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Table 1- Physical and chemical properties of the soil, vermicompost and humic acid
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Fig. 1- Leaf area index (LAI) of safflower treated with organic and conventional treatments (a: vermicompost and
conventional agriculture, b: humic acid and conventional agriculture)
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filling)

1400 5 1400 b

1200 1200

1000 ~. 1000 AR —
& ~:= H,»»— Lol “A
£ 800 o, 200 j
5 o
z 600 Z 600
z =
= 400 400

200 200

U 0 .......... -
0 500 1000 1500 2000 0 500 1000 1500 2000
—— Control -

—s— Control (zero) DD II;I’I‘D B:N)k @ GDD
=—&—3tha vermicompost ppm fammic ac

==y == tha vermicompost
—+—0t'ha vermicompost
«ee oo+ Comventional agriculture

==& =-2000ppm humic acid
——3000ppm humic acid
s+t Comventional agriculture

&.{,09“&.\5“‘ b GJQL\:A 6},9&.:5 9 M%Jdo)g :a) JQ'.\;& d})gw 9 Bliseo &J‘f)‘ d‘h)lo,; » &)f (TDW) JS Suis &}Q—Y JS.w

(Jghio 55,5L8 o
Fig. 2- Total dry weight (TDW) of safflower treated with organic and conventional treatments (a: vermicompost and
conventional agriculture, b: humic acid and conventional agriculture)
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Fig 3- Crop growth rate (CGR) of safflower treated with organic and conventional treatments (a: vermicompost and
conventional agriculture, b: humic acid and conventional agriculture)
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Two years average of cumulative GDDs (cumulative Growoth Degree Days) according to Table 2 are 84.65(two- leaf stage), 367.04
(eight-leaf stage), 740.79 (stem elongation), 1131.29 (the emergence offlower buds), 1542.59 (peak flowering) and 1958.89 (seed
filling)
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Table 3- Analysis of variance and mean squares of seed yield and yield components of safflower that were affected by organic
treatments in two years

S olie 4?)3' Aige 43 0598 dluad 039€ 53 &ild dluad &l 152 39 Sls 5.5
"é o V 2151 Head number per  Seed number per 1000- seed Seed vield
o daf plant head weight y
o 1 62" 777.8" 1.5 1749735"
Year (Y)
sl sl 4 18.5 267 243 295896.8
First error
““7*5 "9 3 234.9" 498.7" 5.5m 22722731.1"
Vermicompost (V)
SongnS gy X Joo 3 9.2m 56" gns 2605748.3"
Y xV
P st 12 6.7 36.1 9.6 279100.6
Seconr error
Sogeie 3 252.1% 1051.7* 47.9" 4589301.5*
Humic acid (HA)
Y x HA 3 7.1 15.9m 6.2" 520425.9"
V x HA 9 21.3" 22.6" 5.9" 184499.8"
YV HA 9 6.3 14,20 41" 37348.2%
P sl 48 34 51.9 0.4 83852.3
Third error
(323) Sl o po
CV (%) 10.70 17.14 2.40 12.52
Joo 1 82.908 726.7"s 0.30s 1537014.1™
Year
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First error
(Jsbe (55,liS + SIB)) o . . . .
Treatment (Organic + Conventional 16 107.2 308.7 14.6 5226036.9
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o 2 o 16 7.5" 24,70 5.6 622473.2"
YxT
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Seconr error
(323) Sl o po
CV (%) 11.42 16.62 5.38 16.94
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Ns,* and **: non significant, significant at 0.05 and 0.01 probability level, respectively.
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Table 4- Comparison means of seed yield and yield components of safflower in organic treatments and conventional

agriculture
S o
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Vermi t (t.ha” (plestist) famber 0 eads per il " (o5
ermicompost ( e plant Numberof  1000- seed :
) Humic acid d ioht Seed yield
(ppm) seeds per weig (kg.ha'")
head (2
0 0 10.95" 26.33¢8 27.35% 866.67!
0 1000 12.61fe 34.17% 27.45% 1187.831
0 2000 13.83¢f¢ 42 ,12bedef 26.82:° 1383.33M
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9 2000 21.14° 49.37abe 26.17% 37250
9 3000 24.75 56.712 23.524 4268.17°
J ghe (59l
Conventional 13.81¢f¢ 43, 5bedef 28.45° 2252.42¢f
agriculture
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Means for each column followed by the same letter do not differ significantly according to the duncan test (P = 0.05).
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Table 5- Mean comparisons for values number of seeds per head of safflower under four levels of vermicompost and humic

acid

)M

Treatment

.- i
Trait

CowgoS (o059
(U 5 )
Vermicompost
(t.ha)

836 33 &> dluwi
Seed number per
head

0
3
6
9

36.16°
41.23%
43.96°
46.87°

Srogadann]
(plstest)

Humic acid (ppm)
0

1000
2000
3000

33.70°
40.06°
45.34
49.11°

)l e glis (p=+/+0) SO gel bl 2 aibiie By b (gt 2 slaSiben
*Means for each column followed by the same letter do not differ significantly according to the duncan test (P = 0.05).

P d Jols (Y/VY) Seogatinl CBas fady CungroS 09
—29 O A g (YUT) ol slajlas g Jlo 53 a5 J>
ol |y (She oy (VANY) Sooguiial (g CusgeaS
St Ly S (sl auslie (izman (P Jgia) 200D
+ CavgpeS 0)9 (o & g Ly el glaylog oS o Lis Jglaso
O a5 (g () keS8 L Smgatinnsl pligr o Yo

93 ;2 ;0 Aibylia is ko o yieS &S 0l i Seoguriiul
@ Sengandenl plig o Voo e + CongaS 009 (5 A Jlowi 3 Jlo
ol ok CungaeS soy9 LB puan 45 3 LS gl (F Jods) Aol o
Cao ool jb ime (EalS 4 e ot (b Jolowe b
o5 a5 ke ) Jol Jluw 3 cdo opl (10ke oyt 00



YO K05 ay gl asli g 5 ySles gl ySlos "53]

SOy bl callas (Saruhan et al., 2011) 5l 4 (2010
9 Sy o ali8l Ly CngeeS (a9 4 0 (B)ISS () 2
oS Lol fodls yilz 811y 0jee 13 il dhiwd cdidyy ity pian
il el (g tmgid dlge Sl i slaaily LS (35 5 4 B

.(Taleshi et al., 2011)

ool 3 (Y Jade) o lis Jolate (65y5liS" b 1y jb e cogles
Iy 0592 55 assh sl pSlie (T (cbadgS plys G puae ¢ guioss
Sy (o0 a0 Ll malS il Hlia 5 a8 Jbs po ol iuliél
s opl Dad o g8 &b yjs 5 0kl dadily slaws il3sl b oS
El-Hefny, ) Ll puia lag 5> Soogmipsl 8 pae L3155 L

IFAY 9 IVAY sl (b SO 4l 152 (459 (0Xle 52 Sowgadiaw] g CuwgroS (0,59 Jw Jilite 51-T Jga
Table 6 -The year, vermicompost and humic acid interaction effect on 1000- seed weight of safflower during 2012 and 2013

)l@; Cduo
Treatment Trait
SepeSirtsy Saagediu] (2,5) @212 o33
(52 5 o) (el es2) 1000- seed weight
Vermicompost (tha) Humic acid (ppm) (g

2012 2013

0 0 25.40%7 29307
1000 26.40%hi g 43bed
2000 27.27defeh 26 37fehi
3000 28.73bc 26.13ehiik

3 0 27.60f 2923
1000 26.53fehi 28 37bed
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*Means for each column followed by the same letter do not differ significantly according to the duncan test (P = 0.05).
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Table 7- Interaction effects of year X vermicompost and year X humic acid on seed yield of safflower

o o
Treatment Trait
Jlw CowgneS (509 S0 g pm] u::: °’ﬂf‘
Year (65> 3 o¥) (elstest) G Se :; P;slj; )
. -1 . . yr
Vermicompost (t.ha”) Humic acid (ppm) (kg.ha')
2012 0 1721.87¢
3 2223.96¢
6 2467.71%
9 3374.17*
2013 0 723¢
3 1559.62¢
6 2819.87°
9 3596.17°
2012 0 1720.83¢
1000 2252.08¢
2000 2782.29°
3000 3032.5°
2013 0 1822.17¢
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2000 2298.5¢
3000 2504.5%

)15 I3 dme Cglis Moy gy Jlein aws y3 (S (905l (wleol pr Al gy b g o (sl Siliost
*Means for each column followed by the same letter do not differ significantly according to the duncan test (P = 0.05).
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Introduction

Application of organic fertilizers in sustainable agriculture systems improves yield sustainability of field
crop. Safflower (Carthamus tinctorius L.) is native to Middle East and belongs to the Asteraceae family. It is
resistant to saline conditions, water stress, and can reach the deep-lying water of soil. The humic acid (HA)
mentioned as an environmentally friendly, organic matter with low levels of hormonal-like compounds is useful
in improving agriculture production (Samavat and Malakuti 2006). The HA influence on plant growth depends
on the source, concentration and molecular weight of the substance. Vermicompost is produced by earthworms,
mainly Eisenia foetida, it has higher levels of available nutrients compared to the original materials of composts
produced by other methods. Recent evidences suggest that using different amounts of vermicompost increased
vegetative traits and concentration of minerals in sunflower. However, there has been little discussion about
organic farming of safflower. The main objectives of the present study were to determine the effect of organic
treatments on yield, yield components, and growth indices of safflower and to compare it with conventional
agriculture.

Materials and methods

This research was conducted in Agricultural and Natural Resources Research Station in Kerman, Iran during
2012-2013. It was carried out in a randomized complete block (RCB) design and had three replications. The
current research has been performed to investigate the effects of two different sources of organic fertilizer on
spring safflower. Four levels of vermicompost (V: 0, 3, 6 and 9 t ha') were considered in the main plots. Liquid
humic acid at four different concentrations (HA: 0, 1000, 2000 and 3000 ppm) were examined and kept in the
subplots. Humic acid as a foliar treatment on leaf surface was applied twice at the beginning of stem elongation
and at flowering times. In this study, aimed to compare organic farming with conventional farming, inorganic
fertilization was considered as a conventional agriculture (CA) for each replication. Growth indices were
assessed based on the growing degree days (GDD). After harvested, the head number per plant, seed number per
head, 1000 seed weight and seed yield were evaluated. Also, two separate statistical analyses were used for
comparison organic treatments with each other and conventional agriculture with organic treatments.

Results and discussion

The results showed that the maximum LAI, TDW and CGR have been determined at 9 t ha! vermicompost
and 3000 ppm humic acid in CA. Likewise, the results indicated that vermicompost leads to a significant
increase in seed yield, flower yield and yield components except 1000 seed weight. Head number per plant,
seed number per head and seed yield were affected by humic acid treatments and increased significantly from
1000 to 3000 ppm. However, 1000 seed weight decreased with the increasing concentration of humic acid. It
should be mentioned that, 9 t ha! vermicompost and 3000 ppm humic acid produced the highest head number
per plant (24.75), seed number per head (56.71) and seed yield (4268.17 kg ha'!) in two years that in comparison
with CA were increased 79.22%, 30.37% and 89.49%, respectively.

Conclusion

The results of this study indicated that acceptable yield was obtained with increasing HA concentration at
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lower levels of vermicompost compared to the higher amount of vermicompost without HA that is economically
beneficial. For example, application of 6 t ha'! vermicompost + 3000 ppm HA had higher seed yield (3027.08 kg
ha!) than 9 t ha! vermicompost without foliar application of HA (2722.5 kg.ha'), although there was no
significant difference between them.

Keywords: Crop growth rate (CGR), Head number per plant, Humic acid, Leaf area index (LA,
Vermicompost



