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Effect of humic acid spraying on yield and some morphological
characteristic of safflower (Carthamus tinctorius L.) under drought
stress conditions
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Table 1. Physical and chemical properties of soil research farm
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Table 2. Mean squares of the investigated traits for safflower under different treatments of drought stress and humic acid spraying

&.%.Cv ﬁW\,u_Lﬂm

S e - ey Ss als 5 Slas Bl s o p s sl < i |
Source of variation (a.r) Oil yield Grain yield Leaf H%M%Q per Stem diameter Sub _umm%wr per Plant height
e
2 19.69 ns 1787.38 ns 11.52 ** 1.16 ns 0.89 ns 2.14 ns
Replication
e 3 31226.42 ** 680196.83 ** 1888.63 ** 4373 ** 143.50 ** 2181.12 **
Drought stress
(@) Jol sl
Vel 6 193.65 4173.73 1.21 0.87 2.14 6.98
Error (a)
e gt s
3 8466.32 ** 32280.35 * 50.57 ** 4.00 ** 10.05 ** 74.95 **
Humic acid
S del X Lex s
e o 9 152.40 ns 2600.30 ns 7.09 ns 0.26 ns 1.07 ns 11.58 ns
Drought stress X Humic acid
b) &2 >
e 24 404.19 7893.68 3.56 0.60 1.52 5.37
Error (b)
(1) O s o
T e - 5.81 6.09 8.35 6.51 8.19 3.18
CV (%)

.gﬂcr\uu/b(r“\.bvLrnv_mwrlxubrhu_urwybnrw&u%ﬂ(roquVDuCE(.tm.\....e.**u*FSw

ns, * and ** represent non-significant and significant at 5 and 1 % probability levels, respectively.
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Table 3. Mean comparison of the investigated traits for safflower under different treatments of drought stress and humic acid spraying

~ i cmu% ; 1d m _u.u ield h&&%» ﬁ%ﬂ - St &pr& t mrwo@gw»u..GmC& E&J WF&E
il yie rain yie eaf number per em diameter ub branch per ant heig

Treatments (kg/ha) Awm\w\mv plant (mm) plant (cm)
. ©) S5 054 393.7 1687 34.5 13.51 18.58 85.11
w £ Mild / o3 383.7 1630 32.33 13.48 17 83.22
/MuvDoﬂw Medium/ L.. sz 315.3 1327 12.83 11.05 14 65.34
Intense / 4,5 289.7 1191 10.75 9.63 10.75 57.65
LSD (5%) 13.90 64.53 1.10 0.93 1.46 2.63
M« o ©) was 311.9 1394 20.5 11.3 13.83 69.46
M. ) g m 1 litr/ha 338.8 1446 21.42 11.66 15 72.41
/AW m © 3 litr/ha 358.6 1480 23.42 12.06 15.58 74.64
6 litr/ha 373.3 1515 25.08 12.65 15.92 74.82
LSD (5%) 16.93 74.86 1.59 0.65 1.04 1.95

Al o A IS e oS SIOT e Jus YA 5 VK A D Sl g ST Jald o 4 s 2 g Ja e A5 (Bl AT (RS Os

No, mild, medium and intense water stress are, respectively, irrigation after 50, 80, 130 and 180 mm evaporation from class A pan.
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Figure 1. The trend of cumulative changes for plant height (A), number of branches per plant (B),

stem diameter (C) and number of leaves per plant (D), after emergence of the plant on the surface of
the soil till the maturity stage under different treatments of drought stress
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Figure 2. The trend of cumulative changes for plant height (A), number of branches per plant (B), stem
diameter (C) and number of leaves per plant (D), after emergence of the plant on the surface of the soil
till the maturity stage under different treatments of humic acid
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Introduction: Oil crops contain proteins in addition to fatty acids and comprise
amajor food requirement in the world after cereals (Roodposhti ez al., 2012). Water
deficiency is one of the most important challenges to agricultural production in Iran.
This stress factor causes early flowering, accelerates maturity growth , shortens
growth stages, reduces leaf area index, and thus reduces the absorption of light by
plant. In recent years, the lack of use of organic fertilizers have led to a significant
decline in the organic matter content of Iranian soils, causing environmental
problems and soil nutrient imbalances. One of the important issues in ecological
agriculture is the use of organic matter. An important advantage of humic acid can
be its ability to chelate different elements such as sodium, potassium, magnesium,
zinc etc in order to overcome the deficiency of nutrients (Ghorbani et al, 2010).
Due to the importance of safflower in terms of its high tolerance against adverse
environmental conditions e.g. drought srress and also the lack of research on the
application of humic acid as an organic compound, the results of this work would
have implications for the possibility of expanding cultivation area of safflower and
oil production.

Materials and Methods: To investigate the effect of different levels of humic

Email address of the corresponding author: esmaeil karimi.gh@gmail.com
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acid on morphological characteristics as well as seed and oil yields of safflower
(Isfahan local cultivar) under different drought stress treatments, an experiment
was conducted at research farm of Shahrekord university during the growing
season of 2012. The experiment was split plot based on in a completely randomized
block design with three replications. The main factors included irrigation after 50
(control), 80, 130 and 180 mm evaporation from class A pan and the sub factors
consisted of four levels of humic acid spraying (0 (control), 1, 3, and 6 litr/ha).
Drought stress treatments were applied after flowering stage till the end of growth
period and humic acid was sprayed after flowering stage. The measured traits
included plant height, number of branch per plant, stem diameter, leaf number per
plant, grain yield and oil yield.

Results and Discussion: Plant height and number of branches per plant were
significantly decreased under water stress treatment compared to control. The
highest plant height and the greatest number of branches per plant were obtained
at the highest application rate of humic acid solution. Humic acid increases the
nutrient absorption ability of plants by influencing the metabolism of plant cells
and chelating nutrient compounds, which can result in increased plant growth and
height (Nardi et al., 2002). Stem diameter and leaf number per plant showed a
significant decrease with increasing the intensity of drought stress. The reduced
number of leaves per plant may be attributable to accelerated plant aging and
eventually leaf loss. By increasing the amount of humic acid spraying, stem
diameter and number of leaves per plant were enhanced. This could be due to the
increased accumulation of dry matter and increased absorption of nutrients by the
plant

Grain yield under drought stress treatments significantly decreased compared
to control treatment. This observation could be attributed to the water stress
experienced by the plant at different stages of growth, which led to a decline in its
physiological activities such as seed formation and filling and thereby a reduction
in grain yield. Humic acid spraying exhibited a significant increase in safflower
grain yield. This is due to the increased availability of nutrients for the plant under
humic acid treatment. Considering the fact that oil yield is a function of oil
percentage and grain yield and also the increased stress intensity was associated
with a significant reduction in saflower grain yield, it seems that in this experiment,
the most important effective factor influencing oil yield was grain yield.

Conclusion: Imposition of drought stress reduced all the plant yield and
growth characteristic. However, spraying of humic acid significantly increased
all the measured traits. The increased plant height and a parallel rise in number
of branches, stem diameter and number of leaves per plant under humic acid
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treatments, especially in the treatment of 6 litr/ha, resulted in the enhanced plant

vegetative growth.

Keywords: Drought stress, foliar application, grain yield, leaf number, organic
matter
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