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Table 1. Some physical and chemical properties of experimental farm soil

Sand Silt Clay K

Soil texture (%) (%) (%) (mg. kg-l)

(mg.kg™) (%) (%)

P Total N ocC EC
TNV pH s

Clay-Loam 24 33 40 260

12.5 0.24 0.73 12 7.5 0.7

OC: Organic Carbon, TNV: Total Neutralising Value
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Figure 1. Means comparison of interaction effects of experimental treatments on plant height of
Cuminum cyminum
Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha, respectively.
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Table 2. ANOVA of studied traits in Cuminum cyminum under different experimental treatments during two years

Plant No. of sub No. of umbrellas No. of seeds 1000-seed . Biological Essential oil Essential oil
S.O.V. df - : Seed yield - .
height branches per plant per umbrella weight yield percentage yield
Y 1 6.2** 7.3* 12.8** 25.4** 0.11** 18262.5** 52117.1** 0.015** 23.2%*
Rep*Y 4 3.4 1.6 53 15.6 0.09 8432.6 56478.3 0.005 13.1
| 2 13.9* 28.4* 9.7** 24.9** 0.6** 42538.9** 884513.9** 0.03** 26.8**
Y*I 2 8.4* 33.7** 14.5** 14.2** 0.04** 25299.4** 5417.9** 0.005** 11.7**
Rep*1*Y 6 3.6 25 5.2 10.3 0.33 9022.5 21564.7 0.002 9
HA 1 49.4** 42.4%* 20.6™* 34.3** 0.2** 38220.6** 399652.7** 0.02** 10.8**
Y*HA 1 7.2%* 10.2* 3.7** 6.3** 0.08** 8806.5** 34052.9** 0.004** 4.8**
I*HA 2 5.8** 17.9** 14.9** 17.2** 0.3** 46921.3** 317866.2** 0.03** 14.1**
Y*I*HA 2 6.9** 14.6** 9.4** 11.5** 0.11** 20738.8** 211308.4** 0.005** 9.9**
Error(a) 12 174 17.3 15.6 13.7 0.22 752.4 6289.5 0.02 9.6
A 1 57.1** 28.2** 12.3** 17.6** 0.09** 26309.4** 297930** 0.018** 34.6**
Y*A 1 22.5** 7.8** 7.6** 8.9** 0.13** 10211.6** 19660.2** 0.002** 16**
I*A 2 30.7** 14.2** 16.4** 30.3** 0.09** 40338.7** 323044.6** 0.015** 28.9**
Y*1*A 2 18.6** 21.7%* 9.9** 10.4** 0.11** 17730.1** 169230.5** 0.03** 17.1%*
HA*A 1 36.5** 30.8** 22.2%* 41.2%* 0.41** 42103.2** 326605.4** 0.07** 26.6**
Y*HA*A 1 9.3** 14.5* 7.5%* 8.5** 0.19** 18020.4** 180205.2** 0.06** 9.3**
I*HA*A 2 39.4** 26.8** 20.4** 44.9** 0.32** 44120.5** 351213.8** 0.038** 41.7%*
Y*I*HA*A 2 16.7** 19.2** 11.6** 16.8** 0.18** 9806.2** 282152** 0.02** 25.6**
Error(b) 24 20.6 17.1 12.8 195 25 218 29.3 0.38 8.2
CV (%) 11.34 10.37 14.68 15.62 9.46 19.57 23.72 7.12 9.42

" * and **: not significant, significant at 5 and 1% probability levels, respectively.

Y= year, I= irrigation, H= humic acid, and A= Algae.
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Table 3. Means comparison of studied traits in Cuminum cyminum under different experimental treatments
during two years

Plant No. of No. of No. of 15%23- Siielg Biological ~ Essential ~ Essential
Treatment height sub umbrellas  seeds per weidht ()k/ hat yield oil oil yield
(cm)  branches  perplant  umbrella (g% gl) (kg.ha') (%) (kg.hah
30% MD 216a 48a 9.7a 16.6 a 265a 5228a 1472.3 a 14b 7.73 a
| 70%MD  204b  3.8b 8.3b 154b  237b  4043b  1254.7b 183a 74a
90% MD  188b  3.2b 7.9b 123¢c  218b 3556c  1079.6¢ 21a 6.89 b
2‘p°pr:$§t'i';: 22b  47b 102 b 204b  253b 5169b 15235b  153b 7.69b
HA :
apglci’(':';rion 284a  72a 143a 292a 31a 7024a 19884a 202a 8.65a
;\'p%’l‘lggt'l'g; 208b  41b 9.4b 218b  245b 5317a  1506.1b 156 b 7.25b
A :
apgﬁ(':;atrion 236a  52a 10.7a 299a  287a 6122b  18339a 2242 33a

In each column, means with common letters are not significantly different at 5% probability level (Duncan test).
I= irrigation, H= humic acid, A= Algae, and MD= Moisture depletion.

(o2 ]

No. of sub branches
S

2
0

QYS QYV\ \?9 \Yw\ QYS QYV\ \?9 \?} ng QY’\ \Yg \VV\
T ETIT T T

Experimental treatments
(Cuminum cyminum) s o5 o5 sLasls sl iolosl bl Jlite Ol 51 ke anlio Y IS

Figure 2. Means comparison of interaction effects of experimental treatments on number of sub branches of
Cuminum cyminum

Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L™, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™, respectively.
S syl [l Jlael (¥ Jpam) 58 o 7FY Sl e o sbasls slaw

MY b Gl el s dl S 2bs s s el S s s s

Ao dls Sl 4 Cus o3 sbarls slus gas 5 OF Sl oolas 5 ad Spomd (St 25 Jle sloslag
Sloarld b et bl 50 02 T ) s s 0 e 5o T i sl s s
e Dran Sl Ol Dls 4 Bl V) (2 s S alie (Y Jpan) il sag i e
3 el Sz wLJ"LN °\J°Mf (als) S M’LJ vvl’) AE S Bl o dj\-.'.j Slas 53 48 sls gl
s S 2 2l S las Sbdsle pae L G s ks e cbasls sls S



PRV JE SR Ps3)

Jlsl (Y Jsax) 55 lag gae,0 VA0 b gae 2alS
cel G jia denl Ko 5 v—.’.\e.)é S o lae Sl
A Cad G gy 5o g la Y 5 TAY/A s pae (il
(Y Joas) ae sl s

Slegi a Glaze (VF/T) @iy o sz ol o ey
o ena (aals) S cosb, I¥e Gas 5 e ookl
535 St Sosmd 5 2l S olae | a2l sl
ot Sl S sl 4 By e 55 (V/A) ol e S
oolas b cabdslos pon S cugb, 180 G aa )
Y JK2) 5g ) S 5 2l Sl

No. of umbrellas per plant

<ol oS Dl 4 by 58 (FN) o3 slaasls
eJLAGL&uLJjJ&u u).bgf\:-w‘,la)/.% dJAA)\w
(Y JS2) 350 dnd Ko 1 S

&y e i sl
B aS als plas basls (S bl a2l
olas 5 dal Kogr (K2 o Jl bl
a7 g o T Bl sla il s el
ole aulie (Y Jsdn) ol 035 LIy gas w54 53 i
T G pae 5l e ol Slas Lo 4 als plad sl
e Sl 4 ol Wy o e slaw SBocusb,

RSN ® 3

Q Q N \ N

F S 3‘ @ “2‘ \“2‘ m‘?‘ '\‘3‘ w‘z‘ &P
Experlmental treatments

(CUMINUM CYMINUM) jouw 025 &5 55 sz slaws 5 oulosl slo,les Jolite Ol Kl anlie -V IS

Figure 3. Means comparison of interaction effects of experimental treatments on number of umbrellas per plant
of Cuminum cyminum
Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™*, respectively.
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Figure 4. Means comparison of interaction effects of experimental treatments on number of seeds per umbrella
of Cuminum cyminum
Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™, respectively.
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Figure 5. Means comparison of interaction effects of experimental treatments on 1000-seed weight of
Cuminum cyminum

Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L™, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™, respectively.
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Figure 6. Means comparison of interaction effects of experimental treatments on seed yield of Cuminum
cyminum
Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™*, respectively.
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Figure 7. Means comparison of interaction effects of experimental treatments on biological yield of

Cuminum cyminum

Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™, respectively.
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Figure 8. Means comparison of interaction effects of experimental treatments on essential oil percentage of

Cuminum cyminum

Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L?, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha, respectively
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Figure 9. Means comparison of interaction effects of experimental treatments on essential oil yield of
Cuminum cyminum

Columns with common letters have no significant difference at 5% probability level.

10, 11, and 12: irrigation after consumption of 35 (control), 70, and 90% of soil moisture, respectively; HO and H1: humic acid at two levels of 0 and
300 mg.L™, respectively; A0 and Al: algae at two levels of 0 and 2 L.ha™, respectively.
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Abstract

Cumin (Cuminum cyminum L.) is one of the valuable medicinal plants cultivated in arid and
semi-arid regions of Iran, facing to drought stress. Accordingly, an experiment was conducted
to investigate the effects of algae extract and humic acid on cumin under drought stress
conditions as a factorial split plot in a randomized complete blocks design with three
replications in a farm located in Boyer-Ahmad city, 35 km from Yasouj, Kohgiluyeh and
Boyer-Ahmad province in 2019 and 2020 years. The experimental factors included drought
stress as the main factor at three levels of irrigation after consumption of 35 (control), 70, and
90% of soil moisture and humic acid at two levels of 0 and 300 mg.L™ and algae at two levels
of 0 and 2 L.ha™ as the sub-factors. The results showed that foliar application of humic acid and
algae extract had a significant effect on essential oil yield, number of branches, biological yield,
grain yield, 1000-seed weight, number of seeds per umbrella, number of umbrellas per plant,
plant height, and essential oil percentage and improved the negative effects of drought stress.
The highest grain yield, 1000-grain weight, essential oil yield, and number of grains per
umbrella were obtained by foliar application of humic acid and algae extract. The application of
humic acid was more effective than algae extract on traits except yield and essential oil
percentage which were more affected by algae extract. In general, the results showed that foliar
application of humic acid and algae extract could moderate the adverse stress conditions and
increase cumin yield by 41.4%.

Keywords: Essential oil percentage, essential oil yield, number of umbrellas per plant, number
of seeds per umbrella, biological yield.



