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As indicated in Figure 3, rupture force of “Cutting off ir-
rigation in reproductive growth stage” treatment at all levels 
of nutrient had a higher value in comparison with the “No 
cutting off irrigation” treatment. It was probably because 
of softer texture of seed and softening impact of irrigation 
on the seed structure. Whereas it was observed that apply-
ing “Cutting off irrigation in reproductive growth stage” 
with “Organic (HUMIX95)” nutrient had opposite effect on 
rupture force in comparison with others. This was probably 
because of softening effect of “organic” nutrient, that com-
posed of 12% Folic acid, 68% Potassium and 15-13% Humic 
acid in result of water lacks. When the combinations of or-
ganic, chemical and biological (Nitroxin) nutrients were ap-
plied, rupture force diminished significantly with irrigation, 
i.e. cutting off irrigation caused harder seeds to be produced. 
However, it was observed that applying “Cutting off irriga-
tion in vegetative stage” irrigation with “combination of or-
ganic, chemical and biological (biosulfur)” or “Control” nu-
trient had the same effect. This means that we can gain the 
same yield on safflower cultivation by consuming less water. 
The highest value of rupture force was obtained to be 88.56 
with applying “Cutting off irrigation in reproductive growth 
stage” irrigation with “combination of organic, chemical and 
biological (biosulfur)” nutrient. This feature may not be de-
sirable for oil extraction, because it results in harder seed hull 
and hence more force required. On the other hand, it might 
be useful if the target is storing seeds. The similar trend was 
observed for “Cutting off irrigation in vegetative stage” with 
Organic (HUMIX95) or Biological, (biosulfur) nutrient.

Results showed that applying of “Combination (d + e + 
f)” nutrient at all levels of irrigation has caused diminished 
rupture forces. This shows that the treatment causes seed hull 
to become softer and can be easily separated from kernel by 

conventional processing and oil extraction machinery. Ap-
plying “Combination (d + e + f)” and “Cutting off irrigation 
in reproductive growth stage” resulted in brittleness of the 
hull and reduction in required rupture force. Therefore, ac-
cording to Figure 3 and Figure 4, it can be shown that apply-
ing “Combination (d + e + f)” and “Cutting off irrigation in 
reproductive growth stage” treatments will lead to reduction 
of processing costs. Besides, using “Combination (d + e + f)” 
and “No cutting off irrigation” treatments caused the lowest 
rupture force and caused highest deformation at rupture point 
as well. This means that seeds have been more flexible, or in 
other words, the gap size between the compression plates of 
hulling equipment should be increased. “Cutting off irriga-
tion in vegetative stage” treatment had a different impact on 
rupture force in a way that it caused the minimum rupture 
force in some nutrient treatments and maximum on others. 
Obviously, this might be due to interaction between “Cutting 
off irrigation in vegetative stage” and nutrient treatments.

In general, it was observed that deformation at rupture 
point in “Cutting off irrigation in reproductive growth stage” 
was lower than “No cutting off irrigation” treatment (Figure 
4). It can be due to brittle structure of safflower seeds i.e. 
“Cutting off irrigation in reproductive growth stage” treat-
ment was applied. Also there was not a significant difference 
between “Cutting off irrigation in reproductive growth stage” 
and “Cutting off irrigation in vegetative stage” treatments at 
p < 0.05, except when combinations of organic, chemical and 
biological (Nitroxin) nutrients were applied. There was an 
inverse relationship between force and deformation i.e. in-
crease in force, result in a dramatic fall in deformation. Mini-
mum value obtained with performing “Cutting off irrigation 
in reproductive growth stage with combinations of organic, 
chemical and biological (Nitroxin) nutrients” and “No cutting 
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Fig. 3. Means plot of the safflower seed rupture force at 
various treatments
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Fig. 4. Means plot of the safflower seed deformation at 
rupture point at various treatments
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off irrigation with Biological (Nitroxin)”. Therefore, the lat-
ter was beneficial, because of lower water consumption and 
nutrient. Knowing deformation at the rupture point can be 
basically useful for the determination of the gap size between 
the dehulling plates in the processing machinery.

In most cases, the required energy to rupture the seed 
was higher for “Cutting off irrigation in reproductive growth 
stage” treatment in contrast to “No cutting off irrigation” 
treatment (Figure 5). This means that further energy will be 
required to break the brittle seeds. In addition, there was not 
observed a significant difference between “Cuttings off irri-
gation in vegetative stage” with other treatments at p < 0.05. 
As indicated in Figure 5, applying “Combination (d + e + 
f)” and “Cutting off irrigation in reproductive growth stage” 
caused lowest rupture energy which means lower energy and 
costs required to process the seeds. As a result, this treatment 
will be considerably beneficial. Maximum value obtained 
with applying “Cutting off irrigation in vegetative stage with 
biological fertilizer (biosulfur), “Cutting off irrigation in 
reproductive growth stage with Organic (HUMIX95)” and 
“Cutting off irrigation in reproductive growth stage with Bio-
logical (biosulfur)” treatments. Inasmuch as these treatments 
need higher energy for rupture, we must refuse to use them 
to reduce the costs.

The hardness of seeds increased with the seed mass at 
all treatments. Similar results were obtained by Karaj and 
Muller (2010). Hardness of the seeds was generally higher 
than that of kernels. This can be explained by the hard hull 
of seeds in contrast to the soft texture of the kernels. Similar 
results were reported by Sirisomboon et al. (2007). As indi-
cated in Figure 6, hardness was higher for “Cutting off irriga-
tion in reproductive growth stage” treatment in comparison 
with “No cutting off irrigation” treatment.

Modulus of elasticity can be used in the simulation of 
seeds for machine design purposes. Finite element analysis 
(FEA) can used to model the mechanical behavior of the saf-
flower seed hull after the seed impact. Modulus of elasticity 
was significantly different between “No cutting off irriga-
tion” and “cutting off irrigation in the reproductive growth 
stage” irrigation treatment at p < 0.05. Also there wasn’t a 
significant effect of nutrient on modulus of elasticity in some 
treatments (Figure 7). 

Conclusions

Mechanical properties such as rupture force, deformation 
at rupture point; hardness and energy required for rupture 
were reported. It was observed that there was a significant ef-
fect of irrigation on some mechanical properties at p < 0.05. 
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Fig. 5. Means plot of the safflower seed rupture energy 
at various treatments
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Fig. 6. Means plot of the safflower seed hardness at 
various treatments

0.00

50.00

100.00

150.00

200.00

250.00

d e f g h i j

M
od

ul
us

 o
f E

la
st

ic
ty

Nutrient

a
b
c

water

Fig. 7. Means plot of the safflower seed modulus of 
elasticity at various treatments
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Nutrient had significant effect on some mechanical proper-
ties at p < 0.05. Mean values of rupture force, deformation at 
rupture point, energy for rupture, modulus of elasticity and 
hardness of seeds varied within the ranges of 46.65-88.56 
(N), 0.389-0.741 (mm), 0.0144-0.0817 (J), 66.53-231.60 (MPa) 
and 63.95-252.13 (N/mm) respectively. Minimum value of 
deformation at rupture point and energy for rupture were ob-
served in cutting off irrigation in reproductive growth stage 
while seeds grown with the conventional irrigation system 
were of more rupture point. Modulus of elasticity was mea-
sured to be 66.53 MPa, its least value, for no cutting off ir-
rigation and combination of nutrient treatments. The similar 
trend was observed for hardness of seeds. It was proved that 
the application of organic fertilizers for safflower nutrient im-
proved mechanical properties of seeds in comparison with 
the chemicals. Seed structure became brittle as “Cutting off 
irrigation in reproductive growth stage” was applied. There 
was a significant difference between “Cutting off irrigation 
in reproductive growth stage” and “No cutting off irrigation” 
on rupture force and rupture energy. Applying “Combination 
(d + e + f)” and “Cutting off irrigation in reproductive growth 
stage” were beneficial compared to other treatments. Organic 
fertilizers can substitute the chemical fertilizers, whereas or-
ganic fertilizers are more beneficial than chemical fertilizers 
emphasizing that they do not contaminate environment as 
much as chemicals do. 
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