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Introduction: Climate change predictions indicate that drought and extreme heatwaves will
become more frequent and extreme in many regions. Drought is the main abiotic stress that
severely reduces plant yield across the globe. Thus, this may have negative consequences for
the agricultural soils, as it limits the availability of water and nutrients to soil microorganisms
and plants that develop on these soils. To cope with this situation, the use of organic
amendments is the best option. Recent studies have shown that the application of organic
fertilizers can affect soil moisture and thus, mitigate the negative effect of climate change on
that parameter. Organic amendments increase soil organic matter content thus improving soil
physical, chemical, and biological properties, and therefore, can confer drought resistance to
soils. The application of organic residues has been presented as a great strategy against soil
degradation in semiarid environments. However, the interactions between organic amendments
and drought in hollyhock plants are not fully known. Here, we evaluate whether the organic
amendment influences the physiological traits of hollyhocks and soil properties under drought
conditions.

Materials and Methods: The experiment was conducted in the research field at Ferdowsi
University of Mashhad, Iran. The experiment consisted of three factors (cultivars, organic
amendments, and drought) with organic amendments and drought having four and three levels,
respectively. Drought treatments were controlled by a TDR at 80, 60, and 40% FC. The three
sources of organic amendments were used cow manure, rice hull and wheat straw. Seeds were
planted in cocopeat, perlite, and peat mixture trays in the greenhouse with an average
temperature of 20 ° C and under a photoperiod of 14 hours of light and 10 hours of darkness
with a light intensity of 400 pmol™ m2. In the 5-6 leaf stage, seedlings were transferred in pots
(18 cm high and 8 cm in diameter) containing field soil. The plants were transferred to the field
with four different substrates (field soil, field soil + manure, field soil + rice hull, and field soil
+ wheat straw) and were exposed to drought stress for one month during the flowering stage.
The soil’s physical and chemical properties were analyzed. Also, the soil macroelements
changes (N, P, and K) were measured.

Results and Discussion: Soil nitrogen changes were significantly affected by the interactions
of ecotype with drought, ecotype with the medium, and drought stress with medium. The
highest nitrogen changes were recorded in Mashhad ecotype under 80% FC. Nitrogen content
in amended soil had an increasing trend during the experiment, but the amount of nitrogen had
a decreasing trend in soil. In all media under stress, the amount of soil phosphorus was
increased and the highest amount of phosphorus was observed in soil + manure at all irrigation
regimes. The highest amount of potassium in both ecotypes was observed in soil + manure.
The amount of potassium in amended soils under stress significantly increased, but in all
organic amendments with increasing drought stress from 80 to 40% FC, the potassium content
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decreased. In both ecotypes, soil salinity was increased in all culture media. Han et al. (2016)
stated that the amount of nitrogen, phosphorus, and potassium in the amended soil was higher
than the substrates containing chemical fertilizer. The medium EC was alkaline at the end of
the experiment and the salinity of the culture medium increased compared to the control. The
negative correlation between electrolyte leakage and dry weight was recorded. Also, the results
showed that all physiological and growth parameters of hollyhocks plants were affected by
treatments and the highest amount of physiological traits (SPAD, and relative water content)
and growth index (dry weight) was observed in Mashhad ecotype in the soil + animal manure
at 80% FC. The application of manure + soil by providing macro elements reduces the negative
effects of drought stress.

Conclusion: The type of crops grown in arid and semi-arid regions should be reconsidered.
Also, some plants with high water requirements should be replaced with plants with low and
unexpected water requirements. Because hollyhocks are low-expected plants that grow well in
drought areas, so they can be considered as suitable species for cultivation in low-input systems
and can tolerate drought situations by 40% FC in amended soil.
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Table 1 - Physicochemical properties of soil used in the experiment
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Table 1- ANOVA for the effects of growth mediums and irrigation treatments on characteristics Hollyhock
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Figure 1- Effect of ecotype and drought stress (a), growth medium and drought stress (b), ecotype and growth
medium (c) on nitrogen changes and effect of growth medium and drought stress (d) on phosphorus of the growth
medium (Means with similar letters based on LSD test are not significantly different at 5% probability level).

Experimental treatments: drought stress (80, 60, 40% FC), ecotype (Mashhad and Tehran), and growth medium
(soil, soil + manure, soil + rice hull, and soil + wheat straw).

J992) €85 )8 culS i b (K3 5 9GS pinr b S hlise Sl cod 5 by e

ey Olise o ptda 9 C8b Gl ey Gline (SB sy oy CulS (gl i (ole )3 ST 93 2 55 (Y

A5 o0 (gl gy (olod )3 paly (lise (AIY JSB) 5 odalie Slge 395+ S pny )3 oS5 93 2

CadB /e A5l (Seis S5 Gl L e aam o Lol <l Gl3l bl 0L 0 (SB i 2 4
(@ V J58) 48 awls’ SB by Gljee (21

(@) (b)
[ Mashhad B Tehran 400 - EEO%b 60% £140%
400 - a
<300 A1 3]
g 300 S s .
. & 200 3, £200 § .
15 7 NE
3% 100 1 £ 100 1 § g
bz 'z N .
8 £ 0
&£ -100 e
o -
200 4 d 100
Soil Soli+Manure Soil+Rice Soil+Wheat 200
hull ] -
ORI v saw Soil Soli+Manure ~ Soil+Rice hull  Soil+Wheat
Growth medium S i straw

Growth média
wldo B9y (5113 (51 Sle) b gl oaly Oyt 52 (D) (Subd S5 g CollS' (5 yhumns (@) S yhams 9 581 51 =Y JSUS
Cad b 7 €0 e o) (Suid i 1 iulejl (gl jlowd .yl (5,18 gz Ciglid duo yd 0 Jlois ! g ,3 LSD (4903 (wliw! p
(fo..\»f U'JSS W+sSB 9 469:1“&55 ‘U"‘%b .395+5l> AL 430 Jlé) CuiS du)lwd 9 ‘(O')'Q‘; 9 A{uw.c) ug,ﬂ c(gfd))'
Figure 2. Effect of ecotype and growth medium (a), growth medium and drought stress (b) on potassium changes of
growth medium. (Means with similar letters based on LSD test are not significantly different at 5% probability level).

Experimental treatments: drought stress (80, 60, 40% FC), ecotype (Mashhad and Tehran), and growth medium
(soil, soil + manure, soil + rice hull, and soil + Wheat straw).
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Figure 3- Effect of ecotype and growth medium m on salinity of substrates. Means with similar letters based on LSD

test are not significantly different at 5% probability level. Experimental treatments: Ecotype (Mashhad and Tehran),
and growth medium (soil, soil + manure, soil + rice hull, and soil + Wheat straw).
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Figure 4. Effect of drought stress on pH of Hollyhocks growth medium. (Means with similar letters based on LSD test

are not significantly different at 5% probability level). Experimental treatments: drought stress (80, 60, 40% FC),
ecotype (Mashhad and Tehran), and growth medium (soil, soil + manure, soil + rice hull, and soil + Wheat straw).
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Figure 5. Effects of drought stress on SPAD of Hollyhocks ecotypes under different growth media. (Means with
similar letters based on LSD test are not significantly different at 5% probability level). Experimental treatments:

drought stress (80, 60, 40% FC), ecotype (Mashhad and Tehran), and growth medium (soil, soil + manure, soil + rice
hull, and soil + Wheat straw).
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Figure 6- Effects of drought stress on electrolyte leakage (a), water relative content (b) and carbohydrate
(c) of Hollyhock ecotypes under different substrates. (Means with similar letters based on LSD test are
not significantly different at 5% probability level). Experimental treatments: drought stress (80, 60, 40%

FC), ecotype (Mashhad and Tehran), and growth medium (soil, soil + manure, soil + rice hull, soil +
wheat straw).
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Figure 7- Effect of drought stress on proline of Hollyhock ecotypes (a) and effects of drought stress and growth
medium on leaf proline content (b). (Means with similar letters based on LSD test are not significantly different at

5% probability level). Experimental treatments: drought stress (80, 60, 40%FC), ecotype (Mashhad and Tehran),
and growth medium (soil, soil + manure, soil + rice hull, soil + straw and wheat straw).
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Figure 8- Effects of drought stress on dry weight of Hollyhock ecotypes under different substrates. (Means with
similar letters based on LSD test are not significantly different at 5% probability level). Experimental treatments:

drought stress (80, 60, 40% FC), ecotype (Mashhad and Tehran), and growth medium (soil, soil + manure, soil + rice
hull, soil + wheat straw).
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