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Table 1. Some physico-chemical characteristics of the growth media used in the experiment including total nitrogen (TN),
phosphorus (P), potassium (K), sodium (Na), electrical conductivity (EC), pH, organic carbon (OC), and water holding capacity (WHC).

WHC OC H ECis Na K P ™ Growine media
Cowiw) (%) P (dS m) (mgkg') (mgkg!) (mgkg!) (%) &
263 34 7.2 7.6 12467 33096 393.6 3.6 Azolla compost
225 58 6.1 1.5 589 325 51.9 1.7 Peat moss
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Table 2. Variance analysis of flowering stem height, flower diameter, flowering time, root fresh weight and root dry weight in

daffodil under different levels of compost and humic acid.

Mean Square o35l a3 S ks wlie
Root dry Root fresh Flowering Flower Flowering df Sources of variation
weight weight time diameter stem height
A Y31
0.14** 45.72%* 1031.30%** 5.34%* 161%* 4 (A3 55
Azolla compost
B) ol S
0.48** 177.29%* 588.60** 0.074 57.31%* 2 ®) - i
Humic acid
0.01** 3.66%* 59.35%* 1.67* 21.41%* 8 AxB
o
0.00014 0.04 3.53 0.62 2.19 30
(Error)
s .
2.06 1.81 2.49 10.6 4.48 T
CV(%)

sl I3 gre i 5 Ao ys ) ,oc}bﬁ,uw;ﬁg%g;@m,
»™ and ™ stand for significant effect at 5 and 1 probability levels and non-significant effect, respectively.
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Table 3. Mean comparison of the interaction effect of azolla compost and humic acid on flowering stem height, flower diameter,
flowering time, root fresh weight and root dry weight in daffodil.

Roo.t dry Root.fresh Flowering time Flower diameter Flower;ng stem Azolla compost ~ Humic acid
weight weight (day) (cm) height (%) (mg L)
(g/pot) (g/pot) (cm)

0.30! 5.98m 74¢ 7.30%4 33 0de 0%

0.491 9.89i 708 7.96% 34,6 25%

0.411 8.94i 69en 8.00 abe 33.0d 50% 0
0.39! 7.95% 95 6.60¢ 22.0° 75%

0.34¢ 7.26' 102* 7.10%¢ 25.5¢ 100%

0.50h 11.200 70¢" 7.03¢% 28.7¢ 0%

0.79° 16.08¢ 63! 8.20b 39,01 25%

0.714 15.30¢ 68en 7.43wd 33.3d 50% 250
0.61f 12.02¢8 78¢ 8.46% 38,6ab 75%

0.57¢ 10.20! 81¢ 6.36% 26.8¢' 100%

0.52h 14.01° 67 7.30 %4 32.1° 0%

0.99 18.11° 62j 8.26 40.9° 25%

0.89® 17.01° 64ij 8.43 0 37.0b¢ 50% 500
0.68¢ 13.04 814 8.36 36.0¢ 75%

0.60° 10.88" 85¢ 526°¢ 28.6° 100%

.,\.})\:J\:k;'xaq}/\:;'-l.xﬁa);()ck.ﬂ)sLSD oijmﬁmojuqufébu4s_¢uw§;g“;;};w,n);

In each column, means with the similar letters are not significantly different at 5% level of probability using LSD test.
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Table 4. Variance analysis of root length, leaf length, number of bulblets and total chlorophyll in daffodil under different levels of

compost and humic acid.

Mean Square LSbUY s i @t"’
Total Number of Leaf leneth Root | h : o
chlorophyll bulblets catleng oot fengt df Sources of variation
INRSIRC
0.00058%* 2.08%* 285.92%* 39.81%* 4 A V551 e
Azolla compost
B) el Ko
0.0028** 2.6%* 306.6%* 21.92%* 2 (B) Lol Sn 52
Humic acid
0.00022%* 0.9%* 15.32% 0.44%%* 8 AxB
U
0.0000057 0.2 1.44 0.037 30
(Error)
- l .. .
4.1 27.95 4.73 2.28 o
CV(%)

*

el s gt Fl 5 Ao s3) 50 sl 53 s e Silo o pats g

»™ and ™ stand for significant effect at 5 and 1 probability levels and non-significant effect, respectively.

Jsb «(Root length) <y, Jsb » (Humic acid) e gun dowl 5 (Azolla compost) V51 S gaS S 0 Sols anslis 0 J g
.05 5 JS 53 (Total chlorophyll) S L5 \S 5 (Number of bulblets) < 5 slass «(Leaf length) S

Table 5. Mean comparison of the interaction effect of azolla compost and humic acid on root length, leaf length, number of bulblets,
and total chlorophyll in daffodil.

Total chlorophyll Number of Leaf length  Root length Azolla Humic acid
(mg/g DW) bulblets (cm/pot)  (co/pot) °°I(l:/f)° ot (mg L")

0.045h 1° 19 ¢ 4.23i 0%

0.040! 1 21¢f 7.27¢ 25%

0.043h 1 24¢ 8.76¢% 50% 0
0.045" 1.66° et 8814 75%

0.045" L 15 7.43¢ 100%

0.053¢ 1330 24e 5.06 0%

0.065¢ 2.66° 24e 8.34f 5%

0.069 ¢ 2.66° 36° 9.83¢ 50% 250
0.062 f L 31 10.43 75%

0.045" e 188 8.45¢f 100%

0.060" 1.33° 274 6.10 0%

0.081° 2.66° 274 9.70° 5%

0.09 2 2.66° 392 11.90° 50% 500
0.075¢ 1.66° 320 11.90° 75%

0.051¢ 1.33° 21¢f 9.00¢ 100%

.x)\:JlstM\M);OCEMJJLSD ofjwmﬁmojuqufébu4s_¢uw§;g“;;};w,n);

In each column, means with the similar letters are not significantly different at 5% level of probability using LSD test
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Table 6. Variance analysis of total anthocyanin, total phenol, and calcium (Ca), potassium (K), phosphorus (P) and nitrogen (N)
percents in daffodil under different levels of compost and humic acid.

Mean Square _ . e
4 635l a= s s C"Lﬁ
N P K Ca Total Total . daf Sources of
phenol anthocyanin variation
ISR RE
1.12%* 0.044%** 0.044%** 0.14** 1.05%* 0.88** 4 (A) Vg3l o saS
Azolla compost
sk sk sk sk sk (B) Aol ‘g‘l“’}?"
0.57%%* 0.015 0.02 0.13 1.29 0.85 2
Humic acid
0.07%%* 0.0072** 0.002%* 0.06** 0.36%* 0.09** 8 AxB
o
0.0085 0.00029 0.00029 0.011 0.0021 0.0065 30
(Error)
S
2.83 6.72 1.02 17.43 2.5 6.13 G
CV (%)
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Table 7. Mean comparison of the interaction effect of azolla compost and humic acid on total anthocyanin, total phenol, and calcium
(Ca), potassium (K), phosphorus (P) and nitrogen (N) percents in daffodil.

Azolla

N P K Ca Total phenol Total anthocyanin compost Humic acid
(%) (%) (%) (%) (mg/g DW) (mg/g FW) (%) (mg L")
3.18 ¢f 0.22¢f 1.56k 0.50 <f 1.52f 1.04M 0%
3.28 < 0.17"h 1.63 M 0.47 < 1.31h 0.76k 25%
2.94i 0.24 ¢ 1.65¢h 0.71 b 1.61° 1.14¢h 50% 0
3.10 & 0.25 d 1.68 °f 0.56f 1.44 ¢ 0.95i 75%
2.76k 0.21¢f 1.67¢ 0.456 °f 1.844 1.35¢ 100%
3.42 4 0.23 ¢f 1.59 0.53¢f 1.56 ¢ 1.20¢f 0%
3.74° 0.18" 1.63 M 0.80° 1.40° 0.86 25%
3.03h 0.32¢ 1.71 ¢ 0.51 def 1.83¢ 1.51¢ 50% 250
336° 036" 1.80° 0.50 <f 2.86* 1.81° 75%
2.83ik 0.21¢f 1.72¢4 0.453f 2912 2.06* 100%
3.54 ¢ 0.24 < 1.618 0.534f 1.94 ¢ 1.30¢f 0%
4162 0.20 & 1.64¢" 1.16° 1.50 f 0.971 25%
3.03¢h 0.28¢ 1.71¢ 0.68b 1.99 ¢ 1.56 <« 50% 500
3.59 be 0.48 @ 1.84 % 0.63%¢ 2.00° 1.61¢ 75%
2.89iik 0.22 ¢f 1.74¢ 0.55¢F 2.09° 1.68 100%
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In each column, means with the similar letters are not significantly different at 5% level of probability using LSD test.
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Effect of Azolla Compost and Humic Acid on Growth and
Flowering of Daffodil (Narcissus jonquilla cv. German)
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Abstract

Azolla grows well in wetlands and reservoirs in northern Iran. This plant can be used as a source of compost
and as an organic fertilizer. In this study, azolla compost (AZC) and humic acid (HA) were used in the
production of daffodil. The experiment was carried out with factorial arrangement based on the completely
randomized design. The first factor was AZC (25%, 50%, 75% and 100 %v/v) and the second factor was
humic acid (0, 250 and 500 mg L"). Results showed that the longest flowering stem with 24.03% increase
compared to control, was recorded at 25% AZC + 500 mg L' HA. Treatments 100% AZC + 250 and 500 mg
L' HA, produced the highest flowering stem diameter. Maximum anthocyanin content obtained in compost
100% + 250 mg L' humic acid .In compost 25% + 500 mg L' humic acid, the amount of nitrogen and
calcium was at the maximum. In compost 75% + 500 mg L' humic acid, the concentration of phosphorus
and potassium increased compared to the control. The results of the present study showed that the use of
azolla compost and humic acid is effective in improving the quantitative and qualitative traits of daffodil.

Keywords: Anthocyanin, Flowering, Growing media, Narcissus, Organic fertilizer, Ornamental plant.

Background and Objective: Growing media is one of the important factors that affect the quality and
growth of ornamental plants. Since 1960s, soilless substrates have been used to produce horticultural
products. Peat moss is one of the most important organic materials in these substrates. However, excessive
mining would cause rapid depletion of peat land and environmental deterioration, resulting in reduced
availability and increased prices for peat products (2). Azolla (4zolla spp.) a floating aquatic fern, is
commonly found in the paddy fields and streams (1). Azolla compost can be useful for improving plant
growth and yield (1). There is little evidence on the combined use of azolla compost and humic acid on the
quality and quantity of ornamental plants.

Methods: The present study was conducted as a factorial arrangement in a completely randomized design
with three replications. The first factor was azolla compost (0, 25, 50, 75, 100 %v/v) and the second factor
was humic acid (0, 250 and 500 mg L"). Peat moss + perlite (2:1 v/v) was used as control treatment and
replacement of 25%, 50%, 75% and 100% of peat moss by AZC as treatments. Narcissus jonquilla cv.
German with uniform size characteristics such as were planted in plastic pots (12 ¢m diameter) on 20 January
2020. When the first flower bud opened, some flowering time, number of buds, stem height, chlorophyll,
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anthocyanin, total phenol, calcium, potassium, phosphorus and nitrogen were investigated.

Results: The longest flowering stem with 24.03% increase compared to control was recorded at 25% AZC+
500 mg L' HA. The lowest stem height was obtained in 100% compost without humic acid application. The
earliest flowering time was obtained at 25% AZC + 500 mg L. In addition, the highest fresh and dry root
weights were recorded at 50% AZC + 500 mg L' HA. The higher number of bulblets was produced in 25%
and 50% AZC + 250 and 500 mg L' HA. The use of humic acid in azolla compost had a significant effect on
increasing chlorophyll content. The highest chlorophyll content was obtained at 50% AZC + 500 mg L' HA
treatment. The highest amount of calcium compared to control (with 132% increase) was observed in plants
grown at 25% AZC + with 500 mg L' HA. The concentration of potassium in 75% AZC + 500 mg L' HA
(with 17.9% increase compared to control) was at maximum. The highest amount of phosphorus was related
to 75% AZC + 500 mg L' HA treatment, and also the 25% AZC + 500 mg L' treatment had the highest
concentration of nitrogen.

Conclusions: In summary, the results showed that the combined use of azolla compost and humic acid had a
significant effect on most of the quantitative and qualitative characteristics of daffodil. Levels of 25, 50 and
75% azolla compost in combination with humic acid improved the vegetative and biochemical traits,
compared to the control treatment. Therefore, the use of azolla compost (25, 50 and 75%) in combination
with humic acid is recommended for Narcissus jonquilla cv. German.
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