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Figure 1- Crop growth rate at stress time and 10 days after re-irrigation. N1:100 kg ha* Nitrogen N2: 200 kg ha™* Nitrogen.

W1is complete irrigation, W2 is moderate water stress at V4-6 and W3 is severe water stress at V4-6 growth stage. Column
with same letter(s) are not significantly different according to Duncan multiple range test at P<0.05 probability level.
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Table 2- Analysis of variance (mean of squares) of Crop growth rate, Crown root angle, Crown root number, number of
lateral root in crown root, brace root angle and brace root number
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*Significant at P< 0.05, **Significant at P< 0.01, ™: without significant difference
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Figure 2- Mean comparison of Nitrogen level on brace root angle, crown root angle, number of crown root and number of

lateral root in crown root. N1:100 kg ha™ nitrogen N2: 200 kg ha™* Nitrogen. Column with same letter(s) are not significantly
different according to Duncan multiple range test at P<0.05 probability level.
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Table 3- Mean comparison of main effects of Nitrogen and irrigation levels on number of brace roots, chlorophyll meter
reading (SPAD), leaf area index at silking, grain yield, agronomic Nitrogen use efficiency, Nitrogen absorption efficiency
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Number of  Chlorophyll Leaf area Grain yield Agronomic Nitrogen
brace root index index at (kg.ha™) Nitrogen use absorption
(SPAD) silking efficiency efficiency
Nitrogen N1 13.58 b 43.32Db 3.46b 7914 b 39.57 a 44.06 a
o N2 1676 a 46.06 a 3.76a 8975 a 29.91b 3331b
Irrigation w1 16.63 a 47.06 ab 4.26a 10979 a 44.92 a 47.04 a
&bl W2 16.41a 46.9 ab 3.61lc 9800 ab 34.21b 35.97b
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W4 14.13b 42.41 be 3.24c 7169 c 29.47 cd 34.67 bc
W5 14.01b 42.21 be 3.49 be 6369d 26.73d 30.81c
W6 13.79b 41.33¢c 351c 7647 be 31.67 bc 36.96 b
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In each column and factor, means with same letters are not significantly different, according to Duncan multiple range test at 5
percent probability level. N1: 100 kg ha™, N2: 200 kg ha™. W1: Complete irrigation. W2: Moderate water stress 55% Field capacity
at V4-V6 growth stage, W3: Severe water stress 45% at V4-V6 growth stage, W4: Moderate water stress 55% Field capacity at V4-
V6 growth stage followed by deficit irrigation (65% field capacity), W5: Severe water stress 45% in VV4-V6 growth stage followed

by deficit irrigation (65% field capacity), W6: Deficit irrigation (65% field capacity) after V6 growth stage.
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Table 4- Analysis of variance (mean of squares) chlorophyll index (SPAD), leaf area index at silking, grain yield, agronomic
Nitrogen use efficiency and Nitrogen absorption efficiency
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Table 5- Correlation coefficient of characters and indices
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*Significant at P< 0.05, **Significant at P< 0.01, "™: without significant difference
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Introduction

In recent years regulated deficit irrigation as a part of conservation and saving practices in water consumption

has received attention. Vegetative growth stage of corn has a relative tolerance to water deficit stress. Therefore,
yield loss is negligible. Nitrogen shortage stress leads to decrease in leaf area, leaf senescence and reduction of
photosynthesis as a result of decrease in chlorophyll content. Roots play an important role in soil searching for
water and nutrients. Root ability to change soil biochemical and physiological processes consider as a
remarkable mechanism to tolerate environmental stress. Considering the role of nitrogen in corn production and
irrigation in summer crops, understanding the response of corn to water stress and nitrogen consumption level
are important. Furthermore, corn growth recovery after water deficit stress is critical for better understanding of
water saving techniques. This study designed to determine morphological change in root of corn and their effect
on corn yield under different irrigation and nitrogen levels.

Materials and Methods

In order to evaluate the impact of different levels of nitrogen consumption and water deficit stress on corn
(SC 704) in field condition, an experiment conducted during 2015 in the experimental field of Ferdowsi
University of Mashhad. Nitrogen levels were, including 100 and 200 kg ha™and irrigation applied in 6 levels,
including W1: complete irrigation, W2: moderate water stress (55% of field capacity) at V4-V6 growth stage,
Wa3: severe water stress (45% of field capacity) at V4-V6 growth stage, W4: moderate water stress (55% of field
capacity) at V4-V6 growth stage followed by deficit irrigation (65% of field capacity), W5: severe water stress
(45% of field capacity) in V4-V6 growth stage followed by deficit irrigation (65% of field capacity), W6: deficit
irrigation (65% of field capacity) after V6 growth stage. Effect of water deficit stress and re-watering
concurrently with two levels of nitrogen consumption attested by crop growth rate index between stress time and
10 days after rewatering. Furthermore at silking stage, SPAD, leaf area index, the number and angle of crown
and brace roots, grain yield, agronomic nitrogen use efficiency, nitrogen uptake efficiency and nitrogen harvest
index measured and calculated.

Results and Discussion

Result showed that under severe water stress re-watering at the same time with applying nitrogen led to faster
growth. Effects of nitrogen and irrigation were significant on SPAD, leaf area index, the number of brace roots,
grain yield, agronomic use efficiency and nitrogen uptake efficiency in 5% probability level, while effect of
nitrogen on number of crown root, angle of crown root and number of lateral root in crown root were significant
at 5% probability level (p-value < 0.05). Grain yield had a significant and positive correlation with leaf area
index, the number of brace roots and SPAD, whereas yield had a negative correlation with brace root angle.
Despite highest yield obtained under the consumption of 200 kg ha™ nitrogen with complete irrigation, yield
reduction due to water deficit at V4-V6 growth stage was 6% which shows the relative tolerance of corn to water
deficit stress during aforementioned growth stage and effective tolerance of root and shoot of corn for
minimizing the consequences of water stress on our experiment condition.

Conclusions

Although highest grain yield obtained with consumption of 200 kg ha™ nitrogen with complete irrigation,
flexible management with considering availability of water and nitrogen during vegetative growth stage lead to
maximum profitability. Relative tolerance of corn seedling to water deficit stress and growth recovery of crop
makes it possible to save water. Flexibility of corn root number and angle can be used in breeding program to
obtain hybrids with more effective nitrogen use efficiency.

Keywords: Agronomic nitrogen use efficiency, Brace root angle, Crown root angle
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Table 1- Soil physical and chemical characteristics of the experimental location in 2015and 2016

o P Ges  mely  ed GHEE oS b ke e, Sl S sy
Year Sampling K,O P,O5 ﬁ Sand  Silt Clay ¢gWwsilJs A Soil
[0) [0) [0)
depth (cm)  (ppm)  (ppm) (ppm) ) () (%) pH gy Texture
2015 0-30 250 104 0.06 39 35 26 8.8 11 loamy
2016 0-30 249 104 0.07 39 35 26 8.7 1.1 loamy

VA0 5 IFAL (ol5 gl )3 g sl 093 Jsb p3 (rlalojl (T2l Jono (lgh 9 Of bl ol ilile (1SSl —F Jgi>
Table 2- Monthly average of weather parameters of the experimental site during the plant growth period in 2015 and

L Jslas b S5l i e olelw Cugb, JSla Cugb, Jilas
ol Minimum Maximum A CC ] Maximum  Minimum
Month temperature temperature Precélrglr;e;tlon Eva(pr)grr%tlon Sunny moisture moisture
C) (°C) hours (%) (%)
£ Jwo
2015
A 3.02 17.06 0.45 4.87 7.62 77.71 33.29
April
o) 7.93 22.39 1.30 6.65 9.15 75.13 29.84
May
Ao 12.27 29.48 0.2 8.97 11.2 66.42 22.65
June
J)‘I’ 17.01 33.54 0 9.01 12.43 57.26 21.87
uly
B0 15.54 34.36 0 2.29 11.67 57.58 18.71
Agugust
%A 12.66 28.50 0.34 531 9.54 77 312
September
0 Jlw
2016
0298 3.43 15.19 2.05 321 6.50 82.29 41.84
April
Calied)| 9.15 22.95 1.69 5.55 8.92 76.03 32.19
May
J’"n)z 10.98 26.63 1.00 7.16 10.34 71.48 29.77
u
ij 16.14 31.28 0.18 8.20 11.55 69.45 29.48
A0 16.34 32.56 0.00 7.78 11.92 68.26 25.26
Agugust
AN 12.08 30.22 0.00 5.77 10.42 69.13 24.78
September

Source: West Azarbaijan meteorological department
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Table 3- The results of chemical analysis of organic fertilizers used in the experiment

(LEY) . - . . S . -2
u’Organizs 0397 ey R e Mn ‘;?1) Cu ‘Ii: dSE C-1 pH
0, .m
fertilizers N (%) P(%) K(%) cato Mg (%) mg.kg?  mgkg?!  mg.kg?  mgkg?
akd 2.27 0.94 1.25 1.72 0.44 238 210 55 1856 4.21 7.4
Cow manure
L > 1.75 2.8 2.15 6.12 0.85 538 463 125 1681 6.14 75
Chicken manure
w?*"s@” 1.45 2.3 1.85 7 0.24 1300 1100 250 9000 3.81 7.2
Vermi compost
Cusga 1.25 1.1 0.75 25 0.15 600 900 105 1100 7 7.6
Compost

Laboratory analysis of soil, water, air and plant samples
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Figure 1- The effect of ecotype on total dry weight of modavian balm
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Figure 2- The effect of spraying on total dry weight of modavian balm
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Table 4- Combined variance analysis for the quantitative and qualitative traits of moldavian balm under the influence of
ecotype and spraying

Mean squares Ola po (b

o i anyy S5 oy R Nes 3 Slos oasla 5 Slos KW
- L . H . . - & . .
?‘(;’ 5’ &5 Js aly Seedyield  jglm  aldcuildy  uilwl owilwl
" d.f Total dry 1000- Biological Grain Essence Essence
weight seeds yield harvest yield percentage
weight index
;Je; 1 55125.00" 1.80" 50000.00”  51680.56 18.41" 24.14** 0.15%*
Juolss 4 0.73 0.01 500.00 52.36 0.01 0.03 0.01
RepeatxYear
esS] 5  262500.00°  0.357  105650.00” 203571.917 6213.67"  66.55** 0.37%*
Ecotype
gL 5 0.01" 0.01" 500.00" 55.54" 357" 0.11" 0.01"™
YearxEcotype
U‘M’_l"" 4 56520.00" 0.09™  292500.00™ 41675.64"  4367.447  14.07** 0.09**
Spraying
U‘M*’“XJL" 4 0.02" 0.01" 490.00™ 5257 231" 0.04" 0.01"™
YearxSpraying
U‘“*-‘J’l"‘x*‘*;%s ! 20 0.08" 0.07" 500.00" 60.00™ 22.64" 0.12* 0.02*
EcotypexSpraying
Hhdsbrexcgh g 0.05"™ 001"  489.00™ 49.17™ 0.05" 0.07" 0.03™
YearxEcotypexSpraying
s 116 2.05 0.01 506.21 58.43 0.04 0.06 0.02
Error(E)
(7) e o 5.1 351 8.6 7.0 5.2 6.7 5.3
CV (%)

M ixe old 3939 pae NS 5 0o )d N 50 Jlain] o )3 15 jime el i Sy s g %
*and ** are indicative of significance at the probability levels of 5% and 1% respectively and ns: non-significant
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Figure 3- The interaction effects of ecotype and spraying on 100-seeds weight of modavian balm

400 -
~ 350 -
& 300 -
;{g 250 -
'i 3;; 200 -
% 0
(2]
50 -
0 -
deag)l ol Olede! e
Urmia Salmas Ajabshlr Tehran Esfahan  Shiraz
S
Ecotype

oo 3l s 3,Shos o oS 31— € IS

Figure 4- The effect of ecotype on seed yield of modavian balm
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Figure 5- The effect of spraying on seed yield of modavian balm
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Figure 6- The effect of ecotype on biological yield of modavian balm
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Figure 7- The effect of spraying in on biological yield of modavian balm
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Figure 9- The interaction effects of ecotype and spraying on essence yield of modavian balm
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Introduction

Today, medicinal plants have a special place in the pharmaceutical, food and cosmetic industries. Moldavian
balm (Dracocephalum Moldavica L.) is an herbaceous annual plant belonging to the Lamiaceae family. In foliar
application of plant nutrients the transfer rate of nutrients from the surface of the leaves to various organs of the
plant has a great effect, particularly when leaves reach their maximum level. In this method, nutrients are
directly aerobic and there is no problem of sediment accumulation in soil and its ability to use. Ecotype
characteristics is another factor affecting the components of the medicinal plant. depends on s. This research was
carried out in order to evaluate the importance of organic medicinal plants and the advantages of using organic
fertilizers and their extracts to improve the quality of active ingredients, maintain soil and environmental
contamination.
Materials and Methods

This research was carried out at the research farm of the Faculty of Agriculture, Urmia University, located at
Nazlou campus, during two season of 2014 and 2015.The land preparation operations included plowing, leveling
and cutting was performed in the fall of first year. Sowing was carried out on April 15th. First, the seeds of
ecotypes were weighed. Then the seeds of each ecotype were divided equally into the plots to be planted. Seed
sowing was done manually and uniformly in each plot. The dimensions of the plots were 2x2 meters. The blocks
were spaced one and a half meters apart. The plots were then irrigated regularly. Weed control was carried out
manually and mechanically during the growing season in two stages. The application of spraying treatments in
vegetative growth stage was carried out in two stages in the first and fifth of June according to the experimental
design with manual sprayer. Sampling was done at the end of flowering in August. Samples in each
experimental plot with an area of one square meter were harvest. Essential oil was extracted from dry specimens.
For this purpose, 40 g of each sample was weighed, and this amount was put into a 1000 ml bécher after being
crushed for the purpose of extraction of the essential oil with a Clevenger apparatus.
Results and Discussion

The results of combined analysis of variance showed that application of spraying treatments and ecotypes on
total dry weight, 1000 seed weight, seed yield, biological yield, grain harvest index, yield and essence percentage
were significant at 1% probability level (p-value < 0.01). The interaction of ecotype and spraying application on
1000 seed weight and grain harvest index were significant at 1% probability level (p-value < 0.05) and on yield
and essence percentage were significant at 5% probability level (p-value < 0.05). The results showed that the
highest amount of 1000 grain weight, grain harvest index, yield and essence percentage were 2.3 g, 76.76%, 9.42
kg ha™ and 0.99%, respectively belonged to poultry manure spraying and Urmia ecotype. The highest total dry
weight and seed yield belonged to Urmia ecotype (969.5 and 875 kg ha™ respectively) and poultry manure
spraying (892.5 and 756.7 kg ha™, respectively) were obtained. Finally, according to the results of this research,
application of poultry manure spraying and ecotype of Urmia in Urmia region and cultivation of native ecotypes
in other regions is recommended.
Conclusions

The results of this study showed that foliar application of organic fertilizer extracts has significant effects on
studied traits. Therefore, application of organic fertilizers can be a suitable alternative for chemical fertilizers and
is recommended. Considering the significant importance of ecotypes on the studied traits, choosing the suitable
ecotype for each region is economically feasible.
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Figure 1- Leaf area index trend of maize and styrian oil pumpkin under different intercropping ratios during growth season
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Figure 2- Canopy transmitted radiation in front of leaf area index of maize and styrian oil pumpkin (Slope of the curve is the
plant extinction coefficient)
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Figure 3- The relationship between cumulative absorbed PAR and maize dry matter in different intercropping treatments
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Table 2- Mean comparison of measured traits of maize in different intercropping ratios with pumpkin
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Introduction: Mixed cropping is one of the oldest and most commonly used agricultural activities in low-yield
systems in many parts of the world. One of the factors contributing to the superiority of the mixed cropping to
sole cropping is the correct selection of its components. When plants with a distinct root system and different
canopy structures are placed next to each other, they occupy different ecological niches and have different spatial
and temporal uses of environmental resources in a more efficient way than a combination of resources. Light is
one of the main components of growth and production of dry matter of plants. In non-stressed conditions, dry
matter production is a function of the time and amount of photosynthesis active radiation received, the fraction
of radiation absorbed by the plant, and the efficiency of absorbed radiation converted to dry matter. Among these
components, it is possible to improve the absorbance of photosynthetic active radiation by increasing leaf area
index and canopy leaf arrangement. Due to the fact that maize leaves are placed in a more vertical arrangement,
while absorbing better light, allows the light to penetrate into the lower canopy portions. On the other hand,
Cucurbitaceae family plants because of the rapid covering of the surface of the land through crawling growth and
the ability to grow in the shade, are most of the plants that are cultivated mixed with maize. Styrian oil Pumpkin
(Cucurbita pepo L.) is an annual herbaceous plant which, due to its numerous medicinal properties, is one of the
most important medicinal plants in the Cucurbitaceae family. Therefore, in maize and Styrian oil pumpkin mix
cropping, most of the light is absorbed by the maize canopy surface due to its higher height and a different
morphological structure, than the Styrian oil pumpkin and the rest of the light that passes through the upper
layers is absorbed by the Styrian oil pumpkin canopy and hence, the efficiency of light consumption will be
maximized. The aim of this study was to investigate the radiation use efficiency as an important aspect in crop
growth and yield improvement.

Materials and Methods: In order to evaluate radiation use efficiency of maize and Styrian oil Pumpkin under
different intercropping ratios, an experiment was conducted in a randomized completely block design with three
replications in a field located in 10 km west of Shirvan, Iran in 2015. The experimental treatments were included
intercropping replacement ratio of 75% maize: 25% Styrian oil Pumpkin, 50% maize: 50% Styrian oil Pumpkin,
25% maize: 75% Styrian oil Pumpkin and pure culture of both plants. A linear PAR Ceptometer (Sun Scan) was
used to measure the radiation at top and under the canopy to calculate the amount of absorbed radiation by the
canopy.

Results and Discussion: The results showed that there was a linear relationship between dry matter
accumulation of both plants with cumulative photosynthetically active radiation. The correlation coefficient
between them was greater than 0.9 in different intercropping treatments. Radiation use efficiency of maize was
varied from 4.35 g MJ™ in monoculture (the maximum amount) to 0.92 g MJ™ (the minimum amount) in 25%
maize: 75% Styrian oil Pumpkin treatment. The maximum and minimum amount of radiation use efficiency of
Styrian oil Pumpkin (3.7 and 0.87 g MJ™) were observed in monoculture and 75% maize: 25% Styrian oil
Pumpkin treatments. The highest amount of total absorbed radiation among different intercropping ratios, was
obtained in 50% maize: 50% Styrian oil Pumpkin and 25% maize: 75% Styrian oil Pumpkin. The maximum
amount of total radiation absorbed by the canopy obtained70-110 days after sowing date. The results showed that
canopy in mixed cropping treatment absorbed all received radiation in 70-110 days after sowing date. The
maximum harvest index of maize (59.5) and Styrian oil pumpkin (24.1) was obtained from 25% maize: 75%
Styrian oil pumpkin and 50% maize: 50% Styrian oil pumpkin, respectively.

Conclusions: The results indicated that there was a linear relationship between accumulation of dry matter of
both plants and cumulative active photosynthesis radiation in different cropping treatments with correlation
coefficient greater than 0.9. The slope of this line, which shows the efficiency of light consumption, varied from
4.35 g MJ™ to pure maize, up to 0.92 g MJ™ in the 25% maize ratio, and the highest and lowest amount of light
consumption efficiency of Styrian oil pumpkin (3.7 and 0.87 g MJ™) were observed in pure crop and 25% ratio
of Styrian oil pumpkin, respectively.

Keywords: Canopy, Leaf area index, Photosynthetic active radiation, Radiation absorption, Yield
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Table 2- Results of variance analysis (mean of squares) for the effect of intercropping ratios of cumin on yield cumin and

yield shallot
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R Jo LIRS WG g Swid JURrVS S w0
S.O.Vv. d.f Freshyieldof  Dry yield of Biological Seed vield Biological
bulb bulb yield y yield
IS 2 452" 40.7™ 171.2"™ 225" "351.02
Replication
o 5 15723 ™ 1415 ™ 27404 1531.7" "13583.2
Treatment
s 10 246 2213 74 1235 261.05
Error
CV (%)
() i a5 32.73 32.35 35.25 26.93 14.69

7N 90 Jlean! pdaws 53 I3 e g 5 dxe b o ey s g % NS
ns, * and **: are non-significant and significant and at 5 and 1% probability levels, respectively.
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Table 3- Mean comparisons for the effect of intercropping ratios with cumin on dry and fresh bulb yield of Persian shallot

bglo gl 75l 58 SWis 5l 5 Sos rwge 5 by D8les pwge SWiS Gl 3 Sles
Intercropping ratios Fresh yieldzof bulb Dry yielzd of bulb Fresh yield of bulb  Dry yield of bulb (per
(9.m™) (9.m™) (per plant) plant)
sege AV o+ jrso LA
80% cumin+20% Persian 101.7 30.5 101.70 30.50
shallot
P ol X\‘~ +}¢wo).g.)' Zf"
60% cumin+40% Persian 185.7 55.7 92.85 27.85
shallot
semoge D +ppms0 05 7.0
50% cumin+50% Persian 2231 66.9 89.24 26.76
shallot
P RSB AS
40% cumin+60% Persian 229.7 68.9 76.57 22.97
shallot
g Johe a0 05 7Y -
20% cumin+80% Persian 284.5 85.3 71.13 21.33
shallot
ol S 302.4 89.2 60.48 17.84
Pure culture
LSD (5%) 25.61* 7.68 6.07 3.35
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Every two-consecutive mean that their difference is lower than LSD have no significant difference at 5% probability level.



YAD  ..g (Cuminum cyminum L.) juw o) £ 350l bolso culs calizie gl 4l

bl pulbly apd @l awse Sujgen dSles
Slacuus b o o hine jba pwge Sjglsn 3Sles
J9i2) (PSe1) €85 )8 jow 0y b (30l bolre cuiS
YA L (el culS @ bgrye yowge Sufglon 3)Slas o piden (¥
X smons A o Sl Glie (n5eS 9 @y s 3 PS5
Copmd S 203 VY 85 391 pe yio 3 )5 VA (lee b e
o 350l elagpw cp dunlio (3 b i Galb cuiS 4
Gyt G (e s 2 p)5 YYPIR) yogo JAe 4o 0 71X«

13 JS) 39 Sl 350ac

400

350

w
o
o

Biological yield (g.m2)
N
o
o

8o oy @l olol 2 tpewge SWS 9 5 5l 3 Sdes
ewoge LN+ H s 05 LA lass 3 g0 S5 I3l 4 poge 55y
P g S5 lil 4 ol 2Sles ()5S 5 (455 3 p)5 VYY)
Aol Candts (W > p)S FIFA) pwge Al cusS s
Vo 5l bobe cutS glacuns 3 pwge doyd GlEIL (S)leas
ooalS Moy ¥ ywge il 3 Sles e dopd Ve 4 oy
wlio Loy 35 pmage jly St 3Skee (a8 5 i 28l
balore culS slacuus )0 juwge doyd Gili8l b aS g ysbay g
oaals 1oy ¥V 50 jewge SUis jlo 0Sles doyd Ve 4 V-

(7 Jgiz) 8l

a
b
C
250 d e
150
f
100
’ I
0

Monoculture  20% cumin+80% 40% cumin+60% 50% cumin+50% 60% cumin+40% 80% cumin+20%

shallot shallot

shallot shallot shallot

Intercropping ratios

o090 S5l 3,500 2 s 0315 bgldie CulS (gaCumd S1-) SIS
Figure 1- The effect of intercropping ratios with cumin on biological yield of Persian shallot
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Means with same letter(s) have no significant difference based on LSD test at 5% probability level.
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Figure 2- The effect of intercropping ratios with Persian shallot on seed yield of cumin
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Means with same letter(s) have no significant difference based on LSD test at 5% probability level.
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Figure 3- The effect of intercropping ratios with Persian shallot on biological yield of cumin
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Means with same letter(s) have no significant difference based on LSD test at 5% probability level.
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Table 4- Analysis of variance (mean of squares) for the effect of intercropping ratios with cumin on yield components of
Persian shallot
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iSlua o . " . A
QeI RS 9= &3 ‘-5’_"“’ il BS 2l 3o Flfj;rrdr
S.0V. df (8L Production =~ Diameterof  Freshdry  Diameterof | UL 0¥
Maximum dry  of daughter ~ mother bulb  \yeight of daughter daug hter
mater bulb mother bulb bulb bglb
accumulation
(leaf+stem)
)I)SJ . 2 68 ™ 25.68 ™ 0.03™ 186™ 0.03™ 22.18™
Replication
o 5 16447 49.77" 1.24™ 133722 0.027"™ 9559 ™
Treatment
a5
Error 10 93 9.6 0.02 158.5 0.06 8.20
(A) et a6 38.4 18.5 15.1 33.0 14.8 30.3
CV (%)

7N 50 Jlint maws )3 45 ze g )l xe el o iy s g % NS
ns, * and **: are non-significant and significant and at 5 and 1% probability levels, respectively.
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Figure 4- The effect of intercropping ratios with cumin on maximum dry mater accumulation (Leaf+ stem) of Persian Shallot
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Means with same letter(s) have no significant difference based on LSD test at 5% probability level.
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Table5- Mean comparisons for the effect of intercropping ratios with cumin on yield components of Persian shallot
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Intercropping ratios Production of Diameter of mother Fresh dry weight _02f Fresh dry weight o_g
daughter bulb (%) bulb (cm) mother bulb (g.m™) daughter bulb (g.m™)
B ol Z\'~ + jwoy) Z/\'
80% cumin+20% 26.4 5.5 925 9.2
Persian shallot
P ol X\‘~ +wo ) Zf"
60% cumin+40% 25.1 4.9 169.7 16
Persian shallot
g0 X + jwo 5 A
50% cumin+50% 24.4 4.4 204.8 18.3
Persian shallot
B o Zf“ + woy) Z\"
40% cumin+60% 21.6 4.3 209.4 20.3
Persian shallot
yeosgn Joh 50 5 1Y <
20% cumin+80% 19.11 4 260.5 23.9
Persian shallot
ol cutS 15.7 3.6 278 245
Pure culture
LSD 5.06* 0.23 20.55 4.68
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Every two-consecutive mean that their difference is lower than LSD have no significant difference at 5% probability level.
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Table 6- Analysis of variance (mean of squares) for the effect of intercropping ratios with Persian shallot on yield components

of cumin
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)zxo V )d f i Maximum dry mater Number of umbels Number of seeds 1000-seed

T ' accumulation (leaf+ stem) per plant per umbels weight
Rep)lli);tion 2 496.1"™ 0.34" 0.38"™ 0.03™
Tre;L:;ent ° 64133" 115.327 2.22™ 0.04™
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ns, * and **: are non-significant and significant and at 5 and 1% probablllty levels, respectively.
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Figure 5- The effect of intercropping ratios with Persian shallot on maximum dry mater accumulation (leaf+ stem) of cumin
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Means with same letter(s) have no significant difference based on LSD test at 5% probability level.
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Introduction

Medicinal plants are a rich source of bioactive compounds, and these plants are thought to be safe to human

beings and the environment compared to the synthetic medicines for the treatment of many diseases. The active
principles of the plants are generally secondary metabolites. Cumin (Cuminum cyminum L.) is an herbaceous and
annual medicinal plant belonging to Apiaceae family which is planted in arid and semi-arid regions of Iran.
Persian shallot (Allium altissimum Regel.) is another medicinal, industrial and perennial plant that has
underground bulbs. It is one of the most important Allium species in Iran, which normally grows in semi-cold to
very cold highlands. In the last decade, agricultural production, which is mainly based on the application of
chemical inputs, is causing environmental impacts. The use of ecological farming approaches, enhancing yield
and quality, they will be effective. Intercropping allows for improved resource use efficiency such as light, water
and nutrients and beneficial interactions between the companion plants. It works to decrease the spread of plant
diseases by reducing the quantity of susceptible host plants. Other benefits of intercropping include optimal use
of resources, stabilization of yield, weed control, improved soil fertility, and higher economic returns. This study
has evaluated the effect of intercropping ratios as replacement series of cumin and Persian shallot on agronomic
criteria such as yield components, yield, harvest index, dry matter accumulation and land equivalent ratio.

Materials and Methods

This experiment was conducted based on a randomized complete block design with three replications at the
Agricultural Research Station, College of Agriculture, Ferdowsi University of Mashhad during growing season
of 2014-2015. Intercropping ratios as replacement series such as 80% cumin+20% Persian shallot, 60%
cumin+40% Persian shallot, 50% cumin+50% Persian shallot, 40% cumin+60% Persian shallot, 20%
cumin+80% Persian shallot and their pure culture were considered as treatments. Plant density for Persian shallot
bulbs and cumin seeds were considered as 10 bulbs.m® and 120 plants.m™, respectively. Studied traits were
umbel numbers per plant, seed numbers per umbel, 1000-seed weight, biological yield and seed yield of cumin
and daughter bulb diameter, mother bulb diameter, fresh weight of daughter bulb, fresh weight of mother bulb,
biological yield, fresh yield of bulb, dry weight of bulb of Persian shallot and land equivalent ratio (LER).
The LER was computed through the following equation:
LER = ﬁ-ﬁ—i

Yii Y

Where, Yij: Yield of cumin under intercropping conditions, Yj: Yield of Persian shallot under intercropping
conditions, Yj: Yield of cumin under sole crop conditions and Yj;: Yield of Persian shallot under sole crop
conditions. The treatments were run as an analysis of variance (ANOVA) to determine if significant differences
existed among means. Multiple comparison tests were conducted for significant effects using the LSD test.

Results and Discussion

The results showed that the effect of intercropping ratios was significant (p<0.05) on yield and yield
components of cumin and Persian shallot. By decreasing intercropping ratios of Persian shallot improved its
criteria. Diameter of mother bulb and production of daughter bulb in intercropping ratios were increased up to 52
and 68% compared to sole culture, respectively. Studied traits of cumin were improved by changing in planting
ratios from intercropping to its pure culture. The maximum amounts of dry bulb weight were related to pure
culture (82.9 g.m?) and 20% cumin+80% Persian shallot (85.3 g.m™?). The highest seed yield of cumin was
observed in pure culture with 115 g.m™. The highest and the lowest LER were computed in 50% cumin+50%
Persian shallot (1.49) and 80% cumin+20% Persian shallot (1.15).
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Conclusions

Intercropping of Persian shallot and cumin had significantly effect on their yield and yield components. The
results confirmed the better use of resources especially for radiation and water of these plants in intercropping
ratios. In general, it seems that intercropping may be suitable cropping approach for sustainable production of
medicinal plants.
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Table 1- Soil physical and chemical properties of experimental field
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Table 2- The weather data for Kermanshah region during growth period of chickpea during 2016-2017
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Table 3- The genetic coefficients calculated for the evaluated chickpea cultivars
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Table 4- Model calibration results for development stages, leaf area index, total dry weight and grain yield of chickpea
cultivars at 28 February sowing date
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Figure 1- Regression analysis between simulated and measured development stages of Anthesis day (A) and
Maturity day (B) in sowing date treatments for model validation
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Figure 2- Left figure: Effect of sowing date on measured (points) and simulated (lines) of

chickpea leaf area index. Right figure: Regression analysis between simulated and measured leaf area index in sowing date
treatments for model validation
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Figure 3- Left figure: Effect of sowing date on measured (points) and simulated (lines) of
chickpea total dry weight. Right figure: Regression analysis between simulated and measured total dry weight in sowing date
treatments for model validation
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Figure 4- Left figure: Effect of sowing date on measured (points) and simulated (lines) of

chickpea grain yield. Right figure: Regression analysis between simulated and measured grain yield in sowing date
treatments for model validation
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Introduction

Simulation crop models allow to represent growth, phenological development and yield of crops and to
evaluate new technologies or conditions not yet explored. The DSSAT (Decision Support System for
Agrotechnology Transfer) is one of the most widely used modeling systems across the world. The DSSAT was
developed with a modular structure to facilitate its maintenance and to include additional components to simulate
cropping systems, considering different soils, climates, and management conditions. The DSSAT has also
proven to be a useful tool for selecting improved agricultural practices. Currently, the DSSAT is able to
incorporate models of 27 different crops, including several cereal grains, grain legumes, and root crops. The
CROPGRO-Chickpea model is part of the DSSAT model. This model allows simulating the development and
yield of the grain legumes, to represent and to evaluate the influence of multiple environmental and agronomic
factors. Among all management practices, selecting optimum sowing date helps in minimizing the effect of high
temperatures during the grain filling period responsible for reduction of grain yield. Therefore, the objectives of
the present study were: (1) to estimate the genetic coefficients and calibrate the CROPGRO-Chickpea model (2)
to evaluate the performances of the CROPGRO-Chickpea model in simulating chickpea cultivars growth,
development and grain yield in different sowing dates under Kermanshah climatic conditions.
Materials and Methods

This experiment was carried out in a split-plot design with three sowing dates (28 February, 10 March and 6
April) as main plots and 4 current chickpea cultivars (Bivanij, Adel, Arman and I1LC482) as sub plots with three
replications at 2017. The required model inputs consisted field management, daily weather conditions, soil
profile characteristics, and cultivar characteristics. The cultivar coefficients were obtained under optimum
conditions (i.e., minimum stress in weather and nutrients). The genetic coefficients of the chickpea cultivars i.e.
Bivanij, Adel, Arman and ILC482 were determined using the GenCal software of DSSAT v 4.6 for sowing date
of 28 February treatment. Model performance was evaluated by comparing simulated and measured values of
chickpea cultivars phonological development stages (DVS), leaf area index (LAl), total dry weight (TDW) and
grain yield (GY) for another sowing date treatments (10 March and 6 April) by root mean square error (RMSE),
normalized RMSE (nRMSE) and index of agreement (d).
Results and Discussion

The results of model calibration showed that there were very good agreements between the DVS, LAI, TDW
and GY of observed and simulated values. The results of the model validation also indicated that the
CROPGRO-Chickpea model was able to accurately simulate DVS and yield for chickpea cultivars. The nRMSE
values for Bivanij, Adel, Arman and 1LC482 of LAI were 26.1, 27.9, 28.3 and 20.1%, respectively. The index of
agreement (d) for LAI ranged from 0.8 to 0.9. The nRMSE average for evaluated cultivars of TDW was 16.5%.
The index of agreement (d) for TDW was 0.99. The nRMSE average for evaluated cultivars of GY was 13.5%.
The index of agreement (d) for GY ranged from 0.96 to 0.98. For both simulated and measured conditions the
late sowing date led to reduce in the grain yield. The greatest grain yield of simulated and measured were 1279.7
and 1326.6 kg ha™ that related to sowing date of 10 March 2017 treatment.
Conclusions

Based on the results of model calibration, it can be concluded that the estimated of genetic coefficients by the
GenCalc software were very robust in simulating the phenological development stages and growth of chickpea.
The results of model validation showed that the CROPGRO-Chickpea model was able to give an accurate
simulation of all studied traits of chickpea cultivars except leaf area index in different sowing date under
Kermanshah climate conditions.

Keywords: Chickpea cultivars, Grain yield, Model calibration, Phonological development

1- MSc. Student in Agroecology, Department of Crop Production and Genetics, Razi University, Kermanshah, Iran

2- Assistant Professor in Crop Ecology, Department of Crop Production and Genetics, Razi University, Kermanshah,
Iran

3- Assistant Professor in Weed Science, Department of Crop Production and Genetics, Razi University, Kermanshah,
Iran

(*- Corresponding Author Email: f.mondani@razi.ac.ir)



Iranian Journal of Field Crops Research
Vol. 18, No. 2, Summer. 2020, p. 213-224

i

olpl =) b gy &yl
VIFZYYF o OTAR oyl oY oo A il

L;.;.k‘,}l—w.l.&d&
Sl S pan 58 55 Shos slizl 3 Khas 5 g (S15 5 blS s glagu,b ST

dgina 3 ‘SJL;.:T('S Lyl % s (Cuminum cyminum L.) jew o 5

Py 1 a5 T g aebl T Y Lo s 4315 e s 5l DLy e S JB Lidkeee £ JLS

VAN VIYY wedl s go,l
WARLYIYY 1 o s go,b

LRV

) wlﬂ)i w0335 ‘_5.}9)1.) °l'.‘.§ uT J).a.o L?")K 9 .))5\14& d‘)>l ‘.))5\1.«.9 » 4)5) f“'ﬂ)" 9 cusls C;)L} ‘d)LJi C9sz )uL 5] )9]4m4.x
Jol8 Sl 75 LB jo osis 05 s )S G ygods dpudie wgdyd oKl (g)sliS 0uSisly Jladsd deje ;0 VWASIYAY ol); Lo
109958 g Adal ) cliolo 13 CudlS Gl dw el); cud )b doyd B0 g YO Ve e gylol ok Joli Lol Jele i 1al 1S5 aw b dolas
Bl o 005 JolS (3lel 3 (s golis a5 85 a5 )3 28 o3 bole iyt 3 W Ar g ¥ S (ST g0 5 o8 ole i
@Sy Lials b alie byl s o a5 Jb 50 g il 5,Sles g i )0 b sl iy )0 jin Sl it gy @iy yio 0 wg Ar (ST L ole
Fo w81y bole (pa)g ) (olyj byl 003 00 9 VO (gl slajless Bl rals Ol pme LIS g LI S S5 jg g W Ve 5
yeyin 3> G Ao (S5 g oS (oylal bole 3T 5 o casls s ails 3,8ae (ghuo > OY/Y+ 5 OYVIVY il b el it mupe oo 4> A
Gl mipeyio ) &g Ar WSTS L 39,8 o Ml glrole > ol); cud )b wo > YO o V- L;)L,..J Tokaw (Cpitrod Dy Hlade oy yieS gl
@lio o515 5 ol); cud o 1oy Voo gylol bolo ,31 )3 cudls 4 s 4y 5, 8doe (cuo)d YO/NY g VV/FY FUNE AY/AY ialS o) e
oS ) ()5 Cad )b 103 VO) Lausgio (6 )lul b olyan raw 12l )3 wigs o515 G331 b ol iy g O Bpas S s (o
.)90.: ul)o ui g_‘i)am u.:l)lf u.ul)ﬁlbl)).\.mo))) &l .))Slo_c u“.ml.{ (£o9> Lul}:kjc (UJ.))B)Bs.\Ml) PKA.D: 22

3y alols wily 5 )Slas ¢ ol); Cudyls o S LI Wigy ) iz Sl 165 sWdailg

coolio sl "Clbgls Wlg5 ol sl Glid g dl SIS
Roustakhiz and Raissi, ) sl * e sdie ol lgisas
0y) YL (oolasl i)l g o5 ol 5L 0bgS i) 0,9 (2017
g S gblo cdel o olS oyl cely; U cunl ol o
Kafi et al., 2002; ) wil (oolaidl ang gl)h jouiS Siiddass
(Kamkar et al., 2011; Rezvani Moghaddam et al., 2007
o il cou gandib b a8 db e 5l bl opl o el oS
wgMeq, .(Bahraminejad et al., 2011) 5,5 - ,,§ Sis
(0397 355 (el Sl S b e 3l el slagisle
o iz oelil Lulyd g cutby gloj e glaile Jyus
W3 L8 b co 1 olS ol cueS el Wl
Chandhary and Gupta, 1982; Jangir and Singh, 1996; )
.(Ehteramian, 2003
Qb 025) pé 5 ppEld Oyt Yaame Suid (15
3y §5ygliS odes SV gae & |y (Geiw Shlud g 398 00
Job g olime & (S i il (Askar et al., 2010) &S’

8- Candidate
9- Bio-nutrient

dodlo
S ol edlgls 5 (Cuminum cyminum L.) jew oy
Kafi et al., ) cwl oyl Glplo 5 ol ooyl LS o yiars
3 Gt WASAAY el) Jlo 5 (g5l asbybl 3o 5 (2002
2 S YYD g 5l Ve iS5 mdaw 50 0y o ¥YO g 450 VY
ol S ool (Anonymous, 2020) cul oad g guS

b w5l is 1o slayeS 5l b pake sl ol

el owodyd oD ¢(g5yaliS 0uSily ¢(6599iST 9,51 09,5 okl -
o (w35 ol (559l 0uSil> «(535liSSg ST 095 Sluwsl —Y
09358 o5y (5,5l 0aStils 0 (slacils psle (8 (ggreiih Y
(59,8 Bl (559l 0 a8l ¢ ely5 Gl (5551 638> sgrmtiy -F
Mo (38 ol (5L 0aSS «(535)eST19,5T (658> spmtils -0
(Email: hajmohamadnia@um.ac.ir i gtane o i — %)
DOI: 10.22067/gsc.v18i2.83813
6- Apiaceae
7- Anti-nutritional factors



1YAQ lowali oF o)lols VA ol ol ol oely) Loy @ i VY

G5 olS 3Skes 4y & Lilige (Bpae o pre 4 Jpameo
o3 Comd )l Gl i (5 G5 9 w5 o (S
.(Seckler et al., 2002) cusl o0

S5l g Cuoglie orimd Ui 3 Lalpd )3 jew o) My
oiae (Kafi et al., 2002) cul (Sid i 4 olS (ol (o
Sylos b bl ladls )3 juw 0y 5,8des a5 K38 ol
ol )l o5 alie 4 olS (ul g 039l > bl o (o)l
IS e women J(Kafi et al., 2006) cul ooy coze
)5l oximd L5 oS gy o 5) g S (SasS Sy
(Kizil etal., 2003) 15l 0 St a5 byl b b w00

Kafi and ) &g o yi> olaws (St jiid (il b o cpiomon
9 4l g Sigdsn 0,Sles il i 59 (Keshmiri, 2011
Yazdani Chamheidary ) ub o (ials olS ol )3 0 ol
g Al sy o5ad Loy (W3l Cuenl 4 4> L (et al., 2014
9w oMby 9 (Filor p il g ke 3 YU (slod (izxen
(w2 Oygot 05 (SHHL L laeddl )3 olS cpl cuiS Sl 55
il oliwds 6 wae (9)h olS cpl 0oy Wl o Lod
9 258 gln LB cal ol s a5l Bam gyl sl
Cilie gobw b B f o) ol Gpae LI 5 5y
Capde oyt oS gl g gaw 22ly )3 g 0515 (o)l
Ao bailyd 53 ol pl lhae 3ySles 4 olitod Cap cuiS
20,5 s

W gy g dlge

a0 00 olblyis Job) dpuie wedyd olKisly (65,liS” 0aSiiils
g Jlod B> V0 g 423 VF (oLl (o)e 9 (Syd ABSITY 4
A o8 i a5 ] 5w b et JolS (sl ¢
Cadyls lopd B g VO Ve o) pow dw o ol Jele laica
Pl) daw aw 2 Jole plaisa Bl &)L (o)
Jole o (slo (AV/VIYY) c323)9,8 5 (AF/VYIVY) sl (35//YY)
A5 5 (e jio > Bp Ar g ¥r) aw 93 ) o515 (28 (258
4 Loy claosls 3,5 pbsl AV/FIV 5 AV/FIN AV/Y/\Y
V Jos )3 jew oy ddy Jad (b 53 (Sk plise g Led (nSlee
Sluogas G pglatod; Gialojl plol 8 sl 0nd 03]
Sl piges yaBlo Yo Uv Gos jl SB olend 5 (Sojb
Sygo SB ogajl bl g 58 olS (6355 Sl (Y Jgia) w35

2- Field Capacity (FC)

OlSen 2 g bdisS (i) Cudyl olS gud alspe ol 0y
(Leung and Griaudat, 1998) >)bb Siwy (lawxe Jelge
2 ohigd olS Ay cilize Jolie )3 ol 08 LA Sy cmizren
02 P rugs )9 o il cls 4 iy Ao
Coge il i LialS 5 4l 4 dlge JEl el (claculd
[(Farrokhinia et al., 2011) 595 0 o3 >Sdeas jialS

Foe Jolos (nyiere 1 (S olS o (sl canlio Cull )b
3fdas izl g 0les (Sow 0)93 9 90 g D) Copie
Caodl & a5 b o pluly (Khajehpour, 2008) cusl Jgame
cle 4 cuilS o)l i el oS Ay g euldl Jolge i
Slge i oS g9 4 at 2lm g Of bl o e
He et al., ) 25 Joame 3,Slee ol b il & e
oy oblS K 595 cuiS 3 e L b g,y (2018
il sl pln s cuiS 0 g (sl gladsls olas (b >
Aslam, 2006; Ayub et al., ) wb o ials ady; oo 5 il
353 (e 3l (2008; Khosh-Khui and Bonyanpour, 2006
(il 3lgl b o3 o3 (ol slaole ) cosls g b b
oy al Dl gy jd il b sxe LBl s WileY o
RASAM ) 35 s 0305 £165) 5 Sofolger 3,5hos s 3,Skos 122
Cawlus S & o 0y oyles cudlS )00 51 (et al., 2007
s kS 1) olS Sk LS 4 oS iss ol
b cde 4 5Sles ials” (Rahimian Mashhadi, 1992)
odd ()55 (=i QLS 3 il > sllasl (515 5 culls
Mashayekhi Sardooyi et al., 2011; Sadeghi et al., ) ¢l
.(2009; Rasam et al., 2007

258kes 5 ge5 5 1y p 6305 b o 2ly 3 Ly oS5
3 S wgMeay (Momoh and Zhou, 2001) 5l lals «ls
Dl G sadile & cuns ol GlalS coly clap e
9 P 395 CullS &S (gy5b & sl s g > (LS ST
ot bl 3 ol 3 Skes (linl 5 5 Slas 2 ju 005 ik oS5
Sadeghi et al., ) ws juiy 1) ab 5,Slee e Slgs o (Siis
P yes o0 ogw 5l (2009; Yadav and Dahama, 2003
A8y Gl L il caw Wy ol w515 5 cullS &b
ol ol Sdgm 2 )Shes coles )3 g )l 0,Skae (il 5 oy,
«wublS o4l s (Mashayekhi Sardooyi et al., 2011) 5 )5
Jsb )3 3 2)90 Ol 4y ol s yid (liee nizmen g olS oS5

Ol Dlag) 0993 Job 5 0lS (ol g (g 18y Slgs oo Ay Juad
p55kS) (WUE) o s bl e 5 5ol cou |

e (clixe a4 (oud Gy Ol Lo o 4 okl Wy Jguame

1- Water Use Efficiency



YN0 2l g0 Slos iyl o Slos p iy nS|f5MUM6Lb&)br4L

5 0303 (3005 4 09l @ie Sl ()39 55 SIS )3 p S 5hS Ve

5 el Sllgws gte | iy S )3 Sl Ve J 5 lind

(YYAT-IYAY) saw 839 iy Juad (b 53 andlhao 3590 dlllio 53 aildlo S, g bod uSibo —Y Joua
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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Table 2- Physicochemical properties of the experimental soil before cumin planting (0-30 cm)
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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 plantingZ 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 yield, whereas, 100-seed weight and
plant weight increased and WUE decreased with decreasing density (40 plants m™) under 100%FC during
December. The lowest seed yield were obtained from 75 and 50% FC in April with 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
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Table 1- Physical and chemical characteristics of soil
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Soil texture i P (ppm) N (%) OC (%) pH ‘;&,Jﬁ_l
K (ppm) EC (dS.m™)
Silty Clay 191 6.7 0.2 211 7.49 0.92
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Figure 1- Leaf area index (LAI) trend of Anam (A and B), Hashemi (C and D) and Taher (e and F) Cultivars at different
densities. (The lines are fitted data and the points are measured data)
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Table 2- Analysis of variance results of effect density and cultivar on light extinction coefficient, radiation use efficiency, seed
and biological yield and harvest index of rice

i qolio ©ol3l 4 ys 39 oigeld o 39 San 21, w3 8dos Al aSles Gy yadli
- d.f Light extinction coefficient  Radiation use efficiency  Biological yield Grainyield Harvest index
)l’,s 2 0.0051ns 0.0121** 3556.95ns 124.68ns 6.1555ns
Replicate
A'““"‘f" 2 0.0171ns 0.301** 7247.35ns 2345.75ns 5.9555ns
Cultivar
“’S‘)f 4 0.0022ns 0.407** 41089.61** 9812.20** 17.8000**
Density
“’;.l’; %‘%]’j 8 0.0003ns 0.071** 11838.57* 2388.61* 2.0666ns
Density*Cultivar
olxd! 28 0.0221 0.009 3912.40 924.59 2.7746
Error
Sl 8.0 10.4 55 56 3.4
(AY

Lo S5 g gug Jlein! pdaw )3 5 gime > gime puE o Sy w9 % NS
ns, * and **: are non-significant and significant at 5% and 1% probability level, respectively

T U5 45 pdy g o515 ilie ok 43 1i/1g=eXP (-K*LAI) dslre I oigold o pd 3591 -F Joua
Table 3- Estimation of extinction coefficient by equation Ii/1,=exp (-k*LAl) at different levels of density and cultivars in rice

plant
Cultivar o8, Density o515 “%* 31z KisE B Ol oSle o o SLpe
RMSE R
65 15 0.410.014 0.022 0.99
4l 80 15 0.41+0.008 0.019 0.99
95 15 0.42+0.017 0.017 0.97
Anam 110 15 0.42+0.019 0.042 0.98
125 15 0.44+0.009 0.062 0.96
65 15 0.42%0.011 0.052 0.89
s 80 15 0.44+0.013 0.057 0.88
e 95 15 0.45+0.023 0.029 0.88
Hashemi 110 15 0.47+0.027 0.036 0.93
125 15 0.47+0.022 0.042 0.89
65 15 0.470.013 0.037 0.91
L 80 15 0.47+0.032 0.039 0.92
”» 95 15 0.49+0.009 0.020 0.92
Taher 110 15 0.50+0.007 0.023 0.92
125 15 0.51+0.021 0.041 0.90

T obS 4ild g (e 3y os 2 05155 9 08, e T (ke Ao € Jou>
Table 4- Means comparison of interaction effects between cultivar and density on biological and grain yield in rice

slowi w3y Nas &> 3 Slos
Treatment  Biological yield (kg.ha™) Grain yield (kg.ha™)
65 10210+15.2¢ 5190+4.9%
i 80 10270420.2¢ 5170+35.6™
£ 95 12720+16.4% 6100+15.0%
Anam 179 11470+11.6%¢ 5540+3.8%
125 1037045.8° 4890+6.7°
65 10900+30.5™ 5210+4.8%
i 80 10950+12.4™ 5340+6.1%
e 95 11240+58.5%¢ 5400+21.4%
Hashemi 110 11890+77.8%* 5490+10.3%
125 11380+9.83" 5270+4.7%
65 10600+23.5° 5410+7.93%
L 80 11600+69.4%* 5700+44.0"
”® 95 13030+17.5 6380+9.8?
Taher 119 11170+45.8%¢ 533029.0%
125 11030+4.8" 5050+6.7°

3b o /0 gaw 1 LSD (9051 wlel )l ixe M) S8 ez S e By Sy gyl JBlis (ot o p3 4 (3 likil (glas ) ola 5 Sike
Means (+ SE) in each column followed by similar letter(s) are not significantly different at 5% probability levels using LSD test.
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Figure 2- Plant density effect on harvest index of rice
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Figure 3- Relationship between cumulative absorbed photosynthetic active radiation (PAR) and total dry matter of rice
cultivars at different densities. Anam cultivar (a and b), Hashemi cultivar (c and d) and Taher cultivar (e and f).
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Table 5- Radiation use efficiency (g.dm.MJ™) of rice cultivars at different densities

o) Plant density (kg ha™) cwils o51,5
Cultivar 65 80 95 110 125
Az‘jm 2.62+0.09cde 2.68+0.12bcd 2.94+0.02ab 2.64+0.16cde 2.24+0.269
Hjs‘:; L;]i 2.33+0.10fg 2.39+0.15efg 2.44+0.02defg 2.56+0.15cdefg 2.28+0.269g
»b 2.56+0.10cdefg 2.80+0.12abc 3.06+0.24a 2.40+0.18defg 2.20+0.23g

Taher

sl oo 70 glaw ;3 LSD 905l ywleol o I3 ixe U] 516 csitnns S o By S5 glyl> JBlas (L) g ygim) Jodo 50 a8 (5)lubl (slls %) ola 5 Silie
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Figure 3- Daily photosynthetic active radiation absorbed of rice cultivars at different densities during the growing season.

Anam cultivar (a and b), Hashemi cultivar

(c and d) and Taher cultivar (e and f).
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Table 6-Cumulative absorbed photosynthetic active radiation (MJ.m™) of rice cultivars at different densities.
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Table 7- Correlation coefficients between investigated traits in rice cultivars at different densities
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Introduction: Effective use of sunlight is a great opportunity to improve crop productivity. In conditions
without growth limiting factors, there is a linear relationship between radiation absorption and dry matter
production in plants, that the slope of this relationship is radiation use efficiency. In addition to genotyping,
radiation use efficiency is affected by crop management. Changes in density of rice varieties by affecting leaf
area index and light extinction coefficient change the amount of absorption and distribution of light within the
canopy and thus affect dry matter production. Therefore, the response of different rice cultivars to change in
density is not same. According to this, the present study was carried out to investigate the radiation absorption
and efficiency of use and also determine the light extinction coefficient in new and old rice cultivars at different
direct seeding densities in Rasht climatic conditions.

Material and Methods: The present experiment was carried out as a factorial based on randomized complete
block design with three replications at research field of Rice Research Institute of Iran-Rasht. Treatments
included five levels of densities (65, 80, 95, 110, and 125 kg ha™) and three levels of cultivar (Taher (promising
line), Anam and Hashemi). Sampling was performed once every two weeks, 25 days after emergence. Sampling
was performed with 0.5%0.5 m quadrates to measure leaf area, dry weight, and radiation in different treatments.

Results and Discussion: The results showed that the interaction effect of cultivar and density on radiation use
efficiency, LAI, grain and biological yield were significant. Harvest index was affected only by density and light
extinction coefﬂment was not affected by any densny and cultivar treatments The highest grain yield of Taher
(6380 kg ha™) and Anam cultlvars (6100 kg ha™) were obtamed in 95 kg ha™* density, while the highest yield of
Hashemi cultivar (5490 kg.ha™*) was observed in 110 kg ha™ density. Grain yield followed biological yield, and
treatments with higher biological %/ield had higher grain yield. The highest leaf area index (5.63) was observed in
Hashemi cultivar and 110 kg ha™ density in 70 days after emergence. At this stage, the lowest leaf area index
(4.21) was observed in Taher cultivar at 65 kg ha™ density. Although, in the early stages of growth, higher
densities had a higher rate of Ieaf area expansion, but the highest leaf area index did not differ significantly
between 95, 110, and 125 kg ha™ densities. The light extinction coefficient of this experiment varied from 0.4 to

0.5 in different cultivars and densities and Taher cultivar had the higher light extinction coefficient. AIthough no
significant difference was observed between treatments. The hlghest grain yield of Taher (6380 kg ha™) and
Anam (6100 kg ha®) cultivars were obtalned in 95 kg ha® density, but the highest yield of Hashemi
(5490 kg ha™) was obtained in 110 kg ha™. In this study, the highest (3. 06 g MJ? PAR) and the lowest (2.20 g
MJ? PAR) radiation use efficiency were observed at 95 and 125 kg ha™ of Taher cultlvar respectively. In all
cultivars, the lowest radiation use efficiency was observed at density of 125 kg ha™. Anam and Taher cultivars
had the highest radiation absorption (773 and 852 MJ™ PAR, respectlvely) during the growing season at 95 kq
ha. Although, the highest radiation absorption of Hashemi (880 MJ? PAR) cultivar was obtained at 110 kg ha
density.

Conclusions: The results showed that Taher cultivar had the highest graln and biological yield compared to
Anam and Hasheml cultivars. Based on yield, the best density was 95 kg ha™ for Anam and Taher cultivars and
110 kg ha for Hashemi cultivar. Increasing the density of rice cultivars to the optimum level increased the
radiation absorption and use efficiency. There was a positive correlation between radiation absorption and
efficiency with biological and grain yield of rice cultivars.

Keywords: Hashemi cultivar, Leaf area index, Light extinction coefficient, Shading
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1- Reactive oxygen species (ROS)
2- Catalase (CAT)
3- Ascorbate peroxidase (APX)
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Figure 1- Effects of salicylic acid foliar application under water deficit stress on superoxide dismutase activity
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Figure 2- Effects of TiO, foliar application under water deficit stress on superoxide dismutase activity
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Figure 3- Effects of TiO, and SA foliar application on superoxide dismutase activity
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Table2- Effect of TiO, and salicylic acid under water deficit stress on traits of study
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Means in the same columns, followed by the same letter are not significantly difference (P<0.05).
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Introduction

Drought is one of the most important causes of decline in agricultural productivity worldwide. TiO, is one of

the materials that nowadays, its properties have been reported to reduce environmental impact. TiO, with
increasing activity of PS Il light reduction, activity of chloroplast photophosphorylation, rubisco enzyme, nitrate
reductase enzyme activity, catalase and peroxidase and improving the content of some essential elements in plant
tissues, increases the yield of different crops. Salicylate is one of the natural growth regulators and is a natural
phenolic compound that contributes to the regulation of physiological processes in plants. In the study of the
effect of nano-TiO, spraying on some of the agronomy characteristics of wheat, 0.02% nano-TiO, foliar
application under drought stress conditions increased seed yield by 23% compared to non-foliar application.
Considering that a large part of cultivated land in Iran has semi-arid climatic conditions and because of its
special geographical position, in most parts of it, important abiotic stresses such as drought, salinity, and
temperature decrease the yield and, in some cases, led also to failure of agriculture. Therefore, the aim of this
study was to evaluate and identify important biochemical change of corn 704 single cross under water deficit
stress and application of the TiO, and salicylic acid compound.

Materials and Methods

In order to investigate the effect of nano-TiO, and salicylic acid foliar application on some biochemical
changes of corn 704 single cross under water deficit stress, an experiment was conducted in split plot factorial
based on RCBD in three replications at the Research Station of the Islamic Azad University, Tabriz Branch,
during growing seasons of 2017-2018. Treatments were three levels of water deficit stress (50, 75, and 100%
filed capacity (FC)), three levels of the factorial combination of nano-TiO, (n-TiO,) foliar application (non-
application (control), 0.01, and 0.03), and two levels of salicylic acid (SA) foliar application (non-application
and 0.5%). Field capacity was determined from the pressure plate machine. TiO2 foliar application on the shoot
was performed three times during the growing season and in the stages of 8-10 leaf, tasselling, and grain filling.
Irrigation was done according to the needs of the canopy and depending on the weather conditions of the region
and irrigation treatments were applied from 8-10 leaves stage. superoxide dismutase (SOD) activity, catalase
(CAT), ascorbate peroxidase (APX) activity, and chlorophyll (Chl) content were measured according to the
Giannopolities and Ries (1977), Cakmak and Horst (1991), Nakano and Asada (1981), and Porra (2002)
methods, respectively. The MSTAT-C software was used to analysis of variance and the means of the treatments
were compared using the Duncan’s test at 0.05 probability level.

Results and Discussion

N-TiO, and SA foliar application increased CAT, APX activity (p < 0.05) and content of Chl a, b, and total
Chl (p < 0.01). Also, the interaction between SA and water deficit stress on SOD and interaction betweenn-TiO2
and SA on SOD (p < 0.05) was significant. Results showed that 0.01% n-TiO, foliar application under 50%
water deficit stress had the highest SOD. Furthmore, 0.01% n-TiO, and 0.5% SA foliar application under 50%
water deficit stress had the highest CAT. 0.01% n-TiO, and 0.5% SA foliar application under complete irrigation
had 79%, 2.5 times and 82 % more than Chl a, b and total Chl compare non-use of n-TiO, and SA under 50%
FC, respectively.

Conclusions

The results of this study showed that 0.01% n-TiO2 foliar application had the highest superoxide dismutase
enzyme activity under 50 % FC. Also, 0.01% n-TiO2 and 0.5% SA foliar application under 50 % FC had the
highest catalase enzyme activity. Use of 0.01% n-TiO2 and 0.5% SA under normal stress (50 % FC), increased
79%, 2.5 time and 82% Chl a, b and total Chl compare to control, respectively.

Keywords: Ascorbate peroxidase, Catalase, Chlorophyll content, Foliar application, Superoxide dismutase
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