Value

Sand (%) 82.2

Silt (%) 7.1

Clay (%) 10.7
Textural class loamy sand
Soil temperature 13°C

(60 days) and P-112-R registered the (76
days) latest. In W, 48-B recorded to be
earliest (56 days) while P-111-R and P-
112-R took maximum days (74 days) to
flowering. In W , 48-B was observed as
earliest (57 days) and P-111-R latest (79
days). In overall the genotype P-111-R
followed by P-112-R took maximum
number of days to 50 per cent flowering
and 48-B the minimum. The reduction in
number of days to flowering under water
stress environments can be attributed to
warmer temperature during the growth
period which promotes early stem growth,
reduced flowering time and thereafter
reduced photosynthesis resulting in lower
yields. This is supported by the findings of
Abelardo et al (2002) on sunflower. In
confirmation with Tahir et al (2004) a
significant decrease was observed for days
to maturity in all treatments in comparison
with control. In W , the range for days to
maturity was 89 to 99 days whereasin W,
W, and W it was 83 to 92, 85 to 93 and
88 to 96 days respectively. The genotypes

28

P-100-R and P-119-R recorded the same
and less number of days to maturity over
all environments. Genotypes P-69-R and
48-B were found to be least affected by
water stress whereas genotypes P-107-R-
P, P-119-R, 234-B and 36-B reported a
drastic reduction in days to maturity.
Drought during the vegetative phase of
the plants affects both final biological and
economic yield. During vegetative
development it reduces the main stem
height (Turhan and Basar 2004) while an
increase in root length occurs at the
expense of above ground dry matter. The
average plant height was significantly
higher in W (130 cm) as compared to
W, (113 cm), W, (115 cm) and W,
(125cm). The differences due to irrigation
levels and genotypes were also significant
during the experiment. Reductions of
plant height with increasing water stress
have earlier been reported by Ahmad
and Abdella (2009). In the W range for
plant height was 96 to 207 cm whereas
in W, it was 87 to 182 cm, W, (81 to
192 ¢cm) and W, (89 to 203 cm). The
perusal of Table 3 reveals that in all the
treatments plant height was less than the
control. The genotypes P-100-R, P-87-
R, P-75-R and P-94-R showed
maximum reduction in plant height under
water stress in all treatments whereas P-
61-R, 50-B and RCR-8297 exhibited
minimum reduction.

The reduction in vegetative biomass
due to water stress results in lowering of
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plant surface area which reduces the
radiation use efficiency and photosynthetic
activities (Germ et al 2005). This finally
lowers the assimilation of photosynthates
during the reproductive phase which
reduces head diameter (Rauf and Sadaqat
2007). The average head diameter was
significantly higher in controlie W, (14.4 cm)
as compared to W, (12.3 cm), W, (12.1 cm)
and W, (13.4 cm). In W, head diameter
ranged from 9.7 to 17.9 cm whereas it was
reduced (8.4to 14.6), (8.8 to 15.5)and (7.5
t016.3)in W, W, and W, respectively. The
genotypes P-93-R, P-91-R, P-100-R, P-
87-R and NDLR-2 were observed to be least
affected by water stress while P-119-R, 395-
B and 50-B were severely affected over all
environments. The average seed yield was
significantly higher in W, (32.9 g) as
compared to W, (25.8 g), W, (25.9 g) and
W, (29.2 g). Reduction in seed yield under
water stress was also observed earlier by
Asbagh et al (2009). The genotype 95-
C-1-R and P-87-R recorded minimum
and maximum seed yield per plant
respectively in all treatments. Seed yield
ranged from 10.3t0 54.7 gin W , 7.2 to
522inW,9.7t049.8 in W, and 10.0
to 51.8 gin W,. The genotypes P-94-R,
P-115-R and P-119-R were found to be
severely affected by the treatments
however 95-C-1-R and P-87-R
exhibited resistance to water stress and
showed minimum reduction in seed yield.
Irrigation is an important factor which
directly influences the yield of sunflower and
practically all the farmers realize its
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importance. Judicious and timely
application of irrigation at critical growth
stage increases yield considerably. The crop
uses only 20-25 per cent of its total water
needs during first 30 days. However the
peak demand is during its reproduction and
shortage of water during this period reduces
the seed yield.

Stress during the flowering stage
causes abortion of ovaries and embryo,
sterility of pollen and decrease in leaf area
index. This reduces the fertile achene per
head and 100-seed weight (Reddy et al
2003). In the present investigation the
environment-wise analysis showed that
water stress had significant effect on 100-
seed weight. The average 100-seed weight
was significantly high in W (7.1 g) as
compared to W, (5.5 g), W, (5.7 g) and
W, (6.1 g) Genotype 7-1-B recorded the
highest 100-seed weight followed by P-75-
R and the genotype 95-C-1-R exhibited
minimum 100-seed weight followed by and
RCR-8297 over the entire respective
environment. The genotypes P-107-R-P,
P-75-R, 10-B and 45-B were least
effected for 100-seed weight by water
stress in all environments. However the
effect of water stress was highly significant
in 95-C-1-R, NDLR-1, 7-1-B and RCR-
8297. Sunflower is categorized as low to
medium drought sensitive crop. It has been
found that both quantity and distribution of
water have a significant impact on oil yield
in sunflower (Reddy et al 2003, Igbal et al
2009). Results indicated that oil content was
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significantly influenced by different water
stress environments (Table 2). The average
oil content was significantly higher under W,
(43.2%) as compared to W, (37.2%), W,
(37.9%) and W, (39.3%). Similar results
were reported by Asbagh et al (2009). In
W, the range for oil content was 34.1 to
47.6 per cent whereas in W, it ranged
between 32.9 to 41.6 per cent. In W, the
range was 33.4 to41.8 percentand in W,
32.0to 43.6 per cent. The genotype 48-B
recorded the highest oil contentin W and
W, (47.6 and 41.6% respectively).
Whereas 52-B (41.8%) and P-69-R
(41.9%) were found to be bestin W, and
W, respectively. The genotypes P-75-R,
49-B and 304-B exhibited non-significant
effect of water stress while P-107-R-P,
P-107-R-P,, P-100-R and 11-B were
found to be severely affected by treatments
over all the environments.

Genetic parameters

Variability is the prerequisite for
the initiation of any breeding programme
for any crop (Ali and Khan 2007). The
significant genetic variance among
genotypes advocates the presence of
enough scope for the selection of good
performing lines in relation to oil content
(Habib et al 2007). Most cultivated
hybrids or open pollinated varieties are
evolved near optimum agronomic
conditions and often have some common
parentage and history of origin. Therefore
breeding for drought tolerance must
expand genetic variability. This depends
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on the incorporation of diverse
germplasm so that potential source of
drought tolerance may be identified and
subsequently incorporated to ensure yield
when drought occurs. The first approach
to develop water stress tolerant line is to
screen high yielding germplasm
accompanied by superior yield
contributing traits. It is likely that this
germplasm also contains extensive
variation for stress tolerance traits.
Genetic parameters include genetic
advance, heritability, genotypic coefficient
of variance (GCV) and phenotypic
coefficient of variance (PCV). In W,
(control) seed yield per plant recorded the
maximum heritability (98.58%) followed by
days to 50 per cent flowering (94.23%) and
100-seed weight (93.46%) while the
lowest heritability was recorded by oil
content (56.38%) followed by days to
maturity (83.26%) (Table 3). The plant
height exhibited highest genetic advance
(41.66) while 100-seed weight (2.43%)
recorded the lowest. GCV and PCV were
maximum for seed yield per plant (29.65
and 29.86) and minimum for days to
maturity (2.30 and 2.52).

In W, seed yield per plant recorded
the maximum heritability (98.28%) followed
by plant height (97.23%) and 100-seed
weight (93.46%) whereas oil content
showed minimum heritability (56.38%)
followed by days to 50 per cent flowering
(93.31%). Genetic advance was observed
to be maximum in plant height (40.49) and



Kumar et al

JUSIUOD [10 : D) WST1M PIs-00T :AAS Iue[d/p[a1£ paas
:AS J9jeureIp peay ((qH WSy jued :HJ ‘Aumyewr 0) sAep (A ‘SULOMOL 9,()S 03 SABp :( Jo19 :f ‘@dA10ua3 :0) ‘uonedrdar -y

7'e  xx6'8F T8¢ LY #xS91 1927 Y #%£'0C L'ST Se  xxl'LI 8 20
10 #x1'9 0 10 #5E'€ 10 10 #xb'Y 10 I'0 97 10 MS
91 %xS9C I'v 8T #x'9SC 8 8'C #xS'LYC 61 7T #x0°L8C 70 AS
7’0 xx9°¢l 10 €0 #x7'8 €0 €0 #x0°01 0 70 011 0 a”d
T6 x6'61CI §oc I'6 #x69101 8 €11 %x9°€0Cl 6'1C 76 %x6'€9CI 691 Hd
60 #%0'8 10 0T  %xC9C 1T 60 #%L'0 906 60 #x8VI ¢S Na
'€ xx6'8F (41 LY #xS91 1927 Y #%£'0C 9'¢C SEC  wxl'Ll 8 4d

(08=Jp) (Ov=IP) (T=IP) (og=jp)  (Or=Jp) (¢=Jp) (08=JP) (ovr=p) (=wp) (08=Ip) (Ov=IP) (T=IP)

q 9 ¥ q 19 N q 19 N q 9 N
UONBLIBA JO 90IN0S UOIJBLIBA JO 90IN0S UOIJBLIBA JO 90IN0S UOIJBLIBA JO 90IN0S
"M ‘M ‘M ‘M

sorenbs JOo wms ueaJN

doueLIeA JO SISA[eUY q[ IqeL

31



Sunflower genotypes under water stress

AN[BA WNWIXBUW :XBJA ‘@N[BA WNWIUTW UIfA ‘sodA10uaS [[e Jo ueow :
“JUSWIUOIIAUD $SATS 1AJBM PIIY) ' A\ “TUSWIUOIIAUD SSATIS I9JBM PIIY) AL “TUSUWIUOIIAUD SSATIS IAJBM PUOIIS Ap “[ONU0D ' M

<+

9¢r  0cCe ¢o6¢ 601 LT 19 8IS 001 T6C €91 SL el €0C 68 SCI 96 88 16 6L LS 9 M
81y 8¢ 6Lf 96 0¥ LS 86F L'6 86T SCI 88 1Tl T6l 18 SII €6 ¢8 76 L 9¢ 9 M
9'ly  6Ce TLE SOl CTCT S¢ TTS <L L'ST 9¥L €8 €Tl T8l L8 TII 6 €8 16 9L 09 €9 ‘M
9Ly I've Te¥ 8CL 6% 1'L LYS €01 67c7¢ 6L L6 vl LOT 96 0¢l 66 68 €6 18 LS S9 ‘M
xew w X oxew wiy X oxew wny X oxew win X oxew wiw X oxew win X oxew win X

20 MS AS dH Hd Nd Ad

SJUQWIUOITAUD JUAIJJIP Jopun sidjowrered paIg "7 9[qel

[\
en



Kumar etal

(9) uonerrea Jo Juaro1yFa0d drdKjouayd :A Dd ‘(%) UONELIBA JO JUAIDIIJR0I JIdKI0UST (A DD “DoUBAPE INQUAT 1 D) (%) AN[IqRILIAY : [ ‘UBIW UOTRISUIS (]AD)

go'c IS¢ ¥S'CT  98'8L 9'6¢ €CrIr SIor 9L 8918 08¢ 20
919 LS 990 ¥1'¢8 LO9 LY 91'vc 68T 6556 59 MS
LT9 09 6£'c  90°Co '8¢ €Cle o0 T8l T0'86 (4 AS
€Ce  68'C L9°0  6l'LL 11el €91 9961 9I'y  vI'C6 evel as
9L'T 19T 81'9  9¥'68 160¢CI 991 8091 T6'0F 9LL6 96VCl Hd
96’0 880 LS'T 998 6916 S0'C 6L'1 S6C 809L 99'16 Nda
YA AN Ge'lr G818 919 LSS 0es  ¥L9 PV 06 6819 4d

ADd  ADD VD 4 WD ADd  ADD VD 4| WD

SIUSWUOIIAUS 1A PI[OO] "M

*PIUOD) BE AIqEL,
99°L 81'¢ 9L'C 89Sy TE8E ¢¢9  ToY 6C’c  8E9¢ LTEY S Yy 6C¢  8E9¢ LTEY 20
881 181 90C €£¥'T6 SL'S SL'LT 9I'LI eV 9v'e6 11°L SL'LT  OI'LL  €V'T  9¥'¢o 11°L MS
86'CE  T9CE  6L8l 86'L6 L8'ST 98'6C S9'6C 9661 8586 16C¢ 98'6C S9'6C 9661 8586 16C¢ AS
1€yl 6v¢el 8l'c 6888 SICI LI'ST  6SVI LSE  6£7T6 LETI L€l 66CL  L9C  S6'68 i adl dH
6091 88'SI 9TLE 9¢€L6 9V CII oLl L9LT 6V 0r €CL6  T8TCII S8Cl 8961 99'1¥ 08L6 €V 0€l Hd
6¢'¢ 0T'¢ 796 1T68 £506 Y1I'c 881 11'e  CS'LL 1116 (494 0€C YO 9T¢8 05°¢€6 Nda
¥1°9 L8'S ve'L LE16  ¥SE9 179 619 98'L 1€°¢€6 £8°¢9 cl'L 169 906 €CT¥6 09°99 4d

ADd  ADD vD ! WD ADd  ADD vD 4 WD ADd  ADD vD 4| WD

‘M M M

SJUQUIUOIIAUD SSAI)S Jojem J[qeLIeA UI s1ojowrered o1jouan) jo uonen[eAq ‘¢ 9[qeL,

33



Sunflower genotypes under water stress

minimum in 100-seed weight (2.43). Seed
yield per plant recorded highest GCV and
PCV (29.65 and 29.86) while lowest was
observed for days to maturity (1.88 and
2.14). In W seed yield per plant exhibited
maximum heritability (97.98%) followed by
plant height (97.36%) and oil content
showed the minimum (45.68%) followed
by days to maturity (89.21%). Highest
genetic advance was observed in plant
height (37.26) while the lowest by 100-seed
weight (2.06). Seed yield per plant
recorded maximum GCV and PCV (35.62
and 35.98) whereas days to maturity had
minimum GCV and PCV (3.20 and 3.29).
This observation was in consistence with
Igbal etal (2009). In irrigation level 04 (W)
seed yield per plant recorded highest
heritability (98.02%) followed by plant
height (97.76%) while the minimum by days
to maturity (76.08%). Plant height (40.92)
and 100-seed weight (2.85) showed
maximum and minimum genetic advance
respectively. Similar to other environments
seed yield per plant exhibited highest GCV
and PCV (30.92 and 31.23) whereas days
to maturity registered the minimum (1.79
and 2.05). Even under pooled environments
seed yield per plant recorded the maximum
heritability (92.06%) followed by plant
height (89.46) whereas the minimum
heritability was recorded by head diameter
(77.19%). Plant height recorded the
maximum genetic advance (6.18) and 100-
seed weight to be the minimum (0.66).

It can be concluded from this study
that significant reduction in yield and its
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components was caused by water stress.
Seed yield per plant, 100-seed weight and
oil content were found to be significantly
influenced while days to flowering and days
to maturity were less affected. The W, and
W, have shown maximum reduction in the
yield parameters as compared to W,. These
results indicate that irrigation at button
stage, 50 per cent flowering, soft dough
stage and hard dough stage are crucial for
crop growth cycle whereas withholding of
irrigation at anthesis completion stage does
not affect the yield related characters too
much. These results suggest that seed yield
per plant had high magnitude of broad sense
heritability which advocates that this
character might be improved through
selection. Plant height exhibited highest
genetic advance which reveals that selection
for the high plant height could be better for
its improvement under water stressed
conditions. GCV and PCV were highest
for seed yield per plant and 100-seed weight
which indicated maximum amount of
variability to be subjected to selection for
these traits. The oil content revealed lower
GCV and PCV which was an indication of
limited scope for selection of this trait due
to inadequate variability and implies the
need to introgress desirable genes from
diverse genetic resource through
introduction and hybridization with
germplasm.  The genotypes P-87-R, P-
93-R, P-100-R and P-110-R have been
identified as water use efficient genotypes
and the W, (withholding of irrigation at
anthesis completion stage and thereafter
complete withholding of irrigation after soft
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dough stage) can be considered as best
water stress environment to realize
maximum yields.
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