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1- Water Use Efficiency
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Table 1- Mean of monthly temperature (°C) and rainfall (mm) at site of experiment during the growing season of cumin
(2017-2018)
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slo Mean of temperature (°C) S,k
Month daoS sbd  wwiew s> Rainfall (mm)
Tmin Tmax

12-31 December (,3) 0.11 14.16 0.021
January (.s») -1.34 11.30 0.047
February (s 1.83 13.82 1.306
March (i) 9.01 2054 1.441
APl (2323)9,9) 8.86 19.91 1.129
May (cuieus,) 13.72 27.44 1.865
June (shs,3) 19.82 34.18 0.070
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Table 2- Physicochemical properties of the experimental soil before cumin planting (0-30 cm)

SB el u&;ﬁ‘cw-w wponsl FE u;le;w powd el . S Qg;b . ook
. E Total N P K rganic carbon rganic matter
soltexture  (msem’y  PA (%)  (moke’) (mokg) (%) (%)
s e 0.45 7.82 0.076 83.8 365 0.97 1.68
Silty-clay-loam
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2- Evapotranspiration
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1- Time domain reflectometry
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Table 3- Analysis of variance (mean square) of irrigation levels, planting date and density on cumin yield, yield components

and water use efficiency

Mean squares  lapo cwsbo

e e ay 5 g dlawy > 4ils Sy VYoo 3,Sos
Ol s galio RE rr= 0 O G 5 o . <
Source of variation &2 g » il Plant il O & s
df No. of umbel  No. of seed 100-Seed weight Seed 'WUE
per plant per umbel weight Yield
(Ssk) Block 2 3.88"™ 0.12" 0.00192" 0.1869™ 1440™  0.01029™
(s,41) Irrigation 2 145.25" 114.13" 0.01887" 1.69877 295637  1.7001"
(Js) sls) Errora 4 0.42 0.27 0.00055 0.0071 402 0.0618
(cusl 5)b) Date 2 853.22" 368.92" 0.44226™ 747607 276097  6.6072"
IrrigationxDate ox . . o ox
(c 1?@ 5% ) 4 7.67 3.98 0.00341 1.0700 1768 0.021™
e =) Phd
(ps> sls) Error b 12 0.57 0.87 0.00091 0.0785 115 0.0194
(«515) Density 1 216.00” 139.97" 0.04111 0.1768 78998  7.0706"
DensityxIrrigation ns ns « . - -
() X o512 2 1.63 0.25 0.00270 0.2661 2215 0.214
PA
DensityxDate . o N o - "
(505 o5 X o515) 2 5.91 12.54 0.00281 0.0750 1228 0.0877
e )
DensityxIrrigationxDate wox
(eals ;’ . X‘i Uy 0.33™ 0.7 0.00116®  0.1561 175®  0.0407"
baad =) Phd
Error ¢ (JS cslas) 18 1.33 0.38 0.00053 0.0095 108 0.0155
CV(%) &l oy 17.4 18.4 16.2 16.4 14.6 19.4

Adlge Mo 0 5 ) Jlein! zolaw )3 )5 dme 5 )5 dme pf i pa * 5 *FF NS

ns, **, * and are non-significant and significant at 1 and 5 % probability levels, respectively.
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Table 4- Mean comparisons for the effects of irrigation levels, planting dates and density on cumin yield, yield components

and water use efficiency

0, > i dlasd > &ild dlaws Yoo 3 PHIN < 31,8
&b ?is oI5 rr - P 8y S sShos 7
50 S Density &g yogTs &l Plant Seed yle_zld <l
Irrigation  planting (plantm?) ~ No.ofumbel  No.ofseed  100- seed weight (g) (kg-ha™) WUE
Date per plant per umbel  weight (g) (kg.hamm™
Date 1 40 22.06° 16.85° 0.46° 2.57° 326.00° 1.96"
80 27.55° 22.34% 0.32° 1.82° 424.00° 2.55°
In Date 2 40 15.262 11.74% 0.24° 0.63% 264.66" 2.59°
80 18.33 14.45° 0.17 0.26%" 369.60° 3.79%
Date 3 40 6.46" 7.71" 0.07™ 0.16%" 233.33" 2.93%
80 11.86' 9.96" 0.03! 0.13%" 300.00° 3.76°
Date 1 40 19.06° 12.67° 0.39° 1.07% 266.33™ 1.65"
80 24.26" 17.74° 0.35° 1.19° 378.33° 2.35"
12 Date 2 40 12.60" 9.11¢ 0.19 0.46" 251.33%" 2.55%
80 15.20° 12.15¢ 0.13¢ 0.20%" 333.10° 3.39°
Date 3 40 5.60% 6.16" 0.04" 0.129" 202.66" 2.64°
80 9.469 7.49" 0.02! 0.11" 275.10°' 3.58%
Date 1 40 15.26° 10.777 0.30% 0.43™" 224.66' 1.41
80 19.68¢ 14.91° 0.27% 0.86" 291.66" 1.83"
13 Date 2 40 8.939*1 6.84™ 0.17" 0.30%" 219.33" 2.26°
80 11.56 10.69% 0.119" 0.15%" 266.00" 2.74%
Date 3 40 4.36hk 4.34% 0.03" 0.10" 196.00" 2.597
80 7.70" 5.44% 0.02! 0.09" 235.00" 3.10°

ol 2oy O Jlass] grdans y3 (4Sls (yg05] bl I ixe BB 3929 pie Sl gt b y3 e gy
G s oy B0 ()T I3 (elys b o 103 VO ()T 12 ely; il oy Ve (gl 1
slo (39,8 :Date 3 wlo sl :Date 2 wlo 3 :Date 1

Mean of each group in columns of each treatment with similar letters are not significantly different (Duncan test 5%).
11: 100 %FC, 12: 75 %FC, 13: 50 %FC, Datel: (December), Date2: (March), Date3: (April).
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Table 5- Correlation coefficients of cumin morphological traits and water use efficiency in 100%FC

1 @y p yio olaw
(No. of umbel per plant)
2.y oy b ol

) 0.97** 1
(No. of seed per umbel)
3. &l Ve 39

0.77*% 0.72** 1

(100- seed weight)
4. g S5 u)9 0.76** 0.75** 0.91** 1
(Plant weight)
Z;e::ig);ield 0.87** 0.88** 0.45 0.45 1
6. 91 u_é)ﬂM &.I)Lf -0.40 -0.40 -0.79*%* -0.80** 0.03 1
(WUE)

b e 2o pd N Jleis] g 53 Iy gxe *F
** significant at 1 % probability level.
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Table 6- Correlation coefficients of cumin morphological traits and water use efficiency in 75 and 50%FC

1 2 3 4 5 6
1 Gy o ol 1
(No. of umbel per plant)
2. g ym > &by ol

0.96** 1
(No. of seed per umbel)
3. ab Ve )9
0.85** 0.78** 1

(100- seed weight)
A 0.79% 0.76% 0.81%* 1
(Plant weight)
5. als J-)Sdo.c 0.79%* 0.82%* 0.43** 0.48** 1
Seed yield
6. ol Bpae ) -0.43%* -0.37* -0.75%* -0.57**  0.18 1
(WUE)

* k%

il ge oy 0 9 ) Jlaisl zolaw 50 )b pxe i ™ g
** *and are significant at 1 and 5 % probability levels, respectively.
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Introduction

Supplies of irrigation water are severely limited and water use efficiency (WUE) has become more vital,

especially for valuable drought tolerant plants. Green cumin (Cuminum cyminum L.) is a medicinal and spices
plant adapted to arid and semi-arid regions such as Iran. Planting date, irrigation and plant density can affect
quality and quantity of cumin. Seed yield of cumin decreases by increasing water deficit, despite absorbing water
even in very low water potentials. Changes in planting date can also affect water use efficiency due to rainfall
and evapotranspiration (ET) differences between each season. Therefore, crop yield should increase in parallel
with decreasing water consumption (or evapotranspiration) for optimal water use and increasing WUE.
Additionally, different plant densities and late or early planting dates could affect morphological traits and grain
yield.

Materials and Methods

In order to study the effects of planting date, deficit irrigation and plant density on yield, yield components
and WUE of cumin, a field experiment was conducted as split-split plot based on randomized complete block
design with three replications at the Agricultural Research Station, Ferdowsi University of Mashhad during
growing season of 2017-2018. The main plots were irrigation levels including 100, 75 and 50% field capacity
(FC). Three plantlng2 dates were studied in the split plots (December, March and April) and two plant densities
(40 and 80 plant m™) arranged as split-split plots. Soil moisture content was determined a day before and two
days after each irrigation with TDR. Then, irrigation was done based on treatments during the growth period.
Number of umbel per plant, number of seed per umbel, 100-seed weight, plant weight, seed yield and WUE were
measured at the end of growing season. Analysis of variance were calculated using R software and Duncan's
multiple range test was used at 5% probability level to compare the averages.

Results and Discussion

The results showed that the full irrigation (100% FC) of cumin in December with 80 plants m™? had the
highest number of umbel per plant, number of seed per umbel and seed vyield, whereas 100-seed weight and
plant weight increased and WUE decreased with decreasing density (40 plants m™) under lOO%FC during
December. The lowest seed yield were obtained from 75 and 50% FC in April W|th 40 plants m™ (53.77% and
52.20% respectively) compared with December with 100% FC and 80 plants m . Seed yield were decreased by
irrigation levels of 100 and 75% FC in March and April with 80 plants m? 12.83, 29.24, 21.43 and 35.11%,
respectively compared with 100% FC in December (80 plants m?), despite the highest WUE. Therefore,
increasing plant density with medium irrigation in late planting dates (March and April) can partially compensate
decreasing cumin seed yield by increasing WUE. The correlation analysis showed that 100-seed weight and
plant weight had significant negative correlation with WUE in full irrigation and two levels of water deficit.
However, there was no significant correlation between WUE and seed yield under both levels of water deficit
and full irrigation conditions.

Conclusions

The results of this study indicate that seed yield can be improved by increasing plant density when rainfall is
proportional to plant water requirement in autumn and winter. In addition, increasing plant density in medium
irrigation (75% FC) conditions in late planting dates (March and April) can increase WUE and produce high
economic value.

Keywords: Field capacity, Number of umbel per plant, Row spacing, Seed yield, Water stress

1- Assistant Professor, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad
2- Professor, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad

3- PhD. student of Weed Science, Faculty of Agriculture, Ferdowsi University of Mashhad

4- PhD. student of Crop Ecology, Faculty of Agriculture, Ferdowsi University of Mashhad

5- PhD. student of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad

(*- Corresponding Author Email: hajmohamadnia@um.ac.ir)



