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Effect of Different Substrates and Nano Potassium Fertilizer on
Morpho-Physiological Characteristics of Pot Marigold (Calendula
officinalis L.) under Drought Stress
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Table 1. Physicochemical properties of studied culture media.
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Culture media Texture S m) (%) kg™) (m? kg Sand Clay Silt
ocC (%) (%) (%)
(%)
Soil s TN 0.477 3.2 7 0.06 28.94 105 54 19 27
Sandy 4
loam
CansS'sS - - 3.1 81 07 508 9834 - - -
Cocopeat
o ol - - 2.51 74 233 0.1% 0.35% - - -
Palmpeat
by, sbla - 52.1 1.2 715 168 0.18% 1140 - - -
Madder (1:5)
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Table 2. Effect of different levels of drought stress on growth chracteristics of pot marigold.

i sleghe J5 skd J5 ol Swasls ylad S ol el oyl 5 5 oyl Sis (35 ady, S s adey S 09
Drought levels Flower Flower Canopy diameter Leaf Height Fresh weight of Dry weight of Dry weight of Fresh weight
diameter (cm) number (cm) number (cm) shoot (g) shoot (g) root (g) of root (g)
ac 50 byl YA 3.9 6.612 15.32 3138 10.65% 25.382 2.29° 2.7° 14.22
80% FC
a4 ype Loyl /5 3.4P 5.1° 15.342 3178 10.522 29.56° 4582 3.48 13.42
60% FC
SVSEORCHE A 2.9° 4.05¢ 13.52° 25.7° 9.58° 24.38° 2.96° 2.2 8.4
40% FC

tMeans in each column followed by the same letters are not significantly different at P<0.05 according to the Duncan‘s test.
ol (P<0.05) SSls cyg05T a0l 5 Sl gime B 098 il ygiw 2 10 S iie sbod > llo L;l.cau..i.l...e'l'

Table 3. The effect of different treatments on growth chracteristics of pot marigold.

)LQ—'M‘” G, Lgl.buaéu» » el 6&&)[.0.33 )J‘ -y de.?

b los g glas | J5 ols Fok leals L Lo S S ol Ay S Ois Ak S (g a5y el S g iy
Treatments Height Flower Flower  Crown S Leaf area Leaf number Fresh  Dry weight of Fresh  Dry weight of K
(SR
number diameter ~ diameter Greeness (cm?) weight  of root (g) weight of shoot (g) (%)
cm) (cm) index root () shoot (g)
sals 8.80° 3.55° 3.3° 6.12° 27.8°¢ 68.3%° 19.16¢ 9.95¢¢ 15° 14.8% 1.8° 1.31«
Control
el 35550 11.11° 5.7° 3.9° 6.16% 32.9 68.12° 34.22¢ 15.04° 3 27.4¢P 4.6° 2.21°
1 g kg* Nano-potassium
ooliy 55555 11.86° 9.8% 3.4° 5.172 40.9% 75.09% 45.11° 12.1¢P 2.9 34.8° 6.7% 5.48?
2 g kg Nano-potassium
s, sbla: 12.66% 10.2* 4.5 8 173 33.6° 57.2° 52.44% 22.7° 5.4° 48.6 7.08 3.56°
Madder residue '
CsSsS 8.41° 2.2 4.3 7 11“ 23.8° 54.3 13.27¢ 6.69° 1.6° 21.50cd 15° 0.73¢
Cocopeat '
el 8.66° 0° 0¢ 1 12“ 23.6° 57.2° 13.55¢ 5.7¢ 2.1¢0 11.3¢ 1.7¢ 1.424
Palm peat '

tMeans in each column followed by the same letters are not significantly different at P<0.05 according to the Duncan‘s test.
ol (P<0.05) SSls cyg05T a0l Sl gime B 098 il ygiw ;2 10 S iine sbod > llo L;l.cau..i.l...e'l'
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Table 4. The interaction effects of different treatments and drought stress on growth chracteristics of pot marigold.

Ohlean 5,5 ol

Dlpdioen 0by gl aslls  Sas 1 g aliBee slolad (iSen y - oo

slagh o Lo by ] ady, SS9 aday 5 Ol oledls 5 oje ol SS9 Jleals hé ks 5 ol S g Sy ol &)
S treatments Potassium Gree Suj..  Dry weigh of Fresh weight Fresh weight Dry weight of Crown Flower Flower Leaf area Leaf Heigh
Drought () ness index (9) root (@) of root @) of shoot @) shoot diameter  diameter number (cm?) number t
levels cm) (cm) cm)
sals 1.56 9fed 25.24 1.4¢ 17.9cdef 15.1f 1.9f 12 def 4,2 cdef 4,69 62.2abc 16.19f 8.08
Control o
A+, ey 35556 2.9¢f 27.6 cde 3.20¢ 16.9° 28ecde 4.9 cde 17 ¢ 4.4 bede gde 74.3% 36.3¢ 111
b b 1 g kg'tg Nano- o
. potassium
e
80% 2gKgl el 5eS 5l 3.8bcd 31.4bcd 3.5 17.6° 431" 115" 18 3¢ 4.7% 116% 73.8% 52b 12.9
FC Nano-potassium ®
obsy sble 558 30.02¢ 4.7° 26.9° 40.2 bed 6.1 19.562 6.62 12.32 52.7b¢ 54P 12.8
b
Madder residue
oSS 1.05¢fo 25.3% 1.4¢ 6.8¢ef 11.9¢ 1.8f 12.4 def 3.7 9fd 3¢9 60.2abc 1439 89f
Cocopeat
Caspll 1.5 defg 30.1¢ 2¢ 5.2f 13.9¢ 2.2F 13.3¢% 0f 0f 42.5¢ 1559 10¢%f
Palm peat
anls 1.15°¢f 26.8% 1.3° 9.03¢f 16.4bcde 1.7f 12.69%f 3.59F 3.69M 77.8% 189 8.3¢f
Control
£, 1gkg? ey 35556 1.8 defg 32.8bcd 3.06b° 14.7¢d 28.7 bede 4.5¢ 16.5 2¢ 4 gfecd 5.6¢f 68.830¢ 31.6%  11.3°
b b Nano-potassium ‘
ac)e
60% 2 g kg pely 3555 5.2bc 46.32 2.9 11.06¢def 31.4 bede 6.7°¢ 19 4] cdef 10.6 2¢ 86.42 45be 11.5¢
FC Nano-potassium
by, sble 3.2¢de 42.8% 9.32 34.06° 79.22 1112 18.5%¢ 5.1b g 58.2abc 70.32 14.32
Madder residue
oSS 0.67°¢f 23.6% 2.1° 6.2¢f 10.5¢ 1.7f 125 def 3.50f 2hi 58.9abc 129 8.19n
Cocopeat
el 1.14¢f 18.2¢ 2.03° 5.3¢f 11¢ 1.6f 12.9 def 0f 0f 60.33¢ 1359 9fe
Palm peat
£ awls 1.21°¢f 315« 1.8¢ 8.9¢ef 12.9¢ 1.8f 13.3¢% 2.2 2.3 hig 65.13¢ 23.3¢f 9.5
efg
bbb Control
ae)e
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1gkg! otz 35556 180 38.22¢ 2.9 13.4cce 25.5 bede 4.4% 16.3% 3.4 3.6 612 3469 108
Nano-potassium cde
40% 2gKgl ey 5eS 5l 7.32 42.9% 2.4° 7.6%f 30.03 bede 5 cde 15.5¢« 4,1 cdef 7.3¢ 64.92%¢ 3g 111
FC Nano-potassium cd
obisy bl 1.9%fg 27.8 2.3¢ 7.30%f 26.3 bede 4¢ 15.5¢ 4.5 bed 9.3 ¢db 60.62° 33¢d 10.8
Madder residue | cde
CatsSsS 0.47¢ 225% 1.3¢ 6.8def 42.1% LLf 10.3¢f 3.19 16N 4405 1359  g1oh
Cocopeat
capll 1.54 ¢efy 22.4¢% 2.5 6.5¢f 9.2¢ 1.4f 10.1° 0i 0l 6gabe 11.69 7n
Palm peat

tMeans in each column followed by the same letters are not significantly different at P<0.05 according to the Duncan‘s test.
ol (P<0.05) SSls cyg05T b 5 o gime BB 055 Sl (ygim o 50 S e gladd > l)ls slap Kbt
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Table 5. Simple correlation between growth chracteristics of pot marigold under the impact of different culture media and drought stress.
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o & K ol ls olsls ady, ady, Greeness Leaf Leaf  Flower ..  Flower
L;)'iﬁ " " index H }
Parameters Catalase  Dry Fresh Fresh Dry area number  diameter  croyn  number
weight of weight of weight  weight of diameter
shoot shoot of root root

s -0.198™
Catalase

oyl Sis (35
Dry weight of shoot
ol 5 9

0.572** -0.140™

A 0.260™ -0.182"™ 0.646**

Fresh weight of shoot
P O”_ 0.274* -0.162"™ 0.73** 0.62**
Fresh weight of root
5 0P 0.28* -0.12"™ 0.73** 0.62** 0.84**
Dry weight of root
é"’“"» 0.54** -0.23™ 0.62** 0.38** 0.37** 0.39**
Greeness index
S

g 0.05"™ 0.11m 0.14" -0.05™ 0.04" -0.01™ 0.12"
Leaf area
Sy olass

e 0.57** -0.18™ 0.93** 0.7** 0.76** 0.74** 0.61** 0.13"

Leaf number
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J5 i 0.39** 0.06™ 0.56** 0.49** 0.61** 0.37** 0.34* 0.14™ 0.65**
Flower diameter
Lol ,ad
S ‘Jas 0.52** -0.15™ 0.76** 0.54** 0.6** 0.51** 0.52** 0.25™ 0.83** 0.59**
Crown diameter
F olass
0.67** -0.03™ 0.76** 0.48** 0.55** 0.44** 0.5** 0.24™ 0.79** 0.78** 0.73**

Flower number

Lis |
E ')ht 0.56** -0.12™ 0.84** 0.60** 0.65** 0.62** 0.57** 0.05™ 0.86** 0.57** 0.86** 0.75**
eig

tSignificant levels at P< 0.01 are represented by ** using Pearsons correlation coefficient.
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Effect of Different Substrates and Nano Potassium Fertilizer on
Morpho-Physiological Characteristics of Pot Marigold (Calendula
officinalis L.) under Drought Stress

M. Bahrampour, M. Dehestani-Ardakani*, M. Shirmardi and J. Gholam-Nejad!

Aim of this study was the application of some organic materials in soil to improve pot
marigold plant (Calendula officinalis L.) tolerance to drought stress. Experiment was
performed as factorial based on a completely randomized design with three replications.
Treatments were consisted of 100% of pot volume soil (control), 1 and 2 g kg nano-
potassioum fertilizer, 30% of pot volume cocopeat (v/v) + 70% soil, 30% of pot volume
palmpeat + 70% soil and 30% of pot volume madder plant residues + 70% soil in three levels
of drought stress (40, 60, and 80% of field capacity). According to the results, with increasing
the drought stress, growth parameters were significantly decreased. The highest plant height
(14.3 cm), leaf number (70.3), fresh and dry weight of shoot (79.2 and 11.1 g respectively) and
roots (34.06 and 9.3 g respectively) were obtained in interaction of madder plant resideue and
60% field capacity drough stress treatment. In severe stress (40% field capacity), plants in
medium with palm peat showed the lowest height (7 c¢m), leaf number (11.6) and crown
diameter (10.1 cm). Generally, results showed that madder plant residues with compared to
other treatments increased pot marigold resistance to drought stress. Regard to low cost, high
moisture keeping and high porosity of madder plant residues, it could be as a suitable substance
in arid land to reduce water consumption.

Keywords: Cocopeat, Madder, Nano-potassium, Palm peat, Plant residues.
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