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Fertilizers, Chemical Water stress is one of the most significant environmental stresses that affects the
Fertilizers, Environmental performance of many crops by altering physiological and biochemical processes. It is
Stress, Grain  Yield also the most common and impactful environmental stress that causes damage to crops
worldwide each year. Additionally, the type of plant nutrition plays a crucial role in
influencing the quantitative and qualitative performance of agricultural products. This
research aims to investigate the effects of organic and chemical fertilizers, as well as
water stress, on the functional, physiological, and quality traits of the safflower plant.
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To investigate the effect of nutrition methods and water stress on the functional,
Revised: physiological, and qualitative traits of safflower, this research was conducted using a
05 Mar 2025 split-plot design based on a randomized complete block design with three replications
over two cropping years (2019-2020 and 2020-2021) at the research farm of Jahad
Accepted: Daneshgahi in Birjand. The irrigation regime included two levels: full irrigation (100%
05 Mar 2025 of the plant’s water requirement) and water stress (50% of the water requirement) as
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the main factor, along with eight nutritional treatments as sub-factors. These nutritional

treatments were: control, NPK, humic acid (HA), phosphate fertilizer-2 (PB-2), NPK +
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HA, NPK + PB-2, HA + PB-2, and NPK + HA + PB-2.

The traits investigated in the safflower plant during this experiment included physiological,
functional, and qualitative characteristics, as follows:

Functional traits: number of bolls per plant, number of bolls per square meter, number of seeds per
boll, 1000-seed weight, seed yield, and biological yield.

Physiological traits: water use efficiency for seed and oil production

Qualitative traits: seed oil percentage and oil yield.

Results and Discussion

Water stress reduced seed yield, number of bolls per plant, number of bolls per square meter, seed
oil percentage, number of seeds per boll, oil yield, and 1000-seed weight. However, it increased the
efficiency of water use for both seed and oil production. Based on the results, nutrient application
improved functional and qualitative traits such as seed oil content. Under water stress conditions, the
highest seed oil percentage was observed in the NPK + PB-2 treatment in the first year (22.63%),
while under full irrigation conditions in the second year, the highest percentage was recorded in the
HA treatment (25.93 %)

The highest number of seeds per boll in the first year under stress conditions was 33.28 in the HA +
PB-2 treatment, followed by 31.44 in the NPK + HA + PB-2 treatment under the same conditions.
Water stress significantly decreased the average 1000-seed weight, with the lowest recorded value
being 28.73 grams under stress treatment. The highest 1000-seed weight was recorded in the NPK +
HA + PB-2 treatment, averaging 32.75 grams.

The number of bolls per square meter decreased from 321.55 to 310.15 under water stress conditions.
The control treatment under non-stress conditions resulted in the highest number of bolls per square
meter (1.732). Under stress conditions, the highest value was observed in the NPK + PB-2 treatment.
In the second year, the highest seed yield was obtained from the NPK + PB-2 treatment under full
irrigation, with an average of 4303.3 kg/ha. The highest biological yield was also recorded under
non-stress conditions with the integrated application of NPK + PB-2, averaging 9308.5 kg/ha. The
highest oil yield in the second year was observed in the NPK + PB-2 treatment under full irrigation,
reaching an average of 809.6 kg/ha.

The highest seed oil percentage under non-stress conditions in the first year was 21.63%, and in the
second year, the HA treatment under full irrigation produced the highest value, averaging 25.9%.
Under water stress conditions, NPK fertilizer resulted in the highest seed water use efficiency (0.96
kg/m?). The highest oil-water use efficiency was observed in the NPK + PB-2 treatment, averaging
0.189 kg/m3. The interaction between water stress and nutrition significantly affected seed water use

efficiency, oil yield, biological yield, seed yield, number of bolls per square meter in the first year,
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and oil water use efficiency in the first year.

Conclusion

In general, the most important findings of this research are as follows:

1. Water stress had negative and reducing effects on the functional and physiological traits of the
safflower plant.

2. The use of chemical, organic, and biological fertilizers led to improvements in functional traits
and an increase in qualitative traits, such as seed oil content, compared to the control treatment
(no fertilizer application). Among the fertilizer treatments, the combined application of chemical,
organic, and biological fertilizer sources was more effective in enhancing average trait values and
improving qualitative and physiological characteristics than their separate application.

3. Under water stress conditions, the integrated application of fertilizer sources helped mitigate the
negative effects of water stress on both quantitative and qualitative parameters.

4. Finally, based on the results obtained, it can be concluded that the combined use of chemical,
organic, and biological fertilizers under water shortage conditions contributes to enhanced

quantitative and qualitative performance in safflower.
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Table 2. Decomposition of the combined variance of the effect of water stress and plant nutrition on
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(mean square)ols o il

A?)i als 89y oy als e o5 059 4o als slasy
Sources of change Sl petd’ 2ol sl
d.f Seed oil percentage 1000 seed weights Number t())(fl?eeds per
Year ) | 14.46 989 4% 10.58 1
Year * Repetition
S5 Jle 4 3.22 6.62 60.88
Water stress (D) o i 1 *242.8 426.7 #721.1
Y xD 1 0.011 " 2221 16.84 ¢
YD (R) 4 11.42 8.12 62.55
Plant nutrition (N) oL i 7 13.93 1s #30.8 #122.7
Y xN 7 8.86 1 8.69 1 35931
FxN 7 15.911s 8.62 1 #39.86
Y xDxN 7 #=#12.71 3.84 ns *36.48
Error s 56 2.98 5.39 1155
Coefficient of
variation (%) &l yoss gy - 8.31 7.52 13.59

woel8l s g JlSas glo ighy ddxe

YO-¥7 P NF-F ]‘iL‘ AR LS‘L‘) (Pga 0590



100% of the plant’s water requirement Ml

23
20
B 15
=
2
n 1
]
1)
Q -
— 5
S
B
Ra) 0
g © ¥ 52 9§ = 3 9
5 = = £ = £ E
Z # g z
= = =
First Year

TEHIAAPE-2

Ol)lﬁw)aﬂ dsbdass .

50% of the plant’s water requirement M

u # = o = o o o
= = £ = g E E

2 3 i 0z

= = =

- 5

Second Year =

0398 5o ald Blass y AL 4 ik b ylowd g 2T i (Jlw Jiliie §1 puSileo dun Ulo ) S
Fig 1. Comparison of the average interaction effect of the year, water stress, and treatments of plant

nutrition on the number of seeds per boll

b olsgS cledy g(Rashid et al., 2018) 5,5
o Ll S 395 (S 9 4ls At 1 090
Gholizadeh) ol oo ials asls i 55 ¢ oS
it Lyl s s lié olic sy (et al., 2018
rh—w gl o b, pals J b (Sis
Bes b 3 5ttt S alS s i SLs
R (S Ea—dge ol 9 30,5 (o0 i (0t
St bl e a5 o5 el Yo

.(Paravar et al., 2022) 55,5 oo oo S—ix

S andi g (s (Yl il el el
g e a0 Sl 3 als e 59
039 oeSles S i Gials Ay e
Sesi dm byye ol Glime i ieS ame S 4l e
A S 45 39 5 TAIVY o Silee Ly (25
Oty 8l i 2§ 0o 0 A i S poe byl
Ly NPK+HA+PB-2 JLas o ails [l oy il
B o s e (9 09 0,5 YYIVO (535 meSilis
ol 090 9 Job (Hy Sl (S Slrogas
e Jalge 5T oo caiay adils qud

BC @mNPK @ HA 0PB-2 aNPK+HA mNPK+PB-2 mHA+PB-2 m NPK+HA+PB-2

800

700

500

400

300

200

Number of bolls per square meter

100% of the plant’s water requirement

50% of the plant’s water requirement

Jl Jlw 50 K555 g0 k0 30 0398 SNaxi y 49085 b yland 9 (T i ol i1 (puSilno dumnylio ¥ S
Fig 2. Comparison of the average interaction effect of water stress and nutrition treatments on the number

of bolls per square meter of safflower in the first year
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Table 4. Variance decomposition of the effect of water stress and plant nutrition on functional and

physiological traits of safflower under water stress in the first year
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