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Table 1- Mean Squares of the effect of the drought stress on foliage parameters of Kochia
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nsand = are no-Significant, Significant at the 0.01 level of probability, respectively.
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Table 2- Mean Squares of the effect of the drought stress on root traits of Kochia
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Figure 1- Mean comparison of height plant (a) and length root (b) of Kochia under different drought stress treatments. (No
Stress =NS), (Moderate Stress= MS) and (Serious Stress= SS). The first acronyms from the bottom are related to the
treatment in the vegetative period and the second acronyms after the distance line indicate the treatment in the reproductive

stage. Columns that have at least one common letter are not significantly different at the 5% probability level based on the
LSD test.
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Figure 2- Mean comparison of root/shoot ratio of Kochia under different drought stress treatments. (No Stress =NS),
(Moderate Stress= MS) and (Serious Stress= SS). The first acronyms from the bottom are related to the treatment in the

vegetative period and the second acronyms after the distance line indicate the treatment in the reproductive stage. Columns
that have at least one common letter are not significantly different at the 5% probability level based on the LSD test.
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Figure 3- Mean comparison of leaf area (a) and root area (b) of Kochia under different drought stress treatments. (No Stress
=NS), (Moderate Stress= MS) and (Serious Stress= SS). The first acronyms from the bottom are related to the treatment in

the vegetative period and the second acronyms after the distance line indicate the treatment in the reproductive stage.
Columns that have at least one common letter are not significantly different at the 5% probability level based on the LSD

test.
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Figure 4- The relationship between leaf area and root area of Kochia
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Figure 5- Mean comparsion of fresh and dry weight of shoot (a, ¢) and root (b, d) of Kochia under different drought stress
treatments. (No Stress =NS), (Moderate Stress= MS) and (Serious Stress= SS). The first acronyms from the bottom are
related to the treatment in the vegetative period and the second acronyms after the distance line indicate the treatment in the
reproductive stage. Columns that have at least one common letter are not significantly different at the 5% probability level
based on the LSD test.
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Figure 7- Mean comparison of root dry weight/ shoot dry weight ratio (a) and root volume (b) of Kochia under different
drought stress treatments. (No Stress =NS), (Moderate Stress= MS) and (Serious Stress= SS). The first acronyms from below
are related to the treatment in the vegetative period and the second acronyms after the distance line indicate the treatment in
the reproductive stage.
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Introduction: Drought is undoubtedly one of the most important environmental stresses limiting the
productivity of crop plants around the world. An optimal partitioning of dry matter between root and shoot,
therefore is of crucial importance for crop yield under drought stress. Deficit irrigation strategy and planting
crops with low water requirements and low expectations, for example, Kochia is very important under drought
stress. Kochia is a salt- and drought-tolerant species that can be grown on drought soils, yielding fodder in
quantities approaching that produced by alfalfa. The aim of this greenhouse study was investigating root and
shoot growth of Kochia under drought stress conditions.

Materials and Methods: To study the effects of drought stress on root and shoot growth of kochia, a pot
experiment was carried out as completely randomized design with three replications in University of Ferdowsi in
2013. There were 9 treatments included control (no stress) (NS-NS=100% field capacity (FC)), moderate
drought stress (70% FC) during the vegetative phase (MS-NS), severe drought stress (30% FC) during the
vegetative phase (SS-NS), moderate drought stress during the reproductive phase (NS-MS), severe drought stress
during the reproductive phase (NS-SS), moderate drought stress during the vegetative phase and severe drought
stress during the reproductive phase (MS-SS), severe drought stress during the vegetative phase and moderate
drought stress during the reproductive phase (SS-MS), moderate drought stress during total growth period (MS-
MS) and severe drought stress during total growth period (SS-SS). At the beginning of anthesis, plant height and
branch number were recorded. Then plants were harvested and leaves, stems, and roots were separated. The
fresh weight of the organs was recorded. Root volume was measured. Leaf area measured using a leaf area meter
(L1-COR model) and root area was measured by Atkinson method. Then, leaves, stems, and roots dried in an
oven at 75°C for 48 hours until mass reached and dry weight was recorded. For statistical analysis, analysis of
variance (ANOVA) and LSD test were performed using SAS ver. 9.1 software.

Results and Discussion: Results showed that the highest and lowest plant height, leaf area, leaf, stem and total
fresh and dry weight observed in control and severe drought stress during growth period, respectively.
Significance of traits related to plant aerial parts due to morphological changes of root plants, which is actually a
plant response to drought stress. Also, effect of drought stress was significant on root length, area and volume,
fresh and dry weight, root length ratio to plant height. The highest and lowest of these traits were observed in
control and severe drought stress during growth period, respectively. Drought stress thereby mostly reduced
plant height and increased at least root length, leading to higher root/shoot ratio. Most importantly, the length of
root was greater in the moderate drought-treated plants than the control plants at the end of the drought and
recovery periods. Number of lateral branches and root dry weight/shoot dry weight ratio did not differ
significantly with control. Generally, root and shoot growth under drought stress conditions is reduced that the
amount of reduction depends on the growth stage of the plant, intensity and duration of the stress.

Conclusions: Finally, this study showed that the maximum amount of Kochia forage was obtained when the
water is 100% FC to increase the number and size of the cells and, consequently, increase the yield. However,
Kochia forage decreased 19% by decreasing 30% of irrigation water in treatments of moderate stress during total
growth period in compared to the control plants. In addition to saving water, more land can be cultivated.

Keywords: Deficit irrigation, Halophyte, Potted study, Root morphology
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Introduction

Proper planting date and irrigation rate are the most important factors for better use of rainfall and soil

moisture and thus increase crop yield. Production of medicinal and aromatic plants and the demand for natural
products in the world is increasing, so that the twentieth century has been named as a return to nature and the
century of using herbal medicines. Proper growth and development of medicinal plants in agricultural conditions
requires knowledge of the ecological characteristics of these plants, careful study of planting techniques and the
use of agricultural inputs, especially irrigation, fertilizers, suitable planting and harvesting times and their
management. Such factors also affect the amount of secondary metabolites in medicinal plants. The aim of this
study was to investigate the effect of four planting dates and four irrigation rates on the yield traits of isabgol in
Sarakhs.

Material and Methods

In order to investigate the effect of irrigation levels and planting dates on the growth characteristics and yield
of isabgol (Plantago Ovata L.) as a medicinal plant, a field experiment was performed in Research station,
Sarakhs, Khorasan Razavi province during growth season 2015-16. This experiment was performed as strip plots
based on a randomized complete block design with three replications. Irrigation treatments at four levels of 40,
60, 80, and 100% of the water requirements were placed in horizontal plots and four planting dates were on
March 5, 2016, March 20, 2016, April 3, 2016 and April 18, 2016 in vertical plots. Irrigation was applied as
furrow system at every 7 days. Irrigation treatments were applied at the time of complete establishment of
seedlings in 3-4 leaf stage and continued until physiological maturity stage. The amount of irrigation water in
each irrigation turn was calculated by AGWAT software. Measured traits included leaf area index, crop growth
rate, dry matter accumulation, plant height, number of spikes per plant, number of seeds per plant, 1000-seed
weight, grain yield, biological yield and harvest index.

Results and Discussion

The results of growth indicators showed that the maximum leaf area index (3.4 and 3.3), the crop growth rate
(22.12 and 22.18 g m? d™) and the accumulation of dry matter (444.9 and 445.4 g m™) were obtained in the
treatments of 100% and 80% of the water requirements, respectively. Also, the maximum leaf area index and
crop growth rate were observed in the treatments of April 18 and April 3 (1.86 and 2). The treatments of March
20 and 5 also had the highest crop growth rate (14 and14 g m™ d™*) and dry matter accumulation (270 and 261.3
g m). The results also showed that the interaction effects on plant height, number of seeds per plant, 1000-seed
weight, grain yield, biological yield, and harvest index were significant at the 1% level of probability. Maximum
plant height (24.57 cm) was obtained in the 100% of the water requirement and planting date of March 20
treatment. The highest number of seeds per plant (1210.36), grain yield (1891.4 kg), biological yield (5607.8 kg),
number of spikes per plant (29.67) and 1000-seed weight (2.05 g) were obtained in the treatments of 80% of
water requirement and planting date on March 20.The highest harvest index (36.4%) belonged to the treatment
of 100% of water requirement and planting date on March 5.

Conclusions

In general, it can be concluded that different characteristics of isabgol plant were affected by planting date
and irrigation water amount so that with a delay in planting date and also reducing the amount of irrigation
water, growth and yield characteristics were significantly reduced. As a result, deficit irrigation at 80% of the
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crop water requirement and planting date of March 20 were more effective in saving irrigation water along with
a good yield of the isabgol plant compared to 100% of the crop water requirement treatment in the study area.

Keywords: Biological yield, Crop growth rate, Harvest index, Number of spikes per plant, Water
requirement
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Table 1- Analysis of soil physical and chemical testing

Colad Cu Fe Zn Mn K P i
cdl S 2SI g ! N oS
T : (mg.kg™) (%) o.c
exture EC pH 9.K9 (%)
(ds.m™
Loam 0.64 8.02 0.62 7.1 1.2 3.4 340 25 0.1 0.96
g 2 iy Jolyo Job 53 arled g of baalpad - Jga
Table 2- The climate conditions for during the growth stages Dracocephalum moldavica
Lo Jélas bod pSTas Sk Cughb, Jolas Cugb, 2Slas
Jlo olo Temperature Temperature Preci it;';ion Humidity Humidity
Year Month Minimum Maximum (rﬁm) Minimum Maximum
)] )] (%) (%)
T s 7.4 24.0 0 19 49
2020
9y 10.4 21.3 0 32 70
A Cudignd)) 15.7 28.8 0 16 54
2020- slsy3 220 385 0 11 23
2021 = : '
o 221 40.1 0 10 27
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Table 3- Analysis of vermicompost Fertilizer

Syl Colua SN owss & S N P K
EC o.c pH
(ds.m™) (%) (%)
2.1 13.3 7.1 1.87 0.73 1.39
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Chlorophyll a = (mg.g'l) = (12.7x0D.663) - (2.69x0D.645)xV/1000xW (v)
Chlorophyll b = (mg.g‘l) = (22.9x0D.645) - (4.680D.663)xV/1000xW (v)
Total chlorophyll = (mg.g'l) = (8.02x0D.663) + (20.2x0OD645)xV/1000xW (¥)

S 00 bl a8 5oyl oy b pbl (6 S il ol b julads
ol&wd (g ytd S Wb ey 1y odd g8 o aLS Sis oolo
Jeoe S5 gy 005 a8lol Ol i Lo Aee o] @ g as
ookl cuelis 50 e a4y (pslul ile Cob lo; b (6505 yuilus!
oSy 3 g 5 Jos dallE I o 5 8l sl 1556lS 0ltwd
Sl g Gl 20 5118 ol o 13 8 (gyed e 2905 S L
L g a1y e 0t )6 Ol Lol & 5,k oy a3 )8 b o
N LS)?T(—‘*? Bl 96 o il Q] daoe pdg—ad Ly
5l o Jeols wilwl (Yousefzadeh and Sefidkon, 2016)
Nejadhabibvash and Daneshgar, ) s ;95 o5l 5 013,5
o plial I8 s Slee o bl oy s 5l LL 45 (2019
NS 50 il 5,Slas (U5 5 Sas +ailo 3, Slos+S 5 Slos)

23,8 o )liS

Solel 3allaT

s8le s 5l eolatwl b calizes clas (gl b 0dl> uilyylg & 550
o3liial U 35 (5 ln dulie 13,8 ol 4/ a5 SAS g L]
Sygmo Moy gy JLein] o 3 SOl (glaals dix 905l 5]
b

Wiged 5 39 W amdn ()30 OD iged o> V (ol p3 a8

S 9 slas g i gy Sl

plasl s 59 5 (ool a3l dlawy (glas )l Ay 090 (Ll 4o
9 (5 Sid (jg +eBlow S )y +5 p SiS jg) lgr
lop plul Sts (g il (gl Ab )15 Ay S g
Hldis e by glacia) jlcuiby ©F o s ad) 4
Sl GBS Cjgo gope e S Jolee nlas b lanils
Jol pgboas badiay ey 0)93 bl 53 Ay i3 (g 650l
5 L ) Sl bl SLiw S8l o dlewgas (S cBo L
skt ady g (2lom il SUS (g D jaeS g gl e
el YV @sods 3,5 il a0 Ve (clod b o) alowgas 45T0s
D 3 385 (59315 g g 9 D SiS

sl o Slac g oo ja
syles o oler plul 5Hasl ¢ bl jo)yd (6 puS0jlul Cas
OS5 Sl o b plel cudly y adlS als o )y Calisee
A Jos ol 88 Cygo (05 0,8 Sldas @lo ) adigel
g bl (sl laccdl 4o OT L g Lo Sgis cgpu jolate
ol jl oolanl b .cd ply &ygo puilul gliaiwl lie iol58l
U9y 4o g bl joi8" Duran Schot Jue 1556l (65 il



S5 g (2lE polis Olho gl (Olay o (1) il ylg 41500 i -€ Jgas

Table 4- Analysis of variance (mean square) for studied traits elements and physiological
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Chlorophyll b chlorophyll
0.02 ns 1.86 **

Chlorophyll a
2,14 %

S).: !
RWC
0.36 ns
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Replications

0.0003 ns 0.008 ns 21.57 %% 0.11 * 0.05 ** 0.3] x*

021 *

cubls oyt

Planting dates
CuasgpaS (5239

Vermicompost

CungraS g0)9 X CublS 20,6

Planting datesx Vermicompost

0.003 ** 0.004 ns 45.01 ** 0.37 ** 012 ** 0.94 **

2:90%*

0.0009 * 0.003 ns 2.94 ns 0.01 ns 0.001 ns 0.01 ns

0.14%*

0.0001 0.011 2.47 0.02 0.01 0.03

0.05

22

Error

8.9 24 7.0 8.2 5.4

5.6

124

Oyt g >
C.V (%)
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## , % and ns is significant at the 5 and 1 percent probability level, respectively and non-significant
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Table 5- Mean comparison interactions of planting dates and vermicompost for studied traits Dracocephalum moldavica

; S 1 i el 1 s iy y S
il 6 SesgeoS 09 S )I:'eaf HES tlo? el K2 09 ;oot dr o7

Planti . Vermicompost Leaf B Shoot dry weight - ary
anting date t ha'l . Phosphorus Lateral ka.ha'l weight

(tha) Nitrogen " (o5) branch (ohe (kg.har)

(%)

s 0 1.53 ef 0.211cd 12¢ 5180 fg 400 cd
5 2.40 bed 0.244 a 14 ab 7700 bc 450 bc
20 February 10 2462 0.246 152 9530 a 550 ab
i 0 1.31f 0.210 cd 12¢ 5960 d-f 380 cd
5 1.80 cde 0.223 abc 12 bc 6700 cde 400 cd
5 March 10 2.36 ab 0.244a 13 abc 9260 a 500 be
o 0 137fF 0.216 bed 9d 6250 c-f 260 de
022972 5 1.63 def 0.223 abc 14 abc 7010 cd 560 ab
20 March 10 2482 0.234 abc 14 ab 8450 ab 650 a
s 0 1.32f 0.196 d 8d 4180 g 210 e
0290% 5 1.47 ef 0.216 bed 9d 4770 fg 260 de
3 April 10 2.11 abhc 0.237 ab 9d 5300 efg 360 cd
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Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Table 6- Mean comparison of planting dates for studied traits of Dracocephalum moldavica
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Means followed by the same letters in each column are not significantly different by Duncan test at 5% probability level.
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Table 7- Mean comparison of vermicompost for studied traits Dracocephalum moldavica
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Table 8- Analysis of variance (mean square) for studied traits quantitative and qualitative yield
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Introduction
Environmental condition and appropriate planting date are the most important factors in producing optimal
yield. Different planting dates lead to adaptation of plant vegetative growth period to different temperatures,
daytime, and solar radiation. Therefore, it affects the development, production of biomass and ultimately plant
yield. The effect of environmental factors on phenological stages of the plant makes the planting date differ from
region to region and between genotypes in one region. Determining the optimal time for planting an herb is very
important and it is a major factor to achieve potential yield. Furthermore, vermicompost plays an effective role
by making available the necessary nutrients. Despite many studies on the positive effects of Vermicompost on
the growth of different plants, few studies have investigated the use of vermicompost for Dracocephalum
moldavica at different planting dates. Therefore, this experiment aimed to examine the effects of different
amounts of vermicompost on the growth, yield, and essential oil of Dracocephalum moldavica at different
planting dates.

Materials and Methods

This study was conducted byfactorial experiment based on completely randomized block design. The first
factor included different planting dates at four levels (20 February, 5 March, 20 March, and 3 April) and the
second factor included vermicompost at three levels (control and 5 and 10 t.ha™ of vermicompost). Samples
were taken from plants in the field at 50% flowering stage to measure the concentration of leaf elements and
physiological traits. At the end of the growth period, were measured the height, the number of lateral branches,
dry weights of aerial organs, and root dry weight. To measure the percentage of essential oil, were harvested
aerial organs in different treatments at the flowering stage. Analysis of data variances was performed using SAS
software version 9.1. Duncan’s Multiple Range test was used to a comparison between means at p < 0.05. It
should be noted that the results of mean comparison were only presented for the traits that the effect of
experimental factors on them was statistically significant.

Results and Discussion

The results indicated that the highest nitrogen and phosphorus content of leaves and dry weight of
Dracocephalum moldavica were obtained in a treatment of 10 t.ha™ of vermicompost. The delayed planting
changed physiological traits, including chlorophyll content and relative water content of leaves. Delayed planting
due to the higher heat and drought stress decreased root growth and thus caused low water absorption from the
soil. Therefore, the delay in planting reduced some growth indices of Dracocephalum moldavica Because of
improved absorption of nutrients such as nitrogen, vermicompost resulted in further synthesis of the
photosynthesis pigments. Regarding the results of this experiment, the greatest shoot dry weight, dry weight root
and essence percentage were obtained by applying 10 t.ha™ of vermicompost, while the lowest one was observed
in control treatment without applying vermicompost fertilizer. There was an increase in essential oil percentage
and yield by the use of 10 t.ha™~ of vermicompost. Furthermore, the planting date of 3 April reduced the yield of
essential oil compared to the planting date of 20 March.

Conclusions

In general, the highest quantitative and qualitative yields of Dracocephalum moldavica were seen in the
treatment of 10 tha™ of vermicompost. We recommend the planting date of 20 February and 10 t.ha™ of
vermicompost for Dracocephalum moldavica planting. Providing a suitable growth medium, vermicompost
increased the growth of Dracocephalum moldavica Therefore, organic fertilizers can be used to improve the
quantitative and qualitative yield of herbs, and they are useful for medicinal applications in the perspective of
this plant.

Keywords: Chlorophyll, Essential oil, Nitrogen, Relative water content
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Figure 1- The response of the phenological stages of quinoa lines to temperature
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Figure 5- The trend of changes in quinoa phenological stages under the influence of day length under different planting dates
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Figure 8- The effect of planting date on the GDD of quinoa lines
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Figure 13- The relationship between temperature and day length with the GDD of grain ripening in quinoa lines
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Introduction

One of the important factors in the adaptation of plants to new environmental conditions is the appropriate

response of development stages to temperature and photoperiod regimes. The thermal time, growing degree days
(GDD) or heat unit concept is commonly the basis for modeling phenological development in crop models for
different common crops and under-utilized crops. The GDD concept describes crop development as a function of
temperature accumulation above the base temperature (lower limit) and in some cases below a cut off
temperature (upper limit). Evaluation of plant photoperiod sensitivity is often beneficial help to use appropriate
cultivars which in turn to ensure cultivation success. Considering that adaptation of quinoa to new regions
demands acclimation to appropriate temperature range also day-length, this study aimed to investigation of
quinoa response to Yazd weather condition as an arid region to assess the possibility of quinoa cultivation under
these conditions.

Materials and Methods

This research was conducted through 10 separate experiments and were based on a randomized complete
block design with three replications. The experimental treatment consisted of five lines (1, 2, 3, 4 and 5), and one
cultivar (Titikaka) which belong to different maturing groups including early, middle and late maturing. Ten
planting dates selected to be serial as following: March 29, April 29, May 28, June 28, July 26, August 23,
September 6, September 20, January 29, and February 29. Every three days, phenological stages of each line
including planting distance to each stage of development including emergence, four leaves, flower bud, panicle
formation, pollination, seed filling, seed hardening and ripening were recorded accordingly. Using local weather
data and equation 1 the needed GDD for every development stage was calculated:
GDD= (Tmax'Tmin)lz'T (1)
MS-Excel Ver. 15 was employed to arrange recorded data and required calculating. Fitting equations and
plotting the graphs were done using Slide Write Ver. 2 and Minitab Ver. 20 software.

Results and Discussion

The results showed that the mean of flowering temperature up to seed formation stage was between 25 and
30 °C for five lines and was between 20 and 25 °C in cultivar 6. The mean length of photoperiod for flowering
and seed formation stage of these lines was between 12 and 12.5 hours. The relationship between temperature
and day length was inversely related to the number of days of flowering stage, i.e., with decreasing day length
and increasing temperature, the number of days for flowering stage was increased. The time required for
flowering stage, between 20 to 30° C, for the early maturing cultivar was about 35 days, for the middle maturing
lines including 1, 2, 3 and 6 was about 40 days and for the late maturing line 4 was about 45 days. At
temperatures higher than 30 °C, a decreasing trend was observed in the number of days required for flowering
stage. From the budding stage to the end of the growth period, a significant difference in the GDD was observed
for the quinoa lines. The GDD of quinoa was the highest (2530 °C) for late maturing line (4) and was the lowest
(1805 °C) for the early maturing cultivar. The effect of planting date on the GDD of quinoa lines showed that
moving from March planting date to July, there was an increasing trend on the GDD of quinoa lines and by
moving from July planting date to October, a decreasing trend was observed.

Conclusions

In general, quinoa is a short-day plant which is affected by the day length from flowering to seed maturity
stages. Line 6 responded qualitatively to day length; however, the other lines responses were quantitatively. The
study of the simultaneous effect of temperature and day length showed that temperature has a compensatory
effect for day length during flowering stage. According to the results, it seems that the most suitable planting
date for early lines suggests in September, for middle maturing lines suggests in August and for late maturing
lines suggests in August. The results also showed that line 6 is more suitable than other lines for cultivation in
cold regions.

Keywords: Day length, Growing degree day, Mid-maturity, Sowing date, Thermal time
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Table 1- Analysis of variance for proline, glycine betaine (GB), soluble carbohydrate (SC), insoluble carbohydrate (ISC) content, peroxidase (POX) and catalase (CAT)
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activity and yield affected by irrigation intervals and levels in quinoa.
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Figure 1- Interaction of irrigation intervals and levels on the content of proline (A) and glycine betaine (B) of quinoa leaves
Columns with common letters according to Duncan test are not significantly different at the 5% probability level.
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Table 2- Mean comparison effect of irrigation intervals and levels on soluble carbohydrate (SC), insoluble carbohydrate
(ISC) and yield of quinoa
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Introduction

The high nutritional value of quinoa and its ability to grow under adverse environmental conditions have led

to an increase in the area under cultivation globally. Quinoa has attracted particular attention in recent years due
to its ability to grow under adverse environmental conditions and its high nutritional value. Water scarcity stress
is one of the non-bioenvironmental stresses that has destructive effects on crops' development and yield.
Morphological, physiological, and biochemical reactions of plants to water deficiency depend on several factors,
including stress intensity, duration of stress, and plant growth stage. Increased proline content, glycine betaine,
total carbohydrates, and decreased yield under water stress conditions have been reported in various guinoa
studies. The low cost of growing quinoa and its relatively high price, on the one hand, and the need for low water
and adaptation to difficult climatic conditions, on the other hand, have made quinoa cultivation very economical.
Due to the lack of water resources in different parts of the country and the fact that few studies have been done
on quinoa cultivation in our country, the present study was conducted to investigate the effect of different
irrigation regimes on some biochemical parameters and quinoa yield.

Materials and Methods

An experiment was conducted to investigate the effect of irrigation intervals and amounts on the quinoa's
physiological traits and yield at the University of Kurdistan research farm, located in Dehgolan plain. The
experiment was arranged in a split-plot scheme based on randomized complete blocks design with three
replications. Four irrigation intervals (4, 8, 12, and 16 days) were considered the main factor, and four irrigation
levels (100%, 75%, 50%, and 25% of plant water requirement) were considered secondary factors. Gizal
cultivar, which was obtained from the Seed and Plant Improvement Institute, was used for cultivation. Traits
such as the content of proline, glycine betaine, soluble carbohydrates, insoluble carbohydrates, catalase activity,
peroxidase activity, and grain yield were studied. Data analysis of variance was performed using SAS 9.1
statistical software, and means were compared using the Duncan test at 5% probability level. Excel software was
also used to draw the graphs.

Results and Discussion
The effect of irrigation intervals and levels were significant on all studied traits. The study results showed

that by reducing the plant's available water and increasing the irrigation intervals, the amount of proline, glycine
betaine, soluble carbohydrates, insoluble carbohydrates, peroxidase activity, and catalase activity were increased,
but the grain yield was decreased. Increasing the irrigation intervals from 4 to 8 days did not significantly affect
grain yield, but increasing the interval to 12 and 16 days reduced grain yield by 24.4 and 44.8%, respectively.
The highest grain yield was observed at full irrigation treatment (1866.5 kg.ha™) but there was no significant
difference with the treatment of 75% of the plant water requirement. The rate of yield reduction in the treatment
of 25% of plant water requirement compared to the control was about 56.5%.

Conclusions

The results showed that quinoa produced acceptable levels of yield even under severe drought stress, i.e.,
when the irrigation interval increases or the water availability decreases. Based on our results, one reason for this
is stress reduction mechanisms by the quinoa plant, such as increasing the content of compatible osmolites and
increasing antioxidant enzymes' activity.
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Table 1- Results of analysis variance (mean squares) cultivar and pretreatment on emergence percentage, emergence rate
and plant height

Olmti @le  Source of variation g3ljl a3 e O s S Ly 8"&.5’,
d.f Emergence percentage Emergence rate  Plant height
NS Replication 2 32.17 0.2x10 73.14
o5 Cultivar (C) 1 466.67 0.2x103™ 2966.88 ™
Slosi i Pretreatment (P) 6 38.13™ 0.2x103™ 20.6.65 "

slesisba X 03, CxP 6 7.16"™ 0.1x103™ 269.49 "
s Error 26 29.81 0.7x107 79.12

E yusi Gy CV (%) - 6.0 46 7.0

Wbl oo doyd S g s zokaw 1D (60 g (g )b gixe pis oSy s 9w NS
ns,* and ** non-significant, significance at 0.05 and 0.01 probability level.
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(2015
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Table 2- Comparison of means percentage of emergence and emergence of two rice cultivars

Oy o a2y

Cultivar 3, N
Emergence percentage Emergence rate (seed.day™)

Hashemi ool 87 0.17

Gohar S 94 0.19

LSD g5 4.68 0.007

23 0355 I3 e g Sl i (5Ulowd )3 i s (WD o C (o Al Y Jgo
Table 3- Comparison of means of rice seeds in different priming and seed coating treatments

slosd s Pretreatment O s S0 4
Emergence rate (seed.day™)
S 2,18 Sienl Priming with CaCl, 0.19
ool 0,15 b Sionl Priming with KCI 0.21
Sy SWaw b Sienlys Priming with ZnSO, 0.17
S IS L o)l bt Siealpgyie Hydropriming+Encrusting with CaCl, 0.21
ool 2151 (50,8 B ibertSiseilngy i Hydropriming+Encrusting with KCI 0.18
G5y SWgw b 19,8 b il et Simlnge  Hydropriming+Encrusting with ZnSO, 0.16
Jals Control 0.16
LSD ¢.05 0.014
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Table 4- Comparison of means height of rice plant in the interaction of pretreatment and rice cultivars

slosd Pretreatment ol . 2P
Hashemi  Gohar

oS 0,18 b Kl Priming with CaCl, 123 123
s 1,15 L Koy Priming with KClI 143 117
©9y Slalgw b Kiaslyy Priming with ZnSO, 136 110
eSS L 0,8 et Sismls,ie  Hydropriming+Encrusting with CaCl, 128 133
paly 15 (9,8 b ibert Sisealnge Hydropriming+Encrusting with KCI 147 128
9y Sllgw b 038 b iber+ el ngyia  Hydropriming+Encrusting with ZnSO, 140 114
Jals Control 133 107

LSD o5 14.9
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Table 5- Results of analysis variance (mean squares) of cultivar and pretreatment on yield and yield components of rice

3 4oy Dy Jsb o3 Paboalaxs Ll 5 5. 5 < LG
s @l 422 Gy . Ay PRI &l . .
1 Ags duigs &l SGelem Coidld
Source of &3l Numberof : Number of 1000- . et
variation - anicle Panicle - Grain Biological Harvest
d.f tillers per . grainper seed . - -
length weight . ; yield yield index
plant panicle weight
’l’&) . 2 25.79 0.07 0.5%10°2 142.95 0.17 458939 755125 14.62
Replication
~ 1 42,00 ™ 61.93™  0.06™ 10.00 4280 372357 1352389  150.21"
Cultivar (C)
ey . - - - - - - .
Pretreatment 6 16.93 41.71 0.05 83.43 15.48 67118 793235 34.71
P)
"“g‘“; ™) 6 0.50"™ 243™  0.004™ 74.11"™ 012"  42709™  274903"  2.11™
X
s
Error 26 5.79 11.22 0.01 105.11 0.19 6370 182825 12.14
it 196 134 8.3 10.92 1.9 6.3 46 8.1
CV (%)

bl oo doyd S g s zokaw 1D (60 g (g )b gxe pis oSy s 9w NS
ns,* and ** non-significant, significance at 0.05 and 0.01 probability level.
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Table 6- Effect of pretreatment on panicle length, panicle weight, number of tillers per plant and number of grain per panicle

. . . - . 23 &il> dlasi
. Vg pazyoland adgh Job At 0 s
Sledi Pretreatment Number of Panicle Panicle ol
tillers per plant  length (cm)  weight (g) ~ Number of grain
per panicle
POV LSRN S TR <oV I Priming with CaCl, 12.00 26.00 1.23 95.67
ol 1,8 b Kl Priming with KCI 13.00 25.50 1.28 100.67
5y Slilgus b Stpasl,y Priming with ZnSO, 11.00 23.00 1.14 82.50
OO PobgtSimlngie Hydropriming+Encrusting with
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Table 7- Effect of cultivar on number of grain per panicle, 1000-seed weight, grain yield, biological yield and harvest index
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oS Gohar 109.95 24.63 4929 10943 45.12
"OSOSD 8.79 0.38 216.4 366.7 2.99

Nawaz et al.,) 15,5 iy (oly; olS )0 dald Hlog 4 Coms &l
025 sless Gl dawlges il (g (I3l e W) (2016
15013 s 5 Sy b )90 Jsb Lal3dl 51 5L B |
Sl o Sl 215 S G5 (350 0598 3)50 (3 &5
Cioml dlgo g Ol bl o a8 5l lis <)d &by Jla 59
Oscred g plEadg; CudlS 13 gdo 2 B 9 Y s iy Liul38l o
gdhe cdlS Z)b p3 Wl Jl5a (g e Vg ¥ lalEl e
aS s ool i dws} 4o (Rehman et al., 2015) wa i
oo 3yt et o ) ] Sl b 5 iy iz
A5 &byl g Gl cuw (odl; Clhogad ple g (laomls

(Nie et al., 2020)

S258150 9 wls g Slas
e i 5 o8, ol il il as ol lis wiljls 4550 gols
Cawl Yy gme K5elam g9 il 5 Sas  do)d O Join! pdaw 5o
dlie (0 Jga) 295 Jogine lao ol 1 ol 1S om s Lo
w08) 31 PYL 5255 08y 13 Suiglan 9 4l 3 See oy (iS5 (0L

wals ylx 058
039 2 e 9 08y Bl 4ol (L uib)ly 450 b
039 YL a8 ol L s (B Jgia) 292 5 e s i
del G 25 S 08y )3 sy 2 0590 By 93 o > & i
a8 b gLt (pgdan (agh onl sladidl e (Y Joi2)
23,5 4l jlie s el cumw Wl e @8 ) Sles i
9 il )l S L iy sles Gl &S y5bas
G g Sl €08 203 8 9 W e e g9y Cldge
N3 iy o8l G (35 by Cod o3 Ve 9 TV A
sl 59 ol (A Jodn) ()5 sals jlas 4 Cand gy alld
2 b oygd Jobo Gl 1 (36 s (3,5l dlaulyay
)1 Al BB (j5e ©)aB 3j90 (l 3 A Bl e B
oL 5 ,55LS" (Mohagheghi and Aboutablbian, 2014)
cdled nlialaly aly o5 lzel s (Kaur et al., 2005)
58 g Lajlygnl it )5 Lo pudgilio 3 1550 (sla 5l
Jlas i oS 0l Hlis gladllas gols ol sl laws

M52 0jg 22,20 9 VY Gl s o g Ol g (gjanl Blge |



VEoe }yb &Y b)‘.o..w‘\ﬁ JJ#&C,‘,-_I_‘ Uﬁ‘)) dw5rs A i

Ya¥

(V Jsi) 29 (ool

Caild g el 9 S 59l 5 ,Sdas (ild 3 Sdas (ild HI32 (439 2 slowi i JS1-A Jois

Table 8- Effect of pretreatment on 1000-grain weight, grain yield, biological yield and harvest index
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Introduction: Rice (Oryza sativa L.) is one of the most important staple food crops in the world. However, rapid
increase in world population and adverse effects of climate change, such as prolonged drought, has resulted in
challenges in food security. One of the important factors in reducing rice yield can be the emergence and poor
establishment of seedlings in the field. Seed treatment before sowing is the foundation for activation of seed
resources that in combination with external ingredients could contribute to the efficient plant growth and high
yield. Various physiological and non-physiological techniques are available for enhancing seed performance as
well as to combat environmental constraints. Pre-sowing seed treatment such as seed coating and seed priming
could improve the seed germination and vigor particularly under unfavorable environmental conditions.

Materials and Methods: In order to investigate the effect of priming and seed coating on emergence
characteristics, yield and yield components of rice, a field experiment was conducted in the 2020 growing
season, Rice Research Institute of Iran (RRII). The experiment was performed as a factorial in a randomized
complete block design with three replications. Experimental factors include rice cultivars (Hashemi and Gohar)
and treatment of rice cultivars in seven levels including 1- Priming with calcium chloride (-1.25 MPa in 24
hours), 2- Priming with potassium chloride (1.25 MPa in 24 hours), 3- Priming with zinc sulfate (concentration
of 0.5 mM in 12 hours), 4- Hydropriming (48 hours) + Coating the seeds with calcium chloride, 5-
Hydropriming (48 hours) + Coating With potassium chloride, 6- Hydropriming (48 hours) + coating with zinc
sulfate and 7- Hydropriming (48 hours as control).

Results and Discussion: The results showed that the highest emergence percentage with 87% and 94% and the
emergence rate with 0.17 and 0.19 (1.day™) were obtained in Hashemi and Gohar cultivars, respectively. From
these results, it is inferred that Gohar cultivar has higher genetic potential and physiological quality than
Hashemi cultivar. The results of mean comparison showed that the highest height of rice plant with 147 and 143
cm was observed in coating and priming with potassium chloride in Hashemi cultivar, respectively. The results
of this study attributed the increase in height to the effect of pretreatment on increasing the rate of emergence
and better establishment of seedlings due to better plant use of related resources. The results showed that seed
pretreatment with calcium chloride, potassium chloride and zinc sulfate increased the panicle length by 27, 24
and 12% under priming and 37, 34 and 17% under seed coating, respectively. The results of the mean
comparison table showed that the highest panicle weight with 1.35 and 1.32 g was observed by seed coating with
potassium chloride and calcium chloride, respectively. However, priming with calcium chloride, potassium
chloride and zinc sulfate also increased the cluster weight by 12, 17 and 5%, respectively, compared to the
control treatment. The results showed that the highest 1000-seed weight was obtained among the two cultivars
with 24.63 g in Gohar cultivar. Also, the findings of this study showed well that pretreatment of rice seeds can
increase the 1000-seed weight. Pretreatment of rice seeds with calcium chloride, potassium chloride and zinc
sulfate 10, 12 and 5% under priming and 18, 22 and 10% under seed coating, respectively, increased 1000-seed
weight. The results of mean comparison showed that grain yield in Hashemi and Gohar cultivars were 3046 and
4929 kg.ha™, respectively. Pretreatment of rice seeds with calcium chloride and potassium chloride 14 and 20%
under priming and 19 and 23% seed coating respectively, increased rice grain yield. In general, the increase in
grain yield can be due to the improvement of antioxidant properties, proper establishment and optimal use of
environmental factors such as light, soil moisture and nutrients.

Conclusions: According to the results of this study, priming and seed coating treatments with calcium chloride
and potassium chloride in rice cultivars can increase rice yield by improving seedling characteristics. Therefore,
farmers can be advised to use a simple and inexpensive crop management method to pre-treat seeds with calcium
chloride and potassium chloride.
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Table 1- Soil chemical characteristics at two depths in the experimental area before planting

sy o i’:: Sl se gl Sn el R  Sojs gdlslas
Growing SB SOM Zn K P Sal Total base
season Depth pH (g dm™) . CaO  Nitrogen saturation
(cm) (mg kg™) (%) (%)
2018 0-15 7.8 10.3 18 212 8.29 0.06 14.4 49
15-30 7.6 6.88 13 143 6.5
2019 0-15 7.9 10.3 19 220 8.9 0.06 145 48
15-30 7.7 6.88 15 152 6
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Table 2- Meteorological data for the area during the study period
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Meteorology data Year March April May June July  August  September  October
Js,l Ardebil
dale (ol £g0s 265 9.3 60.3 28.2 3.9 0.9 7.3 9.0
Monthly rain (mm)
AR o> (e 12.4 15.7 18.6 235 29.2 25.8 24.6 20.1
Mean max. temp. (°C)
B slo> oile 15 23 5.9 100 137 149 105 8.1
Mean min. temp., (°C) 2018
B8y Oledats
Radiation received 1575 170.9 196.3 2486 3442 2556 282.1 193.4
(MIm™)
uw &"9]0? . 73 66 71 71 60 69 68 76
Relative humidity
wlale Gl ggee 25.9 40 205 13 0.1 0 18.8 533
Monthly rain (mm)
A s> oSk 95 134 19.8 25.7 25.7 26.7 225 23.0
Mean max. temp. (°C)
B> sle> 5la o019 13 26 5.0 95 118 126 10.2 7.8
Mean min. temp., (°C)
Bl Cladads
Radiation received 173.6 163 258.1 287.7 336 314.1 213.2 240.6
(MIm™)
e Cusb) 71 73 63 58 62 61 71 66

Relative humidity
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Table 3- Results of combined analysis variance on some quality and quantity traits of faba bean in various densities

e a, Wla o il Mean square
e B 1 103 dfes Suid ol Cawd Al pjes Al el ulen  oagn dSes Culldp padld (gyglly AW
Sourceof  df ails ails ails a &l Grain Grain crude «1s Grain als 3 ywiSey  Productivity
variance Fresh  Grain Grain Gy Mrogen protein protein yield Grain effort
grain Yield dry Ve protein
weight matter . harvest
Grain index
/pod
ratio
(Year) Ju 1 3157 0.68" 2.73™ 1.3" 0.46™ 17.34"™ 116622.04™ 28.82" 48.99™
(YX R) ns ns ns ns ns ns ns ns ns
. 2 0.26 0.103 17.76 0.011 0.019 0.78 11539.39 11.56 1.49
IS x e
staesl 3 11.14™  5029™ 207.26™ 0.037™ 125" 49.01™ 194131.98™ 29.67" 153.45"
(A) s . . . . . . . . .
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iliseeX Lo 3 0.937™ 0.0019™  3243™ 0.046™ 0.0076"™ 0.309™ 1103.96™ 0.74™ 2.07™
(AXY)
s (Error) 12 0.67 0.096 74.64 0.032 0.12 5.14 9896.14 491 8.94
cvVv
(%) po - 12.27 10.59 19.78 17.16 853 8.58 13.16 12.9 8.78
Oy

w% % NS

3L e 2N o 70 Jloin! pdaws )3 )ld gxe 3 dme IS dgmg pas i g’ g
** *and ™ significant difference over control at p< 0.01 and p< 0.05 and not significantly respectively.
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Table 4- Analysis of variance for interaction of root residue of faba bean and N application on some traits of forage corn
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Table 5- Mean comparisons of various densities effects on quantity and quality traits of faba bean
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Table 6- Interaction effects of various densities of faba bean and N fertilizer application on some traits of forage corn
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Introduction

Sustainable agriculture is necessary to tackling environment pollutions whilst protecting food security and

reducing dependence to fossil fuels. Conservative agriculture is a sustainable system for crop production which
improves crops production. No-till system is one of the methods of Conservative agriculture which decreases
greenhouse gas emissions and soil erosion. Mulching is also one of the other methods of conservation agriculture
which covers the soil surface with varied covering materials and decreases moisture losses and increases crops
yield. Nitrogen is an essential element for plant and its deficiency causes plants growth and yield reduction.
Grain legumes are a great source of protein for humans and livestock and recommended in areas under common
agricultural systems within ecological focus. These crops have also the ability of biological nitrogen fixation
through symbiotic bacteria with their roots, finally, produced nitrogen returns to the soil and reduces the nitrogen
fertilizer demand for subsequent plants. However, only a fraction of nitrogen in their biomass will be available
for the following crop. It is estimated that 41 to 50% of nitrogen fertilizer applied to Maize (Zea mays L.) has
been lost to the environment. Thus, this experiment was conducted to evaluate the effects of faba bean cover
crop-rotation on forage corn.

Materials and Methods

In order to study the effects of faba bean in rotation with corn, a field experiment was conducted in two
growing seasons (2018-2019) at the research farm of the Agriculture and Natural Resources Faculty, University
of Mohaghegh Ardabili, located in Babolan village, Ardebil, Iran. Experimental treatments included faba bean
densities (25, 35, 40, and 80 plants per square meter) and different levels of nitrogen fertilizer in forage corn (0,
100, 200 and 300 kg ha™). A local small-seeded variety of faba bean was used in this experiment and 80000
plants ha™ -of corn- Single cross hybrid (201). Nitrogen fertilizer was applied as urea at the Vs stage of corn
development by top dressing (in three stages). At maturity stage of faba bean, samples were taken by 0.5 x 0.5m
quadrat for each plot. Grain yield was determined by harvesting seeds and dried in oven 65°C for 48 h and
weighted by digital scale (0.01 g). Three plant of corn were cut randomly in each plot, thereafter were weighed
to determine fresh forage yield. Shoot were dried in oven 75°C for 72 h and weighted for dry matter calculation
(data converted to hectare). Statistical analysis of the data was performed by using of SAS software (version
9.4). Also, significant difference between the treatment means were tested with Duncan's Multiple Range Test at
P<0.05.

Results and Discussion

Results indicated significant effects of faba bean plant densities on most of the traits. The maximum fresh
and dry grain weight were obtained from densities of 80 and 40 plant per m% Also, the maX|mum grain nitrogen
and grain crude protein were observed from 25 plants per m? 40 plant of faba bean per m? had the highest
amount of seed dry matter, protein yield, protein harvest index, and productivity effort. Also, results of
interaction effects showed that various densities of faba bean and different levels of nitrogen fertilizer had
significant effect on forage corn. So that, the maximum dry matter yield and productlon efficiency was obtalned
from 40 plant of faba bean per m? and application of 200 kg niterogen per ha™. 35 plant of faba bean per m?
without application of nitrogen fertilizer had the highest amount of nitrogen utilization efficiency.

Conclusions

Totally, results showed that faba bean rotation with corn could be a suitable alternatlve method for mono-
cropped maize with high utilization of nitrogen fertilizer (density of 40 plant per m? of faba bean and application
of 200 kg nitrogen per ha is recommended).

Keywords: Chemical fertilizer, Conservation agriculture, Grain protein yield, Legumes
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