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The effect of low irrigation in reproductive stage on grain yield, yield
components and oil percentage of safflower cultivars
(Carthamus tinctorius L.)
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Table 1. Total monthly precipitation data of Birjand meteorological station in 2016-2017
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Table 2. Results of soil analysis at 0-30 cm depth during the growing season of 2016-2017
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EC (ms.cm™) N (ppm) P (ppm) K (ppm)
(Sandy clay loam) 2.74 8.38 0.147 5.4 276

odd b 8 B s suuole) Gb 5 o)
bl sl oT Oles Do 3,8 Jlas
23 B pan ST lie ds a8 i s 0L
55 5,k s ;:,,&,4}:,,\/9-- 9y d> 0
YV VPV LT e el 5 Lol al e
PR NP AL SE\ o CORS RS TS
b slcie Lojle Sllas 3y 1S
b o 53 23 plal s b g
L3 5 edalie ol olen 5 3T s
§p gl dsle Slio 5,80l g

eV Wy s o glhasls sl g
S 5 e (Golal Dy sen O S
0T i 550 i 5S4
25ba 650 0 e el end ) shie 42
sl ol 3 Shas el | 5 asein dolas
SR 05 e)se 53 &ls Sl &y 53 08
N T S IEC-VEF PHRESN VPR
o ee 4ils g:ﬁk&&f}gﬁ@q—.m do|>es
S5 558 S Aoy Ol 55 e i3y 93
0 Gl G e (Wejse OAS (Slosed)
Nom s Cdla oS leml 5 Il 5l e
2ol FA Ss b ol g 05Se F

o b 9s 5 S sy 93 aS s e /D
A S s adle Olge 4 DS
35 O e 0 2 s S o Aol
23 e Y LSS s s e ) el O S
23 e Gilwesle] Slhes s a3 § L
0051 =k ol s 8T ol kil
C}*“é-ii) 0y3l JES 5 pfjl:f\éh WS
A3 Bl d> e o (:}.wdi.: ‘;,,:\5)'\&;
e (Al 1 g A e 3 eSS
Voo s e Slid e SIS o (,fjl-f
Sogot pemly Sl g S ) (‘5;1:5
Us s S i oo Jils cals 51 s
dﬁ"cub)-’))u'\g Sl s bl STl
plonil Cws by St gy 4 oo OLT
S G s 4 59 2S5 S s
S S 53 Y B Ll S )l
el (S P U F a5 s S
2 G5 X @515 Sl Ve alol bl
Aol SISl ey i S (0 50
3ok plonil 05 b 5 (555 D) ot (SOLT
T (28 55,8 b ailate e ol
do o 55 LT Hss lasles i el



g 3 e 53 65lT S S

Fa S VY 5VA s 5w sle ke L
(F Jpie) d § 515 ey slaasy o
M o pas 53 (Sl amlie ol

KWS 5 osulS pla,1 48 515 Olas Sl L
s sl GIAY 3V /Y oKl b s 5 @
P19 Sl b oyl 085 & Lo 6 ey o5l
iz Sladllas 55 (F Jgd) 545 Hlo,y 6
Bl 51 Ll o lsgne Dol 4
Behdani) Cosl ol o )Lal il 4l slas
& Jami Alahmadi, 2010; Lotfi & Golkar,
.2012; Farjam & Ghaleshakhati, 2014

Of 1y g 415 8 Khos

oj;b:\Mjwq\jwaJLg)\:ijjsj\

Dls gae Lo s ¢S Jla| ch..u).s &gy
313 0Las o Ske aeylin mls (¥ Jpd) 5
V5l sl Al e 55 6 W T ol il il as
Sldas (ko ;3 YY/O 2alS Comge 59, YV 4
S i esin gladlas js A &g j3 058
sy Ay ol e 53 AT 05 gk axr e
X P EITP NP SN P
s (Moosavifar et al.,2009) Lt oo ialS
BERGNEPREV AT L g 41>JA).>G<.C:.>'
@Sl pled glaojso badu aie) (ol i 55
K8 w5 4 550558 3l falS Culg s g
.(Tahmasebpour et al., 2011) LS . 230
iR ST A E R SR

(¥ dads) 5g ls gme doys ¢S5 dlez|
2558 Sl o 303 L S0l dwlie b
sokidy byl 4 s KWS 035 )5 65 53
S Aoy POV 5 FY/P o4 callE
G Olaie Sladllas 55 (F Jsd>) 5

A esls H 50T s s\;gﬁb a5V gles
> Slas o sy o 4 OT Cusb) 6
55 g sy s Y el
S8 a3 als sy 6 S el S

islojT a5 o o S ¥ 4505 &5 25
&;sjggjaﬁpf\‘)\mcu‘pm
oK bog (&S a4 bge odd
M oy gloes 5o ol V8 Ode 4 alS 5w
S35 3 ey gl sose Sl esds
S b dbams @)l s 55 ) o s
2 OS A Ges GEay slie (08 /)
ES )5 Aoy Ot i osle bl
Asghari & Gharibi Asl,) A& s 4 sas p S
Cridele 3 5 ks 3 Slee Q016
O B SRR W TP Y PR A S
\{g“-;l-ij‘)‘“i}?'ﬁ‘lm-"-’&)}-‘{@-?)‘w

il 2 aealoes MSTATC 1 3lp 5 3l o3Liza
Seslizal b o6 & 08 05 85 5 (Ko
o3lial b ode Jdosi 5 4y 525 5SPSS 15310 5
W pdy plnil PATH2 (o)1) g5 sy |
laals dior 05057 51 Kl s lin Cogr
i oslital doys & el mlaw s YR

P goge Slho

Jlime 51 5 ol d o 53 LT a5

laarlosliad 545 5 e il 5035 565l T )5
23 Slio opl o8y FIbl e I3 gan 28
Jsder) 392 Sl5 gme A3 & Sz o
o 6 31 0l 80e Al ks (Y
0 Gl ia SR/ Kila b6 p i

C,.if.\lf} Ov\iv\:’: rﬁj\ QTJ‘WJJ};KWS



I8 6l sy A 5 4l 3 Shes (51l 03, Shos 50 g5 30 Do (S 1 a5 om0 53 LT oS 30 Sl e ke ¥ st
Table 3. Mean squares for the effect of water-deficit on some morphological traits, grain yield and its components and oil percentage of safflower
cultivars at reproductive stage
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1,55 N
bwﬂ . 2 151" 144" 0.88 ™ 1625.1 21" 16320.4 ™* 103908.3 ™* 8.8™ 43" 4616.1 ™
Replication
@b s
Irrigation 2 10.1 " 0.76 * 847" 165.5° 59.1° 190246.1°  1181408.3 " 9.1 20.3 " 113094.5
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Error b
Ol ks s b
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C.V (%)

** * and ™ are significant at 1 and 5% probability levels and non-significant, respectively
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Table 4. Mean comparison for the effect of water-deficit on some morphological traits, grain yield and its components and oil percentage of safflower cultivars at reproductive stage
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Irrigation interval at reproductive stage (days)
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i Goldasht 71.7¢ 102° 12.9° 38.2° 53.9° 1868 ° 6917 ° 27.0% 27.9° 5212°
,Um KWS 84.1° 8.7° 23.6° 37.8° 441" 1768 * 6409 ° 27.5° 33° 583.4°
3 .&?»ﬁ»@Lf,lmr.éu,.%vox:%r_x&_u&crbﬁ_ﬁw\ﬁrwtvm;:mg&ﬂf
N Means with the same letter are not significantly different based on Duncan test (p<0.05).
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Table 5. Correlation coefficients between the studied traits of different safflower genotypes
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** * and ™ are significant at 1 and 5% probability levels and non-significant, respectively
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Table 6. Results of stepwise regression analysis for grain yield (dependent variable)
with other traits in different safflower cultivars
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Table 7. Pathway correlation analysis of grain yield with some traits (traits entered in the stepwise regression
model) in the studied cultivars of safflower
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Introduction
Safflower (Carthamus tinctorius L.) is one of the drought-resistant oilseed
plants. Due to its specific morphological characteristics, it has the ability to produce
proper oil in Iran’s climate, and some of its varieties contain up to 45% oil (Moradi
et al, 2017). One of the most important restrictions to crop production in most
parts of Iran is lack of water. In these areas, due to rainfall fluctuations, some of
the important stages of plant growth are affected by potential degradation of soil
(Omidi et al, 2012). Production of crops in arid and semi-arid areas requires the
use of drought-resistant plants, which are able to produce acceptable yields under
minimal moisture conditions (Khalili ez al., 2014).
Materials and Methods
In order to investigate the effect of deficit- irrigation on grain yield, yield
components, and oil percentage of safflower cultivars at reproductive stage, an
experiment was conducted at Research Farm of Islamic Azad University, Birjand

Branch, in 2015-2016. The study was split plot in a completely randomized block
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design with three replications. The main factor included three levels of irrigation
at the reproductive stage (7, 14 and 21 days) and the sub-factor included three
varieties (Padideh, Goldasht and KWS). Each sub plot consisted of 6 planting
lines with a length of 6 meters and a row spacing of 0.5 meters, with two lateral
rows on each side of each plot as margin. The distance between the sub plots
was 0.5 m, between two main plots was 1 m and between two repetitions was 3
m. The operations for land preparation began in early fall. Based on the soil test
results, 150 kg ha! urea (one third before planting, one third at stem elongation,
and one third at pre-flowering stage), 120 kg ha'! triple superphosphate and 100
kg ha™! potassium sulfate before planting was spread over the field and mixed with
soil. Seeds were planted by hand in November. The evaluated traits in this study
included plant height, number of branches, number of capitulum per plant, number
of seeds per capitulum, kernels 1000 weight, grain yield, biological yield, harvest
index, oil percentage and oil yield. After data collection, statistical analysis was
performed using MSTATC software. Also SPSS software was used to calculate the
correlation coefficients and to perform the stepwise regression. The path analysis
was done using PATH2 application. To compare the means, Duncan’s multiple
range test was used at 5% probability level.

Results and Discussion

The results showed that increasing the irrigation interval from 7 to 14 days had
no significant impact on the studied traits, but increasing the irrigation interval from
7 to 21 days reduced the number of seeds per head (22.5%), kernels 1000 weight
(12.41%), grain yield (7.78%), biological yield (11.41%) and oil yield (19.25%).
Going from the vegetative stage to reproduction stage, the imposition of water
restriction reduced the durability of the leaf area index, which consequently led to
a further reduction in photosynthesis. This also coincided with grains increasing in
number and weight, which resulted in the decreased length of seed filling period
and reduced grain weight. Ultimately, this led to a decrease in grain yield. All
studied traits (except for number of seeds per capitulum) were affected by cultivars.
The highest oil content was obtained by both KWS cultivars (33%) and Padideh
(30.7%). Goldasht and KWS cultivars produced the highest grain yield (1868 and
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1768 kg ha'', respectively) and oil yield (521.2 and 58.43 kg ha’, respectively).
Also, among the grain yield components, 1000-grain weight had a positive and
significant correlation with grain yield. The results of stepwise regression analysis
showed that the biological yield, harvest index and oil percentage had the highest
contribution in terms of representing diversity in the genotypes. According to path
analysis, the biological yield, harvest index and oil percentage had the most direct
effect on grain yield. While the biological yield and harvest index had indirect and
negative effects on oil percentage yield.

Conclusions

The results showed that in order to save water, 14 day- irrigation interval
and using Goldasht and KWS cultivars are suggested as the most suitable at the
breeding stage of safflower in Birjand region.

Keywords: Correlation, Drought Stress, Goldasht, Oil Yield, Path analysis
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