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Table 1- Some physical and chemical properties of the experimental soil from zero to 30
cm soil depth and animal manure

b Sy e d] Ec pH N P K ocC Moisture
(Characteristics) (Texture) (dsm-1) (%) (Ppm) (Ppm) (%) (% weight)
s e 07 811 0014 16.7 246 0612
ail) Clay silt) : : : : ' -
oIS 098
- 5.69 821 1124 7130 9050  34.09 11.28

(Animal manure)

A200 il 5 yordy Slogas ¥ Jgo
Table 2- The properties of A200 super absorbent polymer

Appearance 2l Whitegranule  wéw Jgil,§
Grain size (mm) (yro o) 13 031l 0.5-15
Water content (%) (1) &1 glgsizmo 35
(&0 ol y 0)5) JBs 14-15
Density (g cm®)
pH 4l S| 6-7

w033+ plabs Ko Jplomo 51 dor a8y Caud
The actual capacity of absorbing the solution of 0.9 % NaCl
U""’ 6"5‘3 “"‘3)"’ 190
The actual capacity of absorbing tap water
o Of Lder (o28lg cud b

The actual capacity of absorbing distilled water

(W) 5,58k g plgs o YL

M aximum durability (year)

45

220

albsly (So5glersed Slao (B OOl pge pely 5 (sald 095 i Zolan 0 )5 il g 452 s Y Jeue

Table 3- Results of variance analysis of different levels of animal manure and super
absorbent polymer on some physiological characteristics of fennel under drought stress

conditions
yi Slgixo
FESY e . 3 . 5 P
Ol g’ 23lo :l)i S 2 oo ooy C?]l%foj ‘ﬁ | b Judg,ts JSTJS:;I‘JS Saigid 8
SOV o Leafwgearnve Proline ToPYE Chlorophyllb oy oroohyll  Carotenoids
content
(Replication) 1, 2 15,01 18" 0.009™ 0.001"™ 0.002" 0.037™
S 2 544.9" 1047.1" 0.126" 0.082" 0716" 0.568"
(Drought stress)
(hﬁlafr‘]ér”r‘;) 4 777 0.37 0.001 0.00069 0.005 0.065
oy + (olo g5
(A _v;leﬁ,s—v . 5 147.2° 11.66 0.062" 0.011" 0.089" 0.271"
nimal manure
super absorbent)
395 X (S g
ol + (ool
Q3L g 10 81.6™ 10.54" 0.01™ 0.007”" 0.008™ 0.057"
( h
Drought stress x
animal manure +
super absorbent)
Sbojl slas
(Experi m)ema| 30 48.4 445 0.005 0.0006 0.01 0.015
error
CV. (%) & yuui gy 10.35 7.59 16.3 145 15.15 17.2

B . " . . A . R . **ns
il oo 2o )d 7y 9 S Jlaiml a0 0gr Sl pre g og o g s Kile o Sy

ns, ** and *, non-significant and significant at 1% and 5% probability level, respectively
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Table 4- Mean comparison of different levels of animal manure and super absorbent
polymer on some physiological characteristics of fennel under drought stress conditions

o los S o T (glgizxo a Judg,ls IS Judsls
T 2 Leaf Relative Water Content Chlorophyll a Total Chlorophyll
reatments %) (mg/g FW) mg/g FW)
(wald) ).o.n‘;*o O a a a
50 mm (Control) 73.29 0.55 0.88
100 MM yio o Vo 65.6% 0.44° 0.64°
150 MM yio oo 10+ 62.6" 0.38° 0.49°¢
D, 61.9°¢ 0.31° 0.52°¢
D, 63.5" 0.42° 0.62"
Ds 65.5%* 0472 0.72%®
Ds4 70.6® 0.54% 082
Ds 70 0.48% 0.63"
Ds 7152 0.53? 0.742

w5l 5SUIs 9031 bl a0 )0 B g ylel s ol sime ST 0925 pas Aliie 4y Jlari o sl 5 gt 2 0 alie 35>
ok + 0o )0 00 ol 355 D3 o yo YO L3l g jerls + aoy0 YO el 865 Dy L3l g peily 5 (o 355 B rae pas :Dy)
coe (Ao Voo Ll g yerds Dig g aoy0 Vo als 555 D 0o )0 Y0 Gl pygas youds + o0 YO als 055 :Dg cas 0 8 L3l 50
RYSIH
Similar letters in each column and for each treatment denotes no significant differences at 5% level of
probability based on Duncans test.
(D1 lack of manure and super absorbent polymer, D,: 25 percent manure + 75 percent super absorbent
polymer, D3: 50 percent manure + 50 percent super absorbent polymer, D,: 75 percent manure + 25 percent
super absorbent polymer, Ds: 100 percent manure and Dg: 100 percent super absorbent polymer).
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Table 5- Mean comparison of the interaction effects of different levels of animal manure
and super absorbent polymer and drought stress on some physiological characteristics of
fenndl, yield and essentia oil production

oy 9 (ool 095 olie
3l 3 gus Characteristics

";“’ o An|ma| b J-JB)JS é:&l.o.: b)ﬂo&

Drought manure and e Chioropimil arlgii IS ails bl
stress super Proline ortc)) Py Carotenoids Grain Essential
absorbent  (mg/g FW) (mg/g FW) ield oil yield

polymer (mg/g FW) ()é/mz) (g/ymz)

D, 24 0.137% 0.620% 82°¢ 1511

o skeo B¢ D, 20° 0.169% 0.859™ 97.33° 213
(aals) Ds 235¢ 0.3852 0.807™ 97.33° 1.93%
50 mm D, 19° 0.275° 0.818™¢ 99.57° 2.28"

(Control) Ds 175° 0.242° 0.882% 107.06° 2.37°

D 175° 0.260° 1.3852 146.662 2.992

D, 29.5° 0.122% 0.619% 45.06' 0.90"

D, 27 0.142% 0.808" 65.33% 1517

o skeo Vee D; 27.5% 0.1229% 0.602% 66.66 % 1579
100 mm D, 26 0.182° 0.7025 72.66 %€ 1.74%
Ds 28.5° 0.146 %% 0.857% 78.66™ 1.98%

Dg 27> 0.173¢ 0.934° 649 1.26%"

D, 3552 0.066¢ 0.271" 20.99' 051"

D, 3552 0.114% 0.315% 50.839" 1.269"

o koo 10+ D; 3452 0.0871 0.550% 46.66" 136"
150 mm D, 3752 0.139% 0.618% 57.33h 1.48"
Ds 352 0.142% 0.810> 44n 1.36%

Dg 352 0.136%¢ 0.687 > 45.33" 1.25%

youdy + a0y B0 ol 055 D3 o )0 VO Gl g pards + 0o )0 YO als 355 Do «dla g ok g (ool 055 B pae :Dy)
(2,0 Vo v O3l g youls Dig g aoy0 Voo als 355 D o0 YO Gl pgms youls + 3oy YO als 055 Dy caoys 8 L3l g
il o 3o y0 O (s kol gelan 0 (SUs (y903T) e s jlo ime Dslis 925 pae Sl (g 58 50 e By gt o 53 bl e
Treatments of drought stress: no stress (50 mm), mild stress (100 mm) and high tension (150 mm),
respectively.

(Dy: lack of manure and super absorbent polymer, D,: 25 percent manure + 75 percent super absorbent
polymer, D3: 50 percent manure + 50 percent super absorbent polymer, D4: 75 percent manure + 25 percent
super absorbent polymer, Ds: 100 percent manure and Dg: 100 percent super absorbent polymer).

Same letters in each column denote no significant difference between treatments (Duncans test) at 5% level
of probability.
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Table 6- Results of variance analysis of different levels of animal manure and super
absorbent polymer on grain yield and essential oil production of fennel under drought
stress conditions

Ol s 2ol 3157 a0 &l 5 Slos owilul & Slos
S.0.V df Grain yield Essential ail yield
155
s 2 91.2™ 011"
(Replication)
o 2 17142.8" 4.76%
(Drought stress)
| glas
&‘.a ¢ 4 125.8 0.07
(Main error)
P pygmw poudy + (o0l 395
(Animal manure + super 5 1322.1* 1.06™
absorbent)
)o.».l.{ + @‘b é,f X ﬂo U:"S
g 10 486.2" 0.22"
(Drought stress x animal manure +
super absorbent)
ohales! sl 30 49.2 0.04
(Experimental error)
Syl - 9.8 132
CV. (%)
** ns

Sblygn s iy 5 S Jloio s 55 33 Jssine 5 o0 Jlosine b Sl i
ns, ** and * , non-significant and significant at 1% and 5% probability level, respectively
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Abstract

To evauate the effect of different ratios of anima manure and super absorbent
polymer on some physiological characteristics of fennel under drought stress conditions,
an experiment was conducted as spilt-plot based on a randomized complete block
design with three replications in 2015 at the University of Shahrekord. Different levels
of drought stress consisted of three levels of: control (50 mm), 100 mm and 150 mm
evaporation from class A pan assigned to the main factor and different ratios of animal
manure and super absorbent polymer in six levels including: D;: lack of manure and
super absorbent polymer, D: 10 t.ha* manure + 150 kg.ha" super absorbent polymer,
D4 20 t.ha™ manure + 100 kg.ha* super absorbent polymer, D 30 t.ha* manure + 50
kg.ha'super absorbent polymer, Ds: 40 tha® manure and Dg 200 kg.ha' super
absorbent polymer to the sub-factor. The results showed that the drought stress and
anima manure and super absorbent polymer and their interactions had a significant
effect on proline, chlorophyll b, and carotenoid contents, seed and essentia oil yields.
Also, the highest seed yield (146.66 g.m?), essential oil yield (2.99 g.m™®) and
carotenoid were obtained from control with De. The highest proline content was
obtained from 150 mm with the use of D4. The highest chlorophyll b was obtained from
control and D3. The highest relative water content and total chlorophyll were obtained
from control and Dg, while the highest chlorophyll a was achieved from control and D4
treatment. In general, the highest seed and essential oil yields were obtained from 50
mm evaporation and 200 kg/ha superabsorbent polymer treatments. On the other hand,
the effects of drought stress on seed and essential oil yields decreased by application of
40 t/ha manure at 100 mm evaporation conditions. Also, at 150 mm evaporation and use
of manure and superabsorbent polymer (30 t.ha™* and 50 kg/ha, respectively), the effects
of drought stress on seed and essential oil yields decreased as compared to the other
treatments.

Key words: Carotenoids, Chlorophyll, Essential oil yield, Leaf relative water
content, Proline.
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