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Abstract

Introduction: Phosphorus (P) is an essential nutrient for plant growth that affects all biochemical and
growth reactions. Compared to other essential elements, this element has low bioavailability for
plants, which is due to the precipitation of phosphorus in the form of calcium phosphate in calcareous
soils. The average of phosphorus available in 2.5 million hectares of Iranian arable land (70.2% of
irrigated land) is less than 15 mg/kg. Due to the lack of phosphorus (P) in a large area of Iran's
agricultural soils and the increasing price of phosphorus fertilizers, it is necessary to recommend
phosphorus fertilizers more precisely. Identifying phosphorus-efficient safflower cultivars can help

reduce the amount of phosphorus fertilizer consumption. Therefore, this study was conducted to

investigate the growth, seed and oil yield and phosphorus efficiency indices in different safflower
cultivars. Qilseeds after cereals, provide the most energy in the human diet, and are an important
source of protein and vitamins. Safflower (Carthamus tinctorius) ranks eighth in the world in terms of
oilseed production after soybean (Glycine max L.), peanut (Arachis hypogaea L.), rapeseed (Brassica
napus L.), sunflower (Helianthus annus L.), sesame (Sesamum indicum L.), flax (Linium
usitatissimum L.), and castor (Ricinus communis L.).

Materials and Methods: A factorial experiment was carried out in Darab, Isfahan, Dezful, and
Kerman regions of Iran in a randomized complete block design with three replications (in 2018 and
2019). The factors included P rates of 0, 10, 20, 30, and 40 kg P ha™ from Triple superphosphate and
safflower cultivars Padideh and Goldasht for Isfahan and Darab and Goldasht and Soffeh for Kerman
and Dezful regions. The available P in Isfahan, Darab, Kerman and Dezful soil was 10.2, 11, 7, and
7.18 mg kg, respectively. After the end of the rosette period and before flowering (before the two-
digit growth code 62), five whole plant samples were randomly prepared from each plot and the plant
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dry weight (DW), phosphorus concentration and plant phosphorus uptake (product of dry weight
multiplied by plant phosphorus concentration) were determined at this stage of growth. Shoot dry
weight (DW) and P concentration, grain yield and phosphorus efficiency (PE) of DW and grain, P
acquisition efficiency (PACE) and P use efficiency (PUTE) of DW was measured too. Statistical
analysis of the results, including analysis of variance and Duncan's multiple range test model
(p<0.05), was performed using SAS 9.4 software.

Results and Discussion: Based on the results, the soil texture in Isfahan, Darab and Dezful regions
was heavier than Kerman region. Organic carbon in all soils was low and calcium carbonate
equivalent was high. The soils were non-saline (slightly saline in Isfahan region), with insufficient
potassium in Isfahan, Kerman and Dezful regions, and phosphorus content was moderate in all
regions. The experiment revealed significant differences in the response of safflower cultivars to soil
and fertilizer phosphorus, particularly in biomass yield and phosphorus efficiency indices.
Application of 10 kg P ha® in Darab, 20 kg in Dezful, 10 kg in Isfahan, and 30 kg in Kerman
increased grain yield by 20%, 78%, 28%, and 237% compared to the control treatment, respectively.
The results showed that the main effect of P rate was significant on PUTE of DW (p<0.01), PACE
(p<0.05), PE of grain (p<0.05), PE of DW (p<0.01) in Darab, Dezful, Dezful, Isfahan regions,
respectively. The main effect of cultivar was also significant on PE of DW (p<0.01) in Darab and
PUTE of DW (p<0.01, p<0.05) in Isfahan and Kerman regions, respectively. The P efficiency of DW
had a higher correlation with the PACE of DW (R?=0.45" 0.19", 0.43™, 0.57", respectively in
Isfahan, Darab, Kerman and Dezful regions) compared to the correlation of PE with PUTE (in all four
regions non-significant).

Conclusion: The results of the present study showed that the studied cultivars have different
responses to phosphorus application. For safflower crop in warm regions with average of 10 mg P kg-
1 soil, application of 10 kg P ha-1 is recommended, while for soils with average of 7 mg P kg-1,
application of 30 kg P ha-1 is suggested. It seems that safflower can uptake further amounts of P if we
use further amounts of fertilizer but can still produce optimum yields with lower phosphorus
percentages in aerial parts. A phosphorus concentration of 0.18% is deficient, while 0.23% is
sufficient in safflower aerial parts during the stem elongation growth stage.

Keywords: Concentration, Cultivars, Phosphorus Uptake Efficiency, Phosphorus Utilization,
Safflower, Sufficiency,
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Table (1) Geographical location and rainfall information of the different regions
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Table (2) Some soil chemical and physical properties in different regions
) oo S ol 3R ey A (Y e
ke JWo gy Zn Fe Mn K P  ocCc TNV < o b
Region  year pH : :
g 7 (ds.m?) texture
mg kg %
Dol 1 11 07 45 50 190 112 042 32 78 38 o
Isfahan Loam clay
2 2.1 07 38 60 180 9.2 0.38 34 7.5 3.6 Loam clay
ol yls
12 0.9 1.0 115 199 200 11 0.48 39 8.1 0.8 7
Darab loam
s 1 167 064 17 43 150 60 060 43 7.4 2.4 e
Kerman Loam sandy
2 150 062 19 40 170 8.0 0.60 43 7.4 2.5 Loam sandy
1 11 14 6.2 4.0 170 7.2 0.55 46 1.7 11 s
PR Loam
Dezful =
2 0.4 1.1 50 26 154 71 068 485 7.8 1.2
Loam clay

Ll ae 50 6 55 dle g3 a 0%
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Table (4) analysis of variance of the effects of compound analysis of treatments (cultivar and P rate) on shoot dry weight (DW), grain yield and
phosphorus concentration of safflower in different regions in two years

Sl e
Mean square

o oyl Js)s Olgael ok S
Bral d a3
. _ Darab Dezful Isfahan Kerman
Source of variance ;T -
df 0l 6ls s Shee b ke Qs 415 3 Shes b ke Qs 6ls s Shee s lale 05 ) JECIRE P
ald
S Grain P oSis Grain P S Grain P oo _ P
DW yield concentration  pw yield concentration  pyy yield concentration DW Qrf’;'d” concentration
yie
=
A 2 ge2 1436743 40017ns 737™  18925™  0.0000™ 174"  53223™ 0004 00008 apgns 0.002"
rep
L ox * .
J 1 163543 2064392 515 36842 goggem 0.165 120™ 41659 ™ 0.369 0027° 116" 0.148™
year
s ) 5 . - . "
25 2 518™ 896274 0.0008ns  3984™ 188767 000007™  182° 182991™  0.007™ 0.0017 1g5ms 0.018
Year*rep
Cﬁl)t 1 184™ 527906™  000004ns 24117 127974° 0010~ 106" 1763020 0.017" 0.0018 399 0.012™
Ult.
P’“‘“: 4 14337 781243 o1 10862 2289428 445 g5 1340888 0009 00924 g5 00002
rate
22 A2 752 59g5™  00006™ 211 7064 0ooo1™ 115" segssa”  0.003™ 00003 g1gm g
P rate * cult ns
b 53 Jlo ox
A2 4 730™  99064™  0.0001™ 384 4107 00006™ 385" 1544597  00018™ 00005 gggns 0.002"
Year*p rate ns
5 s Jl " ) ) ) "
£ 207™ 373828  0.007 325ns 126" 0.005 392° 340054 ™ 0.017 0.0012 gog 0.0008"™
Year*cult
e s b 55 4 1317 12217 0.001™ 4224 2455 ™ 00003™  107™ 96333  o0o0017™ 00005 4g4ns 0.001™
LasYear*cult*p rate
Lo
304 182538 0.0008 1818 18835 0.0009 577 211653 0.0027 00002 856 0.0024
error
) 143 117 154 1756 6.6 132 115 131 215 105 234 209

=% SCV%

*DW: shoot dry weight in stem elongation stage, Cult. Cultivar, ™ and " : significance at the 1 and 5 percent levels, and ™ no significant difference
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Figure 1- Mean interaction effect of cultivar, P rate and year on the investigated indices in the

different regions

Goldasht(1) Goldasht in first year, Goldasht-2: Goldasht in second year, Cultivar2-1: Cultivar2 in
first year, Cultivar2-2: Cultivar2 in second year, Cultivar2 in Isfahan: Padideh, Cultivar2 in Darab:
Padideh, Cultivar2 in Dezful: Soffeh, Cultivar2 in Kerman: Soffeh. Differences at the 5% level of

Duncan'’s test
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Table (5) Analysis of variance of the effects resulting from the composite analysis of the treatments
on phosphorus efficiency indicators in Darab region in two years

Sl e 5Kl
Mean square
|,I8
e lie 3T a3 Gl o8 Laud S 05y 2L aud s o8 G’).
Source of variance df PE of grain PE of DW PUTE =
PACE
| S5 * ke
AR 2 23.8™ 75.3"™ 0.017 1263
rep
LA‘ Kk
J 1 867.0 24.1™ 0.006 ™ 99 ™
year
| S5 [
o 2 72.4"™ 182.5™ 0.005 ™ 508 "
Year*rep
i 1 241" 1140™ 0.0001 ™ 2715™
Cult.
P’“‘: 3 55.4 "™ 158.2 " 0.052™ 281"
rate
(2092 S 3 11.8™ 26" 0.003 ™ 50"
P rate * cult
Ju s Shd ns * ns ns
3 84.0 382.1 0.002 119
Year*p rate
5 > Lu * Kk
po 1 60.7 ™ 3.00™ 0.025 1716
Year*cult
03 ey y3dle
o ~ 17.2™ 18.05 " 0.010™ 133"
La.sYear*cult*p rate
o
28 63.6 113.4 0.005 207
error
= ; 9.6 12.9 14.6 22.8
CV%

*PE: phosphorus efficiency, PUTE: phosphorus utilization efficiency, PACE: phosphorus acquisition
efficiency, DW: shoot dry weight in stem elongation stage, Cult. Cultivar, ** and " indicates the significance of the

treatments at the 1 and 5 percent levels, and ™ indicates no significant difference.
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Table (6) Summary of the analysis of variance of the effects resulting from the composite analysis of
the treatments on phosphorus efficiency indicators in Dezful region in two years

Slaypp Sk

Mean square

j::.’.:CLA 35T a3 PHE @b\.fjbd éslo-g‘)j &\)L{M d)“"@‘)g uub-&b\.f
Source of variance df PE of grain PE of DW PUTE PACE
<
A 2 12.06 ™ 169.0 ™ 0.001 ™ 138.1™
rep
Jl -
1 2.08 "™ 133.3™ 0.56 4750 ™
year
1SS (9 -
A 2 158.1 49.1"™ 0.0009 ™ 393.9™
Year*rep
(";) ns ns ns ns
ul 1 18.7 374.1 0.017 285
ult.
PJ‘“: 3 358.8™ 270.0 ™ 0.013™ 1082"
rate
(2002 S 3 8.58 ™ 193.1™ 0.0007 ™ 156.5 ™
P rate * cult
o s i
27 3 30.9™ 3330 ™ 0.0007 ™ 412.3™
Year*p rate
.y
2 1 0.00™ 2430 0.003 ™ 28.5™
Year*cult
23 ¢35 5 dl
29" 4451 "™ 0.008 ™ 268.7 ™
La.sYear*cult*p rate
s
28 33.9 172.7 0.006 319.3
error
TS re ; 9.7 165 17.6 25.9
CV%

*PE: phosphorus efficiency, PUTE: phosphorus utilization efficiency, PACE: phosphorus
acquisition efficiency, DW: shoot dry weight in stem elongation stage, Cult. Cultivar, ** and " indicates the

significance of the treatments at the 1 and 5 percent levels, and ™ indicates no significant difference.
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Table (7) Summary of analysis of variance of effects resulting from composite analysis of treatments
on phosphorus efficiency indicators in Isfahan region in two years

Sl o Sils
Mean square
= b GolTams b gL id oS 0js S i e S e bl
Source of variance df PE of grain PE of DW PUTE PACE
Jssrep 2 50.8 " 150.7 ™ 0.043" 265.3™
Ju. year 1 379.7™ 1485 1.48" 630.7"
S5 55 Ju Year*rep 2 182.3™ 84.0™ 0.052" 16.7"
«5, Cult. 1 47" 17.5™ 0.15" 720.7"™
s P rate 3 63.7"™ 366.4" 0.006 ™ 79.4™
¢35 53 s P rate * cult 3 363.4"™ 0.85™ 0.005 "™ 96.1"™
JL s ,aws Year*p rate 3 67.2"™ 456.1" 0.006"™ 319.4™
o5, 3 Ju Year*cult 1 150.5 ™ 20.0™ 0.148" 1064
M;e;:;ulf; e 3 42.6™ 229.7" 0.001 " 2059
s error 28 144.7 78.6 0.010 227.6
7% 0 6 CV% - 14.7 11.2 21.5 24.2

*PE: phosphorus efficiency, PUTE: phosphorus utilization efficiency, PACE: phosphorus acquisition efficiency, DW:
shoot dry weight in stem elongation stage, Cult. Cultivar, and * indicates the significance of the treatments at the 1 and 5
percent levels, and ™ indicates no significant difference.
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Table (8) Summary of analysis of variance of effects resulting from composite analysis of treatments
on phosphorus efficiency indicators in Kerman region in two years

Sl n Kiln
Mean square
Source of variance df PE of grain PE of DW PUTE PACE
‘ 5 *
A 2 1.27 ™ 590 " 0.014 ™ 8.45
rep
L - -
J 1 571" 336" 0.358 28.47
year
(IKY JL.n *k *k *k
? j‘ ’: 2 10.29 2697 0.045 6.36 ™
ear*rep
C"’;t 1 5.64 " 422 0.036 " 0.015™
Ult.
P"": 3 451" 657 " 0.0003 ™ 3.05"™
rate
P"”t” :“ ’ 3 3.04" 783" 0.004 ™ 248"
rate * cu
Lo i
Y‘j ’* ’“‘”t 3 252 724" 0.0006 ™ 297™
earp rate
3 Lo ok *
; g ’jf ; 1 19.05 1.68"™ 0.030 317"
ear=cu
> V';) > b ns * ns *
L vearscultp rate 1.06 1258 0.001 6.63
s
28 221 376 0.007 2.16
error
’”’;\;/” - 20.97 29.8 18.7 19.04
0

*PE: phosphorus efficiency, PUTE: phosphorus utilization efficiency, PACE: phosphorus acquisition efficiency, DW:
shoot dry weight in stem elongation stage, Cult. Cultivar, ** and " indicates the significance of the treatments at the 1 and 5

percent levels, and ™ indicates no significant difference.
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Figure (2) Main effect of P rate on phosphorus efficiency indices in tested regions
Differences at the 5% level of Duncan's test
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Figure (3) Mean interaction effect of cultivar * year on phosphorus efficiency indices in tested

regions

Goldasht(1) Goldasht in first year, Goldasht-2: Goldasht in second year, Cultivar2-1: Cultivar2 in
first year, Cultivar2-2: Cultivar2 in second year, Cultivar2 in Isfahan: Padideh, Cultivar2 in Darab:
Padideh, Cultivar2 in Kerman: Soffeh. Differences at the 5% level of Duncan'’s test
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1- The average dissolved nutrient concentration
2- Maximal rate of nutrient uptake
3- The effective diffusion coefficient
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