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Table 1- Physical and chemical properties of experimental field soil.
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Depth EC el Organic matter N Pava. Kava. =l
(cm) (dS.m™) pH (%) (%) (mg. kg™ (mg.kg™) Texture
o e
0-30 3.1 7.9 0.89 0.05 9.3 143 Silty clay
oy mli
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ols s ol Sl gl el Il 5 5038 1ats 1) T 3 S sondod (S il sl 5 liy Dl 25 Ol s
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10

ey} b y U



FYE-F1) 0DV (O F) s olalS 5 S

3,8 0es il 3l s Koo gondcsl (5,505 (gandllas 5 .(Ghorbani er al., 2010) di <3 oLS 55 ails 5 Shas 2l 55l Cons
Zaman ) .3 1518 &ls 5 Shas 3ba3l Cr e el (5518 55 aeen (Abedini ef al., 2015) w3 3 jlpaiaen 4l
58 5 Senpadind 1alE Sl € by mnie 53 08 AT (Sl L wls 5 Sas S (Khan e al., 2004
3 el sl 30 pde b ls e DML Sl Sl pa g el ) S ke 00 il
O sy Rl 5 adey B oyl 5o bOT cd b s 4 Saper SLS 5 5 eslinal s SO sdalie SCn gendnd

il e olS 5 Shas il 58l O a3 o (Trevisan et al., 2010) 03 305 Joged 1y 218 3150 Ol

Table 2- The interaction of potassium nitrate X humic acid x sulfuric acid on plant fresh weight
and number of seeds in the capitulum in marigold.

J50lS 3 s sl REEY) S5 sl S gt ol JUREHERJES
Seeds No. in the capitulum Plant Fres};weight Sulfuric_?Cid Humic i:dd Potassium _l?itrate
(g.m) (L.ha™") (kg.ha) (mg.L")
31.0¢ 17184 0 .
34.2% 1900% 5 .
38.6° 1575¢ 0 6
31.9b¢ 18524de 5
34 .8 2626 0 0
33.0% 3023b 5 250
34.2b¢ 3027° 0 y
31.6 3159b 5
30.5¢ 2179%¢ 0 0
32.6% 203204 5 500
27.04 22814 0 y
35.5% 37912 5

505 %0085 b 5SS (ygej] oy B slas Jless] pdas )3 (6l dxe BMS] o yb y3 S yuie gy )b slapSike
Means with similar letters in each trait are not significantly different (Duncan, P<0.05).

bl 3,5 oo 13 Jaome Jolse 50 o 1S 5 ol S 0 atls S ol Slios e 31 &ils O35 14ils Sl O3
L3 8 et (F i) bapeSibe avslie Jpde ooy b 3L IS 3T 0T (555 2 K155 e 350 B glegdss Ll 5
Aali o] jaras el ol 23 Aals (olad oS5 3 s e Sl olame DAL (o S VAT s Sl 055 op ke
31 2l L5 3 50s 3 gmm s e sSCrs aaly 6l 158 055 5 JsiolS 53 s sl Ol e Vs.m@w oo o]
Lo Sile alin mml g5 by oo (28 (e 51 0dd Jl)l) (g5 gmd lge 51 &ls o g (Maie) JgilS 55wl
S b Gl Cel al ul (S 5e a8 dl Bl d sl s abs slied Sl 58 L S sl 0L (B dsa)
Cols gl Lol Ole o s0lS s baals sl Sl 531 b sls Jlast cpl oo s 8 (J50lS 0503 slawils slws) ladaie
a e S L RalS Waes ol nl 51 kil 51y o g a3 5 485 Sy (6t Sl (6 e g slaes sl 3
Gls Iz 035 53 ol me SRl S ad EOS g 55 s S Lils e 05 SRl Colg bs s badils 05 SRalS
G yme b oS wmlys Ol Kiass Ji= opl L (Eghbal & Power, 1999) =6 5 &oyso wsasn J1 slse 3,08 L
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el Sl e ails iy e ls SO pdd gl V.:.wa)‘ﬁ eSan s als QLS (W Jsd) bl 4 @L:L
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Ll & s (Zhao et al., 2014) &S o s | 208 ole s 5 ollsn s | Al ) e a5 AL e o
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AU e w0 edalin ol s 5 3L Sengondend 5,50 Lol en 45 A8 Jlasl Loy IS Laxle il s 1y 5 56
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Table 3- ANOVA of marigold evaluation traits under the influence of potassium nitrate, sulfuric acid,
and humic acid.

Slar e SSke

Mean squares

53 &l slass o
sy el : St b
s e 03 ) Sy i O3y Wig O3 B
s IS L NCRY s s Jsuls “ E3%} Ly POl S50 SOV
1000-seed . Plant dry  Plant fresh Df
Seed harvest  yeighy  Scod vield Number of weight weight
index g seeds in the g g
capitulum
LSS
3.38m 0.52ns 5733ms 3.470s 1818ns 131447 3
Replication
Muu\ﬁ
31.4° 0.05™  17482™ 192"  43108%*  3305018** 2  porassium nitrate
(KNOs)
I S gl
6.41 0.37 6415 6.58 931 131447 6 ol s
Main plot error
S 5 gundons]
20.0ms 2.49ns 659718 1.54ns 5689 ms 224616 1 e
Sulfuric acid (H2SOs)
13.7m 1.88 ™ 37781 1.69" 58060** 1164754** 1
Humic acid (Ha)
Sy ) gosdesl X Lol s
83.6" 1.25m 71011 51.7%+ 1148™ 1026937 DAyl X el
H>SO4 x KNO3
s gt dowl X [CHEBII
41.1° 4.54™ 16326 ™ 10.5m 25815%* 175591 ** 2 el R
KNOs x Ha
Sos e densl X G 5] sv o]
5.05m 1.13m 17.5m 4.47m 54932%% 713051 el X S
H.SO4 x Ha
S8 gl X il ol 23
12.50s 0.37ns 1977ns 49.0** 1349ns 480250** 2 S gl X
H>SO4 x KNOsx Ha
5 S gles
8.92 0.70 2255 5.80 3380 117356 27 S
Sub plot error
(1) Sl i g o
7.51 5.48 16.6 7.39 13.1 13.7 s
C.V (%)
o305 dw.ck.a)ﬁé)‘l@m‘é_)b&acﬂ%:}:A{‘f;}iﬁ;‘ns

>

YA

and ": non-significant, significant at P<0.01 and P<0.05, respectively.
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Table 4- The interaction of potassium nitrate x humic acid on seed yield and some traits in marigold.

a Jbo IS Ll iy als Ll s O35 4l o Ses 6 S 055 Sesadenl elu ol 10

Chlorophyll Seed harvest 1000-seed Seed  Plantdry  Humic potassium

AJ\J O}j) éjil,o& b J:})JLS
Seed oil yield Chlorophyll b

(@m?) (mg.g' fw) index weight yield weight acid nitrate

(mgg' fw) (%) @  (@m?)  (gm?) (kgha!) (mgLh
18.1¢ 1.071° 1.920° 36.9° 16.22 225° 364 Control

Control

13.34 1.2332 2.2052 42.42 14.4¢ 232° 347¢ 16
27.3%¢ 1.231° 2.205* 39.0% 15.5%® 297° 430P Control 250
28.9° 1.117% 2.010% 37.4° 15.0% 339° 5242 16
35.7° 1.165%® 2.100% 41.4* 14.8% 183° 371b¢ Control 500
49.92 1.087° 1.950° 41.32 15.6% 3432 574* 16
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Means with similar letters in each trait are not significantly different (Duncan, P<0.05).
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Table 5- The interaction of sulfuric acid x humic acid on dry weight and SPAD in marigold.
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Means with similar letters in each trait are not significantly different (Duncan, P<0.05).
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Table 6- The interaction of sulfuric acid x potassium nitrate on seed harvest index and
seed oil yield in marigold.
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Means with similar letters in each trait are not significantly different (Duncan, P<0.05).
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Table 7- ANOVA of marigold evaluation traits under the influence of potassium nitrate,
sulfuric acid, and humic acid.
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Leaf hlorophyll Chlorophyll Chl hyll Df
Seed oil yield ea . Chlorophyll Chlorophyll Chlorophy
carotenoids b a Index
U
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Lol o
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22508 0.43™  0.00062" 0.000191™  35.1** 1 il P
H>SO. x Ha
X S ) gl X el 2
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H2SO4 x KNOsx Ha
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60.6 0.58 0.00019  0.00006 2.30 27 e
Sub plot error
(L) Ol s s i
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C.V (%)
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ns **

, *"and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Abstract

Marigold (Calendula officinalis L.) is an ornamental plant also valued for its medicinal compounds and
seed oil. Nutrient uptake is restricted in calcareous soils, which have a high pH. Sulfuric acid increases
the solubility of elements by reducing soil pH. Humic substances enhance plant performance by
chelating nutrients and improving photosynthesis. Potassium is also effective through enzyme activation
and stress mitigation. This study aimed to investigate the effects of potassium nitrate, sulfuric acid, and
humic acid on the reproductive and some physiological indices of marigold. The experiment was
conducted as a split-plot factorial arranged in a randomized complete block design with three factors
and four replications at the Agricultural Sciences and Natural Resources University of Khuzestan. The
factors were: potassium nitrate at three levels (control, 250, and 500 mg-kg™" soil), sulfuric acid at two
levels (control and 5 L-ha™), and humic acid at two levels (control and 16 kg-ha™). The results showed
that the highest plant dry weight (574 g-m™), seed yield (343 g'm™), and seed oil yield (49.9 g-m™)
were obtained with the combined application of 500 mg-kg™ potassium nitrate and 16 kg-ha™' humic
acid, indicating their synergistic effect on nutrient uptake. The highest SPAD chlorophyll index (39.7)
was observed under the combined treatment of sulfuric acid and humic acid. The three-way interaction
of all factors increased plant fresh weight to 3791 g-m™, confirming the pivotal role of humic acid in
enhancing biomass. It is concluded that the integrated application of potassium nitrate, sulfuric acid, and
humic acid improves soil conditions, nutrient uptake, and microbial activity, thereby enhancing the
growth traits, seed yield, and oil yield of marigold.

Keywords: Calcareous soil, Harvest index, Seed, Soil pH.
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