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Table 1- Physical and chemical properties of soil in the experimental site
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Table 2- The average of monthly temperatures and precipitation of studied area in 2018-2019
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temperatures
Slale slod s (xSl
Mean of min month|y 121 7.1 2.8 4.3 7.1 10.7 12.2
temperatures
Slale slod 1Sle
Mean monthly 21.9 17.1 14.0 15.2 17.1 231 2.0
temperatures
abale Sw)l
97.4 103.6 27.1 333 11.8 454 2.2

Monthly rainfall (mm)
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Figure 1- Slicing of interaction effect of planting date and nitrogen on; a: plant height, b: height of the first branch c: number

of lateral shoot. Means with similar letter (s) are not significantly different at 5% probability level- using LSD test (Slicing
based on planting date treatment).
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Figure 2- Slicing of interaction effect of planting date and nitrogen on; a: number of silicle a and b: grain per silicle. Means

with similar letter (s) are not significantly different at 5% probability level- using LSD test (Slicing based on planting date
treatment).
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Figure 3- Slicing of interaction effect of planting date and nitrogen on weight of thousand. Means with similar letter (s) are
not significantly different at 5% probability level- using LSD test (Slicing based on planting date treatment).
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are not significantly different at 5% probability level- using LSD test (Slicing based on planting date treatment).
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Figure 7- Slicing of interaction effect of planting date and nitrogen on a: protein percentages and leaf nitrogen percentages.

Means with similar letter (s) are not significantly different at 5% probability level- using LSD test (Slicing based on planting
date treatment).
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Figure 8- Slicing of interaction effect of planting date and nitrogen on; a: Oil percentages and b: QOil Yield. Means with

similar letter (s) are not significantly different at 5% probability level- using LSD test (Slicing based on planting date
treatment).
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Introduction

Camelina [Camelina sativa (L.) Crantz] oilseed is a low-input crop that grows and yields well in semiarid
regions with low-fertility or saline soils in comparison with other crops. Camelina seeds contain 30—40 percent
oil. Camelina is an annual plant from the Brassicaceae family that has short and fast growth. Camelina is well
adapted to cool temperate and semi-arid climates, it is more tolerant of drought and spring freezing than rapeseed
(Brassica napus L.). Also, Resistance to some diseases and pests of other members of Brassicaceae plants is
another important features of this plant. Research-based information is lacking to provide basic agronomic
recommendations for Camelina. In general, yield and yield components of Camelina seeds depends on nitrogen
fertilization, planting time and climatic conditions. Camelina responds differently to fertilizer management and
planting date in different climatic and soil conditions. Selection of crop managements such as planting date and
fertilization can increase the quantitative and the qualitative yield of this plant.

Materials and Methods

In order to evaluate the effects of nitrogen fertilizer on agronomic characteristics in Camelina under different
planting dates, a study was conducted in split-plot based on randomized complete blocks design with three
replications at the research field of Agricultural College, the Shahid Chamran University of Ahvaz, located in the
southwest of Ahvaz and the western bank of the Karun River with 31°19"" N; 48° 41" an altitude of 22 meters
above sea level during 2018-19 growth season. Experimental factors included planting date in three times
(November 6, December 6 and January 5) as the main plots and nitrogen fertilizer at four levels (0, 23, 46 and 69
kg.ha-1) as the subplots. The plant material (seed) of this research was Camelina sativa cultivar Soheil which
was prepared from the Biston Shafa Knowledge Foundation Company. Half of the nitrogen fertilizer was spread
with phosphorus and potassium in the surface of each experimental unit and mixed with soil before planting. The
other half of nitrogen fertilizer used in three sections during three stages of plant phenology included True four
leaves, beginning of stem elongation and beginning of silicle emergence.

Results and Discussion

Analysis of variance of traits showed a significant difference between nitrogen levels at each level of planting
date in terms of all traits studied, including grain yield, biological yield, harvest index, plant height, percentage
and oil yield, etc. Generally, based on the results of the analysis of variance, in all three planting dates. The
highest grain yield (2653.8 kg.ha™) was obtained from the first planting date and 46 kgN.ha™ treatment and the
highest harvest index in second planting date and 46 kg nitrogen treatment was measured. The highest oil yield
(737.9 kg.ha™) belonged to the first planting date and the level of 23 kgN.ha™. However, the highest protein
percentages (28.53) was obtained in the second planting date and 69 kg nitrogen treatment. Regarding to the
other traits, it was observed that the optimal use of nitrogen fertilizer led to the improvement of the studied traits
such as the number of sub-branches, silicle per plant, seed per silicle and 1000-grain weight, but delay in
planting date caused the mean of these traits decreased significantly.
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Conclusion

In general, the results of this study showed a significant response of Camelina to the amount of nitrogen used
and planting date, so that in early planting (November 6) was obtained the highest grain yield, yield components,
biological yield, oil yield and protein percentage. But in late planting, especially the third planting date, all the
studied traits were reduced due to the collision of the plant reproductive stage with the high temperature at the
end of Khuzestan growth season and the reduction of the plant growth cycle. Under three planting dates, nitrogen
fertilizer application up to 46 kgN.ha™ increased grain yield, oil yield and some yield components. Based on the
results of this experiment, in order to obtain maximum grain and oil yield of Camelina, it is important to consider
planting date and optimum nitrogen use.

Keywords: Harvest index, Leaf nitrogen, Oil crops, Oil percent, Protein percent
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Table 1- Some climatic parameters of Sarayan during the experimental period (data has been taken from Sarayan
.meteorological office)

s T Slelw -

W Bl g WeSe e S o
Minimum Maximum Average Rainfall Evaporation 2! Relative

(Month) temperature temperature (°C) temperature (mm) (mm) Sunny humidity

(°C) (°C) hours (%)

—APril) 5393
(March
-May) cuiges))
(April
-June) sls 5
(May
(June-July) ,s 21.9 36.7 29.3 0 13.31 125 14.16

12.9 24.9 18.9 0.3 6.42 8.07 36.9

16.7 311 23.9 0.3 9.11 9.45 22.36

21.7 37.5 29.6 0 13.07 12.35 11.66
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alie claiolel (S ) odel cundty s 5l S (slapSTys 58,8 4108 duslie Dyge )T A b Bolar JolS slaSl 4l
(SIS ol (LSl oLl us L (Rahimi et al., 2014) 355) (ool 358 LS yd (5 ¥+ ) 3jh00 Bpuas Jold (6365 sl jlas
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Cawl 005 03,91 ¥ Jgan 53 odlatul 590 &35 255 cosls 11,5 59818 18,8 @ ysue (Lot et al., 2009) 1Ko
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Table 2- Mineral composition of cow manure used in the experiment
N P K Ca Mg Na S
(%) 1oy 2.26 064 204 142 044 015 040
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Table 3- Physical and chemical properties of soil in the experimental site

K3 W) KW
Coloa ) o1 JS PR o ) LA
S S Sadmol OIS i Total g Js Chwo oy o 8
) o Total Total it Clay Sand sk
Electrical S 55 : phosphorus : )
. Organic potassium  sodium Soil
conductivity pH Total carbon texture
(m.as) nitogen o) (mg ko) (%)
0
0.93 7.9 0.09 0.37 9 105 35.7 47 25 28 w9
Loamy
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Chlorophyll a = (19.3 « A663 - 0.86 ~ A645) V/100W
Chlorophyll b = (19.3 « A645 - 3.6 « A663) V/100W
Carotenoids = 100(A470) - 3.27(mg chl. a) - 104(mg
chl. b)/227
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Figure 1- Effect of planting density on chlorophyll b content in the leaves of Plantago ovate
Differences of the columns that have the same letters non statistically significant at 5% (LSD) level of significance.
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Figure 2- Effect of planting density (A) and fertilizer application (B) on plant dry of Isabgol. CM= Cow manure, CF=

Chemical fertilizer. Differences of the columns that have the same letters non statistically significant at 5% (LSD) level of
significance.
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Figure 3- Effect of planting density on biological yield in isabgol medicinal plant. Differences of the columns that have the same
letters non statistically significant at 5% (LSD) level of significance.
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Figure 4- Effect of planting density (A) and fertilizer application (B) grain yield (kg.ha™) of Isabgol. CM=cow manure,

CF=chemical fertilizer. Differences of the columns that have the same letters non statistically significant at 5% (LSD) level of
significance.
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Table 4- Mean of squares for vegetative traits and yield of Isabgol under the effect of single and combined application of
organic and chemical fertilizers at different levels of planting density

- KA 5 3 ,Shas 3L
5 ol a g g5l Qg 0 Sy dlaas ©9 i1 U»
& ,- W als 3 ,Slos Sujolon Sl
&3 Plant Number of leaves per : d vield T :
S.0Vv af height plant Plant dry Seed yie Biological Harvest
) weight yield index
Bfoiék 2 0.144ns 70.75ns 11.82ns 42159.28ns 876163ns 85.429ns
~ ".5 2 13.264ns 56.62ns 172.32" 190576 1154925" 60.984ns
Density
3?5. 4 3.389ns 926.36ns 14.4 142183 688472ns 13.816ns
Fertilizer
398 % oSNy
x Density 8 5.513ns 674.73ns 8.36ns 23507.31ns 227107ns 8.765ns
Fertilizer
Eurarj)r 28 6.226 884.66 4,94 26329.66 323600 44.005
(4) Sy 5 - 14.9 40.6 22.2 29.7 37.4 18.9
C.V (%)

Ak Mo )d Vg 0 Jlois ! e )0 )b xe )l dxe pf oS Sy g% NS
*and **: Significant at the 5% and 1% probability levels, respectively, ns: Non- Significant.

05 sl a1 2 9 5 g2 31425 (U5 1 2 (BUS 05155 9 395 1l Jolisie ;T 41 b2 0 (3ilee Aunylle —0 Jga
Table 5- Mean comparison for the interactions effects of fertilizers and plant density on height, leaf number and harvest
index in Isabgol

Cuils 1515 Bpands5 £y &g glis )l g S g dlani Cuild g gt Wi
Planting density Fertilizer Plant height (cm)  Number of leaves per plant  Harvest index (%)
Control — sls 15.78 78.00 36.46
w258 i ¥ 17.18 83.66 34.33
40 tha'cMm
e 2 G Y+ (shenst 35 S ¥ 13.46 61.00 31.33
20 plant per m? 40 kg ha”CF
lios 355 p SIS ¥ 5 (0l 395 Y- 16.36 62.33 35.32
20 t ha* CM+ 40 kg ha™* CF
255 G g (lomd 35 5T 15.68 70.00 30.69
40tha” CM+ 20 kg ha™ CF
Control — sals 17.07 62.33 35.37
w25 ¥ 17.45 67.00 35.00
40tha*CM
e 3 g ¥ wl*zgjk%fhf’ff é‘é ¥ 18.41 83.66 34.85
40 plant per m? g g ha
led 395 pSAS T+ 5 o> 358 3 Y- 18.09 83.66 3245
20 tha'CM+ 40 kg ha* CF
255 G g (alomd 35 5oSY 16.43 94,66 33.91
40 tha”* CM+ 20 kg ha™ CF
Control — sals 19.19 99.33 39.21
oo > ¥ 1750 56.66 35.22
40 tha' CM
pnsin 3 gy 5o &Lﬁzgjk%fhff é‘é ¥ 15.92 69.66 36.93
60 plant per m? g gha
lad 395 pSAS T e 5 o> 358 3 Y- 1536 50.33 38.93
20 tha'CM+ 40 kg ha* CF
255 G g (alomd 35 5o 17.41 93.00 36.79
40 t ha* CM+ 20 kg ha™ CF
LSD 0.05 42 29.7 111

CM= cow manure, CF= chemical fertilizer
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Table 6- Mean of squares for chlorophyll and carotenoids contents in leaves of Isabgol under the effect of single and
combined application of organic and chemical fertilizers at different levels of planting density

R ay’ . . - . .. . .
8 Jlie g A GBS D gl GBS aigig) 5 ke (agl) (e b L
S.0.vV ‘ij f) Chlorophylla  Chlorophyll b Carotenoid Spade
Sok 2 10.625" 0.125ns 0.002ns 9.074ns
Block
"’Sl’_: 2 7.943ns 0.186" 0.010ns 10.972ns
Density
J,’f_ 4 6.381ns 0.129ns 0.007ns 20.872ns
Fertilizer
REFIN
Xl 5.114ns 0.091ns 0.004ns 13.808ns
Fertilizerx Density
s
28 2.475 0.049 0.003 17.310
Error
(2) et a5 ) 18.4 12.7 155 8.4
C.V (%)

i 2o )d ) g 0 Jlois ] pdaw )0 )b pixe )l gime b T 4
*and **: Significant at the 5% and 1% probability levels, respectively, ns: Non- Significant.

3 010 G295 (Bl 9 3yik0 e 5l o 0] piun (219,13 LS 53 S 2 igiip)5 g by IS (glgime 4y bgrpo (eSile dmayliio -V Jga
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Table 7- Mean comparison for chlorophyll and carotenoids contents in leaves of I1sabgol under the effect of single and
combined application of organic and chemical fertilizers at different levels of planting density

SIS 1515 s 35 £ R deba,s o (gl) (i s a3
Planting densit Fertilizer Chiorophyll a Carotenoid . SPAD
g denstty (mg g FW) (mg g* FW)
Control — aals 11.04 0.434 52.80
15 398" 35 ¥+
b 258
20t halCM 7.417 0.349 51.23
coyosia > 5 Y+ @Tﬁk>§hffak; ¥ 9.01 0.415 46.56
20 plant per m? o o )Ofﬁ,é\‘a ¢ b ¥
stlrowd 395 2 S 5kS e g (ol 208 5 ¥ 10. 42 7
20 t ha* CM+ 40 kg ha™* CF 059 0426 2070
15365 5 ¥+ g (losd 295 p,S LS+
b ¥y 13
40 t ha’ CM+ 20 kg ha™* CF 859 0368 2050
Control — aals 9.49 0.403 50.40
15 398" 35 ¥+
b 258 (¥
40 thaiCM 8.74 0.400 50.06
coyosia S5y - w‘ﬁ;gzk%fhf’ff ?Cl‘lf ¥ 9.18 0.393 50.50
40 plant per m? o o ;9Lg.s : b v
(lond 295 £ 5 6lS Ve g (g0l 265 (i ¥ 2 4
20 t ha* CM+ 40 kg ha™* CF 689 0326 950
15365 5 ¥+ 5 (olosd 265 p,SolSY+
b s ¥y 1
40 tha™ CM+ 20 kg ha™* CF 805 0352 4656
Control — aals 8.97 0.388 51.50
15 398" 5 ¥+
b 258 ¥
e 9.72 0.410 49.10
copnsin o &gy B w‘ﬁ;gzk%‘hf’ff é‘lf ¥ 7.85 0.326 51.26
60 plant per m? ) ) xgha .
oo 355 pSAS T 5 (o 258 Y- 6.79 0.318 45.96
20 t ha* CM+ 40 kg ha™* CF
15365 5 ¥+ 5 (olosd 25 p,SolSY+
b s ¥y 1
40 tha' CM+ 20 kg ha* CF 6.07 0.282 4543
LSD 2.6 9.6 6.9

CM= cow manure, CF= chemical fertilizer
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a0y SLS 3 35290 SBISHl g 15 e oo ae Jolgs cosllas
Aminpour and ) >,.5 - jl, 8 0L5 Lasl 5 gl o2
o Asly 3 g STy 3 ygel e Cliiios .(Mousavi, 1996
Ly olyon il 4 s ol eyl ,Shos (gl 5 3,Skos
3 Slas Ll (I3l s 15y )3 5,8kes ¢ljze i o515 G
il J—ols gl (Russelle et al., 1984) sl o ialS ag S
9, (Berimavandi et al., 2011) I, \Ken g (sXglos p i3
oSy Liali8l ko olis (Calendula officinalis L.) )l ddues
Gl 4598 S (jg sparie ) S A 4 Vel alS
2 a9 P 1815 5l Safglen 0y Ses (i S b il
Yadave et al., ) o)LSen g obly (555 4 .0d ol gy
sl 3518 Ll 5 53 5 kel LS ) wn S5 Kis 59 (2002
Ll ioli8l eyl 368 AlBlan 318 & Cuns  oliouss 5 (old 355
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=g}, (Dorry, 2009) ¢,> .(Shah and Ahmad, 2006)
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Nhgad joSde 5855 53 b o Gl 35 daw 351y ) 2len
o3> LS cto il 3 Sdas ylixe b ol olom pluil iS5
Rahmati et ) )L Sen 5 ciox) bwgs a5 (6,500 gl 50 .05
gLl (Matricaria chamomilla L.) 454l oS s (al., 2009
o el 8l sl g o815 il o 3.8 et
o oilS 36 > g o ime b pae b Sas JS 5 Slae
F S 2l o)yl Sijglom 3 Sas 2 (6355 @lio Syae
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ey g B oSl Safslen 3 Sles (i (i
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Introduction

Medicinal plants in the world are very important and currently the demand for medicinal herbs is on the rise
due to higher requirement of products need in the pharmaceutical, health and food industry. Therefore, the
assessment of various systems of plant nutrition is one of the important needs of agricultural planning in order to
achieve high yield with high quality, especially in medicinal plants. Manure increase soil fertility and improves
the growth and yield. This experiment was conducted to investigate the effect of planting density and single or
combined application of cow manure (CM) and chemical fertilizers (CF) on growth, yield and pigment content
of Isabgol (Plantago ovata Forsk).

Materials and Methods

In order to evaluate the effects of different levels of fertilizer on isabgol (Plantago ovata Forsk) an
experiment was arranged as factorial based on a randomized complete block design with three replications at
Sarayan Faculty of Agriculture, University of Birjand, during 2017. Experimental factors were included:
Fertilization treatments consisted of single (40 ton.ha™ CM and 40 kg.ha™ CF from the source of NPK) and
combined (40 ton.ha™ CM + 20 kg.ha™* CF and 20 ton. CM + 40 kg.ha™ CF) application of organic and chemical
fertilizers along with a control treatment (no-fertilizer) which were evaluated at three levels of density (20, 40
and 60 plants.m?). Measurements of chlorophyll a, b, carotenoid and SPAD: Firstly, 0.1g samples were taken
from the collected leaves. Subsequently each sample was extracted by 80% acetone and put in the centrifuges
with rotation speed of 6000 per minute for 10 minute. Absorbance using a spectrophotometer at wavelengths of
470, 647, 663 nm was measured. Also, chlorophyll index was measured by manual chlorophyll meter.
Measurements of Yield and yield components: In the sampling stage (full flowering stage), 3 plants of
cultivation lines were harvested with respect to the elimination of marginal effects. After measuring plant height,
the plants were cut from above the soil, immediately weighed (fresh weight) and then the samples were placed in
separate bags and after drying in an oven at 72" for 48 hours, the leaf weight, total dry weight and grain yield of
each sample were measured. Finally, Statistical analyses were carried out by ANOVA, with least significant
difference test (LSD) at 5% probability level for subsequent pairwise comparisons.

Results and Discussion

The results indicated the significant effect of treatments on plant dry weight, biological yield, seed yield and
chlorophyll b content. The highest biological and seed yields (2080 and 806.6 kg.ha™, respectively), were
obtained from planting density of 60 plants m?, while the highest leaf chlorophyll content was gained from 20
plants m” treatment. The effect of fertilizer resources on all traits (except plant dry weight) and interaction effect
of experimental factors on all studied indices were no-significant. The plant showed an appropriate adaptation to
low nutritional and its maximum yield was obtained when at least 60 plants.m? was used.

Conclusion

Based on the obtained results, it could be concluded that isabgol is a low-input medicinal plants in terms of
nutrient requirements. Therefore, it seems that the application of fertilizer resources in crops which are located
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prior to isabgol in a rotation and availability of remaining nutrients can provide the nutritional requirements of
this plant. Moreover, consider to open canopy of the plant even when the plant density was 60 plant.m™, it seems
that more densities must be considered in future studies.

Keywords: Carotenoids, Chlorophyll, Manure (Cow manure), SPAD
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Table 1- Physical and chemical properties of the soil

Cu Fe Mn Zn K P P.W.P F.C N TNV OC .
() e mys pH  EC SK cal
(mg.kg™) ]9 2y % (1:5)  dSm®  (soil texture)
(by Weight %)
e (o) (o8
109 328 7.66 058 296 13.8 9.07 2451 0082 305 0702 777 0740  Siltyclay)

(loam
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Table 2- Physical and chemical properties of manure at the start of trial

Cu Mn Fe Zn Moisture TNV O.C Mg Ca Na KyO Py0s N EC H
(mg kg™) % dsm? P
19.48 109.57 324.09 80.39 35.90 175 4951 0.79 198 349 0.983 0.392 1.029 9.280 8.30
olesl gl (b 3y s 0! cwrlinilgr ol - Jgun
Table 3- Meteorological statistics of Shahrekord station during the test
(mm) Sa,b (%) cagby cmibao (°C) &yl any> Jolas (°C) & yly> an > Slas Jw sl
Rainfall Mean humidity Minimum temperature Maximum temperature Months of the year
41.9 8.6 -6.4 24.5 April
16.4 13.6 -0.7 27.2 May
0 223 33 30 June
0 232 8.6 35.8 July
0 23.1 9 37 August

ki 5 Jowalagy il (olilyn o)l s
Refrence: Meteorological Administration Chaharmahal & Bakhtiari
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2- Index water content

3- Relative water protective
4- Water saturation deficit

5- Relative water content

6- Cell membrane stability

7- Moisture retention capacity
8- Relative water loss
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Table 4- Results of variance analysis of the effect of evaluated treatments on some drought resistance physiological indices of
Moldavian balm

(MS) il o (puSilo
. . ay ol ol ; ol Cud b 5ol 03lo 5o
Y @.L" db‘ji ol Aﬁp_}b g ’. ::;..5 b o s;4 uis e Ol sl .!;.:p i::: :I Sus
sov Spol  OPTT s eas T Sy slid - D
(df) Sis st Cusb b (Dry
(Lwc) (RWP) : (RWC)  (CMS) -7 hd matter
(IWC) (WSD) (MRC)  (RWL) yield)
Sok 2 1204 620019™ 917"  219™ 219™  2.01™ 9.17™  167™ 2.29™
(Block) :
ikl el 2 819 5602827 2150™ 5654 56547 171.8” 2150™ 1508 37258.80"
(Irrigation regime) '
a sl 4 5.81 1183.75 18.76 0.24 0.26 7.62 18.76 8.17 22.25
(Error a)
> 5 11.65°  1493.15™ 4950° 113.727 113.727 33977 49500 30217 25358.30"
(Fertilizer)
_ ?9§ * d_ﬂﬁ‘ P 10 10.47" 3301.37° 3094 3.12™ 312™ 570™ 3094 12517  605.58"
(Irrigation regimex Fertilizer)
b sl 30 4.36 1123.30 13.46 4.15 4.15 1005  13.46 3.81 21.97
(Error b)
Syt ey 2.8 135 4.2 47 3.6 6.4 43 211 1.7
CV (%)

oy Y g0 Jleinl pdaw y3 I3 gme 6yls gxe pé i g

# NS

" ***: not-significant, significant at 5 and 1 percent level of probability, respectively.
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Figure 1- Mean comparisons of the evaluated treatments interaction on the percentage of leaf water content
Means having the same letter have no statistically significant difference at 5% probability level based on LSD test.
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Table 5- Mean comparisons of the effect of different irrigation regimes on some drought resistance physiological indices of
Moldavian balm

Josi Sl &) Comsd O 39208 (7) S 52 & (o 50 (mp.em) <Lié (g,
Treatment (WSD) (%) gt (RWC) (CMS)
Bl 41.35°¢ 58.64° 52.89°

Full Irrigation
oA S 7ve 43.74" 56.25" 48.22"
75% Full Irrigation
A Sl 70 44.81° 55.18" 47.06°

50% Full Irrigation

2l o 70 Jloinl gaw 13 LSD 905l Lol ys 55 ixe o9l dg pas simd yLis giw p 40 S yide g
Same letters in each column represent no significant difference at 5% probability level based on LSD test.
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Table 6- Mean comparison of some drought resistance physiological indices of Moldavian balm under the effect of different

fertilizer treatments

Sow () gl o &y Comud T 39008 (1) S 3 O oo O30 (mp.cm) sLig g,lub
Treatment (WSD) (RWO) (CMS)
25 8 Ae) dals
55 e pac) 2 48.22° 51.77¢ 4352°
Control (no fertilizer)
o2 YO+ 09l 355 YO, 40.60° 59.39% 50.34°
25% urea + 75% manure
ol 207+ 09l 355 0+, 41.88° 58.11° 49.85°
50% urea + 50% manure
ol YA+ gl 395 VO, 44.55" 55.44° 47.82°
75% urea + 25% manure
0)5‘ 395 Ve 'X b c c
45.89 54.10 44.27
100% urea
oV 38.67° 61.32° 60.55°

100% manure

2l o /0 Jloin] gaw y3 LSD (905 Loluslys 55 xe ©oglis 39 g pas oimd yLis giw p 40 S yide Lg
Same letters in each column represent no significant difference at 5% probability level based on LSD test.
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Table 7- Correlation coefficients of the studied traits under the effect of evaluated treatments

ol ol

o Plags Ol Cud b ;o0
» Ol oy L. ol - S sk . 5 o &
Olho - ) & Comnd _ . A Comnd ) v Los - odle
Traits Spol . S v R P sl . 4By Cuwd B
(LWC) 0¥ Rgwp) & > CMs) P (RWL) S
(IWC) (WSD) (RWC) (MRC) (DMY)
Leaf water content
Index water content
Sy o baas
Relative water -0.18™ -0.37™ 1
protective
bl el &) Cons Of dg0a8 0.13™ 0.07™ 0.36"™ 1
Water saturation deficit ' ' '
Sl e e -0.13" 007™ 036" E 1
Relative water content
i ‘ *k *ok
L olul . -0.09™ -0.03™ 0.16™ -0.91 0.91 1
Cell membrane stability
Cogby bais o8l .
Moisture retention -0.18™ -0.37™ 1 -0.36"™ 0.36™ 0.16™ 1
capacity
8y a3 el -0.002™ 0.12™ 021™ 0.89™ 08" 087" 021" 1
Relative water loss
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Figure 2- Mean comparisons of the evaluated treatments interaction on the amount of water to the dry weight
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 4- Mean comparisons of the evaluated treatments interaction on moisture retention capacity
Means having the same letter have no statistically significant difference at 5% level based on LSD test
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Figure 5- Mean comparisons of the evaluated treatments interaction on relative water loss.
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Figure 6- Mean comparisons of the evaluated treatments interaction on Dry matter yield.
Means having the same letter have no statistically significant difference at 5% level based on LSD test.
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Introduction

Water deficit is one of the factors limiting the growth of plants in the world and is the most common
environmental stress. Several studies show decreasing in growth, yield and plant death as a result of unfavorable
water or water stress conditions. Management of nutrients consumption along with water consumption
management influences the quantitative and qualitative yield of crops and medicinal plants. Although, chemical
fertilizers provide plant nutrients for the plants faster and more effective, but to increase the quality of products,
especially the medicinal and aromatic plants, the use of organic fertilizers is better than chemical fertilizers.
Organic fertilizers cause decreasing in bulk density and increasing water retention in the soil. Manure is one of
the organic fertilizer sources which its application is conventional in the sustainable management system of soil.
Organic fertilizers, especially manures compare with chemical fertilizers having large amounts of organic
materials and counted as a rich source of nutrients especially nitrogen, phosphorus and potassium which provide
these elements over the time for the plants.

Materials and Methods

A split plot experiment was carried out in a randomized complete block design with three replications at the
research farm of Shahrekord University. Main factor was three levels of irrigation regimes including: full
irrigation (control), 75% and 50% of full irrigation while six levels of manure application including: 1) no
amended fertilizer (control), 2) 25% urea + 75% manure 3) 50% urea + 50% manure 4) 75% urea + 25% manure
5) 100% urea and 6) 100% manure, were used as subplot. Water need of the other treatments was considered
based on the water demand of control. Using the counter, the volume of required water was added to each plot.
The period between two irrigations was determined using meteorological data and determining daily water
requirement and the moisture regimes (water stress) was applied after the establishment of seedlings at eight leaf
stage. Then at full flowering stage, the percentage of leaf water content (LWC), the amount of water to the dry
weight (IWC), leaf water-retaining (RWP), water scarcity index of saturation (saturation deficit) (WSD), leaf
relative water content (RWC), membrane stability (CMS), moisture retention capacity (MRC), relative water
loss (RWL) and dry matter yield (DMY) were studied.

Results and Discussion

The results showed that the effect of irrigation regime on IWC, WSD, RWC, CMS and RWL was significant.
The maximum IWC, RWC, CMS and RWL and the minimum WSD was observed in full water demand and
50% full irrigation treatments, respectively. Different fertilizer levels also showed significant effect on LWC,
RWP, WSD, RWC, CMS, MRC, RWL and DMY. The interaction effect between irrigation regime and fertilizer
was also significant on IWC, LWC, RWP, MRC, RWL and DMY. In general, in order to maintain the moisture
balance of plant, application of 50% urea + 50% manure with supply of full water demand was recommended.

Conclusion

Based on the results obtained at this experiment, it can be said that the complete water requirement caused
increases in IWC, RWC, CMS, RWL and DMY, while the WSD was decreased. Moreover, application of 50%
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urea + 50% manure could increase LWC, RWP, MRC, RWL, IWC and DMY, reflecting the positive effect of
fertilizers combined application. In total, according to the results of this research, in order to maintain the
moisture balance of the plant, the combined application of manure and chemical fertilizers for 50% urea + 50%
manure and supply of full water demand is recommended.

Keywords: Lamiaceae, Nutrients, RWC, Water requirements, Yield
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Table 1- Monthly average of weather parameters during potato growth period

Meteorological factors ewlailgd Jolge &3 ok — 3598 ) %”‘
Dec-Jan. Jan-Feb. Feb-March March-April April-May
Mean temperature ('C) Lod (5:SSkee 13.70 14.30 21.40 26.90 35.30
Mean maximum temperature ('C) e oy 1:ke 19.70 21.20 28.90 35.30 44.30
Mean minimum temperature ("C) il glos (1Sbo 7.60 7.30 14.00 18.40 25.70
Absolute maximum temperature ("C) Lo> llas pSlis 25.50 26.10 35.70 41.10 48.20
Absolute minimum temperature ('C) o> 3llas JBlas 1.20 2.80 8.00 10.00 20.10
Precipitation (mm) Syl 55.80 10.90 72.00 6.80 0.00
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Table 2- Physical and chemical properties of the soil in the experiment place

Colon o : o - .
cab S, dan] | ONPRSS dlage IS IS G590 yond by $9)
Soil Te>£ture éc ;)l—] TNV oc TN.l i 1 “ 1 2 1
@sm) (%) (%) (gkg")  (mg.kg™) (mg.kg™) (mg.kg™)
Silty Clay Loam 2.2 1.7 535 0.74 1.0 7.8 200 0.5
dbl ‘4_3‘}9) ‘Sl_n) b-»)?:.n LS;LAJ 0)93 Q_{I )‘) 45 d)Q_bdd “" Z.’ 9 @w

Sl a3 Ve & ojon Siglnsd o b 2y B
99 uo)li5 b zbs ol (Villordon et al., 2009) cuisls «ul
Slp o oy el a5 (Levy and Veilleux, 2007) wS's) s
b cidllas sl 31,8 e dn 0 VA s 50 il A,
CeilS > Leods (i juw U cdlS o Jloj alold (3 SYeb
Darabi ) 4}lSan 5 olyl> g liwjsd 1D (oo jcam dilins]

Cawl ol (0)l55 30 (et al., 2018

3 59y s cho (LS 3 G e il 15w U 59

P98 I ine (1 Jgaz) 295 Jlaine 45 jow b
N ehSaen a8 el Jobs ol 4o (2lS 23 laS e
olod s 03y Sy b e I i eolainl 3y50 My slBS e
P laoie (ud w U ccsls o Sy dlol Limgh opl o
J—d5 4 (Parvizi et al., 2011) j5-i8 Jazime 3blis b duslio
() Jga) 29 GVob ged g 48 0)93 ol )3 bed (390 ol
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Table 3- Results of variance analysis effect of plant growth biostimulants on day to emergence, stem number,
plant height, day to canopy closure, tuber number per plant and mean tuber weight

©layyo S5ke
Mean squars

iher U3 .
(IR QMR L 59 “ie wEile
Source of @y o U 39, aBlw dlaxy E” ? Jols JSa,Sles digr > oud dlaxi 0% T
variations i gbe ol Day to Stem ©¥ Day to Total Tuber number 8as
df emergence number Plant cano yield per plant Mean tuber
’ height py ight
closure Welg
Replication S5 2 2.08™ 0.003™ 1.02™ 21.44" 34.45™ 0.55™ 180.94"
Cultivar (C) o5 1 8.33™ 0.3417 11.12" 17.52" 938.51" 20.417 632.42"
B'Os“(rg;“a”ts Ly Spe T 4.04™ 0108  17.85" 11.94™ 75.58" 032" 394.66™
X 03 ns ns ns ns * * *
CxB 7 5.71 0.048 5.02 4.71 11.27 0.29 100.82
Ay J)m
Error (1559 30 6.37" 0.047 3.23 2.86 4.37 0.10 42.19
oyl
CV (%) 5.7 8.9 8.6 2.1 7.3 4.8 8.0
Ol

o3 Y 90 Jlais! mlass )0 HId bize glas g I iz igldl 390 iy ki g % IS
ns, *, **: Non-significantly difference and significantly difference at 5 and 1% probability levels, respectively.

39 0390 Mgl Al 08 ) Cand ) (g5 a8l dlass &S 19l
b duslio o ady Juad slunl ;o oo 39 ol Jds 4 (0 Jais)
(Parvizi et al., 2011) ;L Sen g (s5u9p dhax 5l ldie plo
Oliwjos 53 dliwe) codS ) dBluw Sl (g ol g b
s (Darabi and Eftekhari, 2014) ¢,lsl 5 ol lawes

Syome i lisee glayles jl g o8, 511 Juol dBlw dlaxi

Loy gy 9 SO Jein! pdaw 5 cui gy ool dBlo dlass A,
AM S sy slalsy e 5 v 8y Jolite (3l Lol g jlo jme
19Ul o8y (Y Jgas) ol Lis Cano ol Blod 51y (o)l pime
W5l 18, Cio opl Blod jl g 0de |y Lol dlo slaws oy i
by yd i aBlw sl a (B Jodn) cuily (o)l xe (55 p
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Table 4- Means comparison effect of plant growth biostimulants on day to emergence, stem number per plant, plant height
and day to canopy closure

Treatment AU A5, S yoxa w0 U 59, a8l slaxi &yt .51.63,! ol Hiigr B 59,
Day to emergence Stem number Plant height (cm) Day to canopy closure

Humic acid Seogad Spuwl 44.00a 2.48ab 21.70ab 81.33b
Amino acid-Zn 9 Ainel Syl 44.33a 2.45ab 21.28ab 81.33b
Amino acid-K ol diel dpusl 44.83a 2.47ab 21.37ab 82.33ab
Amino acid-Ca S — a0l sl 45.67a 2.35ab 21.47ab 82.00ab
AMino acid-K-Ca oyl — i iyl Spuol 44.50a 2.35ab 20.83abc 82.50ab
Combined plys G pas 43.00a 2.63a 23.27a 80.83b
Amino acid dinel Ans] 45.33a 2.38ab 19.37bc 80.67b
Control (M) S yzo (o) dalis 44.67a 2.22b 17.5¢ 85.00a

A3l o5 (P<0.05) ls gme 3BT (chyls S5 yg0il b (gt y > S jidie B9 y> b dlael
Numbers followed by the same letter are not significantly differentns (P<0.05)

it yobie pels (iulidl 4 Seoged sl lawgs olS ¢l
olie Gl Linlial g b o 03 Cuns Seoguts sl dlowgay
sl cnylid 5 g 0nd ol Lt slocyled ilidl csly lie
Sl 0y9)LS a5 )51 (Sarhan, 2011) Ly o olS Wiy yil58l
G g0 i) (choyd Vo ialisl el culy oles 4 al
S aS s 0 0g 0 )b xe Giulidl cpl Jg 20,5 sals 4
elS—aial Sl g pawli—aigel dol ¢ 69— dinal Aol (c3])4]
¥ Joda) Bad sald &) Cows &g glas)) o sme Lisl58l el
9y sLaasioal dal 108y (S poma (o0l 2018 i b
a5 el Liolsdl o aiel dowl b duslio )3 )pandS’ g panls
&9y ymaie b el Al olyor paie i WS 4 conl See
o3lo ey 45 039 Logikn 5 Jiw (sl (53908 polis Sl (S
olS 5,55k b paoly ais (Marschner, 1995) wil o oy
U oS’ jaic o (Omran et al., 1991) Lo glo i
il sl o seji 15y Jab Sl 2 oS Jas s 5
ol adgy glayyl g oS Wby dene s ae 40 g bo)S Ojlus
Sy dawg g bodije) Cullad (IEIL Slg5 oo S sl
Joo5 2lo)S S35 4 Gl )3 550 GlamSn) ()l Sed

.(Kleinhenz and Palta, 2002) u2> yil38l b)S ply 51y olS

s 4 0008 asuie Ad) S o 5,80 Sbjs,l e
a8l 2o M Jg 15,5 Wg5 plos G pan oy o dbl slass
I s (¥ Jgdn) iy ime bajlass ploo b jless ol yo
A Ay o Lz 0 (99) p ejie Sl (0D
38y b shiz) ane Ll 05 355 4y 2 Ul w3be o,
I3 5 i 008 (S5l jed (w5 Lod 9 S gl dloa
L .(Parrvizi and Ghadami-firooz Abadi, 2015) 5,5 -
2 el Pl 3 gyl 01 Sjdsnd s Sl 4 g
391 il Ay S e sljloss )3 0D Jab (sl Jaire baylyd
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g g g (LS 5 G e iy g5
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JoosS 4oy s 45 391 plg e Jloss Sl & bgr e iy £l
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Table 5- Means comparison effect of cultivar on day to emergence, stem number per plant, plant height and day to canopy

closure
. e . . Ag slay W a e
~) o U 59, Al Sl ZEE Ll g U 5,
Cultivar Day to emergence  Stem number _Plant Day to canopy closure
height (cm)
Otava Iyt 44.13a 2.51a 20.37b 81.46b
Sante asl 44.96a 2.32b 21.67a 82.66a

sl oo (P<O.05) o gime BB (el (S5 39051 b (g o j3 S yiiie gy b dlael
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 1- Mean comparison effect of plant growth biostimulants on tubers yield. Columns with same letters are not
significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Figure 2- Mean comparison effect of plant growth biostimulants on tuber number per plant. Columns with same letters are
not significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Figure 3- Mean comparison effect of plant growth biostimulants mean tuber weight. Columns with same letters are not
significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Table 6- Results of variance analysis effect of plant growth biostimulants on haulm growth rate, tuber growth rate,

crop growth rate and relative growth rate
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Table 8- Means comparison of interaction plant growth biostimulants in sampling period on tuber growth rate
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Figure 5- Changes trend of crop growth rate and relative growth rate with different cultivars
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Table 9- Means comparison of interaction plant growth biostimulants in sampling period on crop growth rate
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Table 10- Means comparison of interaction plant growth biostimulants in sampling period on relative growth rate
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Introduction

Potato plays an important role in global food security and it growth and tuber yield are influenced by many
biotic and abiotic stresses, such as drought and low or high temperatures. Potato in Khuzestan province is facing
unfavorable weather conditions, especially high temperature. Humic acid and amino acid, as well-known
biostimulants, can directly or indirectly influence on plant growth and yield and significantly mitigates the
injuries caused by abiotic stresses. In some studies, the use of humic acid has been reported increase root length,
improve nutrient uptake, and increase chlorophyll synthesis. Amino acids in potato plant increase natural
resistance to stresses. It seems that biostimulants and some nutrition elements can be applied as a strategy to
reduce the negative effects of high temperatures. Therefore, this study was conducted to evaluate the effect of
plant growth biostimulants on growth indices, yield and yield components of potato cultivars in Khuzestan
region.

Materials and Methods

This research was conducted in two studies. First study was carried out as a factorial experiment in a
randomized complete block design (RCBD) with two factors including 16 treatments in three replications at
Behbahan Agricultural Research Station in 2019-2020. The first factor was application of plant growth
biostimulants at eight levels: control (application of chemical fertilizers according to soil test), humic acid, free
amino acid (L), amino acid-Zn, amino acid-K, amino acid-Ca, amino acid-K-Ca and application of all studied
biostimulants (except free amino acid). The second factor consisted of two potato cultivars: 'Ottawa and Sante'.
In the second study, growth analysis was done in a split plot factorial based on RCBD with three replications.
Main plot consisted of five sampling periods with 15 days intervals. Sub plot consisted of combination of eight
plants growth biostimulants and two cultivars of potato as factorial. Tubers were planted at mid January. One
week before harvesting haulms were defoliated and tubers were harvested at mid May. Humic acid was used as
fertigation at 10 kg.ha™ in the early stages of growth. Foliar application of amino acid, amino acid-Zn was done
at two stages, tuber initiation and the beginning of tuber bulking. Foliar application of amino acid-K, amino acid-
Ca was done at two stages, the beginning and middle of tuber bulking. Amino acid and amino acid-nutritional
element were done at a concentration of 0.5 %. Varince analysis were done by MSTATC statistical software and
meanes were compared using Duncan’s multiple test range at the 5% level.

Results and Discussion

The results showed that in two cultivars, application of all studied biostimulants (except free amino acid)
significantly increased tuber yield compared with control. In Sante cultivar, the highest yield was dedicated in
the treatment of combined, and the yield of this treatment was significantly higher than the yield of alone
application of these substances. In Ottawa cultivar, the highest yield was achieved by application of combined
biostimulants, but the differences of tuber yield among this treatment and treatments of amino acid-K, amino
acid-Ca and amino acid-K-Ca and humic acid were not significant. The results of growth analysis showed, in the
most sampling periods, the highest tuber and crop growth rate were recorded in the combined treatment.
Therefore the highest tuber yield was observed in this treatment. In the first and second sampling periods,
application of humic acid or amino acid-Zn were more effective than other treatments. But, in the third and
fourth sampling periods, treatments of amino acid-K, amino acid-Ca were more effective in comparision to alone
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of these substances. In different sampling periods, tuber and crop growth rate in Ottawa cultivar was
significantly higher than Sante cultivar.

Conclusion

According to results, in Sante cultivar, the combined treatment of plant growth biostimulants produced the
highest yield in comparision to any individuals of these substances. Therefore, use of humic acid as fertigation in
the early stages of growth and foliar application of amino acid- Zn at two stages tuber initiation and the
beginning of tuber growth and amino acid-K-Ca at two stages the beginning and middle of tuber growth, are
recommended. In Ottawa cultivar, the differences of tuber yield among treatment of combined application of
growth biostimulants, amino acid-K, amino acid-Ca and amino acid-K-Ca and humic acid were not significant.
Therefore, based on the finding of the present study, it could be concluded that treatments of amino acid-K,
amino acid-Ca or humic acid may be an effective growth biostimulants for improving yield of Ottawa cultivar.

Keywords: Amini acid, Crop growth rate, Growth analysis, Humic acid, Relative growth rate



Iranian Journal of Field Crops Research
Vol. 19, No. 4, Winter. 2022, p. 377-390

&’//Z"D}JSZ ;)

oln!l =) Slipg sy 42 50
FYY-¥ae . o AFee (ylmo) F oylods 1A ul>

|55 e slag 55 5 Shes gl 55 SKhos (K25 03le mazd 5 SIS bS]
(Chenopodium quinoa Willd.)

Tl sl s B s < OBl il Lo e

Ve o [oYIVY 2l fo,l
AARRYRY YRR IR IR PN

2SS

olas Lol slaSsl )b B 55 )5S alojl dginS il (sl 3, Skas (glinl 9 5 Slos  ClBlS )b 3l )y pslaton;

slacug; ol 13e S)le Giolejl (slaygS1 ol )y Inl ay oyls oyl 1S ol o > WWAA-AR g V\WAV-AA el Jlo 93 (b 1S5 aw b
555 5 CublS Fuyl glayless 3 (Wbl 03 g ety (o 5 Cann) c3lS clago b 4 (Gizay 4 Titicaca Red Carina Qzg Qo) 15
bt byl a5 Slas b oy 1 3590 sloaisis Ol Bpas (IS 292 )1 e JgSiilh 2l g 0355y cails 5 (g clis) el 5 Slos
s 40l 2,5 okS VF e 4 cilS oyl el o GiZa) cuigs) 4 late T Gyme LS (lise VL 5 il (P /NN0) s ine g Casto
I3 ime (6 siagid dlge saome JUas] ) g suome JU) phew 1St o3le gess il caigf 9 il oyl sl s Job Of cuSe o
hlS 5 oy dlge sazme JUl pres 3V il |) S 3le gaz Sial liee 023V 55 53 @y 5o 2 205 1V L Qoo g5 9,
Fhe ey (yogy i Sl )15 )3 Qap i) CudlS ) el 3 Slas ity 9 (o i 53 938 Jgl o3l )b 4y 3leie
et oot 2,6 52 Qg iy ol gl & gl 0 3 )Shas [l el g 48 )0 CllS )3 86 el Canaey S )3 p S kS

A5 Byme Gialel Jlesd e Glyisa

Sizs ole dgiS o Slas ol Byan losily aze Jlisl 1 gulS sWo31g

gy ey |y 3y Sloe oy i pB)) Ak 4 s (20l
i s> g (a8l 5l jg) Vev) op95 b gy COA0T
Johnson ) 39 g tlae 5, Slee b g VE/OV-VA L 59y o)l juo
dg a8 cuilS gyl oy yieg cpesd (6l .(@nd McCamant, 1988
slapba el 90 Wl Cgir lailinte lom g Of Ll
4S BAS wyp w2 kulys > Regalona Baer s KVLQ520Y
Ay Regalona Baer cossij 5 (23,9, b lejed <l &o,b
=l oS 9 YL Gslod (sla i3 & s g s (g Jguaa
Oliwsdia ,> . (Pulvento et al., 2010) el (g Jooo
cady alold g LT WY L olojen sl gu,l )0 5 Shas oy
.(Bhargava et al., 2007) xol Cawdas yio bo Yo

05294 ddlaie ouldl laylpd 4 ddlaie o )3 olS S Lo
= =hy OblS Cdls (loj cunl ditunly 59 Jobo g Cusho; e
dolie 1 S0 yp gl clod Ly by e glod cllae ol
L ad)y ol Jolye (08 Bolas pie (iomen 9 1) Sjgleid
J(Siadat et al.,2013) 545 o cpurs  Jase sla i

~WWOC lgis il g 08y g9y 5 (Sl slp Lod cn ke
Jsko 3 YO-10°C glod 4y gy 18 sl o] 51 dmr Bl o0 VY

LYRUFY

o, jl adgs &LS (Chenopodium quinoa Willd.) ls.8

Bkl 09— Chenopodiaceae oolgls 55 3 Amaranthaceae
o=l (Bhargava and Srivastava, 2013) ceuwl LS el 6,5
055 e sl i il sled s cads ply 35 (605 Jooo olS
g e L 295 5l (5)9 ofags 9 (St da)S dlojr il
L1y slasl laSLs o ud) e bl Laddn uied
2 ads o ol cwlis sl &4l .(Jacobsena et al., 2003)
Mg colie Gl 4 joxie o Cunl (o)) GBLS Mg e
(Rauf et al., 2010) 55 o adlaio , & yd Jus lS 4y
3350 LS pol 5900, 18 13 198 00 (Byme (2 igi
MIVe=Yeeo Oy L.bu] ,))__§,L°,c u])_w as A_uﬁ)f )|)_9 W
\Y8) 6551 oS €5y 3929 b CaNUl s g 350 )iSn 13 pSAS

Oyl lad oMl ol5T o8l dd asly w6387 s gl ils =3

Ayl lad oMl 15T o8l s asly weelyj 09,5 Lol =Y

Oyl dad ¢ ooMal ol oKl b dnly ccaeyj 09,5 bl —¥
(Email:mehdimadandoust@yahoo.com

DOI:10.22067/jcesc.2021.70908.1052

J}f‘wo LRV —'/.s-)



mailto:mehdimadandoust@yahoo.com
https://dx.doi.org/10.22067/jcesc.2021.70908.1052

YEo v Gl € oylowd VA ala oyl al (£y5 iy 4 puis  YYA

ch S

W yg; g dlge

I3 CdlS )b g g o picmslio s g oy yolated:
)3 syl Gling) 3 )-S5 a L Jyes bl S
e L (5 ‘H o egz) o)l il 6919 NS Gl yoed
] ¢ By VA 5 OV ldlyin sk 5 Jlod V% 5 YR Ldl ks
FYF dls dw g Gy (S50 1Sko 5 520 YOAR L yd s
Aol Iyalas WWAA-AR 5 WWAV-AA elys Jlo ¢35 53 ey o
Gos ) Sy aiged Sy i 390 adad I ilol (el 5] S8
lord 9 (Sib Rl Sl (B g and SB gl oY
e SB gel ol 1 biasds 355 () Jgaz) 43 £ pSojll
355 asie jl i S 3 P05 p 55k ¥ g (9,58 p S 5hS
395 YO g land 365 plod b CByune Ju )5 Slind jygu g 09l
W3S Byme e (gilmodlel loj )3 g Bl Sl 5 ()52
eyl yo Bl YO U Y. lawg a5 Jloj 10 5g,u0 365 odile Bl
oS laasin; ©jglone 3 9 SB gyt Bl O Bos > il
o8l sl S ol o slilon (glamoslsy culeMbl .a ool 1,
g 9 Oyl am)d (pSlee B > lail e Juee bl
@ S35 (ewlidlon ol ol g Joad > abile (Sl
() JS5) del sy sl plosl Joxe

Sy 9 =hly e sln )b sl pldsy el WY g o)
Ciin 3945) oS5 slajgy Jsb (4 a8 p g SlLidles )
by & dlw 45 Cewl L YO-Y-°C Cgllas (slalod 5 (sl
csls go,b (Sepahvand and Sheikh, 2011) wsb o gl
Ly Iy s SLadlos S el o o 353 i b b 35 i
oy Cpgo cnl pé 2 g ML Bl 0,8 YU laled
A5 Snlgs a0l 5, Slas 5 400y LS 1 (il @l
ceely Slubdled, 5 dads o 0 wgomdo a0 YY1 YL lales
BOis ) 545 o0 I9uS” JsSl (slaaily Sgr 5 03,5 slaaly oude
lo—iaS CasslS G )b it oy jokaiody B> jo (et al., 2006
1525 05 39 L) e shalte olon 5 o Lnly 5 53
I8 il 3p9me s bl 53 (5L bl 5 KVLQS20Y)
98 W0 L plajed cudls )b )3 S Ugll) sy o ai)S
S 9 YU sled (Lo s & s g sl 55V 5 Slae
(Pulvento, et al., 2010) cusly (¢ iy oo
Golio o i 5 5985 1 35290 (ln 5 ol 55 4 225 L
pis b Colua) 98 i £95 4 ey (o 9 ilive
2 Hisee i sago )b (3 0593 Job 5 jgy Jsb & Cupmlus
o5le 5 (o5 L5 rate) ol ppmamis y9S ks ol
€95 Jdoa, 1V (Bagheri, 2018) 595 oo plos! (L1 b 90 y005)
Foe Joole ninte Olpiedr €S @)l 31 (g clal (sonl8]
sl dalllas ¢l s sl ol 3 ,Shes Lialdl 5 655k
bl g S ks ;0 53 It canlio Bl b Cppped CBn |
pLE)) 5, Slas slial g 5, Slas (5STy o] (b g 0 2l o)l

ool 0 S aiod i -) Jgs
Table 1- Test results of soil in the experiment

Clay Silt Sand Cu Mn

Fe K P N ocC EC

Year %

% PH  sm?

2019 233 451 316 152 1985 153 74 420 134

2020 251 39.7 352 1.7 172

0.03 048 7.3 54

81 371 12 0.03 052 7.38 5.8
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Figure 1- Summary of meteorological data in the years under review
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Table 2- Information of the studied genotypes in the experiment

g P Lie (09,%) g5 ! il S, (09,5) s, 099 Jgb
Genotype name  Origin  Height (group) Seed color Length of growth period (Group)
Qa9 Chile Semidwarf Light cream Intermediate maturity
Qo Chile Semidwarf Dark cream Intermediate maturity
Red carina Peru Semidwarf Yellow Intermediate maturity

Titicaca Denmark Semidwarf Orange cream Early maturity
Giza; Egypt Semidwarf Yellow Early maturity
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Table 3- The variance analysis of two-year compound for number of days to Emergence, Budding, Flowering and Harvesting
in different genotypes and sowing dates

SOV N T S
df Emergence Budding Flowering Harvesting
Year (Y) 1 3.68™ 2302.30™ 2232.04™  7566.17"™
Yearx replication 4 3.81™ 267.45™  615.70™ 1543.62"™
Genotype (G) 4 3.38™ 33.96™ 62.04™ 23.05™
Yx G 4 3.65™ 120.40™ 88.9"™ 116.35™
Sowing date(SD) 2 0.35™ 179.28"  104.81" 423.46™
Yx SD 2 2.06™ 45952™  31.12™ 177.05"™
Gx SD 8 1.07™ 15.03™ 26.27" 25.81"
Yx Gx SD 8 0.23™ 20.07™ 19.74™ 13.86™
Error 56 0.03 2.05 4.35 10.59
CV(%) 134 12.2 131 15.4

Bize NS doyd B o ) Jlain] pdaw )3 Hb gxe ol pa* g**

** and *: Significant at the 1% and 5% probability levels, respectively ns

: non-significant
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Table 4- The effect of planting date and flowering time on the studied genotypes

O e RdAE S

U.Z...Sl.:).g

Growing Budding Flowering Harvesting

Q29 6.50a

e - Qa6 5.00d

" Red Carina 5.50c
Feb. 10 Titicaca 5.00d
Giza, 5.50c

Qo 6.00b

. Qo 4.50e
e + Red Carina 6.00b
Feb. 20 Titicaca 5.00d
Giza, 5.00d

Q29 5.50c

. Qo 5.50c
I\J/‘Iﬁe:rl \15‘ Red Carina 5.50c

Titicaca 5.00d
Giza; 6.50a

42fg 69c-f 111.5bc
43ef 67efg 118.5a
40.59 65¢ 107.5cd
45de 66fg 102.0ef
42fg 68d-g 106.0de
48abc 67.5d-g 110.5bcd
42.5fg 72abc 114.5ab
46.5bcd 70b-e 108.0cd
46¢d 66fg 102.0ef
43ef 68d-g 107.5cd
49.5a 70.5bcd 109.0cd
46¢d 73ab 111.0bcd
46.5bcd 69.5cde 107.0cd
48.5ab 66fg 100.0f
46.40bcd 74.67a 109.9bcd

(70 5S315) 5,15 o)Ll s sine VS S e e Sy Bl (sl (sl sSlie
Averages with at least one common letter in each column do not have statistically significant differences (Duncan 5%).
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Table 6- Comparison of genotype and planting date interaction in two years on some characteristics of quinoa

Lo olS gliy,l  ddlw ,hi ISl slass Wy, o5 wla,Sles  Cuilby padld Ol dae oI5

Treatments PH SD Pan no TeW GY HI WUE
(cm) (cm) (9) (kg.ha™) (%) (kg.m?)

, [Feb. 10" 79.29 6.46e 17.6a 3.2d 3848.0ab 36.71d 0.8hi
& Feb.20" 76.7h 6.14e 16.5ab 3.1f 3497.5¢ 32.78e 0.7ijk
Mar.1% 77.2h 5.40e 17.6a 3.2e 3127.0de 30.32¢efg 0.6k
Feb. 10"  81.3f 6.50de 15.1bcd 3.5a 4079.7a 44.64a 1.0fg
S Feb.20"  84.8de 6.07bc 15.1bcd 3.4b 3692.2hc 42.35ab 0.9gh
Mar.1% 85.3ce 6.07cd 16.2abc 3.3c 3360.3cd 41.20b 0.8hij
5 & Feb. 10" 84.5e 6.40bc 14.3cd 3.1f 2881.4ef 31.30ef 1.0fg
S5 Feb 20" 85.0de 6.18bc 14.3cd 3.1f 2679.2fg 30.40efg 0.99
O Mar.1* 84.5e 5.97cd 13.2de 3.1f 2378.0gh 28.10gh 0.7jk
§ Feb. 10" 90.5b 5.59a 11.8ef 2.1i 2406.7gh 31.34ef 1.3ab
S Feb. 20" 96.0a 5.69ab 11.8ef 2.2h 2226.6hi 28.58fgh 1.2cd
[= Mar.1% 96.5a 5.69a 10.7f 2.0j 1900.0i 26.52h 1.0ef
5 Feb. 10" 86.7c 3.45¢d 13.2de 3.09 2968.5ef 39.96hc l.4a
N Feb. 20"  86.2cd 3.33bc 13.2de 3.1f 2780.5f 37.62cd 1.2bc
©  Mar1® 86.7¢c 3.44cd 12.1ef 3.0g 2066.4hi 32.31e 1.1de

Averages with at least one common letter in each column do not have a statistically significant differences (Duncan 5%).
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Figure 2- Correlation of water use efficiency and growth period length
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Table 7- Dry Matter Accumulation Rate (DMAR), Remobilization Contribution (RC) and Remobilization Efficiency (RE) in
different genotypes and cultivation dates

slowd ol s (359 Sis odle qod Kl (51048 dge dusxe JULS! prew  dge Susme JULS! 2,8
Treatments Plant dry weight (J) DMAR (g.m?.day™) RC (%) RE

” Qs 10990.9a 5.81a 3181Lc 0.23¢
-8 Qs 8643.7b 4.42¢ 74.72a 0.5%
3" %‘ Red Carina 8827.5b 5.20b 45.11bc 0.25bc
"5 Titicaca 7545.2b 5.23b 49.70bc 0.24bc
© Giza, 7071.8b 4.64c 63.04ab 0.38ab
oy § Feb 107 9078.7a 4.94c 56.23a 0.40a
23 E Feb20" 8670.0a 5.06b 51.61b 0.34b
S Mar.1* 8098.8a 5.17a 50.79b 0.28c

(D (Sals) 5,05 s tmn (s ylal OS] gty 53 S o By S Bl (sl sl Sobeo
Averages with at least one common letter in each column do not have statistically significant differences (Duncan 5%).
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Figure 3- Remobilization contribution and Dry matter accumulation rate of quinoa genotypes in the different planting dates
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Averages with at least one common letter in each graph type do not have statistically significant differences (Duncan 5%).
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Introduction

Quinoa (Chenopodium quinoa Willd) is a dicotyledonous plant that belongs to family Amaranthaceae and
subfamily Chenopodiaceae, native to the Andes of the Americas. Due to the climatic diversity of Iran, one of the
notable cases is the study of planting history as the most important factor in adapting and increasing plant yield;
therefore, this study was conducted to determine the optimum sowing date of quinoa in Kavar (city of Fars
province). In that experiment, the yield response and the yield components of different cultivars of quinoa were
examined in relation to the different sowing dates in spring cultivation.

Materials and Methods

In order to study and determine the most suitable genotype and sowing date of Quinoa, a factorial experiment
was conducted with three replications in Kavar, Fars, Iran. Experimental treatments included five quinoa
genotypes (Qag, Q2, Red Carina, Titicaca, and Gizal) on the three dates of February 10 and 20, and March 1, in
the two years of 2018 and 2019.Each experimental plot consisted of five rows, five m in length and 30 cm apart.
Seeds were sown at a density of 67 seeds.m™. Plants in the three center rows (three m long) in each plot were
used for the measurements of the yield of the grain and its components. To determine the number of panicles per
unit area, before the final harvest, count half a meter in each experimental plot, specific quadrants was used to
count the number of panicles. To calculate the weight: each thousand seeds (1000 seeds) of the seeded seeds
were randomly counted with each seed counting machine and weighed with an electric scale (with an accuracy
of one thousandth of a gram), And from the division of grain yield to biological yield, the harvest index was
calculated. To measure the height of the plant from each experimental plot, 10 plants were randomly selected
and the necessary measurements were performed. Water use efficiency (WUE) in the plant was calculated from
the division of grain yield to amount of water used. The growth and Efficiency and contribution of materials
remobilization were measured too.

Results and Discussion

The present results showed that sowing date and genotype had a significant effect on grain yield, plant
height, and 1000 grain weight, biomass and number of panicles. The most plant height belonged to the Titicaca
genotype on the second and third sowing dates. Q. had the highest 1000 grain weight among the studied
genotypes and was obtained on February 10 sowing date. The relationship between WUE and yield was linear
regression in different genotypes positively and significantly (r’- 0.715) and the highest WUE belonged to Giza,
genotype on February 10 (1.4 kg.m™). The effect of sowing date and genotype on dry matter accumulation rate,
remobilization contribution and remobilization efficiency of photosynthetic materials were significant. Qo
genotype had the highest rate of dry matter accumulation (6.1 g.m?.day™). The highest remobilization
contribution of stored materials and their efficiency belonged to the sowing of quinoa on February 10. The
highest grain yield was obtained in Q,; genotype on February 10 of 4080kg.ha™. Delayed sowing reduced yields
in all genotypes.
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Conclusion

The highest yields were obtained from Q.9 and Q¢ genotypes. The highest yield of these genotypes was on
February 10. Also, the delay in sowing seed yield was reduced. The results of this study showed that the
genotypes studied in the spring cultivation conditions had different with yield potential. Accordingly, the most
optimum sowing date in terms of grain yield under climatic conditions of Kavar region in this study was planting
at tenth and twentieth of February.

Keywords: Dry matter, Quinoa, Remobilization, WUE, Yield
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Table 1- Meteorological information for station of Dryland Agricultural Research Institute (DARI) in cropping seasons and
long term (20 years)
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Figure 1- Variation of rainfall and air temperature in 2018-2018 (A) and 2019-2020 (b) cropping seasons
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Table 2- Soil physical and chemical properties of experiment location (0-25 cm)
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Introduction

Wheat is the most important staple food crop in the world as well as in Iran. About 63% of the wheat
cultivation areas and 40% of its production is under dryland conditions in Iran. Water and nitrogen are the two
most important limiting factors for wheat production in dryland conditions. However, the role of water is about
2.3 to 3.9 times the nitrogen because the water deficiency limits the absorption of the nutrients especially
nitrogen. Nitrogen deficiency is very critical than the other nutrients for plant growth in the arid and semi-arid
region. Therefore, applying supplemental irrigation (wherever it is possible) at the critical crop growth stages
along with nitrogen fertilizer will increase wheat production by increasing the greenness and photosynthetic
activity of the plant. In this regard, the cereal department of Dryland Agricultural Research Institute (DARI) has
introduced different new wheat cultivars for supplementary irrigation conditions in the last decade. Hence,
evaluating the response of bread wheat genotypes to different rates of nitrogen under supplementary conditions,
determining the relationship between nitrogen requirement and water status of varieties as well as the
relationship between these factors with yield components and effective traits to improve the quantity and quality
of the crop, are the key factors for wheat production in dryland areas.

Materials and Methods

A field experiment was conducted to evaluate the response of dryland wheat (Triticum aestivum L.)
genotypes to different rates and timing of nitrogen application under supplemental irrigation in 2018-2020
cropping seasons at DARI, Maragheh, Iran. The experimental design was a randomized complete block with
three replicates based on split-split-split plot arrangement consisting of two irrigation treatments (50 mm in
planting time and 50 mm in planting time + 30 mm at booting stage) in the main plot; nitrogen application time
(fall application and split 2/3 in planting time + 1/3 in booting stage) in the sub-plot; four nitrogen rates (0, 40,
80 and 120 kg.ha™') in the sub-sub-plot and three genotypes (Takab, Hoor and Griset-16 (sup-96-18) in the sub-
sub-sub plots. The soil samples were collected from 0-25 cm depth before the sowing and were determined soil
texture (loam to silty clay), pH, EC, Organic carbon, P (Olsen method), K (Sodium bicarbonate method),
micronutrients (Fe, Mn, Zn, and Cu) by DTPA method. Because all these elements were more than critical levels
(P: 10 mg.kg; K: 250 mg.kg™; Fe: 5 mg.kg™; Mn: 11 mg.kg™"; Zn: mg.kg™ and Cu: 1.4 mg.kg™) in the soil, only
nitrogen rates were used in the experiment (Feiziasl et al., 2004; Feiziasl et al., 2009). The data was collected for
biological and grain yield, yield components, plant height, spike length, nitrogen use efficiency (NUE), water
use efficiency (WUE), and seed quality (Seed protein, Number of Zeleny Grain hardness, Grain starch). The
GenStatl4 software was used to combined analysis of variance and mean comparison of traits by Duncan's
Multiple Range Test. The CurveExpert 2.6.3 software was used to fit equations, Excel to draw charts and
Xlstat2016 software to do principal component analysis.

Results and Discussion

The first year of the experiment produced a significantly higher yield (P<0.05) due to higher precipitations.
Two stages of supplementary irrigation significantly increased biological yield, grain yield, and straw yield by
2975, 895, and 2069 kg ha™, respectively. Although fall and split application of nitrogen had no significant effect
on yield and yield components, fall application increased grain yield, NUE, and WUE by 195 kg.ha™, 1.97
kg.kg™, and 0.5 kg.ha™.mm™, respectively. Nitrogen application increased grain yield components for which the
number of spikes per square meter was increased more than the two others. The nitrogen requirement of dryland
wheat was determined 70 kg.ha™ under single irrigation at planting time by fertilizer placement method while it

1- Assistant Professor, Dryland Agricultural Research Institute (DARI), Agricultural Research Education and Extension
Organization (AREEO), Maragheh, Iran

2- Associate Professor, Dryland Agricultural Research Institute (DARI), Agricultural Research Education and
Extension Organization (AREEO), Maragheh, Iran

(*- Corresponding Author Email: vfeiziasl@yahoo.com)
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was determined 90 kg.ha® for two stages supplementary irrigation for which 2/3 of it was applied at fall
(planting time) and 1/3 at booting stage with supplementary irrigation.

Conclusion

Although the interactions of irrigation, nitrogen rates, application times, and genotypes factors on grain yield
were not significant, supplemental irrigation and nitrogen application could increase the yield production of
dryland wheat genotypes.

Keywords: Nitrogen use efficiency, Water use efficiency, Yield, Yield components
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Table 1- Meteorological data of the site during the crop years 2018 to 2020
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M th Temperature Pl’ecipitation Temperature Pl’ecipitation Temperature Pl’ecipitation
on
(°C) (mm) (=C) (mm) (°C) (mm)
022902 958 375 55 255.4 6.0 142.0
April
o) 10.6 134.4 11.1 34.4 12.3 62.5
May
0% 175 23 18.1 9.2 19.2 15
June
» 22.8 0 23.7 0 21.3 45
July
e 23.7 0 22.9 0 23.6 0.1
August
R 21.4 0 20.1 15 19.0 1.9
September
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Table 2- Soil characteristics of the test site before and after the application of experimental treatments
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Soil sample EC_1 pH Total!\ll O.C_1 P . K_1 Clay Sand Silt Texture
dSm mgkg™ mgkg™ mgkg” mgkg® % % %

358 oy 3l LB

Before soil 0.467 7.41 0.02 0.15 1582 281 24 235 525 Siltyloam
amendment

olS” ol 51wy

After straw 0.512 7.38 0.03 028 163 295 28 20.4 51.6 Siltyloam
amendment
o395 21> 1 s

After manure 0.682 7.10 0.05 045 206 310 25 21.9 53.1 Siltyloam
amendment
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Figure 1- Plant bed*species, year*species and plant bed*year interaction effects on plant height of S. sahendica and S.
spicigera
Means in each column with the same letter are not significantly different with LSD 0.05 probability
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Figure 1- Effect of year on mean harvest index of S. sahendica and S. spicigera
Means in each column with the same letter are not significantly different with LSD 0.05 probability.
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Introduction

One approach for medicinal plants cultivation expansion is to sow them in rainfed areas. In recent years, the
study of valuable types of medicinal plants, development of cultivation and meeting the needs of the
pharmaceutical industry has been one of the goals of scientific and research centers. Savory is a valuable
medicinal species in the world. The aerial parts and volatile constituents of Satureja species are commonly used
as a medicinal herb and flavoring agents. They can be used as antioxidant, antiseptic, antispasmolidic and as a
condiment in food industry. Two of the most important species of savory grow wildly in Iran are S. sahendica
and S. spicigera. Both of them are native species to semi-arid zones of Iran, and considered as aromatic and
medicinal plant. Wheat straw and cow manure are the two most common soil amendments which have been
using for improving soil structure and soil fertility. Limited studies have been performed on rainfed cultivation
of medicinal species, especially savory. This study was conducted to evaluate the effects of planting bed on
vegetative characteristics and yield of two savory species in rainfed conditions.

Materials and Methods

Experiment was carried out for three years (2018-2020) as split plots based on a randomized complete block
design with three replications. The experiment was conducted at the Fereidoonshar (32°56°N, 50°06°E and an
altitude of 2491 m). Planting bed as main plot consisted of cow manure (30 ton.ha™), wheat straw (10 ton.ha)
and control (without manure and straw); species as subplot consisted of S. sahendica and S. spicigera.
Morphological traits including plant height, crown diameter, canopy area per plant, canopy area per square
meter, and number of stems per plant; and yield traits including total dry weight, leaf dry weight and stem dry
weight were thetraits which were measured over the study. The recorded data were subjected to analysis of
variance (ANOVA) and least significant difference (LSD) on 0.05 probability level for comparison of means
using SAS (ver. 8.2) software.

Results and Discussion

The results of analysis of variance showed that the effects of planting bed, year and their interactions on the
measured traits were significant in many cases. Results showed that the highest values of plant height (46 cm),
crown diameter (35 cm), canopy area (3980 cm?) and number of stems per plant (23) were seen in S. spicigera.
Also, the highest rates of total dry weight and leaf dry weight were seen in S. spicigera, 695 and 470 kg.ha™,
respectively. Wheat straw treatment reduced aerial parts dry weight in two species in the first year, but in the
second year it caused an increase. Cow manure made a slight increase in two species growth only in the first
year. The highest values of all measured traits in two species were achieved in the last year of measurements, as
the values of leaf dry weight for S. spicigera and S. sahendica were 1018 and 855 kg.ha™, respectively. The
highest values of leaf area index and harvest index were observed in the first year of the experiment including
4.59 and 72, respectively.
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Conclussion

Cow manure was able to significantly increase the yield of the two species in the first and second years,
especially for S. spicigera. Although the use of wheat straw reduced the rates of morphological and yield
treatments of the two species of savory in the first year, but increased them in the second year, so It is
recommended to cultivate savory after decomposition of wheat straw. The role of increasing vegetative growth
and plant yield under the influence of increasing plant age was quite obvious. On the whole, in order to produce
savory under dryland conditions similar to this research, cultivation of S. spicigera withouth usng manure or
straw could be recommended, although incorporation of these amendments into the lower depth of the soil could
be more effective on this species growth and yield.

Keywords: Cow manure, Medicinal plants, Savory, Straw
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