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Abstract

Biological and abiotic stresses reduce growth and yield in plants. During their growth
period, plants may be subjected to various abiotic stresses such as heavy metals, lack of
essential elements, increase of some elements, and also biological stresses such as the
attack of herbivorous insects. In this research, the effect of both nickel and zinc 300 uM
salts on the change of resistance and some growth and physiological parameters of the
safflower plant (Goldasht cultivar) was studied under standard greenhouse conditions in
the presence or absence of safflower aphid biological stress. For this purpose, an
experiment was conducted in the form of a randomized complete block design and
factorial form with 8 treatments including Hoagland's solution (control), zinc, nickel, and
zinc + nickel in two conditions with treatment or without treatment with seven blocks
(repetition). Plant growth parameters such as plant height, number of leaves, leaf area,
root wet weight, aerial organ wet weight, and some physiological parameters such as
relative water content, chlorophyll content, carotenoid content, and ion leakage
percentage were measured. The research results showed that the reducing effect of nickel
toxicity and aphid biological stress on plant growth parameters was significant. The
interaction between heavy metal treatment and biological stress had a significant effect
on the height of the stem and the number of leaves, which indicated the combined effect
of the toxicity of heavy metals nickel and zinc along with aphid stress on these two growth
parameters and increased plant sensitivity. However, overall, the results of this research
showed that if the plant is placed in non-stress conditions of zinc and nickel metals and
given proper nutrition, it will have more performance and resistance during biological
stress such as aphid attack and the presence of toxic amounts of heavy metals causes more
sensitivity during the attack of pests and herbivores.
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Introduction

Stress is the change in the natural and optimal conditions for an organism, which
diminishes its growth and development. Plants, like other living organisms, are subject to
various abiotic stresses, including heavy metal stress and damage caused by deficiencies
or increases in certain elements, as well as biological stresses such as herbivorous insects’
infestations or diseases. This research aimed to investigate the separate and combined
effects of heavy metals nickel and zinc on changes in sensitivity or resistance, changes in
growth and physiological parameters, and to investigate sensitizing or resistance reactions
of the safflower plant of Goldasht variety under aphid biological stress under standard
conditions of growth in a greenhouse.

Materials and Methods

In this study, the effect of nickel and zinc application on some growth and physiological
parameters of Safflower, Carthamus tinctorius (Asteraceae) (Goldasht cultivar), in
greenhouse conditions under bio-stress of Safflower aphid, Uroleucon carthami
(Hemiptera: Aphididae) were studied. Plant growth and rearing the aphids and also
performing the experiment were carried out in greenhouse conditions with a temperature
0f 24 °C during the day and 20 °C at night, relative humidity of 50 + 5%, and a light period
of 8 h of darkness and 16 h of light in the research greenhouse of the Graduate University
of Advanced Technology, Kerman, Iran. Experiments were run as fully factorial
randomized block designs with four treatments for heavy metals using Hogland solution
as Control, Ni, Zn, and Ni+Zn and two aphid treatments as with aphid and without aphids.
Growth parameters such as plant height, number of leaves, leaf surface, fresh root weight,
fresh aerial plant parts weight, and some physiological parameters such as relative water
content, chlorophyll content, carotenoid content, and percentage of ion leakage were
measured.

Results and Discussion

The results showed a significant effect of nickel on most of the measured parameters and
the effect of aphid bio-stress with a significant effect on plant growth parameters. The
interaction between heavy metals stress and aphid bio-stress was statistically significant
for plant height and number of leaves which shows the combined effects of these two
treatments on safflower plants. Biological stress by pests and plant diseases has different
negative effects on the growth and physiological indicators of the host plant. As seen in
this research, the presence of aphids on safflower plants as biological stress caused a
decrease in growth parameters and a negative effect on some physiological parameters of
the plant. Plants have always been exposed to pest insects, so they suffer the most damage
from these organisms. Because insects feed on all parts of the plant and in all growth
stages, they destroy the plants and reduce the growth of aerial organs and roots, increase
the plant's sensitivity to pathogens, and reduce the ability of plants to compete with other
plants.

Conclusion

The results of this research indicate the significant effect of nickel and zinc as well as
aphid biological stress on the growth and physiological characteristics of the safflower
plant, which causes a decrease in safflower biomass and yield. Meanwhile, the effect of
nickel was greater than that of zinc, and in addition to reducing plant growth parameters,
symptoms such as chlorosis and necrosis of leaves were also noticeable due to the use of
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nickel. The interaction effect of treatment with heavy metals and biological stress of
aphids on plant height and leaf number parameters was significant and this means that
these two stresses have a combined effect on these two parameters in addition to their
specific effects. The application of heavy metal stress in this research, especially nickel,
decreased the growth and increased sensitivity to biological stress and herbivory of
safflower aphids.
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Table 2- Analyses of variance for plant height, root fresh weight and relative water content of safflower plant treated
by Ni and Zn in the presence and absence of safflower aphids. Bold numbers indicate significant differences at the level
of 5%.
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X Ol i sl
. 7 e Wald test ssl3T p
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H Sl Hles N
'Jizuéu 6 e 29.91 3 0.001
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(cm/plan't)at,f gl . i s 35.05 1 0.001"
Plant height Aphid treatment
ad ks X'Jizijé’u Sl les 10.99 3 0.012
Zn & Ni x Aphid treatments
5 Sl Hles
.Jgf}d}) 6 Lo 14.26 3 0.003*
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(g/plant)az, 793 . e ls 18.45 i 0.001°
Root fresh weight Aphid treatment
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Zn & Ni x Aphid treatments
5 Sl Hles
; ,Jgf 3620 S8 s 3.24 3 0.356
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RWC (%) , o 3.11 1 0.078
Aphid treatment
s e 5 Sl Hles
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Figure 1- Comparison for mean plant height of safflower treated by Ni and Zn. Different letters indicate significant
difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 2- Comparison for mean plant height of safflower in the presence and absence of safflower aphid. Different
letters indicate significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 3- Comparison for mean number of leaves of safflower plant treated by Ni and Zn. Different letters indicate
significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 4- Comparison for mean number of leaves of safflower plant in the presence and absence of safflower aphid.
Different letters indicate significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error

(SE).
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Table 3- Analyses of variance for some growth parameters and photosynthetic pigments content of safflower treated
by Ni and Zn in the presence and absence of safflower aphids.

oS alsn el 5 05

Sl e oS 5 sl (em?) & ; wlan S5 i deo
. df Plant aerial parts fresh N
Sources of variation No. plant leaves . Leaf surface (%) ion leakage
weight (g/plant)
Blockes ., 6 3.397m 0.029" 13666.6™ 16.91™
5 Sl s
S5 6{) 5o 3 84.836™ 0.02" 109448.5™ 2204.41"
Zn & Ni treatment
adHles . «
. . 1 57.628 0.112 12558.4™ 130.09™
Aphid treatment
2h jlas % JS Sl s
o S5 (630 A58 e 3 6.146™ 0.017 12143.4m 24.09"
Zn & Ni x Aphid treatments
Error > 39 322.145 0.025 47517.5 189.6
. g . b gssis N
o df Total el Chrorophyl b Carotenoid
Sources of variation Chlorophyl Chrorophyl a (ug/FW) (ng /I?V\/y) (ng/FW)
(ng/FW)
Blockes ., 2 81.93 44.92% 5.59m 3.21m
; Sl Hles
S5 N 3 904.55™ 445.78" 843" 19.29"
Zn & Ni treatment
b les
) . 1 26.56™ 8.68™ 4.87" 0.016™
Aphid treatment
b e ; S les
e X IS5 52 S e 3 30.97™ 7.85m 7.8m 0.678™
Zn & Ni x Aphid treatments
Error s 14 49.79 22.31 7.48 1.413

Sl doys Y 50 Jlea! Cl““ 23 Gols gme 5 5,15 sme pe odasOlis 5 5 4wk 9 3% (1S

ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively
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Table 4- Comparison of the average parameters on which the interaction between the three factors of aphid, zinc and

nickel was significant. Non-similar Latin letters in each column and parameter indicate a significant difference based
on Duncan's test at a significant level of 5%.

ol glesles S 5

Combination of experimental treatments

el:f Cuu

wlss el 5055

& s s iy, 5 055 Root W& oS 8 sl
7 jli o e cble FW (g/plant) Shoot lenght . No. plant leaves
oS ) IS ¢ . &P (cm/plant) Sh(/)olt FW P
The presence of [Ni*] [Zﬁ ] (g/plant)
safflower aphid on M Mp
the plant
0 0 2.514+0.15° 43.5£1.25° 3.63£0.15° 23.5£1.15%®
_ 300 0 1.52+£0.15% 35.2+1.85¢ 2.21+1.85¢ 19.1£1.45¢
0 300 2.11£0.03° 38.2+1.91° 3.12+0.05° 25.2+1.41%
300 300 1.12£1.35¢ 37.1£1.35¢ 2.11£1.35¢ 17.1£0.85¢
0 0 1.22+0.09° 36.8+1.02°¢ 3.12£0.12° 16.8+0.55°¢
+ 300 0 1.38+0.08 ¢ 32.8+1.04°¢ 1.82+0.07 ¢ 13.8£0.61 %
0 300 1.62+0.07 ¢ 33.2+1.11°¢ 3.02+1.11 14.3£0.82 8
300 300 0.83+0.02 " 31.1£1.20° 1.85+0.07 13.120.75"
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Figure 5- Comparison for mean root fresh weight of safflower plant treated by Ni and Zn. Different letters indicate
significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).

25
a
-
F2.O
N b
a e
g =g
@ Lg 1.0
&
05
4 No aphid With aphid
B0 A gl 0

Sy & ta o Oy 8K wii gl pde 5 sl 33 SIS oS 3wty 055 Sk O i anglie S
A 3l glas adins Ol Hb bl 5 SSls 090 5T olil  (P<0.05) 555 55 sime

Figure 6- Comparison for mean root fresh weight of safflower plant in the presence and absence of safflower aphid.
Different letters indicate significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error
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Figure 7- Comparison for mean aerial parts fresh weight of safflower plant in the presence and absence of safflower
aphid. Different letters indicate significant difference based on Duncan post hoc test (P<0.05), Error bars show standard

error (SE).
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Figure 8- Comparison for mean percentage of ion leakage of safflower plant treated by Ni and Zn. Different letters
indicate significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 9- Comparison for mean total chlorophyl of safflower plant treated by Ni and Zn. Different letters
indicatesignificant difference based on Duncan post hoc test (P<0.05), Error bars show standard error.
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Figurel10- Comparison for mean chlorophyl a of safflower plant treated by Ni and Zn. Different letters indicate
significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 11- Comparison for mean chlorophyl b of safflower plant treated by Ni and Zn. Different letters indicate
significant difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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Figure 12- Comparison for mean carotenoid of safflower plant treated by Ni and Zn. Different letters indicate significant
difference based on Duncan post hoc test (P<0.05), Error bars show standard error (SE).
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