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ABSTRACT

To evaluate the effects of superabsorbent polymer and manure on dry flower yield, absorption of sodium and
potassium, as well as chlorophyll a, b and total under drought stress conditions in German chamomile, split-factorial
experiment in a randomized complete block design with four replications was conducted in 2016. Drought stress
treatment in three levels of 95, 65 and 45% of field capacity as the main factor and manure in two levels of use and
non-use and superabsorbent at three levels of 0, 0.1 and 0.2 percent of soil weight were considered as sub plots.
Results showed that in treatment of 45% compared to the 95%, the number of flowers per plant and dry flower yield
decreased by 27.65 and 36.9 percentages. Also, with increasing drought stress the amount of leaf and flowers
potassium decreased, but leaf and flowers sodium were increased. Maximum and minimum amounts of chlorophyll a,
b and total, were observed in 95 and 45% field capacity, respectively. The use of manure compared with the non-
application increased increases the number of flowers per plant and dry flower yield by 13 and 10 percentage. The
level of 0.2% weight superabsorbent compared with non-use increased number of flowers per plant and dry flower
yield by 6% and 4%, respectively. In total, results showed that application of manure and superabsorbent reduced
effects of drought stress and improved growth traits.

Keywords: Chlorophyll, drought, dry flower, German chamomile.
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Table 1. Physical and chemical characteristics of the soil field

pH

Available K Available P  Total N Organic carbon
(PPm) (PPm) (%) (%)

EC Particle percentage

(ds/m) “Sand _ Clay Silt Soil texture class

7.20 360 11 0.051 0.68

1.01 14.0 33.3 52.7 Clay loam
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Table 2. Sources of variations, degrees of freedom and means of squares of studied traits in German chamomile

SOV df Number of flower Dry flower Sodium amount Sodium content
Per plant yield of leaves of flowers
Repeat 3 2.34™ 0.007™ 0.001™ 0.001™
Drought 2 4259 9.35" 0.13" 0.06™
Error (a) 6 0.52 0.01 0.001 0.001
Manure 1 196.6™ 232" 0.009” 0.04™
Super absorbent 2 15.04™ 0.08™ 0.007™ 0.007™
Drought x Manure 2 1.09"™ 0.08™ 0.001™ 0.002"
Drought x Super absorbent 4 1.31™ 0.06™ 0.001™ 0.001™
Manure x Super absorbent 2 4.24™ 0.30™ 0.001" 0.001"
Drought x Manure x Super absorbent 4 0.07™ 0.08" 0.001™ 0.001™
Error(b) 45 1.91 0.03 0.002 0.001

OIS gime WS 055 g auoy0) 50 Jlaiz| e [0 (55l Sixe ol A NS g e
* ** ns: Significant at 5% and 1% probability levels and non-significant, respectively.
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Table 3. Means comparison of effects of drought stress, manure and superabsorbent on studied traits in German chamomile

Treatment Number of flower Dry flower yield Sodium amount of Sodium content of
per plant (g/pot) leaves (mg/g) flower (mg/g)
W, 29.79 a 336 a 121 c 0.67 ¢
W, 2733 b 2.86 b 125 b 0.74 b
W; 2158 ¢ 212 ¢ 1.36 a 0.77 a
Fi 24.58 b 264 b 1.26 a 0.75 a
F 27.78 a 291 a 129 a 0.70 b
S; 2534 b 271 b 129 a 0.75 a
S; 26.51 a 2.81ab 127 a 072 b
Ss 26.85 a 2.82 a 1.26 a 071 b

b oo 5SS fygeil Al sy O Jlel e 10 lo sre WS g0 saimsylis e g 58 50 Hluor g,
In each column, means followed by the same letters are not significantly different (p<0.05) based on Duncan Test.
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Figure 1. Interaction effect of drought stress and manure on the Sodium amount of flower in German chamomile
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Continued table 2. Sources of variations, degrees of freedom and means of squares of studied traits in German

chamomile
Potassium amount  Potassium amount Total
SOV df of leaves of flower Chlorophylla  Chlorophyll b Chiorophyll

Repeat 3 0.001"™ 0.001"™ 0.53™ 0.05™ 0.39™
Drought 2 0.58™ 0.33" 251.88™ 368.60" 1161.727
Error (a) 6 0.01 0.005 0.34 0.48 1.10
Manure 1 0.11" 0.001™ 147.16™ 5.33™ 96.44™
Super absorbent 2 0.001"™ 0.01™ 23477 1.54™ 31.31™
Drought x Manure 2 0.08" 0.03™ 2.19™ 0.82"™ 3.50™
Drought x Super absorbent 4 0.02% 0.006™ 7.06” 30.95” 20517
Manure x Super absorbent 2 0.01™ 0.008™ 11.19" 1.20™ 12.61°
Drought x Manure x Super absorbent 4 0.007™ 0.01™ 7.22" 30.58™ 15.78"
Error (b) 45 0.02 0.01 2.34 1.64 2.96

OIS gire WS 055 g woy0) 50 Jlaiz| s ;o (5,18 Sixe ol a4 NS g e
*, ** ns: Significant at 5% and 1% probability levels and non-significant, respectively.
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Figure 2. Interaction effect of drought stress and manure on the potassium amount of leaves in German chamomile
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Continued table 3. Means comparison of effects of drought stress, manure and superabsorbent on studied traits in
German chamomile

Treatment Potassium amount Potassium amount Chlorophyll a Chlorophyll b Total chlorophyll

of leaves (%) of flower (%) (mg/gfw) (mg/g.fw) (mg/g.fw)
W, 223 a 239 a 2297 a 18.90 a 4187 a
W, 211 b 2.38 a 1835 b 16.47 b 3483 b
W3 192 ¢ 218 b 16.72 ¢ 11.23 ¢ 27.96 ¢
F1 2.05 b 232 a 1799 b 1581 a 3373 b
F, 213 a 231 a 20.78 a 15.26 a 36.05 a
S 2.09 a 234 a 1831 b 1550 a 3382 b
S, 2.09 a 231 a 19.45 a 15.30 a 3475 b
Ss 2.08 a 2.29 a 20.28 a 15.80 a 36.09 a

b o Sl (g3l AL s ys O Jless gaw 59 Sl gae OS] dgssaias Lis jlod (otw ;2 50 Hlaes B>
In each column, means followed by the same letters are not significantly different (p<0.05) based on Duncan Test.
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Table 4. Means comparison of interaction effect of

manure and superabsorbent on studied traits in
German chamomile

Dry flower  Chlorophylla Total Chlorophyll

Treatment .oid (g/pot)  (mg/gfw) (mg/gfw)
= 244 ¢ 1617 e 3183 e
F.S, 274 b 18,07 d 3391 d
FiSs 275 b 19.51 ¢ 3545 ¢
F, S 298 a 2045 b 3581 b
FS, 2.88 ab 20.82 ab 35.60 b
F, Ss 2.89 ab 21.06 a 3673 a

o sire WS 555 oaimoylis Jlows (gt ;2 50 Hlecan By >

Db e oS3l (g3l Al s ,s O Jluil mhans 5o
In each column, means followed by the same letters are not
significantly different (p<0.05) based on Duncan test.
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Figure 3. Interaction effect of drought stress and superabsorbent on content of chlorophyll a in German chamomile
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Table 5. Mean comparison of Interaction effect of drought stress, manure and superabsorbent on studied traits in

German chamomile

Treatment Dry flower yield Chlorophyll a Chlorophyll b Total Chlorophyll
(9/pot) (mg/gfw) (mg/gfw) (mg/gfw)
W, F; S; 3.06d 1851¢ 19.57 ab 38.08 def
W, F; S, 3.46b 21.77h 18.89 ab 40.67 cd
W, F; S3 3.34b 23.28 ab 18.91ab 42.20 be
Wi F, S; 3.68a 24,90 a 14.63 def 39.54 de
W, F,; S, 3.29b 25.39a 18.51ab 4391b
W, F; S; 3.32b 23.94 ab 2290a 46.84 a
W,F; S; 2.46 fg 15.43 de 17.58 bc 15.43 de
W;F; S, 2.75f 17.62 cd 15.77 cde 33.39¢g
W, F; S; 2.80 de 18.31c 16.43 cd 18.31c
W,;F, S; 290d 17.48 cd 19.97a 37.46 ef
W,F; S, 31llc 19.49¢ 15.27 de 34.76 g
W, F, S3 3.16 bc 21.80 b 13.84 efg 35.64 fg
W;3F; Sy 1.82i 1459 e 9.82i 24.42 k
W;3F; S, 2.06 hi 14.82¢ 12.84 fgh 27.66 j
W;F; S3 2.11 ghi 16.94 cde 12.48 gh 29.42 ij
W;3F, S; 2.35fg 18.97¢ 11.45 hi 30.42 hi
W;F, S, 2.231g 17.59 cd 10.53 i 28.13 cd
W;F,; S;3 2.18 fgh 17.43 cd 10.28 i 27.71]

Aibce 5SS Gyge3l Al 5 sy O Jleil o 10 lo e B Sgud soimo L e gt H2 50 Hluen gy
In each column, means followed by the same letters are not significantly different (p<0.05) based on Duncan test.
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Figure 4. Interaction effect of drought stress and superabsorbent on content of chlorophyll b in German chamomile
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Figure 5. Interaction effect of drought stress and superabsorbent on content of total chlorophyll in German

chamomile
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