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Figure 2- Effect of different levels of urea fertilizer on fiber and mucilage content in Opuntia. In each graphs, points with at least one

same letter, not different significantly at the 5% level of Duncan's multiple test
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Table 3- ANOVA of the effect of nitrogen and phosphorus fertilizers on morphological characteristics, yield and forage quality of

Opuntia cactus
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w2lf Height . Fresh Phosphorus Nitrogen Protein Aminoacid Musilage Fiber Total
Sou_rce of g Pad weight P g Soluble g chlorophyll
variance carbohydrates
S - " .
o 2 7537 3.027 0.37™ 1.16™ 0.15™ 240 60.19™ 0.028™ 0.004" 4.40™ 0.066™
Replication
] 3 62.90" 4.337 0.49™ 2.85™ 7.98 12.1 3050.89 0.063™ 0.65 16.32 0.69
Nitrogen
‘5L9| sl
. 6 1244 0352 0.23 0.73 0.03 0.57 14.41 0.018 0.0003 4.66 0.119
Main error
3 4342° 1717 0.24™ 1.03™ 0.12 0.93 48.47 0.017™ 0.04"™ 179"  0.045™
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X phand
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P*N
=2 sl
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Sub-error
O gt g
13.15 20.01 9.61 14.73 2.66 12.66 12.31 14.3 9.26 14.6 21.4
CV (%)

B L N L W R PO I PN R T X ROV T

# NS
i

", * and **: Non-significant and significant effects at the levels of 0.05 and 0.01, respectively.
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Mglg FW.) - Fw. ) OW. OW. @n cm Phosphorus

1.95%¢ 42939 8.58 ¢ 2199 4.49 bed 3.76 ¢ 1.85°¢ 15.86° A*B;
2.08 & 43,779 8.75¢ 2.24°9 427 3.89 cde 1.95 ¢ 14,25%f A*B;
2.12 3¢ 43329 8.65¢ 2.21°9 4.04¢ 4.02%¢ 2.29 ot 14.86° A*Bs
1.88&f 43.459 8.68 ¢ 2229 4,051 4.25%¢ 2.60 b¢ 16.06 > A*B,
2.35%® 50.61 ¢ 10.11 ¢ 2.59f 412 3.67°¢ 2.98 ¢ 19.73 % A*B;
1,51 ¢f 49,90 °f 9.97f 2.55 ¢f 4.02¢ 3.97 0 193¢ 13.75 ¢ A*B;
1.42 ¢ 52.76 °f 10.54 ©f 2.70 ¢f 3.89¢ 4.33%¢ 2.29 ot 10.71°F A*Bs
1.48 df 55.30 ¢ 11.05¢ 2.83°¢ 570%® 4522 3.282 17.88 *¢ A*By
1,57 ¢f 62.41¢ 12.47 ¢ 3.19¢ 416 3.83¢ 3.72%® 18.75 *¢ As*B;
2.362 65.34 ¢ 13.05 ¢ 3.34¢ 421 4.60 *° 3,122 18.38 *¢ As*B;
2402 65.99 < 13.19« 3.37¢ 3.91¢ 4,64 3.932 20.04 ®° As*B;
2.34%® 70.68 © 14.12°¢ 3.61° 4,69 Ped 4.80° 4.00° 22.04% As*B,
1.71°f 77.19° 15.42° 3.95° 423 4.84+% 3.35 ¢ 21.42%® As*B,
1.24f 78.63 ® 15.71%® 4,02 5,12 bed 4.27 ¢ 3.56%® 20.11 ¢ As*B;
1.70 > 80.45 ® 16.08 ® 411%® 6.35a 3.75¢ 2.10¢% 18.25 ¢ As*Bs
2,072 82.472 16.48° 4.22° 5.31 % 3.94 ¢ 2.98 % 19.23%¢ A*B,
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In each column, means with at least one common letter, no significant difference at the 5% level of Duncan's multiple test.
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Abbreviations of table: A;: concentration of 0 kg/ha of nitrogen, A: 50 kg/ha of nitrogen, As: 100 kg/ha of nitrogen and A,: of 150 kg/ha
of nitrogen.
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Bi: concentration of 0 kg/ha of nitrogen, B,: 25 kg/ha of nitrogen, B3: 50 kg/ha of nitrogen and B,: of 100 kg/ha of phosphorus.
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Abstract

Introduction: The arid and semi-arid region occupies most of south-west Iran, and livestock farming
is one of the most important activities in this region. The goals of study were to recognize the effects
of different level of Nitrogen and phosphorus fertilizers on morphological characteristics, productivity
and forage quality of Opuntia ficus-indica (L.) Miller. Opuntia is cultivated in both hemispheres and
all continents. Its products have always been very popular among the rural populations of arid and
semi-arid areas in its native region of Mexico and in the Mediterranean basin, where it was introduced
at the beginning of the 16™ century. They include fruits and cladodes for human nutrition and cattle
feeding. Moreover, its utilization is common in popular medicine (flowers and cladodes), and field
management.

Materials and Methods: Experiments were conducted in field of Agriculture Sciences and Natural
Resources University of Khuzestan in the semi-arid of Khuzestan, Iran. The experiment was
performed as a split plot in a randomized complete block design with 3 replications (plot).The
objective was to study Nitrogen (0, 50, 100 and 150 kgha*) and Phosphorus (0, 25, 50 and 100 kg ha"
1y fertilizations on growth of Opuntia ficus-indica (L.) Mill. After two years of planting in the field,
the plants were harvested and the characteristics of height, number of cladodes, fresh weight,
phosphorus, nitrogen, amino acid, soluble carbohydrates, mucilage, fiber, chlorophyll were measured.
Results and Discussion: The effect of phosphorus and nitrogen fertilization on the growth and quality
of Opuntia ficus-indica was investigated in this study. Phosphorus fertilization increased the dry
matter content and the amino acid composition of the cladodes, which are the flattened stems of the
cactus plant. Nitrogen fertilization had a positive and linear effect on the dry matter production and
the yield of the plant, measured by the fresh weight of the shoots. However, no significant response
to nitrogen fertilization was observed in the carbohydrate content of the cladodes, which remained
relatively constant across different levels of nitrogen application. Nitrogen fertilization also increased
the nitrogen concentration in the plant tissue, indicating a higher uptake and assimilation of this
nutrient. The cladode area index (CAI), which is the ratio of the total cladode area to the ground area,
increased with increasing nitrogen levels, reflecting a higher biomass accumulation and canopy
development. The results showed that the application of 100 kg N / ha from urea source, which was
the intermediate level of nitrogen treatment, resulted in an improvement of the vegetative parts of the
plant and an increase in the fresh weight of the shoots, so that it was comparable to the yield obtained
from the highest level of nitrogen treatment (200 kg N / ha). The results also showed that the amount
of crude protein, amino acids and mucilage in the shoots, which are important indicators of the
nutritional and medicinal value of the cactus plant, showed a good response to increased nitrogen
consumption. However, phosphorus fertilization was able to affect some traits, especially the amount
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of amino acids and protein, which are two important properties in forage plants. These results suggest
that phosphorus fertilization can enhance the quality of the cactus plant as a feed source for livestock.
Conclusion: In this study, it was found that Opuntia ficus-indica, which is a drought-tolerant and
multipurpose cactus plant, had a significant performance even in the control treatment (without
fertilization), when it was irrigated five times per year (one time in spring, three times in summer and
one time in autumn). However, fertilization was necessary for optimal growth and quality of the plant.
Due to the change in the amount of nitrogen and phosphorus in the cactus plant and also the affected
properties, it seems that nitrogen fertilization was more effective than phosphorus fertilization in
enhancing the productivity and value of the plant. In summary, increasing fertilizing with nitrogen
and phosphorus resulted in greater productivity of O. ficus-indica in Khuzestan, a semi-arid region in
Iran. Phosphorus fertilization involved less economical risk to the farmer, as it required lower amounts
and frequencies of application, but positive responses occurred only when soil phosphorus was
increasing. This work stresses the importance of using replicated field trials to look for quantitative
differences in yield and fruit quality from visually indistinguishable cactus fruit clones, which may
have different genetic and physiological characteristics.

Keywords: Carbohydrate, Cladode, Drought, Fiber, Protein
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3. Global Yield Gap Atlas (GYGA)
4. Agricultural Production System sIMulator (APSIM)
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1. Exploitable Yield
2 Exploitable Yield Gap
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Table 1- Agricultural managements carried out in the studied farms of Abarkoh

7 LT el B lads
. Gl pxe -Gyl okse . . . . . e e e
o Lo . 99 =il gl e giep 9 Aleal o5
el olake ac)ie 4 60959 ; s )m S )b ; o3
a0 . o s a0 . 339755 < paso o3l
Geographic Irri. No.-Water . Planting Date- C
Farm Coordinates Volume Entering Biannual Seed Rate Cultivar N. Split Times- Summer and
Num. Rotation (Kg/ha) Applied N. Autumn Plough
Farm (m°/ha)
(Kg/ha)
pass-tal SRR 05k 9 bty
1 N 31.18, E 53.27 8-7448 250 3-95
Fallow-Wheat 1 Nov.-Talaee Summer and fall
oS- i Ol LT sl 05l g ailiwnli
2 N 31.19, E53.28 7-7503 250 . 5-120
Fallow-Wheat 6 Nov.-Sistan Summer and fall
f.w‘—d:.ﬂi QW—QU Jilsl 055l ¢ asliwal
3 N 31.01, E 53.36 9-8124 250 . 3-115
Fallow-Wheat 23 Oct.-Sistan Summer and fall
QS - (Azigs) g | _
P Ol o anly 53k
4 N 30.98, E 53.41 8-9118 Fallow(Alfalfa)- 250 . 2-115
6 Nov.-Sistan Fall
Wheat
pAS-dzdg QL;..%..J—QL[! Lalyl 055k ¢ sl
5 N 31.18, E 53.27 8-8816 230 . 2-92
Alfalfa-Wheat 6 Nov.-Sistan Summer and fall
oS- o S T gl 053 5 wlbtanls
6 N 30.95, E 53.36 8-6786 250 . 2-115
Fallow-Wheat 23 Oct.-Sistan Summer and fall
paS-pass S0kl bl 05k g bty
7 N 31.05, E 53.33 9-8882 210 3-115
Wheat-Wheat 6 Nov.-Barzegar Summer and fall
paS-gia| Qb el 2l 03l 5 Al
8 N 31.17, E53.28 7-5861 250 . 2-115
Fallow-Wheat 21 Nov.-Sistan Summer and fall
poiS il Sbmobl gl o5k
9 N 31.00, E53.11 8-7721 200 i 1-115
Fallow-Wheat 23 Oct.-Narin Fall
paiS | Ot LT gl o5l
10 N 31.00, E 53.17 9-11036 200 . 1-115
Fallow-Wheat 23 Oct.-Sistan Fall
posS- el P95 e syl o5l
11 N 31.01, E53.18 11-10662 200 2-230
Fallow-Wheat 7 Oct.-Roshan Fall
A1 sl gl (b o3 bl 50 pusS 8 Shos g ugi o)l o «2oiS 3 gelan =Y Jgio
Table 2- Cultivated area, wheat production and yield in Yazd province during 2014-2021
Jw afF-1ray A0-1Ya¥ ar-1van ay-1yas AA-\Yay 43-1Y4A 1fee-1vaq
Year 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021
oS ) gl
. 13325 12150 11200 9767 10337 9100 9100
Cultivated Area (ha)
RW
. 40219 39494 41114 37636 34181 35035 --
Production (Ton)
>, Sles
3018.3 3250.5 3670.9 3853.4 3306.7 3850.0 --

Yield (Kg/ha)

Source: Agricultural Statistics
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Y=6254.79+1601.39x1+22.72x2+159.09x3+679.08x4+1
9.17x5+837.66x6-135.37x7+1051.03x8 (Valaly)
A Capos owd X8 XL g ails o Shee Y o yoaS

o8kl lads ¢ y59 00 o sy lado o Bl ol i
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Table 3- The effect of selected variables based on regression results on wheat yield gap in Abarkouh

JUELH) o Je j0 it jlade Jae b Jol> 5,Slae o Shee als
Variable Coefficient Variable value in model Yield by model Yield decrease
Sbe  wollae jlaie Sils oslhas e IRV KW
Mean Desired Mean Desired Amount(kg/ha) Percent
amount amount
fae 5l 25 -6254.79 1 1 625479 -6254.79 - -
(Y) Intercept
ot A S e 1601.39 1.64 2 2619.87 3202.78 582.91 12,51
(x1) Bed Management
ol b 2272 36.91 45 838.59 1022.40 183.80 3.94
(x2) Planting Date
05955 Jads 159.09 2.27 3 361.13 477.27 116.14 2.49
x3) N. Split
solal olads 679.08 8.36 10 5677.11 6790.80 1113.69 23.90
(x4) Irrigation Number
059 055 lade 19.17 51.31 90 983.61 1725.30 741.69 15.92
(x5) N.Fertilizer
= sl 837.66 1 2 837.66 1675.32 837.66 17.98
(x6) Rotation
5o le -135.37 3.73 0 -504.93 0 504.93 10.84
(X7) Weeds
ol 355 Bran pas 1051.03 0.45 1 472.96 1051.03 578.07 12.41
(x8) No Manure Consumption
Egaine - - - 5031.23 9690.11 4658.88 100

Total
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Figure 1- The proportion of agricultural management variables on reducing of the yield in investigated farms of Abarkoh
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Abstract

Introduction: Feeding the Iran’s over than 90 million people has been recognized as one of the most
important challenges of country in 2050; so we need to increase yields of crops in cultivated areas.
Mostly the actual yields obtained by farmers are less than the potential yields of the region, due to
management, climatic, nutrients, soil properties, weeds and/or other living and non-living stress
factors. The differences between these potential yield levels and actual farmers’ yields define the yield
gaps, and precise spatially explicit knowledge about these yield gaps is essential to guide sustainable
intensification of agriculture. The goal of this experiment is finding of limiting factors that affected
the wheat yield and then reduce the yield gap between potential and actual yields of farmers in the
fields of Abarkooh city located in Yazd province.

Materials and Methods: Eleven wheat farms were selected with the coordination and consultation
of agricultural service centers in different regions of Abarkooh counties. Soil samples were prepared
from all farms before planting. All agricultural operations performed by farmers such as tillage
methods, planting date, cultivars used, seed rate, cultivation area, crop rotation, fertilizers used and
fertilization time, irrigation operations, pest and disease control, weeding and/or spraying herbicide
and harvest methods were noted or measured. At the end of tillering phase and harvest time, soil was
sampled and its nutrients, organic matter and salinity were determined. At harvest time, samples were
taken from different parts of the field by one square meter plots and 10 plants were randomly selected
to measure yield components. The farmer’s performance with the combine was also recorded based
on the farmers’ claims and the approval of the local expert. Nitrogen, phosphorus and potassium levels
were measured in grain, straw and soil after harvesting operation. Meteorological data were collected
daily from the Abarkoh weather station. The potential yield of region was calculated using regression
model and the difference between obtained yield and potential yield was considered as yield gap.
Eighty percent of potential yield is also considered as exploitable yield. Using step-by-step regression,
the most effective factors in yield reduction were identified and a suitable regression model was fitted
for these variables against grain yield. Then, the degree of influence of each variable was determined
using Comparative Performance Analysis.

Results and Discussion: The results showed that the average yield obtained from these farms was
5040 kg/ha and the yield gap was 4659 kg/ha, of which 2721 kg can be attainable. The order of the
importance of agricultural operations in reducing yield in the form of insufficient number of
irrigations (24 percent), lack of crop rotation with pulses (18 percent), low consumption of nitrogen
fertilizer (16 percent), the method of preparing the cultivation bed and plowing times (12 percent),
lack of manure fertilizer consumption (12%), improper weed control (11%), improper planting date
(4%) and insufficient nitrogen split (3%). The analyze of grain yield components also showed that
the share of the number of spikes per square meter, number of seeds per spike, 1000 kernel weight
and harvest index in yield reduction are 39, 24, 12 and 25% respectively.
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Conclusion: Based on the results obtained , we can to define an optimal crop management : enough
irrigation (10 times), rotation with legumes, use enough nitrogen fertilizer, use animal manure to
increase soil organic matter, plowing in summer and autumn, weed control, proper planting date and
Nitrogen split 3 times. Considering that management factors mentioned above have mutual effects on
each other and cannot cause a significant yield increase alone, therefore, in order to have a successful
agriculture, it is necessary to act on the basis of a suitable management package.

Keywords: Agronomic management, Potential yield, Production restriction factors, Yield gap
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Table 2- Analysis of variance (ANOVA) of the studied traits for two populations during two consecutive years

Ol po (0l
Mean Square

axyd
Sl gl T . e L Gl w0
.0. Bl S ) R ol
df Total Total Peroxidase Ascorbate ol )
phenolics  flavonoids peroxidase Proline  Essential
content oils
ol w3 2 11017.80** 46.86** 710615.55% 3882.89% 2005.62%* 4.54%*
Irrigation regime
Ju 1 547452%  22.24*  755033.55° 231.24%¢ 58.19%  146%
Year
Lo g sl w3
Jbos sl el 2 889.97° 152 6238555 66.84% 3L.04%  0.17°°
YearxIrrigation regime
Sl w3y 9 Jlw S5l Ssby
Block/ Year and Irrigation 12 0.90 011 11.16 0.18 0.05 0.10
regime
Soxe 1 271.48* 967"  1067729.55* 2087.57* 2315% 228
Population
Gl @235 9 oo
Irrigation xPopulation 2 15.02** 277 24136.71* 92.26* 28.17*  117**
regime
Jo 9 Comex
. 1 889.43* 6.38** 66687.89** 114.06%* 70.70%* 0.08**
YearxPopulation
Jlo 9 3kl w255 9 Correxr
Irrigation xPopulation 2 14110 053"  19192.89* 1455+ 30.74*  0.06**
regime Year
ol Sl 12 1.24 0.02 227 0.07 011 0.001
Residual
Sl w06 - 5.02 341 12.21 9.88 8.42 3.17
C.V%

Sy ) ool s )8 s g g ¥

** s significant at 1 probability level.

axfllo 590 Wlao gl é)l.ﬁi waj),m“};b...o Sl u..f.vl.m d o Y Jgu

Table 3- Mean comparison of the population and irrigation regime interactions for studied traits

J5Jeé J5 wsgigdle Ty Mool ol lgize odbual o 3
Total phenolics Total flavonoids Peroxidase Ascorbate peroxidase  Proline content Essential oils
b (mg TAE/g DW) (mg QUE/gDW)  (umol/min mg protein) (umol/min mg protein) (umol/g FW) (%)
Population
Jey wdle was by oMo wad Jly wde wal Jly ede wal Jly o sl Jly wdle wal
Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe Normal Mild Severe
o)
Mezdeh 75.96° 106.01°13491% 3.14° 593° 7.99° 30844°587.04°69826% 9.87°¢ 16.36° 3895° 141° 254° 2696 101° 137° 1.79?
ez
ailyl
b h 80.68° 109.74°14293% 528° 657° 833% 56961°919.76°1137.68% 19.91° 30.94° 60.02° 1.16° 309" 21.85° 107° 1.86° 274*
yanel
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Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 4- Mean comparison of the population and year interactions for studied traits
J5Js J5 adeigdle STy STy @l Sl
Total phenolics Total flavonoids Peroxidase Ascorbate o9 lgixe olel ey
. (mg TAE/g DW) (mg QUE/g DW) (umol/min mg peroxidase Proline content ~ Essential oils
T protein) (umol/min mg (umol/g FW) (%)
Population .
protein)
yyaa 1. 1vaa Voo 1vaa 1vaa 1. yyaa 1. \yaa Voo
2020 2021 2020 2021 2020 2020 2021 2020 2021 2020 2021
00
98.26° 112.99° 448"  6.89° 343.38° 719.11®  20.97°  22.48% 10.17° 11.43° 114> 1642
Mezdeh
aLol
93.81° 128.42% 6.36° 7.09%  773.90° 977.46% 32.64° 41.27° 6.03> 11.37® 1.74° 2.04¢
Abyaneh
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Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 5- Mean comparison of the population and irrigation regime and year interactions for studied traits

S5 S5 agidls sl

Total phenolics
Jl o (mg TAE/g DW)

Total flavonoids Peroxidase
(mg QUE/gDW)  (umoVmin mg protein)

SloasTy by ),SWJ
Ascorbate peroxidase
(nmol/min mg
protein)

A9 slgie ol a0
Proline content Essential oils

(umolig FW) )

Popula
tion

Year Jly

el aad ey wdle il Jly wdle

Norma Mild  Severe Normal Mild Severe Normal

ol Jlop wdle wad Jly @dle wad Jop el w
ver

Mild  Severe Normal Mild Severe Normal Mild Severe Normal Mild

o

pzoN

waa s
2020 5,

LoUENg
Fiee

& 7051° 10298 121.30% 259° 438" 647% 249.85° 331.64°44867% 929° 17427 3621* 125° 243" 2683 0.78° 1.08" 155°

- 7143° 9804° 11198% 508° 6.15° 7.85% 505.07° 803.19° 101345 18.29¢ 27.39" 52.25% 104" 147° 1557% 101° 155° 267°

UspzeIN
oo
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2021

Uauengy
e

81.42° 10902° 14852% 370° 747" 952* 367.03°84243° 94786* 1046° 15.30° 41697 156° 265" 27.09° 123° 166° 204

80.94° 12145 17387% 547° 699" 881% 634.15° 1036.33" 1261.91° 21.52¢ 34.50° 67.80% 1.29° 4.70° 28.12% 114° 217° 2822
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Means with a similar letter in each row of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 6- The composition of essential oils (EOs) in the studied populations

el alol 08 30
bl olus 5 silest Abyaneh Mezdeh
Composition of EOs (%) Retention Jby 2o g Jbos ke g
Index Normal Mild Severe Normal Mild Severe
ool
ors 930 nd nd 0.65 nd nd 0.44
a-Thujene
-o—Lal]
u*' 940 5.04 6.45 10.81 6.42 9.86 8.72
a-Pinene
oS 958 2.26 331 4.09 4.94 363 1.48
Camphene
TS
o= 984 1.66 2.02 1.60 1.24 1.34 1.48
B-Pinene
o 989 059 059 9.90 7.94 8.72 9.73
Myrcene
Tl 1016 11.33 11.81 2.10 nd 3.08 1.62
5-3-Carene
SRR
Sl 1023 nd nd 0.29 nd nd nd
o-Terpinene
o 1032 054 0.72 0.78 053 055 055
p-Cymene
s 1037 1.20 1.16 1.49 133 152 1.30
Limonene
Jye - ~As) 1042 21.27 25.79 24.85 15.95 19.57 20.62
1,8-Cineole
N 1066 053 nd 0.41 0.39 0.34 nd
8-Terpinene
_‘J’JL;"’J 1102 nd nd 0.29 nd 0.35 nd
Linalool
2945 1149 19.08 18.28 23.56 27.00 25.27 29.26
Camphor
e 5 1163 0.52 0.62 0.46 0.39 0.40 0.47
cis-Chrysanthemol
Jsir 1166 2.26 3.17 2.14 1.18 4.34 2.03
Borneol
-F- i 5
J oy 1171 nd nd 0.29 nd nd nd
Terpinen-4-ol
o e 1201 nd nd 0.39 0.37 nd 0.58
Myrtenol
el L
. bl J 1253 nd nd 0.31 nd 0.39 nd
Linalyl acetate
Sl 1290 3.80 3.92 167 1.96 1.35 1.69
Bornyl acetate
Sl Looo 5-WI
- J““‘” w 1343 3.44 2.94 1.86 2.26 2.07 2.25
a-Terpinyl acetate
AR
ol 1364 nd nd nd nd nd 0.43
a-Copaenene
Sl Jol 5
J5 1367 0.75 0.47 0.72 0.72 0.88 0.93
Geranyl acetate
gzl 1415 1.22 1.06 0.88 1.00 1.05 1.28

a-Gurjunene
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Table 6 Continued- The composition of essential oils (EOs) in the studied populations

okl 1429 8.61 4.66 4.22 7.85 6.60 421
E-Caryophyllene
oo LT
yegald 1465 6.65 3.65 3.09 9.17 1.85 331
o-Humulene
o
Js 1503 nd nd nd nd nd 0.46
Ledol
it 1517 0.91 053 0.60 111 0.92 1.02
y-Cadinene
Rl 1521 2.27 1.19 1.54 1.99 2.26 2.52
5-Cadinene
olisr 1525 nd nd nd nd 0.54 0.81
Epizonarene
oo YUl 1542 nd 0.66 nd nd nd nd
a-Calacorene
ot
Jsdsils 1553 nd 0.89 nd nd nd nd
Spathulenol
oSl o 5 1576 nd nd nd 0.37 nd nd
Cryophyllene oxide
Ot o033 1615 nd 1.10 nd nd nd nd
|somyr|st|cm
o
1620 0.53 0.80 nd 0.40 nd nd
Calarene
Jlnspes 1643 0.53 1.55 nd 0.47 nd nd
t-Muurolol
Jyis? 1648 103 nd nd 0.47 nd nd
Fonenol
Jysls=st 1652 nd nd nd 162 nd nd
tau-Cadinol
RH]]
Jyoos: 1657 2.14 0.98 0.99 1.62 1.79 2.16
a-Eudesmol
e 1666 1.01 1.06 nd 0.80 0.75 nd
2-Decyne (CAS)
Jyesd 1679 0.81 0.62 nd 053 0.57 nd
Levomenol
e slagSsyses 24.16 27.12 3212 23.59 29.79 25.32
Monoterpene hydrocarbons
|y % | e
Oxygenated Jls o5l sloce s 4313 47.86 51.98 48.05 46.77 52.96
monoterpenes
S Sl S g 17.39 10.56 8.79 15.96 14.12 11.06
Sesquiterpene hydrocarbons
o O5eST Sl 5 g5 7.31 7.13 253 7.47 4.62 5.14
Oxygenated sesquiterpenes
5 Rl 7.99 7.33 456 4.94 4.69 487
Others
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Abstract

Introduction: Drought is one of the most important abiotic stresses that affects plant growth,
development and biochemical processes of plants such as the production of secondary metabolites
and aromatic chemical compounds. Salvia subgenus Perovskia belongs to the Lamiaceae family and
it has numerous therapeutic properties. In general, the anti-oxidative defense mechanisms are mainly
classified into enzymatic (e.g., guaiacol peroxidase, and ascorbate peroxidase) and non-enzymatic,
i.e., polyphenolic compounds, terpenoids, proline, which can coordinately detoxify excess reactive
oxygen species in the cells. Indeed, water deficit stress can impose profound effects on quality and
guantity of essential oils in aromatic plants.

Materials and Methods: In order to investigate the effects of limited irrigation on polyphenol
contents, antioxidant enzyme activities and essential oil constituents of two populations of S.
abrotanoides viz., Abyaneh and Mezdeh populations, as endemic species of Iran, a randomized
complete block design with three replications was conducted at the Research Farm of Isfahan
University of Technology, in two consecutive years 2020-2021. Water deficit levels included field
capacity (as control), 70% of field capacity (mild stress), and 50% of field capacity (severe stress).
Results and Discussion: The results showed that total phenolic content, total flavonoids, antioxidant
enzymes activities, proline content, and essential oil yield substantially increased with the severity of
stress as compared with well-watered plants. Furthermore, the highest contents of total phenolics,
total flavonoids, and antioxidant activities were obtained in Abyaneh population in comparison to the
other ones at the second year of cultivation. In other words, Abyaneh has a greater capacity in
regulating water deficit stress than the other population. The essential oil content ranged from 1.01 to
2.82% in Abyaneh population and 0.78 to 2.04% in Mezdeh population. The analysis of the essential
oils by GC/MS revealed the presence of a large number of components represented mainly by
oxygenated monoterpenes. Camphor concentration ranged from 18.28% (Abyaneh population and
mild stress) to 29.26% (Mezdeh population and severe stress). The amount of berneol ranged from
1.18% (Mezdeh population and well-watered level) to 4.34% (Mezdeh population and mild stress),
and the level of 6-3-carene ranged from 1.62% (Mezdeh population and severe stress) to 11.81%
(Abyaneh population and mild stress). The highest and lowest amount of 1,8-cineole were found in
Abyaneh population under mild stress level (25.79%) and Mezdeh population under well-watered
level (15.95%), respectively. Among main essential oil compositions, Abyaneh population showed
the highest amount of a-pinene under well-watered level (10.81%), while this population had the
lowest value (5.04%) under severe stress level. Furthermore, the concentration of myrcene were
obtained in the range of 0.59% to 9.90%, in which the highest value was observed for the sample
collected from Abyaneh population under severe stress level, while the sample of this population
under well-watered along with mild stress levels showed the lowest values. In both plant populations,
the proportions of oxygenated monoterpenes were elevated with increasing stress severity while the
sesquiterpenes (sesquiterpene hydrocarbons and oxygenated sesquiterpenes) decreased. In addition,
the percentage of all prominent volatile constituents including 6-3-carene, camphor, 1,8-cineole,
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berneol, myrcene and a-pinene elevated at the levels of mild and severe stress, and it suggested that
water stress conditions improved the quality of the studied essential oils.

Conclusion: Finally, it can be concluded that mild and severe drought stress significantly increased
secondary metabolites, antioxidant activities, and the percentage of prominent volatile constituents,
which provided an insight for improving the qualitative and quantitative status of bioactive
components of S. abrotanoides with moisture-stress management practices.

Keywords: Flavonoids, Lamiaceae family, Moisture stress, Monoterpenes, Total phenols
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Table 1- Physical and chemical characteristics of the soil of the test site in 2018 and 2019
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O Sl o e P 09,
Depth ) ’ s Organic
Sand Silt Clay pH K P N
(cm) EC carbon
(%) (%) (%) (dsim) ) (mg/kg)  (mg/kg) (%)
yyay 0-30 80 13 7 7.48 0.73 1.2 689 32 0.12
2018 30-60 83 8 9 7.46 0.73 1.0 754 25.80 0.10
YA 0-30 81 10 9 7.81 0.59 0.62 391 17.20 0.102
2019 30-60 79 11 10 7.91 0.54 0.66 746 17.80 0.038
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Table 2- The results of the analysis of variance of the effect of irrigation regime and foliar spraying of amino acids on some
.morphological traits of Williams variety soybean during two crop years 2018 and 2019

e o (rSileo
axyd
i Mean of squares
ol s
s e S gy PSrEe
Sl ppr & bd p) B ESL] c P
- Degrees iy Sy S 099
Source of variation of Plant Fresh weight of .
. Leaf area of Leaf dry weight
freedom height leaves
each plant
J
1 1.32™ 4194.16 ™ 506264.59 ™ 38920.38 ™
Year
(RIS
S 2 5013.20"  1849070.48* 10453624.83* 1923619.99**
Irrigation regime
<okl 25y 0 Jle ”
SO e 2 1977.58% 3748844 ™ 576542.23 ™ 86314.64 ™
Years in the irrigation regime
(kT w235 9 Jo o Ssly a slas
Error a (block per year and irrigation 12 61.49 74493.94 973738.12 36132.78
regime)
al slaogul ® s s
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Ol yadS g o
9.62 13.11 10.55 11.63

Coefficient of Variation(%)
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ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Figure 1- Comparison of the average interaction effect of year and irrigation regime on the height of soybean
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Figure 2- Comparison of the average effect of foliar spraying of amino acids on the height of the soybean cultivar Williams
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cultivar soybean plant
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Figure 4- Comparison of the average interaction effect of irrigation regime in spraying amino acids on the leaf surface in Williams
variety soybean plant
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Figure 6- Comparison of the average interaction effect of irrigation regime in amino acid foliar application on fresh weight of
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Figure 7- Comparison of the average effect of irrigation regime on the dry weight of williams cultivar soybean leaves
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Figure 8- Comparison of the average effect of foliar spraying of amino acids on the dry weight of soybean leaves of williams variety
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Table 3- The results of analysis of variance of the effec

t of irrigation regime and foliar spraying of amino acids on some

morphological traits of Williams variety soybean during two crop years 2017 and 2018
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wolilaz o
Ol yess gn Dearees of Mean of squares
Source of variation frgedom Blo 5 o459 Al Sis (59 Dl 559 Dry odle Ses 0wl o See
Stem fresh weight Stem dry weight  Pod fresh weight ~ weight of pods Grain yield
L
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c_é‘)L:Jfl 533} s s s
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b las
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i o
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ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Figure 9- Comparison of the average interaction effect of irrigation regime in foliar application of amino acids on the fresh weight of
Williams cultivar soybean during two crop years 2018 and 2019
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Figure 11- Comparison of the average effect of foliar spraying of amino acids on the dry weight of soybean stem of Williams variety
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Abstract

Introduction: The growth and development of crops are permanently affected by various
environmental factors, and environmental stress is one of the most important factors that reduce the
yield of crops in the world. Drought is one of the most important abiotic stresses in plants. Drought
stress also aggravates the effect of other stresses or causes them to appear. Considering that Iran is
one of the dry and semi-arid regions, water management in the agricultural sector is of particular
importance. In this regard, the aim of this research was to investigate the effect of deficit irrigation
and foliar application of amino acid on some morphological traits and grain yield of soybean.
Materials and Methods: The experiment was carried out in the two years of 2018 and 2019 in the
farm of the Faculty of Agriculture of Tarbiat Modares University. This research was designed and
implemented as a split plot based on a randomized complete block design with three replications. The
experimental factors include three irrigation levels (full irrigation, moderate deficit irrigation and
severe deficit irrigation), which were placed in the main plots, and foliar spraying of amino acids with
five levels (leucine, valine, cysteine, commercial amino acids, without foliar spraying) as sub-plots
were considered. The number of experimental plots was 54. In each repetition, three main plots were
created at a distance of one meter from each other and 6 sub-plots were created inside each main plot.
The distance between the plants on the cultivated rows was 8 cm. Some morphological traits and grain
yield of soybean were measured.

Results and Discussion: Based on the results of the interaction of the year in the irrigation regime,
the height of the plant decreased in each year with the decrease in irrigation, but this decrease was not
significant in the first year. The results showed that by spraying the plants with amino acids, the height
of the soybean plant increased significantly compared to the control, and among the amino acids,
commercial amino acid (91.77 cm) and cysteine (91.06 cm) had the greatest effect on the height of
the plant, although there was no significant difference with other amino acids. The highest leaf area
was related to the plants sprayed by valin in the second year. The results showed that in each year,
with the application of amino acids, the leaf area of the soybean plant increased significantly
compared to the control. Valine amino acid with the greatest effect on leaf dry weight increased it by
29.57% compared to the control treatment. The results showed that foliar spraying of all four types
of amino acids had a significant increasing effect on the dry weight of the stem compared to the
control, and cysteine had a 34.6% increase in the dry weight of the stem compared to the control,
although there was no significant difference with other amino acid treatments. The results showed
that in both years, with the application of amino acids, the wet weight of pods increased compared to
the control, and it was significant in the second year. The three interaction effects of the year in the
irrigation regime in amino acids had a significant effect only on the characteristics of stem wet weight
and pod dry weight.
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Conclusion: The results indicated that foliar spraying of amino acids had a positive increasing effect
on morphological traits. Valine and cysteine amino acids had the most significant positive effect on

grain yield of soybean.

Keywords: Cysteine, Leucine, Number of pod, Plant height, Valine
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PLS G 69y 2 b Jelgs Sl gy p 0 485 50
=y £ 2 L leaiss STy jo wal Dl oaims L
«Juniperus communis L.) .l asile slasis o 5 slase
b s e oIS (Carnipus orientalis Miller.) o
Ol i L (Acantholimon pterostegium Bunge.)
(Behmanesh, 2005) sib oo cod 5 (S5l cglis )|
Jelse b (2lS SaelsST (sloog S s bLS )| ()
Slez 9 (2LS Gldgy (o &5 S0 00 LS (BB,
PLS Gdg o (Jy )0 3525 sl gme bLS )| (oL e
abaly b o ey 5l glas )l g o o3 51 0 slovaasin g
Zahedi Amiri and Mohamadi ) s lus 545 (5, sxe
L a8 o0t slaog S o aal, (Limiai, 2002
a3l Jlas s o5 53 3 aLS slaigS £oi slaasli
St (g daol ) g o cglay | ol L aS ols ol
(Esmailzadeh et al., 2008) el azily zals Lé 4 45
JeiSl 23S T 668 caans 0 51,0158 (slaasLi aslllas
Se; adlie ,o (Calligonum polygonoides) oo cuin
g olS ol STy as sl lis Gliwagl g ol
@ l)ly S 5 b y90 gilol 5l sl 2zl
(Bidarnamani et al., 2019) 55 dolai & g0 a1 (1Kl
el VB o I alS iiSTy 5 slaisS 55 b))
Aeluropus ) >l joo ez 55501 4S5 ols lis oygela

&,5—o 4 (Tamarix meyeri) k... 3 4 (littoralis

b pom 9 pgo oliml 13 g —0gild polie 5 wdlyos (Solas
ss pylaz 5 Jsl oLl 51 iy VIFY 6 V/eq e
(Bidarnamani and Shabanipour, 2019)
obS STy Slagsl (el (o) 2 B0 L S5l gl
Slp G S el ;o (likze 4SS jalaieds (50 i3
Ot e 9 PLS gy cblaz 5 bl s S ol
275 (@8l a5 bys gl 5l el (are Jole
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Figure 1- Left picture Scrophularia striata plant and right picture sampling region

0gSolw adlio (158 g (B S (o) e B-VFD FeB-Veed Fel-F40) b0 mhaw jl liko Olelds )l Wlakiv -Y Jgu
Table 1- Specifications of different altitudes (205-605, 605-1005 and 1005-1405 m), west and east directs of Siahkouh region

S S > S e
West direction

Characteristic East direction

pow gL pgo gL Jol el

Third altitude Second altitude First altitude

FUERvW

8.7 9.7
pH
oSl colas
54 4.3
EC (dS.m-1)
0395 & oS
7.7 9
C/N
u’ﬂ osle
. 16 19
Organic matter (%)
L;"“:'% oy
19 24

Coverage percentage

8.2 8 7.6
3.9 43 4.7
7.6 8.4 9.4
14 15 1.9
15 17 24

kAg (Wei-dong et al., 2001) .55l 4 Luib,lg o s
(Y Jga) o esliwl (Chawla et al., 2008)
O Voadaly sleola Wl L aigS e (gl ddgad ol
o3lail N walayl ) -l yo (David and Moore, 1954) 54 o
Jhre Blyouil S -1 golsT a0 b covguiwl tlade tcdiges
Ol 50 a5 A il o cre5s sl K g diges (uKilie X diges

Sgd e aid)S Ll 0 a3 Ve

Sloslawl b Boloay Jis, 4 (5 |0 paigad cglas )l 0 )0

O Yo jekate pay o plosl Sl 5 F slasal o W 5651
e J s g, S b 3 o3l pmrye e
@A a3 5o (o oaias olS slaws g bl (0
Taylor, ) ,5ks jasli g 5l 5 o solaiwl JuST l58ls 5
«(Morisita, 1962) b ;50 (IWao, 1968) glsl (1961
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Table 2- Estimator formula of distribution Index

ST slagSl lasia el aba,
Distribution pattern Specifications Range Relation
Uniform Random  Cumulative
. s L m) .Sl = 2
a9k a ( ;u&» b<1 b=1 b>1 06 (S”)= Log (@) + b Log
Taylor index (8%) bl (m)
$Slos! jazLis (M*) Lgio ool jasli p<1 p=1 p>1 m'= o+ fm
. . 2
lwao index Average mass index S
g m*=m+ (——1)
m
oy S 3L Sl &y il ly Cd (2L ID <0 ID =0 ID >0 g2
OeSoles Variance to Mean index —
. p= M
Variance to Mean
ratio index
s 90 a3l lociges ples s ol 3l S slass 11 lo<1 16=1 15>1 20 (n;-1)
Morisita index oasazsls I5=N n(n-1)
Total number of individuals in all
samples
oalaidls  slaiges JS olass N
Total samples
i 0 Loy diges ;o ol 3l olaws ni
Number of people in sample number i
A . . l o N _ A A
L . <K ok NLn(1+mA]—Z(Afj=O
) o 2> Number of samples k k

Cumulative index

5 Gloadosalic sla Jlsl 2 goeme X
Ayl o8 X 3 Gt a5 (5,10 pdigad slaaslg
The sum of the observed frequencies of
sampling units that have more than X

B Flpl oy Gy Sy o polie (D) H3bs cupd Sgaw S ) cud polie

The slope values of Taylor coefficient (b); The slope values of lwao coefficient (5)

25 =0l «Simpson, 1949) ;s e 23l 25 1S5S g95 s pSosladl gl el 4 4y L
&l4sS 415 awle 1, (Shanon and Weaner, 1949) 50 i yS o 8 eolal il 050 e e SG sladl
(% Jgaz) o oola! olaced a8 Gl O VY ol ;2 (sl gg0mme

98 b blooly 5 oyleds S p5 50 0 LS sladisS
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Table 3- Observed medicinal species divided by altitude (205-605, 605-1005 and 1005-1405) and geographical direction (east and
west)
@, b et oo pb Jol el Py gL Py £l5)| Er ez s e
Row Persian Scientific name First altitude Second Third East West
name altitude altitude direction direction
1 oS Bupleurum + + - - +
exaltatum
2 PSS Sz Pimpinella - - + + -
tragium
ol prangos uloptera + + - - +
oS IS Anchusa italic + - + - +
Sz Ao Asperugo + - - + -
procumbens
6 ol 5 Echium italicum + - - - +
L
7 @l ais Scophilaria + + + + +
striata
8 L] Heliotropium + + + + +
bl noeanoum
9 Obe cile Cleome + + + - +
quinqueneriva
10 )l 25 Cephalorrhynchus - + - - +
SzsS aS microcephalus
11 Sl Cousinia + - - - -
cylindracea
12 9258 Euphorbia + - - + +
denticulate
13 & ?lsy po Alopecurus + - - + +
assle arundinaccus
14 o Cas polygonum + + - + +
aviculare
15 Sl tribulus terrestris - - + - -
16 e Galium verum - + + - +

J:u)o :\J; gl pds - ‘J;u: 2 :\J; gl
+: presence of species in the place, -: absence of species in the place

14395 £ 95 0uiiS 391 Lalgy —-F Jgur
Table 4- Estimator formula of species diversity

oels lge lasie ala,
Title of Index Specifications Relation
O Ll NIRRT b 2§ mlu—D
1
. . L i=t N(N —1
Simpson index Abundance of species i =1 N( )

aiss don g3 N

Abundance of all species

4568 olaws S
Number of species

ot w3 [G)nG)
Shannon-Weaver index
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Table 5- Taylor regression statistics to calculate distribution pattern of S. striata

ez g gl 2
. N T F R b+ SE
Altitude and direction (m)

205-605 8.33" 56.13" 0.899 1.02+0.05
605-1005 14.31" 43.91" 0.931 1.06+0.09
1005-1405 0.78™ 6.12™ 0.845 0.99+0.01

E . .
10.41 31.01 0.913 1.05+0.07

Western

S . .
5.32 38.41 0.881 1.01+0.05

Eastern

:R? ek s B ao e mn Jleisl mhaw )0 jao b colps DS oe s pixe pas s )s miy Jlads! mhaw o jao b culps SWS og o e s
A oae b ek co o WS (g o e yge3T g 55 il g 328 (yge3] s o

*: Significance of coefficients difference P<0.05; ns: Non-significance of coefficients difference P<0.05; b: Taylor coefficient; R%
Determination coefficient; F: The test of regression variance analysis; t: Significance test of Taylor coefficient difference with 1.
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Slvas oS ST 5o L 50 (a3l L 590 (R
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golie cp i acwlools lis Y sae b (g lo pixe Dglis
5 b Sl g (e Y 0-F40) elis | (gly L jge B,
b y90 (b mBlion VNN 5 V-0 MNP ol it (08
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Table 6- lwao regression statistics to calculate distribution pattern of S. striata

e g el

. o T F R? S+SE
Altitude and direction (m)
205-605 20.14" 130.44" 0.981 1.23+0.07
605-1005 16.74" 103.90" 0.940 1.18+0.06
1005-1405 2.51"™ 3.45™ 0.780 1.001+0.04
3 . "
14.03 91.32 0.931 1.17+0.04
Western
S . .
9.10 67.38 0.910 1.13+0.05
Eastern

R? oyl oo B aoys g Jloin! mhaw 50 jho b colpe BB og o gme pae - o0 mu Jleisl maw 58 jae b colpe BB o lo e

N sse b gilgl o o BB (5 lo e 05l s 55 il g 0325 (g3l L o
*: Significance of coefficients difference P<0.05; ns: Non-significance of coefficients difference P<0.05; f: lwao coefficient; R% Determination
coefficient; F: The test of regression variance analysis; t: Significance test of lwao coefficient difference with 1.

Ol A5 0550l ilitio Sleliiyl 6l 1 K g (ufileo 4y (il 5l s (b 390 1 0S5 (SRS L (gl 5 00l Ao 9ol - Jgur

Table 7- Calculated values for distribution indices: Morisita, ratio of variance to mean and k for different altitudes of Siahkouh
Dehloran

oSy sl sl
Distribution index

K a iyl Comd Lo y g0
eSSl Morisita
Variance to mean
ratio
Sz 5 €|
Altitude and direction (m) P F ) P F ID+SE P F 16 +SE'
k +sE'
205-605 0.00" 3159 14.73x0.02 0.00" 31.08 0.91+0.04 0.00" 8.43 1.16+0.0
605-1005 0.08™ 211 3.91+0.07 0.00" 14.07 0.55+0.1 0.08" 2.07 0.96+0.0
1005-1405 0.19™  0.44 0.58+0.14  0.09™ 1.55 0.08+0.11 0.13" 0.71 0.83+0.0
s 0.00" 12.64  9.08+0.09 0.00 9.32 0.41+0.06 0.01™ 6.51 1.11+0.0
Western
By 0.06™  3.07 6.13+0.06 0.00 4.02 0.38+0.008 0.04" 4.32 1.05+0.1
Eastern

AD L 90 oy 10000 iy Jliial mhaw (o jio b cul o OS] g o gixe pas oo o my Jloizl mhaw )0 ja0 b colpo GWST og o coe i

‘soses U5 KLk 4y il ly Cod 0

*: Significance of coefficients difference P<0.05; ns: Non-significance of coefficients difference P<0.05; I6: Morisita coefficient; ID: Ratio

coefficient of Variance to Mean; K: General k.
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Table 8- Calculated amount of species diversity indices for 3 altitudes (205-605, 605-1005 and 1005-1405 m), west and east directions
of Siahkouh

Slaigs g9 gla sl
Species diversity indices

Simpson index

9 -oPls pels
Shannon-Weiner index

e g gL - '
P D:i#SE P F H+SE
Altitude and direction (m)
205-605 0.00* 75.30 0.55+0.19 0.00* 10451 1.23+0.03
605-1005 0.00* 44.09 0.64+0.81 0.00* 161.04 1.14+0.09
1005-1405 0.00* 12.98 0.70+0.23 0.00* 89.71 0.760.17
E 0.00* 50.61 0.59+0.54 0.00* 143.44 1.21+0.06
Western
S 0.00* 40.03 0.63+0.02 0.00* 107.06 1.09+0.08
Eastern

Significance of coefficients difference with zero at P<0.05
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Abstract

Introduction: Scophularia striata Boiss plant from Scrophulariaceae family. In western states of
Iran, a plant of Snapdragon has traditional medical usage. It utilize as a disinfectant and for treatment
of stomach ulcer, infection of eyes and ears in the western regions of the country. Different parts of
the Scophularia striata have different medicinal properties. So that the leaf extract of the plant has an
inhibitory effect on the growth of fibroblasts and its seed extract stimulates the growth of the cell.
Materials and Methods: Spatial distribution and species diversity of Scophularia striata was
evaluated in Siahkouh region of Dehloran in 2020 with the aim of determining the appropriate
distribution pattern of sampling and selection of the environmental factors affecting the species
diversity of medicinal plants. Random sampling carried out according to w pattern in three altitudes
(205-605, 605-1005 and 1005-1405 m) and two directs: West and East. Spatial distribution was
evaluated by distribution indices, Taylor and lwao models and diversity indicators.

Results and Discussion: Different parts of Siahkuh Dehloran region have different distribution and
diversity and with increasing the distribution height, the Scophularia striata becomes random and the
diversity of species was uniform. All comparative methods showed that the distribution in the
elevation class 1405-1005 was not significant. Shannon-Wiener and Simpson species diversity index
also showed significant differences in three altitudes and two East and West directions of Siahkuh
region. The results showed the highest value of Taylor and Iwao coefficient in west direction of
altitude 605-1005 were 1.05 and 1.06 for Taylor and 1.18 and 1.17 for lwao respectively, which lwao
model fitted better than Taylor model according to R2 and P obtained from 605-1005 altitude. Other
indices values indicated the most amount of coefficient was in 205-605 m altitude and west direction.
There are significant differences between the values of diversity indices in 3 altitudes and 2 directions
of West and East (P<0.05), too. The most and lowest amounts of Shannon-Weiner index were 0.76
and 1.23 for 205-605 and 1005-1405 m altitudes, respectively. Also, among the various indices,
Morisita was better than others to show the distribution pattern of the Scophularia striata.
Conclusion: The results showed that spatial distribution of the medicinal plant S. striata was
cumulative in different indices and distribution pattern was randomly, species diversity decreased and
uniformity amount enhanced by addition of altitudes. By comparing the diversity of species and
distribution of Scophularia striata in other regions of the country and comparing with the results of
this research, the best conditions can evaluate for physiological growth of the plant in terms of
temperature, altitude, amount of sunlight, soil conditions etc. The results of the present study can also
be used in studies related to modeling the sampling of medicinal plants and suggesting suitable
breeding species to restore the vegetation of degraded species. Evaluation the distribution pattern in
different plants can help to preserve rare species of medicinal and ornamental plants. Especially in
the case of endangered plants, whether by humans or by livestock or natural disasters, the largest
number of plant species can be found with similar research, in an area with a specific distribution
pattern to achieve its full purpose with cost reduction used to maintain that species. In addition,
determining the distribution pattern with the study of species diversity in different regions can help
the researcher to determine what environmental or soil conditions in that region have caused the
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growth of these particular species, and the relationship between these plants. It is even possible to try
in breeding programs for cossing between similar species and genera with close relationship to
increase species diversity in that area and reduce the risk of extinction in the coming years.

Keywords: lwao, Plot, Taylor, Transect, Shannon-weiner
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Table 3- Analysis of variance of soil volumetric moisture at depths of 20, 40, and 60 cm under the influence of tillage and fertilizer
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Means with similar letters are not significantly different from each other based on LSD test at the level of 5% probability.
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Figure 1- Effect of fertilizer types on soil volumetric moisture at depths of 20 (a), 40 (b), and 60 (c) cm at different levels of tillage
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Table 4- Analysis of variance of apparent density of soil at depths of 20, 40, and 60 cm under the influence of tillage and fertilizer
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ns,**: Non- significant, significant at 1% probability levels, respectively
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Means with similar letters are not significantly different from each other based on LSD test at the level of 5% probability.
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Figure 2- Effect of fertilizer types on apparent density of soil at depths of 20 (a), 40 (b), and 60 (c) cm at different levels of tillage
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Table 5- Analysis of variance of soil porosity at depths of 20, 40, and 60 cm, 1000-seed weight, and seed yield of sunflower under the

influence of tillage and fertilizer
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Figure 5- Effect of fertilizer types on seed yield of sunflower at different levels of tillage
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Abstract

Introduction: Conventional agriculture is based on two related objectives, namely, to maximize both
production and income. Soil as a culture medium and reservoir of mineral elements is the most
important factor in plant production. Therefore, tillage operations with a positive effect on biological,
physical and chemical properties of soil can have a positive effect on crop production. Conservation
tillage saves production time and costs, reduces labor demand, increases production against less input,
protects soil and water, reduces erosion, improves soil structure and preserves more organic matter
by preserving more crop residues. Proper nutrition of the plant using livestock and chemical fertilizers
to increase the quantity and quality of crops is very important. Combined use of chemical and
livestock fertilizers could reduce the toxic effects of sodium and chlorine in saline soils. In addition
to increasing yield, increase the absorption efficiency of nutrients such as nitrogen, phosphorus and
potassium.

Materials and Methods: In order to investigate the effect of different tillage systems and the
combination of chemical and livestock fertilizers on some properties of sunflower, an experiment was
conducted in the form of split plots with a randomized complete block design in three replications at
the research farm of University of Zabol in 2019-2020. The main factor of tillage methods included
moldboard plow + disc, chisel plow + disc, and disc. Sub-factor of fertilizer levels included non-
fertilizer, 100 kg/ha diamonium phosphate, 25 tons/ha manure + 100 kg/ha diamonium phosphate, 50
tons/ha manure + 100 kg/ha diamonium phosphate, 25 tons/ha manure, 50 tons/ha manure. The
specifications of the tools used in this research are: Reversible plow with three mounting miners of
working type with a working width of 90 cm and a working depth of 30 cm, 9-row gas-claw without
spring with mounting type of working width 2 Meters and working depth 20 cm, mounted tandem
disk with 14 congressional edge plates in the first row and 12 flat edge plates in the second row with
a working width of 3 meters and a working depth of 15 cm. Before starting the experiment, in order
to evaluate the physical and chemical properties of the soil of the test site, a number of random soil
samples from the depth of 0 to 30 cm were prepared and combined and sent to the soil analysis
laboratory of the Faculty of Water and Soil, University of Zabol. Soil properties were transferred.
Results and Discussion: The results showed that the highest amount was obtained with the
application of 100 kg/ha diamonium phosphate in tillage conditions with chisel plow + disc for soil
porosity at a depth of 20 cm (82%), with the application of 50 tons/ha manure in tillage conditions
with chisel plow + disc for soil porosity at a depth of 40 cm (86.8%), and with the application of 25
tons/ha manure in tillage conditions with moldboard plow + disc for 1000-seed weight (14.2%) and
seed vyield (84.8%). and grain yield in sunflower can be increased by improving soil conditions
(reducing tillage, especially disc and suitable fertilizer of 50 tons per hectare) and by increasing soil
moisture and increasing reservoir strength (1000-seed weight) .

Conclusion: According to our finding In this regard, if the reduction of chemical inputs is considered,
the application of 25 tons of manure per hectare in disc tillage conditions is recommended to increase
crop residues in the soil surface, reduce runoff and maintain soil moisture. Also, in order to increase
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grain yield and 1000-seed weight, the use of 25 tons of manure per hectare in conventional farming
can be recommended.

Conclusion:The application of phosphate fertilizer significantly increased the absorption of elements.
The application of biofertilizer also significantly increased the concentration of nitrogen, potassium,
and phosphorus in bean plants. In general, the results of this study showed that the use of biofertilizer
and phosphate fertilizer could reduce the adverse effects of drought stress on bean plants and increase
the absorption of elements in bean organs.

Keywords: Organic fertilizer, Plowing, Porosity, Seed thousand weight, Soil structure
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Table 2- The profile of the studied area before (a) and after (b) the normalization of satellite data

Sibw Jloy 3 S5
Before normalization

iy Sl A5l oSilse Slro 1yl
Band Minimum Maximum Mean Standard Deviation
1 -46 4026 931.119 263.277457
2 -48 4205 1054.36 281.618822
3 88 5144 1624.05 378.38125
4 176 5892 2166.52 505.86549
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Abstract

Introduction: Plant residues can contribute to nutrient fertility in soil, increase soil organic matter
concentration, maintain water in soil, reduce evaporation, stimulate microbial activity, increase grain
size, decrease temperature fluctuations, improve the characteristics Physical, chemical and biological
properties and improve soil plowing power. Crop residue burning is the factors affecting the emission
of greenhouse gases and air pollutants. It is one of the fast and low-cost land preparation methods.
This action causes environmental issues, as well as leads to changes in vegetation and soil. Hence,
attention to this issue can be important in raising awareness and preventing the increase of its
disadvantages. This research was carried out in order to estimate the area of agricultural land that
post-harvest crop residue was burned, in the province of Kermanshah, Sarapul-Zahab

Materials and Methods: Field sampling operations were carried out on burned and unburned fields
and their geographic coordinates were recorded. As a result, 255 burned fields and 163 non- burned
fields were recorded. Considering the size of the grazing area of the study area, which is often smaller
than 5 hectares, in this research, the images of LANDSAT 8, OIL / TIRS sensor with 30 m spatial
resolution were obtained from the studied area. After atmospheric correction by FLAASH method,
for selecting the best contrast, the contrast enhancement methods of optimum index factor (OIF),
Principal Component Analysis (PCA) and Minimum Noise Fraction (MNF) were used. The
classification of images was done using the maximum likelihood method.

Results and Discussion: The results showed that the minimum values of the bands 1 and 2 were
negative, so the data were normalized and the negative values of the bands was corrected. Based on
the results obtained from the optimum index factor (OIF), the combination of bands 7, 5, 1 for all the
examined dates, was chosen as the best band combination. After band combination based on the OIF
index the burnt lands were separated by dark gray color and the vegetation of the cultivated lands
were also separated by green color. The city and water could also be recognized in this image. The
results of PCA and MNF Contrast enhancement methods also showed that the use of these methods,
like the OIF band combination method, leads to a good enhancement of ground features in the images.
After applying the maximum likelihood method to objects classification, The accuracy of the
classification was evaluated by checking the correlation between the observed values (burnt and
unburnt fields) and the classified values (burnt and unburnt places resulting from the image
classification process). The methods of OIF and MNF (coefficients of Phi= 0.80, Cramer's V= 0.80
and Contingency Coefficient = 0.62) had significant correlations and more accurate than the PCA
method (coefficients of Phi= 0.68, Cramer's V= 0.68 and Contingency Coefficient = 0.56).
Accordingly, the area of irrigated agricultural field which burned after harvest was estimated at 7380
hectares, which included 56 percent of the County’s total irrigated field.

Conclusion: Based on the obtained results, the use of LANDSAT 8 satellite images can be used with
high accuracy to identify burnt lands using enhancement methods OIF and MNF. A high percentage
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of irrigated lands in Sarpol Zahab city were burned in late spring and early summer for the next
cultivation land preparation. In the long term, this can endanger the stability of production in
agricultural ecosystems and also cause the release of greenhouse gases and various pollutants into the
atmosphere, which in turn can cause air pollution and increase health problems for the inhabitants,
which requires more attention of managers in this regard.

Keywords: Greenhouse gases, Pollutant measurement, Residue burning, Satellite imagery
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Table 1- List of selected studied phalaris genotypes
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Number Origin Population code code
a" B e = ,Aos/.. | ..b&.;b* . . l
1 9 e ot - ol 19000/36 Ph.Ag-1
Isfahan-Fozveh seed Bank
0938 gy Sz olfn] ,dy SOb - gkl
2 97 ot - olede 16000/83 Ph.Ag-2
Isfahan-Fozveh seed Bank
ol o5 9SS - LA
3 O © 16000/128 Ph.Ag-3

Kashan-Yazd abad
0938 s Slanios ol ,dy SGb - Lol
4 97 ot K- olede 16000/F1-3 Ph.Aq-4
Isfahan-Fozveh seed Bank
o" o “«~“°§.. l»\A&SAlA— sl
5 9P e o TR OR 19000/86 Ph.AG-5
Isfahan-Fozveh seed Bank

0538 Ao landizs ol Ldy SO - g
6 9IRS S FomTERTO 16000/24 Ph.Aq-6
Isfahan-Fozveh seed Bank

0538 Ao iz ol ,dy SO - g
7 935 Sk e PR 16000/F1-6 Ph.AG-7
Isfahan-Fozveh seed Bank
0q3 5 5ladss oS! 1o SOL - - basl
8 58 St aiod el e S ol 16000/F1-5 Ph.Ag-8
Isfahan-Fozveh seed Bank

0935 ety il oK) 3 SOL - ¢ lgie!

9 16000/24 Ph.Ag-9
Isfahan-Fozveh seed Bank
NS eSS - Lals
10 O © 16000/60 Ph.Ag-10
Kashan-Yazd abad
0939 5 Slhdss o] i KL - lbsl
11 9 ot - olede 16000/147 Ph.Ag-11
Isfahan-Fozveh seed Bank
12 b lie ol - (s)Lisu 5 Jlre e 19000/22 Ph.Ag-12
0939 5 Slhdss o] i KL - lbel
13 9IRS S o Sk - ol 16000/F1-7 Ph.AG-13
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obl oy PR YLEEARILY
14 O © 16000/60 Ph.Ag-14
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0939 b Sladss o], Kb - ylasl
15 97° %S S 2o Sk = olede 19000/36 Ph.Ag-15
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0439 5 Slass oK \du SSL - \las!
16 978 ek T o Sk - ol 16000/F1-8 Ph.Ag-16
Isfahan-Fozveh seed Bank
0939 5 Slhdss o] [\ SSL - \as!
17 358 Sk T e S olede 16000/F1-1 Ph.Ag-17
Isfahan-Fozveh seed Bank
oLl oy - sl
18 135 eSS - 16000/59 Ph.Ag-18
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0939 b Slidss oKws! Hd SOL - lpasl
19 83% Sk e o S olete 16000/24 Ph.Ag-19
Isfahan-Fozveh seed Bank
obl oy oSS - LalS
20 HOR O o 16000/59 Ph.Ag-20
Kashan-Yazd abad
0q38 5 Slidass o] Jdu SOL - ool
21 9IS S e S ol 16000/F1-2 Ph.Ag-21
Isfahan-Fozveh seed Bank

Lo ool - o ,LiBw ¢ Jlwe
22 s & - ke s Sl 19000/22 Ph.Ag-22
Chaharmahal and Bakhtiari-Natural Resources
0935 s SSlinions oyl ,dy b - ol
23 9 ST e 19000/36 Ph.Ag-23
Isfahan-Fozveh seed Bank

098 St  Slisiod oSyl ,d b - leda!
24 9 e ST e 19000/36 Ph.Ag-24
Isfahan-Fozveh seed Bank
Lo ol — (5 )t 5 Jlome
25 b & 7l s Sl 19000/22 Ph.Ag-25
Chaharmahal and Bakhtiari-Natural Resources

00t 5 5lidss olf ! o oSb - lawl
2 259 ot Sk olial 30 S - plede 19000/86-2 Ph.Aq-26
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Table 2- Analysis of variance of studied traits in selected phalaris genotypes
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Table 3- Mean comparison of studied traits in selected phalaris genotypes

Lt ] Sl sk aBgb yhad FERIRYS;
Genotype Crown Diameter (cm) Canopy diameter (cm) Number of stems
1 42.22ae 29.99ae 127.78bc
2 41.1%ae 30.00ae 94.44hc
3 47.22ab 36.44a 240.56a
4 43.88ad 33.66ad 133.00bc
5 37.77cde 25.22cf 81.89bc
6 39.44be 26.00cf 78.89c
7 37.22de 24.66def 119.11bc
8 38.89be 25.55¢f 100.56bc
9 39.44be 26.55bf 90.11bc
10 46.66abc 34.11abc 137.22bc
11 43.89d 30.89ae 88.56bc
12 48.89a 37.00a 108.33bc
13 39.44be 24.89def 100.89bc
14 40.00ae 27.00bf 140.11bc
15 41.11ae 28.44af 94.22bc
16 36.11de 24.00ef 95.89bc
17 33.88e 20.89f 111.22bc
18 44.44ad 31.66ae 152.22h
19 37.78cde 24.22¢f 114.11bc
20 37.77cde 26.11bf 91.45bc
21 41.66ae 30.77af 140.89bc
22 42.78ae 29.55af 91.67bc
23 42.22ae 28.78af 103.87bc
24 41.67ae 28.99af 132.22bc
25 47.22ab 35.11ab 143.06bc

26 39.44be 26.22bf 77.22¢
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Table 4- Results of principal components analysis for studied traits in selected phalaris genotypes

©lio Jol 4o P30 4ilze po 430 Pl Adlze
Traits 15t component 2" component 374 component 4™ component
2oalg> b jg, olass
. -0.272 0.222 -0.568 0.084
Number of days to flowering
SLadlos 5L 55, olass
L -0.253 0.273 -0.577 0.008
Number of days to pollination
g elas )|
. 0.065 0.227 0.144 0.824
Plant height (cm)
iy Job
. 0.336 0.106 -0.023 0.378
Spike length (cm)
s 0 Slee
. 0.270 -0.410 -0.039 -0.021
Seed yield (kg/ha)
adlus olows
0.348 -0.234 -0.331 -0.097
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Figure 1- Scatter plot of different phalaris genotypes based on two components resulting from principal components analysis
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Table 5- Average groups resulting from cluster analysis in phalaris genotypes
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Abstract

Introduction: Phalaris aquatica L. (Poaceae), is perennial grass. It passes summer drought as buds
at the base of reproductive tillers attached to the deep root system. Genotypes of Ph. aquatica show
a range of incomplete endogenous dormancy. P. aquatica, 2n=4x=28, is an allopolyploid or segmental
allotetraploid. Many forage grass species have estimated the heritability of different agronomic traits.
The selection could be operated on a highly heritable trait related to a more complex trait such as
forage yield.

Evaluation of genetic diversity and study of relationships between traits based on morphological and
agronomic traits can be helpful for organizing germplasm, selecting parents for hybridization, and
producing segregating populations. Despite the importance of forage plants in country's animal
husbandry, not much attention has been paid to the category of breeding and introduction of suitable
forage plants in comparison with other crops. The main purpose of this study was to investigate
Phalaris aquatica as a forage species in order to identify the desired genotypes for use in breeding
projects.

Materials and Methods:The twenty-six Phalaris aquatica genotypes were selected from a large
replicated nursery established, mainly consisting of natural ecotypes of Phalaris aquatica from broad
geographical areas of Iran. A study was implemented using 26 selected Ph. aquatica genotypes in a
randomized complete block design (RCBD) with three replications in the Research Field of the
Agricultural Biotechnology Research Institute (ABRI) of northwest and west region of the country in
Tabriz. The Ph. aquatica genotypes were examined in terms of morphological and agronomical traits,
seed and forage yield. Evaluated traits were number of days to flowering, number of days to
pollination, plant height, spike length, number of stems, dry matter yield, crown diameter, flag leaf
length and flag leaf width. Before performing a data analysis, the assumptions of analysis of variance
was tested.

Results and Discussion: The results of analysis of variance (ANoVA) showed the existence of
genetic diversity among selected Phalaris aquatica genotypes. Mean comparisons also showed that
genotype Ph.ag-3 had the highest number of stems and genotypes Ph.ag-6 and Ph.ag-26 had the lowest
number of stems per plant, respectively. The largest diameter of the canopy with 48.89 cm was related
to genotype Ph.ag-12. Results of correlation analysis showed that dry forage yield has a positive and
significant correlation with traits such as spike length, seed yield, number of stems, crown diameter
and canopy diameter. In principal components analysis, four components were identified, which in
total explained 84.3% of the total variance of the variables. In the first principal component, traits
such as dry forage yield, crown diameter and canopy diameter, in the second component, only the leaf
length and in the third component, traits such as number of days to flowering and number of days to
pollination had the highest coefficients. Cluster analysis also classified the studied genotypes into six
sub-clusters. Considering traits such as yield and yield components, genotypes in the third sub-cluster
can be a good choice for cultivation. Also, the maximum genetic distance was obtained between the
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third sub-cluster and the fifth sub-cluster, which according to the goals of the breeder, the genotypes
of these two sub-clusters can be used in breeding programs for exploiting their desirable genes.
Conclusion: In conclusion, results of present research indicated low genetic variability in the studied
Ph. aquatica genotypes and some genotypes with high production capacity or other desirable traits
can be used in Phalaris aquatica breeding projects. Genetic diversity can be used at breeding
genotypes to biotic and abiotic stresses. However, the studied Phalaris aquatica genotypes will
deliver valuable germplasm to employ in Phalaris aquatica breeding programs for forage cultivar
production.

Keywords: Forage yield, Genetic variation, Multivariate analysis
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Table 1- Soil information of the research field of Plant Production Technology Research Institute located in Shahid Bahonar

University of Kerman
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texture Soil » () (ppm) (ppm) (ppm)  (ppm)  (ppm)
(dS.m™)
L o)
“ 7.59 243 31 346.20 3.96 0.37 1.33 2.16
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Table 2- VVariance analysis of studied traits for different generations resulting from crossbreeding American Goldasht

S o Shos 10+ G 3
o 40 s asls  Sisfolani Lol yhd A o
O il 2o st gLl SPAD =R sy Numb _ Wy Fawgid ks
L) . umbe. main . .
S.0vV D F Height Number.branch Boll  diameter Single- Photosynthesis Day up to 50%
plant yield flowering
45
© 1 12301.67** 204.63%* 1459.84%* 8861.57** 419.58** 23997.68**  260.83** 678.83**
Place
(%),1,S5
S 0.05 0.21 0.82 2.07 0.22 352 0.03 0.01
Repeat (Place)
s 5 132.06%* 27.67** 2006.24** 382.48**  25.60** 2541.45** 9.89** 152.03**
generation
JWJ x Q&A L E L L [ 2] L] 1]
. 279.57 13.51 2187.72 279.62 7.61 207.99 9.20 21.26
Placexgeneration
Uas
10 1.69 0.38 0.13 0.44 0.13 2.01 0.01 0.34
Error
O S g g
;u(-;v 2 2 1.19 1.0 2.00 1.35 2.45 1.07 1.83 0.48

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 3- Estimation of genetic parameters of evaluated traits in safflower plant with three-parameter model, in crossbreeding Gol*A

in non-stress humidity environment

Sl ol ST o Slos 1.0+ G 39,
Jboy cubals el LR ™) o38é aig gk Shols
SPAD main
G.N Height Number.branch  Numbe. diameter Single-plant ~ Photosynthesis  Day up to 50%
Boll yield flowering
132.74**  66.14** 18.36** 73.83* 19.44% 193.57+* 8.52% 154.55%*
m
& |. " . ‘ :.‘
PO ss5e 4ase 2.65% -7.69% 2.03 18.08° 1.87 7.68%
d
"’“’JLC U"" # #* e e e
N -3.69 -0.78 2.42 -12.51 -2.37 -70.46 0.04 4.16
Pl g - . -
) 5.50 28.26 3.34 58.70 120.25 4.14 238.25 4.27
X

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 4- Estimation of genetic parameters of traits evaluated in safflower plant with three-parameter model, in crossbreeding Gol*A

in stress humidity environment

LSS o e . N
e gE 4 iefn L gl el k8 . T 2 X TS
g [GRVLS eLa.’)l <P asLi 31 oy g b gD
. SPAD . Day up to 50%
G.T Height Number.branch  Numbe. Boll | Single-plant Photosynthesis .
diameter flowering
yield
78.52%* 57.63** 11.16** 32.18** 11.10%* 114.71%* 2.69** 147.28**
m
e ‘." ..| "|
eRFES ot 070 016 073 -357%  20.28% 1.21% 6.81°
d
Cadle Wl i
: 9.15 4.37*% -1.78 -4.42% -1.24 -44 51 -0.61%* -4.83*
h
Pl gl - " " . " " "
5 1198.93 25.17 13.50 9.88 4.25 23.45 1772.36 382.79
X

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 5- Individual scale test of A, B, C and D evaluation traits in safflower plant in crossing Gol*A in the humidity environment of

non stress
LSS o S des 186 39,
Joylulpd gl L epEsas SR L et
| age)! Heidht SPAD el Nurmb main ’ I 938
normal ei umbe. ingle-
" est 9 Number.branch diameter Single Photosynthesis Day up to
conditions (cm) Boll (mm) plant yield 50%
(gr) flowering
o & A 0.681 0.436 1.681 3.828™ 0.336 1.987 1.562 1.747
O ¥
X_ f B 0.342 0.570 0.530 5.649™ 0.531 0.243 12.986™ 0.882
s
g { C 1.621 4.099™ 0.541 1.457 10.635™ 0.490 2.553™ 0.514
a' »
5 &\ D 1.873 5.213" 0.276 1.673 10.296™ 0.739 4.921" 1.503

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 6- Individual scale test of A, B, C and D evaluation traits in safflower plant in Gol*A crossing in stress humidity environment.

LSS o Sles
so5 bl ot G oty | S!S . ST G s
e I e, 5 sl 0jg Slues _ g awgid  BAdSTOU 39,
O%0) ) S main
Stress Height ~ SPAD Numbe. . Single- Photosynthe Day up to 50%
. Test Number.branch diameter . .
conditions (cm) Boll (mm) plant yield sis flowering
(]9}
o &5 A 22.89™ 258" 1.75 2.32" 0.11 0.62 25.34* 14.34™
% B 21.49™ 1.24 2.63™ 223 0.80 3.68™ 30.08* 9.87**
3 X
@D i}
= § C 213" 469" 0.02 2.59" 1.78 3.30" 0.48 0.60
5k
D 3.84™ 2.34" 2.28" 0.10 1.91 1.44 32.81* 16.62™

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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Table 7- The estimation of different genetic components for the studied traits in the cross of Gol*A in the condition of no humidity

stress
Cuoals Olao M oSt
T.GNJb ok [d] [h] [i] i1 [
syl
Height 132.74™ -5.55™ -3.69" - - -
(cm)
SPAD 78.34° -4.647 -27.24% -12.51" - 13.90™
o2 18.36** 265 a2 ] . .
Number.branch
b slaad
298 2 73.33% -10.19% 11345 i 15.37% .
Number Boll
Lot yhas
main diameter 46.70% -1.70* -57.61% -28.27% i 27.04%
(mm)
Wy S5 3 Shas
Single-plant 193,57 18.07** -70.46* . ) B
yield(gr)
e 6.67*" 0.77 1.01* 4.15% . .
Photosynthesis
S5 20,5100 B39,
Day up tO ‘sbd 154.55i1§§§ 7.68i1§§§ 4.1642 _ _ _

50% flowering

*, **: Probability level of significantly in 0.05 and 0.01 respectively
Egoo e 5 38l sl il bl 31 g gemme j (el sl 31 bliie 5 g gemme: [P sl ggome h (il sl Sl ggaze d (ndly Sk M
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[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects
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Table 8- The estimation of different genetic components for the examined traits in the Gol*A cross under humidity stress conditions

T M [d] [h] i i 0
syl
Height 85.11** 18.98°* 0.99 ; -76.24% ;
(cm)
SPAD 68.47% -0.81° 8.65% -11.55% ] .
<P aely » .
17.69% 0.09 -20.54* -6.27* . 12.52°
Number.branch
i ol
0358 Slw 32.67° 0.48° 12.87% ) ) 9.02%
Number Boll
ol ks
main diameter 11.10% -3.57% -1.24 - - -
(mm)
W S5 > Slos
Single-plant 145.42%* 21.15% -76.50%* -32.34% -22.78*%* -
yield(gr)
S 8.38" 1.15° -15.89° 5.21° . 10.43°
photosynthesis
S5 e ,07.8¢ b3,
Day up to & 190.34%* 7.49% -123.19*% _41.74* _ 82.01*

50% flowering

*, **: Probability level of significantly in 0.05 and 0.01 respectively
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[m]: mid-parent value, [d]: pooled additive effects, [h]: pooled dominance effects, [i]: pooled interactions between additive effects, [j]: pooled
interactions between additive and dominance effects, [I]: pooled interactions between dominance effects
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Abstract

Introduction: Studying the genetic system that controls important agricultural traits is one of the
most important prerequisites for choosing a suitable breeding method. The most genetic diversity of
a plant species can be seen in its native genotypes and wild species. Investigating heritability, how
genes work, and determining an effective breeding method to improve physiological traits, especially
in conditions of moisture stress, is very importance. Drought stress is one of the most important factors
that reduce the yield of plants, considering that the safflower plant is mostly grown in semi-arid and
dry areas, nowadays much attention has been paid to the production of drought-tolerant varieties.
Safflower is a one-year plant from the chicory family as an oil and fodder plant with various uses that
can be cultivated under drought and normal stress conditions.

Materials and Methods: Therefore, in order to investigate the mode of gene action for some
guantitatively important traits in safflower, a cross was made between two cultivars of Goldasht
(resistant to drought stress) and American (sensitive to drought stress). And after self-fertilization of
F1 plants and crossing them with both parents, F2, BC1.1 and BC1.2 generations were obtained. And
the parents along with the F1, F2, BC1.1 and BC1.2 generations resulting from the cross were tested
under moisture stress conditions in the research farm of the Research Institute of Plant Production
Technology of Shahid Bahnar University in 2021-2022. The experiment was conducted in the form
of split plots in the form of a randomized complete block design with two replications Moisture stress
was applied at the stage of 10% tillering and until the stage of full maturity. The examined traits were
8 traits, including height, number of sub-branches, main stem diameter, number of bolls, single plant
yield, photosynthesis, number of days to 50% flowering and SPAD were noted.

Results and Discussion: The results of analysis of variance showed that the mean square of the
generations for all the traits in this crossing is significant, so the best genetic model was investigated
for each studied trait. The interaction effect of generation and location (irrigation conditions) was
significant for the studied traits. To check the appropriate genetic model, Meter and Jakens method
and individual scale test (A, B, C and D) were used. The results of the above tests indicate the
existence of additive and dominant effects, as well as epistasis effects (additive x additive, additive x
dominant, and dominant x dominant) also played a role in the genetic control of most traits. In normal
irrigation conditions, most of the traits except Spad, number of bolls and diameter of chi-square and
their individual scale test were not significant and were affected by the three-parameter additive-
dominance model. Also, in the conditions of moisture stress, most of the traits were significant in the
control of inheritance, except for the main diameter of chi-square and scale test (A, B, C, and D), and
additive effects, dominance and epistasis had an important role in their control. The existence of
dominance x dominance effects compared to the parameter of additive effects in the boll number trait
indicates the high importance of non-additive genetic effects (epistasis) and complex inheritance of
this trait. Also, selection in the early generations for the above trait will not be successful. The additive
effects played the most important role in controlling the inheritance of the main diameter trait under
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moisture stress conditions. Therefore, it will be useful to modify this attribute from the selection
method. Also, additive effects play the most important role in controlling the inheritance of the
number of sub-branches in normal conditions (no stress). But in the conditions of moisture stress, the
mentioned trait was affected by the additive x additive epistasis. Therefore, one cannot hope for the
success of selection in the early generations of diverging populations.

Conclusion: The genetic control model of all studied traits under both stress and non-stress conditions
were not similar in terms of presence and absence of non-allelic interactions and were affected by
stress.

Keywords: Epistasis, Gene action, Genetical model, Joint scaling test
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Figure 1- The ambrothermic diagram of the region in the year of the experiment
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Table 1- Physical and chemical characteristics of the soil of experimental location
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Table 2- Analysis of variance (mean squares) of some physiological characteristics of sorghum affected by treatments
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Figure 4- Interaction effect of Zinc and irrigation interval on leaf carotenoid of sorghum
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Figure 5- Interaction effect of Zinc and irrigation interval on leaf proline of sorghum
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Table 3- Analysis of variance (mean squares) of some quantities and qualitative traits of sorghum affected by treatments
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Figure 6- Mean comparison effect of zinc on leaf protein of sorghum
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Figure 7- Mean comparison effect of zinc on leaf Zn content of sorghum
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Figure 8- Interaction effect of Zinc and irrigation interval on fresh forage yield of sorghum

m 10 Days # 20 Days

20 a
a
18 b bc
C
16
S 14 d
C‘i 2 1
=)
_:i .; 10
2 & 8
©
Je e
> 4
[a)
2
0
sels S &9, #U
Control Zn Nano-Zn
S9) )L°—.15

Zn treatment
095 g Sl adgle 3 Sloc 5 kal 90 9 59, bl 11— S

Figure 9- Interaction effect of Zinc and irrigation interval on dry forage yield of sorghum
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Table 4- Mean comparison effect of sorghum cultivar on some physiological and forage yield of sorghum
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Abstract

Introduction: Zinc (Zn) plays an important role in plant growth and tolerance to stress and increasing
their yield, but it has been reported that zinc nanoparticles have a better role on improving the growth
of plants under water stress conditions. One of the factors limiting the growth of sorghum forage plant
is water stress. Studies have shown that zinc nanoparticles have a positive impact on plants response
to water shortage conditions through improving photosynthesis and enzymatic
activity. Therefore, this study was conducted to investigate the effect of foliar application of nanosized
and non-nano zinc oxide on some physiological and forage yield of three sorghum (Sorghum bicolor
L.) cultivars under water deficit condition.

Materials and Methods: This study was performed at the research farm of Shahrood University of
Technology in the growing season of 2018-19. The experiment was arranged as split plot factorial
based on randomized complete block design with three replications. Water deficit stress treatment in
two levels of 10 and 20 days irrigation interval were assigned as main plots and sub plots were the
combination of the two factors; sorghum cultivars at three levels: Eresk, Speedfeed and Pegah, and
foliar application of zinc in three levels of control, micro and nano-particles forms at concentration
of 2 gr I.™X. Foliage spraying of Zinc was performed before flowering stage of sorghum. Sampling and
measuring of sorghum pigments, leaf protein, leaf zinc contents and proline were done at flowering
stage. Wet and dry forage yield of sorghum was measured at the end of growing season on the 2
squares meter in each plot. All data collected were subjected of analysis of variance (ANOVA) using
MSTATC software. Significant differences between means refer to the probability level of 0.05 by
LSD test.

Results and Discussion: The results showed that by increasing the irrigation interval from 10 to 20
days, chlorophyll a, chlorophyll b, carotenoids, leaf protein, leaf zinc content, fresh and dry forage
yield decreased significantly. The results indicated that the minimum fresh forage yield (61.48 ton/ha)
and dry forage yield (12.03 ton/ha) was observed with non-application of zinc in irrigation interval of
20 days. Water deficit stress causes damage to photosynthesis pigments, stomatal conductance and
finally the growth and yield of plants. The results showed that application of zinc in nano or
conventional form causes a significant increase in chlorophyll a, chlorophyll b, carotenoids, proline,
leaf protein, zinc content, fresh and dry forage yield under stress conditions. The highest fresh and
dry forage yield were observed at the rate of 97.4 and 18.8 ton.ha™ respectively in irrigation interval
of 10 days treatment by application of ZnO nano particles. Also, the results showed that, foliar
application of zinc in nano and conventional form increased fresh forage yield of sorghum by 37.58
and 32.49 percent compared with control in water deficit stress condition respectively. This can be
due to the role of ZnO nano particles that can enhance the rate of photosynthesis by improving gas
exchange, chlorophyll fluorescence, carbonic anhydrase activity, and enhanced proline content in
plants. Results also showed that in the most of physiological and yield traits and forage yield the local
Ersek cultivar was better significantly than Speed Feed and Pegah cultivars.
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Conclusion: The foliar application of ZnO conventional and nano particles significantly mitigated
water deficit stress and enhanced photosynthesis pigments, proline, leaf protein and zinc contents as
well as improved the fresh and dry yield of sorghum.

Keywords: Nano fertilizers, Plant nutrition, Proline, Water stress
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Figure 1- Different climatic factors of the experimental area during the growing season of 2021-2022
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Table 2- Analysis of variance results for the effect of vermicompost application, inoculation with effective microorganisms and
mycorrhiza on yield components, seed yield and nutrient use efficiency of sesame in Rudbar region
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Figure 2- Effect of different levels of vermicompost on plant height of sesame
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Figure 3- Number of capsules per plant in sesame affected by different levels of vermicompost application and inoculation with
effective microorganisms (EMO: no inoculation and EM1: inoculation) and mycorrhiza (AMO: no inoculation and AM1: inoculation)
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Figure 4- Number of seeds per plant in sesame affected by different levels of vermicompost application and inoculation with effective

microorganisms (EMO0: no inoculation and EM1: inoculation) and mycorrhiza (AMO: no inoculation and AM1: inoculation)
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Figure 5- Seed yield of sesame affected by different levels of vermicompost application and inoculation with effective microorganisms

(EMO: no inoculation and EM1: inoculation) and mycorrhiza (AMO: no inoculation and AM1: inoculation)
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Table 3- Nutrients use efficiency of sesame affected by different levels of vermicompost application and inoculation with effective

microorganisms (EMO: no inoculation and EM1: inoculation) and mycorrhiza
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Figure 6- Agronomic efficiency of vermicompost affected by different levels of vermicompost application and inoculation with

effective microorganisms (EMO: no inoculation and EM1: inoculation) and mycorrhiza (AMO: no inoculation and AM1: inoculation)
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Figure 7- Mycorrhizal inoculation effect affected by different levels of vermicompost application (a), and effective microorganisms

(EM) inoculation effect affected by different levels of vermicompost application and mycorriza (AMO: no inoculation and AM1:

inoculation) (b)
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Abstract

Introduction: Sesame (Sesamum indicum L.) is one of the oldest oilseed crops widely grown in
Africa and Asia and well adapted to harsh environments. Among the oilseed crops in the world,
sesame is one of the most important because of its high-quality nutritional seeds and oil. Different
soil additives including fertilizers and microorganisms are extensively applied in agricultural systems
to enhance soil fertility and crop productivity. Recently, the application of effective microorganisms
(EM) and arbuscular mycorrhiza fungi (AM) have been considered an eco-friendly way in increasing
nutrient and fertilizer use efficiencies and minimizing the harmful environmental effects of fertilizers.
However, findings are inadequate regarding the effects of adding vermicompost alone or in
combination with AM and EM on the sesame plants. Therefore, this study aimed to investigate the
effect of their integrated application on the agronomic efficiency of vermicompost (AEV), AM and
EM inoculation effect (AMIE and EMIE), yield and yield components, and nutrient use efficiency
(NUE) of sesame.

Materials and Methods: A field experiment with the aim of evaluating the effect of different
vermicompost levels (no application, application of 50% of the recommended amount; 5 t ha, and
100% of the recommended amount; 10 t ha), EM application (without EM inoculation, and EM
inoculation) and AM inoculation (no-inoculation and inoculation with Funneliformis mosseae) was
conducted as split-split plot experiment at Rudbar-e Jonoub region, Jiroft, Iran, during the growing
season of 2021-2022. Sesame seeds were procured from the local farmers and sown on August 11,
2021. When the plants were established, the plants were thinned and a final density of 20 plants per
m? was obtained. At the end of the growing season (November 21, 2021), plants were harvested and
various traits including plant height, number of branches, number of capsules per plant, number of
seeds per plant, 1000-seed weight, and seed yield were measured. NUE, AEV, AMIE, and EMIE were
also calculated.

Results and Discussion: The results showed that vermicompost application, EM, and AM inoculation
interaction effect significantly affected yield components, seed yield, and NUE of sesame and AEV.
While the use of microorganisms in no application of vermicompost showed no significant effect on
the mentioned characteristics, combined application of AM and EM in the application of 5 t ha*
vermicompost, and individual application in the application of 10 t ha vermicompost, led to a
significant increase in the number of capsules per plant, the number of seeds per plant, seed yield
(2124, 2637, and 2741 kg ha'*, respectively), and nitrogen, phosphorus, and potassium use efficiencies
(between 49 to 95 percent compared with the control). The highest AEV was also obtained from the
reduced level of application (5 t ha') and integrated inoculation of AM and EM. In general, the
application of microorganisms in both vermicompost application levels led to an increase in
vermicompost use efficiency. On the other hand, the use of different vermicompost levels increased
the efficiency of microbial inoculation and the highest inoculation efficiency was obtained at the
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highest application level. Even though the highest yield and NUE were obtained from the application
of 100% vermicompost, the integrated application of microorganisms with 50% of vermicompost did
not show a significant difference with the 1200% application and no microbial inoculation. In fact, this
treatment combination led to achieving the highest agronomic efficiency of vermicompost, which can
be considered in the management of fertilizer resources, especially in the limited availability of
nutrient resources.

Conclusion: Overall, the integrated application of vermicompost and inoculation with AM and EM
could be considered as an effective strategy to improve the growth, yield, nutrient use efficiency, and
sesame productivity. Furthermore, the use of microbial inoculants improved the agronomic efficiency
of vermicompost. Such information might help in decision-making to improve nutrient management
in the fields.

Keywords: Fertilizer use efficiency, Microbial inoculation, Organic amendment, Yield components
of sesame






T aJlas YAV-YoY (o AFY 5l cJgl o)louds (puiieds ol [ SCis bl jo 2ly) pole wlidixs

Olp) Cge LS seuieh) )0 ogue g S o (S ) Olhuo g9 oy p
T o popg Tomegd W ¢ il a0 ol

Sl ey e by o8ty ¢ gyl oaSaals ¢ SLEL ol el wi)) wlid IS 4 gal zils

Il 05 QIS5 (o i 9 55518 pile SR (LS A5 01Kl 553lsiSiner 9 Sl Mol 095 -V
Olrl s e blj oltingsy s5y9liS” 0uSimgy «bls g Mol g casl)j 09,5 Y

bfazeli@uoz.ac.ir :asle Jgtume *
VEeINYE sl gl

DOI: 10.22034/CSRAR.2021.226926.1068 VNNV : s pds G

S

e Cone Ll pd 4 s polin g (S oS dous 9 (6,5 3blie ogae (L0 alex 5l (Ziziphus mauritiana L.) ,Ls
Sslenz) HUS gy VF s 5 0500 oSy 4 bgrye Slio Ghaghy ol 50 el YU glod 5 (5,58 (208 (St Lulpd oge
oL il 4 i @l s 5 158 bl o550 1SS o (ol SLels Ssb 2ok B o (Olpl cemr @i Gblie 5l oads
S g 3 6o DS a5 (5 5 0900 Jsb 124 oud (¢ T 0jluil Dlio (oalos JLS 5l (o) 2 3590 (ST (e 45 Sl
(o IAY) ais Culies b atne o0 Olao (o (Sased ( yiis a5 0l LiS ool (Sied ol o b .clils 592g vy
Sl atdlaie LS slacaiss aSul & azgi bl allls 052g (+/FY) 050 (59 b S 5 05 5 (1A S oe b S sk
Sleogas ;3 £55 (i OVMAY) VB coigil 5 Slos aldlate )3 g 039 (o))l )90 Slio 15 55 e 2 3VL IS (VY- A)
ooliiwl 550 Lol slaashy 51 (S plsieas YU cudgif 5 LS 55 08, b g (n¥ obml gz a5 00,5 oo slgiiey o 1y (o550 050
S 58

S 9e (Kimod 3 (Y 0900 3 ,Slas (oS Slas i ganlS sl

5 0900 « S » (Singh et al., 2016) sls 1,8 solaul 0,90 55
oLS Glyiear (B,b gl glo)siS 5l Sy 50 S e
o5 (Fazeli-Nasab et al., 2017) o5 o oolaz ol g,lo
0aiiS5h ol eau g i sloml eely g s ol )l
ol (nl i 008 Brae sl (L3155 (55lme sla S5
Sy oleds 028 0 (2SS ) S s g A bl gl o
Casll o Foae sl Gloys pleziiul g gti b o0 LS
Owizpe 13,15 lsly8 055 Slacl gl (rizres § 9o 4y,
2 oo oolii il adgle Glgicar olS cnl 5l Bblie (> 50
(Dafni et al., 2005; Van Wyk and Wink, 2017)
ialossd Oy (5 als 5 (S5 abie (53, Gl
5l oolit il alox 3l olge 3l s g ol - las (S5
5 o sboa)ly sl sadpdlsl 5 Jomamay sloany s
@ &)lye 5 LolSlz 4 Cob oo js5mic s slalae o
sleans ;o by SIS iali8l el ol cpl icosl aivgy £439

Cheema, 2018; Fazeli-Nasab et al., ) el s .5

doddo

03lgls | pwaien adl_wai> LS . LS
Sl pgjeeg, S 2n=2X=48 I ls Rhamnaceae
sble lals ale>;l s (Tahergorabi et al., 2015)
Sl osgase g W oe Slasdy (6 e Sdos § (6 jpmne S
(Ol o slag il et ol o aldlir
90l ol S ol ligain 5 ol pl 5 slacend
b slagbl ol (o932 5 (258 (P19 50 St Ol2)
Fazeli-) aslse plizsl 5 Gl 5 QLo S (o lwjs>
@ ogue L350 o pglie alex sl LS (Nasab et al., 2017
5 o5 el (S Ll o5y age o Lyl
e Ll 5 b 93 6,85 oL ol il YU sles
e i Slelis ) b s 5 Sy slaipe; 5l g ails calisee
Fazeli-Nasab and ) oS e oo, Lo mla o 5l 5Y0L
(Mirzaei, 2018; Mozafarian, 2010

J)_‘a.aﬁ OSBLC dj‘? obf )9@5\_0 QSQL“'? )1_15

=) 9 sladele  pg)lo S)las o, QT OlF 0 «595056


mailto:bfazeli@uoz.ac.irو
https://doi.org/10.22034/csrar.2021.226926.1068

O g (1 ymo

YAA

b ooy Se3al8 90 slogasld wbal » plnl g LS
9 Slao (n e 5 LS i o e bl e b
£ ooyt b @l )LS sl o5 bl b adlaie (riimen
2,58 (ol glaaali p jo Gz (nl @l I et canily

o8 eslizal o)

W g) 9 dlge
i VT i n g 0gie (S g (ol plasl cu
Sl (53,508 Dladas 55 0 0 WWAY Jlw o a5 LS
b (8obas LlS' STl 5l B 55 (ol 50,2 sl 13 Bl)
o] ds oS dige 008 ali (5 0le Lo lgie an LS Y
Sy50 ly o8 —zils 0 VWP Jw 10 5 (550aex ol o
S50l gz al> o 50 50 (5,10 paiges w8 S 15 L)
g A ol yage sl Jsl b yo 0,5 plonil oS i
Ot jlam pgd al> e 5 S o by e Slio (5 50l
i g Sl g e Sl e diiasl Hlsl 45 cogee
Gl )3 85 lacals) L85 Djso dlwn g 050 ) by o
b e 52 ol olsl i8S 18 a2 3550 ol
J9or) il g 85 el wings enisis sl ol 5l as b,

(Y US 5 ) S o)

Fazeli-Nasab et al., 2013; Van ) .l 5450 s
Sy E555 e a5 el p3Y 9,00l 51 (der Veen, 2014
Crge g9 (LS 05 1 () n 3590 29290 sladisS
loosgs sl oz g 5 o0 (K5 sy ] Gl
lgds SO (S3el8 )90 £ (nl &STyz 1990 Lol 4 (oo
JIs a4 (oo Sloosgs 9 92 (o0 py0 |y (Slod S (S5
Cuoglio 5Ly yeis cie Sl 5 (S E55 (nl il
9518595 p Slong Cenl jlonss g 0as; slaas
.(Bally and Dillon, 2018)

b Slogge ()5 sl mpee Jolge 51 (S5 £95 9929
SaS 0ady Dlogge 4y ez 935 el Jaire byl i
28 ablie lanome Sl nis b g ame Ll 5 LG S e
Ellegren and Galtier, 2016; Fazeli-Nasab et al., )
ool 5 (K55 95 (o) 9 2l S g0 (2019
3 Ao 53l lime 4 (s pSoshadl B Sl Ly cospid
285 siis ae Jolge )l (Siledr ol (e Jolge
Aavik and Helm, ) 0,135 o 56 (So35098 90 Slao 39
2018; Jahantigh-Haghighi et al., 2017; kermani et
.(al., 2010

il slocips oo 5 anlle ;2 e 5l Sae

IS o] 9l @ sl dore (olul -) Jgum

Table 1- The names of collecting Ziziphus mauritiana L. genotypes
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Table 2- Analysis of the variance of traits related to the leaf of the jujube tree
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Tissue
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Table 3- Mean comparison of vegetative traits of the adjacent Leaf of jujube to study all genotypes studied
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Table 4- Analysis of variance of Fruit of jujube

i gl goliTazyo g ol oL (339 O30 (P € og0 Job 030 (339
Sov df Fruity rate Tissue weight Fruit width Fruit length Fruit weight
|G
A 2 21.08 17.210.9 0.094 2132.25 0.94
Replication
sl " - .
13 4293.8 128.17** 0.70 2107.42"™ 1914
Treat
s
26 4.3 28 0.017 2110.77 0.884
Error
oo
Ol gy’ 231 9.5 5.26 30 48
CV

Mg b g Sl )3 s e oo S 4 NS 5
Ns and **, Non-significant and significant at one percent, respectively
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Table 5- Comparison of the average traits related to the fruit of the jujube tree for all studied genotypes

g oo ol 039 oguo (B ogro Job om0 (539
Fruity rate(Ton) Tissue Weight(g) Fruit width(cm) Fruit length(cm) Fruit weight(g)
\
o 129.67a 15.3e 3.07bc 3.23cd 21.43e
Chloe-1
N
82.67e 10.91f 2.23gh 3.1cd 14.03g
Talar
Vo olog,
59f 26.54a 3.50a 4.07b 30.78b
Roodan-1
Y QL}”
3% 10.20f 2.36fg 3d 13.53g
Roodan-2
Vo
. 129ab 17.96dc 2.96¢cd 3.1d 21.63e
Hashtbandi-1
T
. 39.33h 9.92f 2.26gh 3.06d 13.47g
Hashtbandi-2
Vo
] 125.67b 11.49f 2.23gh 3.36¢d 16.08f
Hashtbandi-3
Sl
117.67c 14.71e 2.56ef 3.23cd 16.43f
Jask
s
. 89d 11.53f 2.40fg 3.20cd 13.31g
Jiroft
V sans
. 59.33f 16.64ed 2.87cd 3.16cd 24.1d
Hashtbandi-4
Vo
89d 20.91b 2.80de 4.73a 27.2¢c
Hashtbandi-5
obs
K 128.67ab 18.73b 3.27ab 3.17cd 21.9e
Karian
Y sl
) 129ab 27.3a 3.47a 3.50c 35.26a
Chloe-2
ek G
48.33g 4.03g 2.06h 1.93e 5.43h
No Core
Sleo
& ok 98.38 15.46 2.6 3.9 19.47
Total mean

Sl (5,0 sixe BB pac onislis S yiie By >

Similarity letters indicate no significant differences
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Table 6- Analysis of variance of core of jujube

eti 29l daljidq,a awd Job Awd (P4 Qlond Cooled Awd 5 ()9 Cwd SUS (39
SOV df Core length Core width Core thickness Fresh weight of core Dry weight of core
s

o 2 0.027 0.012 0.005 0.007 0.11
Replication
e
13 0.349™ 0.022™ 0.015™ 0.108™ 0.86™
Treat
Uas
26 0.019 0.032 0.0042 0.4 0.18
Error
oyl
Slyeis 7.7 9.6 122 17.7 196
Cv

o sine pé g o, S mhaw jo jlo S i T4 NS
Ns and **, Non-significant and significant at one percent, respectively
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Table 7- Mean comparison of attributes of the core of jujube

£

s Jsb aid e s el ; S s
Alwd 5 (439 Awd LS (459
Core Core Core Fresh weight of © D ioht of ©
resh wei, 01 core! Ty wel 01 core!
length(cm) width(cm) thickness(cm) € & ywelg &
Vol
1.73cde 0.77a 0.53bcde 1.37ab 1.03a
Chloe-1
M
1.6fe 0.53d 0.48ced 1.15abc 0.81abcd
Talar
Vo olog,
1.93bc 0.60chd 0.50ced l.4a 1.05a
Roodan-1
Y ol
1.63dfe 0.57cd 0.47ed 0.82d 0.58cd
Roodan-2
T
. 1.63dfe 0.70ab 0.60abc 1.14abcd 0.88abc
Hashtbandi-1
Vo
. 1.7dec 0.53d 0.43e 0.82d 0.58cd
Hashtbandi-2
T
. 1.7dec 0.67abc 0.57abcd 0.92cd 0.55d
Hashtbandi-3
Sl
1.9bcd 0.57cd 0.53bcde 1.00cd 0.60cd
Jask
s
. 2b 0.60cd 0.50cde 1.02abcd 0.77abcd
Jiroft
V sans
1.83dbec 0.73a 0.63ab 1.03bcd 0.94ab
Hashtbandi-4
V sans
. 2.86a 0.57cd 0.47ab 1.2abcd 0.93ab
Hashtbandi-5
obsS
. 1.43f 0.77a 0.67a 1.13abcd 0.78abcd
Karian
Vool
1.67dfe 0.73a 0.63ab 1.25abc 0.88abc
Chloe-2
ek 9
1.6fe 0.60cd 0.50cde 1.30cde 0.70bcd
No Core
J5 oSk
1.8 0.64 0.54 1.3 0.79
Total mean

Similarity letters indicate no significant differences
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Table 8- Correlation coefficient of quantitative and qualitative traits

@ 2) 3 “@ &) (6) Q) ®) 9 a0 any a2 a3
Spdsb )
Leaf length (1)
SR 059 -
0.81 1
Leaf width (2)
S 0 J9) - -
0.51 0.45 1
Petiole length (3)
Sy P o " -
0.46 0.4 0.27™ 1
Leaf fresh weight (4)
SS 59 n - N .
0.71 0.66 0.47 0.76 1
Leaf dry weight (5)
0920 (139 . . -
0.38 0.32 0.39 0.04™  0.29™ 1
Fruit weight (6)
og0 J93
-0.01™ -0.02™ -0.05"™ -0.17™ -0.13™ -0.11"™ 1
Fruit length (7)
ogr0 (P ¢ . " o o
034" 027™ 04 0.18™ 0.04 0.877 -0.12™ 1
Fruit width (8)
a3
0.31* 0.08™ 0.06™ 0.01™ 01™ 027" -0.08" 0.07™ 1
Core length (9)
Dasd (P 4 . .
-0.17™ 0.001"™ 0.18™ -0.21™ -0.09™ 0.41™ -0.06™ 0.55™ -0.18™ 1
Core width (10)
Core o Cwlus
-0.29" -0.12™ 0.1"™ -0.29™ -0.12™ 0.38" -0.06™ 046~ -0.18"™ 087" 1
thickness(11)
dwd 5 g0 . . . N
09™ -0.13™ -0.06™ 0.03™ 0.06™ 037 0.13™ 049" 0.25™ 048" 042 1
Fresh weight core(12)
wwd LS ()39 " . - . . - -
02™ 0.14™ 019™ 0.06™ 0.21™ 053 0.31° 0.62 0.29° 048 0.347 0.84 1
Dry weight core (13)
g ol " . - - -
-0.24™ -0.24™ 0.13™ -0.43" -0.21™ 0.37° -0.04™ 047 -0.08™ 0517 048" 0.1™ 0.13™

Fruity rate (14)

Mg b g 03 Sy g gy e 3 loSae S 4 NS TS

***and ns, significant at the level of five and one percent and non-significant, respectively
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Figure 3- Dendrograms derived from cluster analysis of quantitative and qualitative traits of jujube genotypes
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Table 9- Intragroup distance within jujube genotypes based on quantitative and qualitative traits

@) 9l e Jomo 2955 0930 E94
Row Gathering location Intragroup variation
<l
1 ) 22.8
Minab
o
2 o7 182
Roodan
Sl
3 8.5
Jask
o
4 T 23
Jiroft
Ly bl 1 93 (29,5 o abold Ve Jguar
Table 10- Intergroup genotype based on cities
@) 9l @e Joxo 2955 JB1 il
Row Gathering location Intergroup variation
o ol
1 o o 26.29
Roodan Minab
Sl ol
2 . 20.8
Jask Minab
JUS liseo o gil (3951 (0950 €995 -V Jgua
Table 11- Genetic diversity within ecotypes of jujube
@, &9l @o Jomo 35 J31 ilylg
Row Gathering location Intergroup variation
R
1 18.81
Talar
Y ool
2 o 13.04
Roodan-2
V eanos
3 e 9.26
Hashtbandi-1
Sl
4 8.58
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“ e
5 e 6.27
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6 o 5.74
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a PR
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Y’ PR
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\
10 o 2,51
Chloe-1
o
1 e 232
Jiroft
f oo
12 e 211
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"
13 © ’S 2.10
Karian
Ald yds
14 i 0.96
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Abstract

Introduction: Ziziphus mauritiana L., a perennial, evergreen plant from the Rhamnaceae family has
2n=2X=48 chromosomes. It is considered among the plants of tropical and semi-tropical regions, and
its geographical distribution includes Abyssinia, North Africa, Arabia, warm parts of Iran and India.
The spread of this plant in Iran is mostly in the western and southern regions, including the provinces
of Lorestan, Khuzestan, Kerman and Sistan and Baluchistan. Ziziphus mauritiana L., is one of the
most resistant fruit trees to harsh environmental conditions, especially drought, dehydration, salinity
and high temperature. This plant is well adapted to different environmental conditions and grows from
lowlands to heights of a thousand meters above sea level. Jujube (Ziziphus mauritiana L.) is one of
the tropical and subtropical fruit trees resistant to rigorous environmental conditions, especially
drought, dehydration, salinity and high temperature.

Materials and Methods: In order to carry out this research, the leaves, fruits and kernels of 14
Ziziphus mauritiana L., genotypes, which were implemented in Minab Agricultural Research Center
(located in Hormozgan province) in 2012, in the form of a completely randomized block design with
3 replications, as mother trees supplying grafts were collected and evaluated in University of Zabol
in 2016. Sampling was done in two stages to measure quantitative traits. The first stage took place in
the beginning of February 2016 to measure the traits related to the leaves and the second stage after
the ripening of the fruit, in late March of the same year, to measure the traits related to the fruit and
kernel. The genotypes that were examined in this experiment were named according to the name of
each city or village from which they were collected.

At the beginning of Bahman, which is the end of the flowering stage of the trees and the beginning of
the beginning of closing the fruits, samples of fresh leaves of the trees were randomly taken from the
middle parts, in three repetitions and each repetition included 20 samples (from 4 bases and 5 leaves
per base). , were collected and during that traits such as leaf length (centimeters), leaf width
(centimeters), leaf tail length (centimeters), fresh weight (grams) and leaf dry weight (grams) were
measured and recorded. After the physiological ripening of the fruits, in late March (early fruits) to
late April (late fruits), the samples were randomly collected in three groups of 10 healthy fruits that
were harvested from different parts of the tree, and traits such as Fruit length (cm), fruit width (cm),
fruit weight (grams), kernel length (cm), kernel width (cm), kernel thickness (cm), kernel fresh weight
(grams), kernel dry weight (grams) , fruit flesh weight (grams) and production rate (kilograms) of
each tree were measured.

In this research, the morphological traits of leaf, fruit and core of 14 genotypes of jujube (available in
south of Iran) has been evaluated using in a Completely random blockdesign with three replications.
Results and Discussion: Analysis of Variance showed that all the examined traits related to leaves
between genotypes had a significant difference at the 1% probability level. Traits such as leaf length,
leaf width and leaf tail length showed great variation due to the low coefficient of variation. Simple
correlation coefficients revealed that there is a significant correlation between some of the measured
traits. Therefore, there is a high correlation between leaf length and leaf width (+0.8), core width with
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core thickness (+0.87) and fresh leaf weight with fruit rate (-0.43). Considering that the genotypes
along the Minab area (22.08) have the highest diversity in the traits, and in among the Minab area,
the Talar genotype (18.81) has the highest diversity in the characteristics.

In this study, 14 genotypes from different cities of the southern provinces of the country were
investigated in the form of a completely randomized block design. After analyzing the data and that
the main purpose of measuring the morphological traits was to identify the superior genotype or
genotypes in order to use them in breeding programs, therefore some key traits such as leaf length
and width, fruit shape, fruit flesh weight and the amount of tree production in Sal, which has the most
diversity among the studied genotypes and has the highest percentage of diversity among all the
examined traits, and finally understanding such a high diversity will be useful and effective in
managing and preserving the germplasm of this plant and with Paying attention to the fact that the
genotypes near the Minab region (22.08) have the highest diversity in the evaluated traits and in the
Minab region, the Talar genotype (18.81) has the highest diversity in the evaluated characteristics, so
it is suggested that in order to create a line or variety To be used in addition to Talar genotype as one
of the main bases.

Conclusion: It is suggested that for the creation of the new or top line of jujube have to use the Talar
genotype as one of the main foundations.

Keywords: Fruit yield, Morphological correlation, Quantitative traits, Top line
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Figure 1- Diagram of the emergy flows for drip irrigation pistachio system
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Figure 2- Diagram of the emergy flows for flood irrigation pistachio system
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Table 1- Specifications and formulae of the emergy-based indices used in the evaluation pistachio fields of Qom

Lo Joge Sloogas
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Emergy sustainability
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Emergy sustainability
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el Jgaze o )3 535
Amount of emergy required to produce an output unit in joules, a measure of system
efficiency. AE is the accessible energy of the product.
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Amount of emergy required to produce an output unit measured in grams. W is the
accessible weight of the product.
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economic resources from outside are invested in the system as a capital input.
Bl b ol Bl 5 golatdl 3T ke o i snims (Lt IS, (5550l sl o (5l 5 s
ol (e Lare p3ln0as 5 pdasaas G,

The ratio purchased to free emergy indicates the intensity of economic investment and
its matching to the free renewable and nonrenewable resources of the local
environment.
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el (s Lans (595 2 b 655
The ratio of purchased and non-renewable emergy to the renewable inputs from the
local environment. This index is a measure of loading on the local environment.
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The ratio of nonrenewable emergy to renewable emergy used by the system. This ELR
is an inverse measure of the sustainability of the system.
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The ratio of system yield per unit of purchased input to the total loading on the local
system. Systems with higher yields and lower loadings are more sustainable.
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This index shows the system yield in relation to an inverse measure of system
sustainability, ELR*. A system with a higher ESI* is more sustainable.




29 Syl gL (2L

oA

035 a3 Jlo ;0 ,liSa 0 (aaih g5 Jospl YIVY x V7
S50 slapllss (539)9 55yl polite amlie (¥ Jouzr) 02
T.>5¢> (8,8 55kl 0 (639,9 JS (50l 45 ols yLii anlllas
Jlade oo Y ade wogr Sk ol 5l i sn ooy £
oo,z el ol oy 5l e B8 g )lal el (g5l
5 G5 5y ssee ) sl Jold piglagass ame
Jold o gl 3 bl > it w5 SB b
SsS 51085 5 shed S T3l I (55
392 9,550 9 yhad (59
Vo) Gl (93l 5950l als (650l JS ¢ iz 5o
oS Wgad (55 Jla jo 58 0 (gab s> Joipl VAT x
P15 o5 s bgye e ar 650l (lie (i
x VG x VA x VO L e 058 5 k]
Srae laie (pyieS g Jlu )3 JES8 )3 sudye> Jodel VIT
L (Sl 995 aa bgrje oot (55l s wlie o 55 554!
og Jlw yo LS 0 oS5 Jgiel VY x Ve
5 sbles g5,5las 31wy o (Kohkan et al., 2017)
699,35 550l Hlaie IoblS iz o adlain 1o g)l50 (g Ik
9y 93 5% pgd eSSl gl L el pllai o
x 10 oy Bl LS o o5 g oo (g CtS
Jls o LS 1o aub,55 Jgjel YIVY x V' 5 V/F]
Gl 39,5 JS 50 ,laie (Fan et al., 2018) o )15
Ol 0 s Gl g ;o L3 g ay ws slaplls
Jafari et al., ) YIYS x V-7 g YAV x Vo7 (5 jas gt
Ll o3 o IS s dome 5 (55l a5 slepllss (2018
«(Amiri etal., 2019) F/fV x V7 g FAY x V7 s
OB Ol e 53 05l 5 03l (e js Sl slapllas
Shahhoseini et al., ) VY& x V-7 5 VYV x V7 (s a
adlate ;3 o 5 5k poS ogi slopllas sl 5 (2020
x Vo s g (e sl 5 Gl Gl ;8) Bl
S 50 gawd e Josel FIVY x V-7 g YA x VY YfD

ol sy ,155 (Yasini et al., 2020) JL. ,o

$dLaidl g yad Ll Jlod g 4 3o
ol S8 a0y slapllss sla g > 5 Laisos)s
Slte golasdl Jlow sla by, 5l osliinl b (2858 5 SIiL
Soasl s ancd 318 bl o )yse (Slae Dliii |
ad)s 5k o el o)l sl (Sloy olede Olsie 0 Jlow
Ol Sl JS8 & bapllas ol )5 o295 g lasag)g o
lacad slue plazg > g laog )y AVl (b > 0l
&l olaidl lulyd ko jelaie 4 .0 dralona Joxa 3L
Jolss golaidl slo ol 5l 5 canlllas 090 adlais (o
O anze Al welys g (Al gl allali sl
S dlore (590,42 5 Al iR da S S wdgl

.(Asgharipour et al., 2021)

NR = GVP —TCP ")
GVP =CY X CP )
TCP =VCP + FCP )
GVP
BtoC=—— )
CcY
Productivity = D )

ooyl GVP (LS ;o b, 5e) jalls asl,o NR af

Sely 5 anse TCP (LS 5o L) Jlie) oy sallsl
2535 =ly5 Jy—ame o Sloe CY (LS o b, 52
B10 C(lSa ;5 Jb, ,l35) Jswame caesd CP (liSa o

el (6,90 50 PTOAUCLIVILY g 450 4 Sgu s

850 51 03! s Lo

Gl G e slogdgys Gz ¥ Jgaz 5o

plas 9o sl (Suped Gloazly Gol—ul o2y )5 5 00
69955 sl cwl oald ools s ay aei el
9 pdyiaaas slogl> (i 99 (6l iaS e
IS 85l 699, cardllas 1l 5o 0ol ol pdybiayaos

B0V s iy 0y L g 58 s ko pllas



v-q o8 il 50 (6530l Jeows' gy 3 ooliins! b (2B 3¢ 9 S5k 6 kT o diny udgi pllis g3 (55l 35!

LS wmly 5 o8 diuny smo) (S 9 2B E ol sl golaidl 5 rab gyl -Y Jou
Table 2- Natural and economic flows for flood and drip irrigation pistachio fields of Qom per hectare
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o J 1.19E+09 1.19E+09 2.88E+04 Campbell, 2003
Evapotranspiration
2R % e slagl >
Non-renewable environmental inputs
s sl .
o 3 2.66E+10 5.70E+10 1.92E+05 Buenfil, 2001
Ground water
B g o
o J 2.52E+10 4.92E+10 2.88E+04 Campbell, 2003
Evapotranspiration
SE Josle wlals Brandt-Williams,
. J 0.00E+00 0.00E+00 9.36E+04
SOM reduction 2002
SB Gl Brown and Bardi,
. . g 2.68E+06 6.89E+06 1.27E+09
Soil erosion 2001
oa 5l > slapl =
Purchased inputs
ST Luand Campbell.,
J 2.35E+08 7.84E+08 2.22E+06
Human labor 2009
oYToeble Campbell et al.,
. g 5.26E+03 8.00E+03 1.01E+10
Machinery 2005
095 9 e S g Bastianoni et al.,
. ] g 5.60E+08 2.99E+09 8.60E+04
Fossil fuel and lubricant 2009
05955 095 Brandt-Williams,
) N g 1.18E+05 1.84E+05 3.09E+10
Nitrogen fertilizer 2002
Shd 555 Brandt-Williams,
. g 9.00E+04 1.00E+05 2.82E+10
Phosphorus fertilizer 2002
ey 095 Brandt-Williams,
. g 1.00E+05 1.00E+05 2.23E+09
Potash fertilizer 2002
955 955
) - g 6.10E+04 8.10E+04 3.91E+09 Lan et al., 2002
Micro fertilizer
Sl Brandt-Williams,
ST g 2.40E+07 2.40E+07 2.96E+08
Organic fertilizer 2002
g Maccanti et al.
o g 7.50E+03 7.50E+03 1.89E+10
Pesticide (man)
S cile Maccanti et al.
o g 2.20E+04 2.20E+04 1.89E+10
Herbicide (man)
. J 2.70E+08 5.40E+07 2.31E+05 Amiri et al., 2019
Electricity
6okl pllss . Asgharipour et al.
o sej 2.31E+15 0.00E+00 6.76E+07
Irrigation system 2019
Jw ) Asgharipour et al.
i Rial 5.33E+05 5.33E+05 1.00E+00
Sapling 2020
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Table 2 Countinued- Natural and economic flows for flood and drip irrigation pistachio fields of Qom per hectare

ST
Output

6olaidl o Slae
Economic yield
oladl o Slas
Economic yield
STosle Laglidl
Organic matter addition
STosle Laaliél
Organic matter addition

g 2.00E+06

J 4.98E+10

g 3.E+07

J 7.60E+11

1.80E+06

4.48E+10

7.E+07

1.52E+12

N
Subtotal
F e
Total

1.73E+16

2.72E+16

1.88E+16

4.05E+16

VAR S ERPR VA r 23 RECIAVEL S AL FURE c v
(Yasini et al., 2020) JL. ;5 )iSa 0 souisy55 Joip!
el oass i I35

(N) pdybagams Jamo slaosl >

ool Slals (5,5 5 e oo ol il Byan
b slagliz (d—al szl S Gulwp s S
Lyl IS 5 o] g a5 isls LS5 |y pdgliogacs
5 OV F i Gl g (B2 )kl pUsS sl 59959
bz Gls39)9 Gl i (nrie O 9y YT/AR
s5b aron (feeing ol ar boye pllai 50 o 55 iglingass
Sl 5 G5 5 e sty 2l B e (IS
(¥ Jgaz) o9 GLL 5l it B2 s Lol pllss jo S

9 i g slapllas o pdibagasd e slagl >
VAN ) s ey e i g 50 Ly
e 5 5,5 adg slaallss (Jafari et al., 2018) #/v5

FIVE x V"% g YV x Vo (5 gan ol py5 jo IS

5 05ml (sueja—w adgi slapllas (Amiri et al., 2019)
x VPG FIPY X VY L 55 e e o)l
oJgs slasllss g1y 4 (Shahhoseini et al., 2020) A/o)
QAPA V" 5 5y s Allaie ) o 5 5l S

20,8 0 a9 Jgiel VIO x VT g WYY x VY
el oo 5,158 (Yasini et al., 2020) JL.

R) piynazd Jaumo glagl
obe8)5% 5 ot pdyasans e slapl >
Rdgaaans e glaglz adse G g 5 5 Ok
& ol Sad e 00y 458 6551 5l Lait s
Aol e bop)l oy, 5 eielce b5l 5l olaz! sl
Olye 4 03,5 oo oaliinl jiwgid ;5 &S (Gad 93 (555
Sbass S ks o pdnagasy aore slapl > 5l
o3l 69559 =S, (Asgharipour et al., 2019)
B x 1) ol e 6550 pllai 5 52 o o
slaglyz (1 Jsaz) 39 (Jlo 50 )BS850 (a5 Joiel
x V' aallae ool o pls 53 52 sl pigagans e
aws plog Jw o LSe 1o gai,e> Jojpl #IVF
i Shl g QB2 )l slaplls ¢y (53,5 plie
) plas 2 as 639,5 slocsi el JS 51 aa o YITY 5 V/0Y

ol oSt
9 Xy g8 lapllas )5 pdyaaad e slapl >
x V' g plal B bl o g Gl e 5o Leys
e 5 6,5 odgs sleplls (Jafari et al., 2018) YV Y
VA x V" e VA% x V" s san ol py 0 IGIS
505l e joa—w 355 slaplls « (Amri et al., 2019)
Shahhoseini et ) &/8A x V"7 15,5 b pi 45 0,k
Su et ) VAY x V' > o i g slls ¢ @l., 2020
dilate 1o o s shy oS 03 slapllas gl 5 @l., 2020
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Table 3- Emergy synthesis, input structure and share of emergy inputs for flood and drip irrigation pistachio fields

St e
Sl S i Drip Flood
Emergy Variables o y95 (55 30l S y95 (55 30l Sl y55 (55 y0! Sl )95 (55 0!
Solar emergy (sej ha™ yr?) Solar emergy (%) Solar emergy (sej ha' yr) Solar emergy (%)
2y s e slaol >
Renewable environmental inputs
S 95 (555
Solar energy 4.63E+13 0.17% 4.63E+13 0.11%
ol iz (55,
Wind, kinetic energy L 66E+12 L 66E+12
o e . + . +
Ol gl (55
Rain, chemical
555 5 s 5.90E+14 2.17% 5.90E+14 1.45%
3 e
Evapotranspiration 3.43E+13 3.43E+13
K
Subtotal 6.36E+14 2.34% 6.36E+14 1.57%
ubtota
24l o e ol
Non-renewable environmental inputs
i sleo]
Ground water 5.11E+15 18.79% 1.09E+16 27.00%
35 9 s
Evapotranspiration
S T dlge lils 7.26E+14 2.67% 1.42E+15 3.50%
SOM reduction
S il 0.00E+00 0.00% 0.00E+00 0.00%
Soail erosion 3.40E+15 12.52% 8.75E+15 21.57%
5
Subotal 9.24E+15 33.99% 2.11E+16 52.06%
ubtota
ond )l > slagl >
Purchased inputs
5 Gy
Human labor 5.22E+14 1.92% 1.74E+15 4.29%
QY]Q:,ZLA
Machinery
s s i e 5.31E+13 0.20% 8.08E+13 0.20%
) gL-~M3
Fossil fuel and lubricant
58 355 4.82E+13 0.18% 2.57E+14 0.63%
[P} ™
Nitrogen fertilizer
i 08 3.65E+15 13.42% 5.69E+15 14.02%
Phosphorus fertilizer
iy 355 2.54E+15 9.34% 2.82E+15 6.96%
Potash fertilizer
5 Sn 355 2.23E+14 0.82% 2.23E+14 0.55%
Micro fertilizer
a5 2.39E+14 0.88% 3.17E+14 0.78%
Organic fertilizer
S ] 7.10E+15 26.14% 7.10E+15 17.52%
Pesticide
S ale 1.42E+14 0.52% 1.42E+14 0.35%
Herbicide
4.16E+14 1.53% 4.16E+14 1.03%



29 Syl gL (2L

VY

iy SBoo3 Sl 9 B2 )bl slr BOL 2 wtew 9 599 3L Lo 53 5l Sl —Y Jgar aalal
Table 3 Countinued - Emergy synthesis, input structure and share of emergy inputs for flood and drip irrigation pistachio fields

Electricity
LT ol 6.24E+13 0.23% 1.25E+13 0.03%
SHwle
Irrigation system
Jles 2.31E+15 8.50% 0.00E+00 0.00%
Sapling 5.33E+05 0.00% 5.33E+05 0.00%
5
Subtotal 1.73E+16 63.67% 1.88E+16 46.37%
S e
Total 2.72E+16 100.00% 4.05E+16 100.00%

sleallss sl 5 (Shahhoseini et al., 2020) A/dY x V-«
x \o‘*%;ggtﬁw&;ﬂ)oﬁ_ﬂ5}%‘fﬁb\g9§

PPV ISP R 1AA S PR VAR S R 4 1

el 00l 5,155 (Yasini et al., 2020) L. o

(U) 500 IS g2 9 3,50es

3509 5ol 45 25 alss JaslS 5 sl el
e jladie )3 (el SBJ' b oy Jgip! com )
Dl £ (@) 5 b D) J) ) G Jgmazs ]
S Jgmazme (599,59 (65 ol aliie jladie jo 50 &jle 4
3,5ee (Odum 1996; Brown et al., 2000) s oy
5 e Gl s B Ll el o gol il
£S5 e s Jo3 FIAA XN S FIFA X VT sy
63959 S50l S w092 0,5 Yo x VP g VA x VT e
g 10 x VY Cgan Shb g o2 ol sleplls (o
ol g Sl o S ) (andyos Jgiel YIVY x V-V
Wb s (856 (65l plls 51 Sasl S L (sl plls
e fassgs o S plas )0 00l 0dg Jguaze o>ty o 92
Sl oay Gloniy (28,8 el L anslie 1o 555l 51 5508
(Y Jgaz)

P Lo g ety oy glepllas )0 55,60l J5 ol
YIVE x Vo7 g YIAY x ) Y s sy ylaigs ol e
155 oo 5 5l odgs slapllss (Jafari et al., 2018)
Amiri et) YV x Vo g FY x V- s ol a5 e
2oyl g 05l (o g slapllas «@l., 2019
WVE X VT g WY x VY s B e

ol (55l 5 sl >

< sl sleells )5 00l gyl > slapl > e
G ye Jgial VIVY x Ve g VA x VY s ey b s
IS 5l as 0 PYIPY o TRITVY Cud e a5 0g Jlo jo ,LS o
alio iols plarsl ag3 ar ) bapllss 4y (595,5 sl >
ol Sl a8 sls Lt pllas g3 o0 gl 5 slagl >
Jle Olgie araivg (g3l Sglis shls pllas 9 (o Lol
395 655 955 (895 9 (ke S g (63959 54!
S8 Pl ) Hand 55,50 sloogS g Y lopilo (39553
Al s VY g VXY LVBY /08 YT DY (o ey
bl plas 50 at i 3SU1 (6099 (550! ilie 55 092 SI1L
Al il e gy e oyl plas s ¥R 1L
Gy Jgiel VIV 5V o0 Jolae S g5kl 5 (6L
&9 5o k) Sl g yho B2 pllas )3 9 Jlo jo LS o
9 99 S e Dolite 09y Jodo 40 gl > sl >
Solz sl ;o Sglds 4 jomie gl glite slasSl
and 3 g (YT pile il sas pllas 90 o0 (5l 5
§ g 2SI AT ST 9S00 355 5 iy slo0sS 085 5
(30,0 S5 3l 108 (05 Jlomms ot pllii 90 58 50 Jloi 0 >
AV Jgaz) ails oals (5l 5 sboisog,g Glee o

L2 g dmy a5 slapllss 10 00 ()l > slagl >
9 VY& x Ve i i Slos Gl e o
5 5,0 oy slapllss (Jafari et al., 2018) V/vY x V-7
x VT g VA x Ve L gan ol a5 0 1S s dme
(st joa— S5 Lol (Amiri et al., 2019) \/#\

SNV e S i 0 0yl g 05l

Lsolar emjoules
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G5 (UR) (6550l (5 pisasazs S (SPE) JTosls
(EIR) 6550l 6,55 8le )—o e (EYR) (5550l o Slac
ooy ol 5 (ELR) 5l sl asms (6,38 )b co s
ol 5 ESI) 3l (65,0l sy (e 5 ELR)
oSl (65 0l sl yaslis anslie 0 casy p (ESIF) 00
53 55 35 slaogeds Jlosl (KisSz 5 )kl cu e (29, 5|
slagasls )l 5 (ol Laly) sl (o2 990 plls
il p (e slaat b polie 5 ) Jgaz ;5 S 3550

Sl 0als SITE Jgam jo

@S ads slesllss sl , 4 (Shahhoseini et al., 2020)
x VeV Xt XYY @;gotﬂwd_&hujoﬁ_w5jlﬂ

Jlw o ,iSe o o 95 Jojel VY x V7 g YNY

el 0o 5,158 (Yasini et al., 2020)

Sixel gas i
P 90 (D9l (e (650l slaat Lt jlosliul b
Jol—s 0,5, slo Sy blad 5l oliye 5 Sl )]

5 sobatdl s Shee (sl oy (53,0l «(T1) (550! o 2

o8 ditay S0 Sl g B )l (6l 0 soLamdl by asli 5 550l g (e S aSLE -F Jgux

Table 4- Emergy-based indices and economic indices for flood and drip irrigation pistachio fields of Qom

o Sht L
el
Indice Drip Flood
obaidl o Shos gl 650! Jrd o o
5.46E+05 9.05E+05
Transformity for EY
Toolo (gl (650! Jrood s oo
o 3.58E+04 2.67E+04
Transformity for OM
©olaidl o Slos gl 059 (55!
1.36E+10 2.25E+10
Specific emergy for EY
Toolo gl 0529 550!
o 8.09E+08 6.03E+08
Specific emergy for OM
(1) 85501 20y Sy
3.45 243
R%
1571 2.157
EYR
&350l 6 15 lo puw o
1.753 0.865
EIR
ouls ol (55 30! (5,1 A Lo s i
27.214 29.566
EIR*
shazo (5,185 ,5b Connd
41.74 62.76
ELR
0ul ZMol (dausxo (5,185 5 s
¢ 27.964 40.236
ELR*
il gl el
0.038 0.034
ESI
oud g3lal (550l 5 5lmly el
0.056 0.054
ESI*
AL wwl o
1700 1530
Gross income
AL el
1584.05 1413.61
Net income
SIS N (6999 S
14.66 13.14

Input/Output ratio
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(SPE) pogateo (550! s Lid
3L 3y9e 50l ke (SPE) (og—are 535l Lt
shele o lb cplice il (29,5 0,2 0xly SO adgs 6l
5 Sl pllas )3 (Gadsi 0353t 9ly 5550l (25 10
21y s elese azls 2 0alS lai iy (65,0l ke
Odum, ) w5 o Ol (2,55LS s £5) p 2 2ls
5 Gdsi e3giie s 4> 42 .(2000; Zhang et al., 2012
>y o oS ol 50l bz 4 658 L el S
S el ol 5o ogaases (550l a3l il el las
26,8 6kl sleplls o (Pizzigallo et al., 2008) .l
Ve s golatdl o Slae gl o5 650l (Sl 5
Sl osle Gl g 0,5 10 G 9> Josal VYE x Ve 5 YIVD
P55 55 detygs el Mo Ve R g #1¥ o Vb sy
Shlslal pllas )5 golaidl s Slae sl 055 5350l 052
5L 9550 5yl Sl Sl a5 0 28,6 )Ll 5 oS
ol bamlin ;5 0l 5o (55 0ol S adgi (sl 28
Sk el plss o T oole gl o3ag 530l Lol o3y E)e

g 28,8 6 kel 5 i

(0R) (5550 (5 32dg 00925 yousS
Ao, satas s (WR) (65,0l (5 pisasazs S

sl a5 saJy sleplls (Zhang and Long, 2010)

(sl 53959 S5yl 31 (6t yaS 00T el iy
olaisl culs, o osacl o el il Yoo
S (57505 O3 1 pdylioganss il 5l aS el 53850
Brown and Ulgiati, ) aules solt ! pdsagams mlie 4
S pddazs ao,s (2004; Lefroy and Rydberg, 2003
YIEO o YIFY s ian Glb g o2 s kel slopllss (55 5l
93 8 53 heme pdyanaas gl 5l 65 el (39,9 092 9oy
5 Jlo 5o S 10 sawdyen Jgiel FIVE x Ve 'T o LT pllas
e Shb g e olal 13 69959 5l S oliee
20,8 )0 a9 Jgiel YIVY x V7 g F/e0 x VY
Sl G rdpass 0o )0 el Jlade (Bl (pl o g Jlo
a0, pllas cplas cul plosas s 8,8 kel jo

m)amb.baau @L;.Agl) 395 oolaiwl 0,50 (6550l 3l (6 i

(TF) dad o ps
5l 003l (s sl e (a2l (T b
Jlaie (Brown and Ulgiati, 2004) cw! Js—ame adg
a5l il ol (23S O oy Sl TT iy
Odum, 1996; ) s oo Hlis |y (daoretn g (goladl
car—o bl g o ool sl o (Lu et al., 2010
9 0% Vo8 s e golatdl o Sloe gl (65,0l Jaiss
e Il osle sl 5 Jg5 50 (s ys5 Jgsel OFF x )0
D9 Jgh 50 o9 Jgjpl TIOA x VT g Y/EY x VT
Syan Jds 4 B2 gl pllas )0 55,5 has co o
Fomls sl Sl e 50 5 (Seeins 2l ohus ar iyl YL
P L alio ;5 o] a8 TS S0l a5 550 ol
Shl el ol o g5yl By ae az ST 05 Sl 6]
Ry i ol Sl Jy 0 LB syl el Sl s
w959 50l o 5o Gk ol s TSl
plas jo aS sme cplasog X oy Sl 6okl 5o ,Slee
S5l el Jg—amo Sl asly o ol 4 L o]
s o33l (ol s nlplis 0g asdly olaisl (g8
Js—ame adsi 2t Oliee 1 L okl plS 5359 (55!
3>ly 53 (g5 55 Sde—yss Jssel Voo x ) 7) goladl
Sl b aslio )0 pllas 4 (63959 (55! 4 S a0
03 (Js3 50 saebys> Jgsel VA= x V7) 6,
S5 g g (S waz sleellas gl a3lo (nl e
x VT g YIYY x V8 s s sz YL 48 &8 0 3ilSe
paS-o s as > adgs o «(Martin et al., 2006) a/v'-
pasS oy (Hu et al., 2010) £7+0 x V+ ¥ o> Jlas o
aJgs (Wang et al., 2014) V/eY x V8 > Jlo—s jo
ARMPR (K- Ut FU s S U PN L gy
o Ley3 g as s o Jgs (Houshyar et al., 2018) f/vY
VEY x Vet g VIVY x Vet Cas pan olacgs ol g
505l ey aJgi slaplls (Jafari et al., 2018)
YIOF x Vo2 g V0 x V8 s ay B35 lw e 0 o)l
ke pasS oy slapllss o 4 (Shahhoseini et al., 2020)
x VTG RN X VT VY VN s s 48 e g
ooyl55 (Yasini et al., 2020) g5 5o (gowds o3 Jose! YNY

s 00
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52 el alo s (699,55 lgie 4 pllss Sl 21> (goladl ailie
i oolaiw] ooyl asb YL (650l 0, Slos G ax
Odum, 2000; Brown and ) el 55! 5!, aolio 5
ool S 65yl 3,8 os Coans ake JBlas (Ulgiati, 2004
wl 0 ol sleglyzr @le oo phs saiaslti oS
DL slea—d gyl slapl,r & JolS (Sly 5 0y
@ el i caS 5l Sl (2Pl (pl i Gliee ool
FaellS Byan g oad 55l 3 slagl 2 5laxly e )l
4 50l Byan y plls i ST A 50 5 bl >
Ghaley et ) el oo Gyl sl > 5lasly o sl
«al., 2018

e Gl s 28 olel lp sl Sl
st ool s a4y 08,8 g LT, 58 VIOVY 5 V1OV
il YL EYR jlade (8, pdilbsgass slapl >
@L;e 3 f:Uéa.; SG 8yl 0 40 4 S o ul_»...u Eo—o50 Q,;.I
Al Uy alin ;5 oadly o s pllss sl 5 il IS,
sl 5l ol ese sl s> Uy LB skl Sk
05 OVFIF5) SLL 5l yeS (VYN L6,

Loys 5 aiy s slopllas gl EYR Jlade o i o
Qidgad 0 155 VIVY o VP Cu e |, lacags ol ot o
00l (55l > gl 4 plla 5ol (Simily Sl a5
EYR jlaie (5,50 s ,o (Jafari et al., 2018) o5
VAY VR s e |y s 9 5l a8 o5 slapllss sl
e b (Kimly jlade Sl o5 Wages 5,155 V10T
95k g lapllss 5 09 (e (IS, Gloplyz arplls
Gl S By ae o a Gl w il o pusS
.(Yasini et al., 2020) sc_sls s SYLEYR jlade 5,50
Sdsi slapllss sl p et (ol ladie (6,505 Giod 5o
VEY cspan ) o5 gl sed 5o o)l 5 05mly (coejimnms
@ 3y ol (Kily ;le a5 W8 4155 aws 0 V-7
Shahhoseini ) o4 o5l el jo co—i (5l 5 slagl >
(etal., 2020

il SL i Gale b g e 2l fiier Braae ohis
ol pllas Lalie ;s b o bl pllss oplpley ol
€ sl oyl gt glaly Casaaly o 8,2
LoeyT ol 5 e 5 Wig—diiso 5 pllas )15 51 Ygane (IS,
25U Con Sasd 4 g axas b baplls opl a5 ass e L
Yasini et ) &5,.5 oo )8 olaidl 5l oo 5l 5 slagl >

.@l., 2020
ader pllai ol 5,155 0o 10 FYIY o YOI cudpa olaigs
g 08=d 5yl > gl 5l 6 FSE S e Sl 4 b >
glie g Pl beg slaanlp 4 ol it S
Y GJSYL’ 6)-"\-’4-'4—7” [GSNrE— 6|)\o é}u» )Jb\_a..\_n..\_?r.“n
&l adgi slapllss o a3l ol (Jafari et al., 2018)
a0, VA/A 5 O s asobl oy 0 IS o dmse g
pllas o sl il (S8 Judo (o ai (yo)l55
S5 pdsbinass ace 5l S T olse YL ol sl
4o (Amiri et al., 2019) s 0 g g B g 55,95
ojmb adoy slapllas gl p (6500 (6 pduauass Cud ¢ Rdod
9 VVIAD s i ]y (855 lim e 50 (oajm o)l g
30y 6 pdudsass cde la T .a30,S 5,155 ausjo VYIVA
Rdeaand glie i e | o)l el 0 S 030l pllas
Bl & it (Sily 5 050l ol 55 515k slasdgys 3l
w8 155 0l ol 55 (e o ohus ar islingans
o 1y oyl pllas an co s 0 ly pllas iy (g lagly 1Al
,o (Shahhoseini et al., 2020) sSs,5 3,155 @aeasls
paiS adg glapllas o) el b ) Jlade (6,500 Guios

VYIO 5 VVE IR o 5y b dllaie o 1) s s 5L

Js e g 5l wdgs Glopllas aisged (3155w oo
el ol el sl JT sloosS ol oliwe B, —as
g obls pdilasass 5l slagk > 4 5 S (Sily
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.(Yasini et al., 2020) o4 ,5,laLL
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ol 5 (ELR) 3laibiw! (oo (5 13851 Cound
(ELR*) ouud
5 00b )l slagiel co W ELR (3L
ELR col (oo pdyanozs s,z 4 (e ndgbogazs
555 Salad § ot sl agone Lt 5l L

So 5l Sladl ogilly JLid 5l (g ke laie 4 5 Cosl (golad]
OdUM, ) sl oo 4z, L5 o dl bl Laums 4 a1 8
e daeos Lt sazmolis ELR 5YL ol5ee (2000
23bnans slagl 2 sl eoliiwl s 4 (oo sloplliips,
(Odum, 1996) !

2igaass slagl > bloin e ELR a3l o5
ol 3yly e L8 5l (g ke (lgre 4y g o)l bl
Ulgiati and ) ol sa& a8 5 15 0 odgs Sl o ellas
Sl ¥ 5l S ELR e oIS sk 4 .(Brown, 1998
shoe )28 Sl Ve BV (g polie oS lane L2
S shaeme s Sl Ve Gl i ELR i 5 lasgie
&5 Ca—ws ELR* (Brown and Ulgiati, 2004) c..!
S50 pllas la i a5 el pdgaans 65 el 4 pdslogass
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Table 5- Economic analysis for flood and drip irrigation pistachio fields of Qom (million Rials)
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Appendix A

Items of emergy for drip irrigation layout (sej ha™)

Initial investment in the pumping station (sej ha')c(cost, 6.50E+07) x (emRials, 6.67E+07 sej IR Rials) =
4.34E+15sej ha't

Initial investment in irrigation equipment (sej ha®): (cost, 22.70E+07) x (emRials, 6.67E+07 sej IR Rials) =
1.53E+16sej hat

Central control system for pumping stations (sej ha*): (cost, 1.30E+07) x (emRials, 6.67E+07 sej IR Rials) =
8.79E+14sej ha't

Drip irrigation accessories (sej ha™): [(iron, 5.80E+04 g ha) x (specific emergy, 3.56E+10 sej g)] + [(Plastic,
5.20E+04 g ha*) x (specific emergy, 4.19E+09sej g)] = 2.28E+15 sejha

Drip irrigation tape (sej ha'): (plastic, 1.20E+05 g ha?) x (specific emergy, 3.56E+10 sej g*) = 4.27E+15 sejha
1

Drip irrigation tapeinstallation cost (sej ha?): (cost, 4.0E+06) x (emRials, 6.67E+07 sej IR Rials) =
2.74E+14sej ha't

Drip irrigation layout emergy (sej ha): Yemergy item = 2.31E+16sej ha-1

Assume a life span of 10 years, yearly emergy for drip irrigation layout: 2.31E+15 sej ha*

Appendix B

Drip irrigation system

1-Solar energy (J ha*): (area, 1 ha) x (10,000 m? ha) x (during growth season, 5.79E+09 J m-2) x (1-albedo,
0.8) = 4.63E+13 J ha'®
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2-Wind, kinetic energy (J ha): (area, 1 ha) x (10,000 m? ha') x (air density, 1.3 kg m=) x (drag coefficient,
0.002) x (wind velocity x 2.9 m s1)® x (growth season, 2.048E+7 s) = 1.33E+09 J ha!

3- Rain, chemical potential energy (J ha?): (area, 1 ha) x (10,000 m? ha'!) x (rainfall, 0.028 m yr1) (density,
1,000 kg m®) (Gibbs free energy, 4,740 J kg™?) = 2.62E+10 J ha*

4- Rain evapotranspiration energy (J ha): (area, 1 ha) x (10,000 m? ha?) x (transpiration, 0.025 m yr?) x
(density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg') = 1.19E+09J ha*

5- Ground water energy (J hal): (area, 1 ha) x (10,000 m? ha') x (average quantity, 0.750 m® m-2) x (conversion,
1000 kg m™3) x (Gibbs free energy, 4,590 J kg') = 3.44E+10 J ha'!

6- Groundwater evapotranspiration energy (J ha*): (area, 1 ha) x (10,000 m? ha*) x (transpiration, 0.732 m
yr1) x (density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg™) = 3.47E+10 J ha*

7- SOM change: + 0.80%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha*) x (0.3 m, soil layer) x (1400 kgm, Soil bulk density) x
(0.80%) = 33,600 kg ha't

SOM reduction energy: (33,600 kg ha, SOM reduction weight) x (5400 kcal kg) x (4186 J kcal ™) = 7.60E+11
Jhal

8- Soil erosion (J hat):

Average soil loss from water erosion calculated by USLE model to be 4.675 tones ha

Soil erosion = (area, 1 ha) x (soil loss rate, 4.675 tones ha) x (1.0E+06 g tones™) = 4.68E+06g ha™

9- Human labor (J ha'): (Working hour, 200 h ha'?) x (1.96E+06 J h'!) = 3.92E+08J ha'*

10- Agricultural Machinery steel (gr ha?):

Tractor: (Steel weight, 3.60E+06 g x work hours, 20 h ha') = 7.20E07 g h ha!

Assume an economic life of 15 years, yearly work hours 540 h).

Agricultural Machinery (g hal) = X (steel x work hours /economic life/yearly work hours) x hours ha=5.33E+03
grhal

11- Fuel for machinery (J ha'): (average quantity, 12.0 kg ha) x (conversion, 4.67E+07 J kg*) = 5.60E+08 J
ha!

12- Electricity (J ha'): (average quantity, 75 kWwh ha™*) x (conversion, 3.6E+06 J kwh) = 2.70E+08 J ha™*

Flood irrigation system

1-Solar energy (J ha*): (area, 1 ha) x (10,000 m? ha) x (during growth season, 5.79E+09 J m-2) x (1-albedo,
0.8) = 4.63E+13 J ha!

2-Wind, kinetic energy (J ha®): (area, 1 ha) x (10,000 m? ha*) x (air density, 1.3 kg m) x (drag coefficient,
0.002) x (wind velocity x 2.9 m s)? x (growth season, 2.048E+7 s) = 1.33E+09 J ha*

3- Rain, chemical potential energy (J ha'): (area, 1 ha) x (10,000 m? ha') x (rainfall, 0.028 m yr) (density,
1,000 kg m®) (Gibbs free energy, 4,740 J kg™?) = 2.62E+10 J ha'*

4- Rain evapotranspiration energy (J ha?): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.025 m yr?) x
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(density, 1,000 kg m®) x (Gibbs free energy, 4,740 J kg) = 1.19E+09 J ha!

5- Ground water energy (J hal): (area, 1 ha) x (10,000 m? ha') x (average quantity, 1.050 m® m-2) x (conversion,
1000 kg m™3) x (Gibbs free energy, 4,790 J kg') = 4.98E+10 J ha'!

6- Ground water evapotranspiration energy (J ha®): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.927 m
yr1) x (density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg) = 4.51E+10 J ha'*

7- SOM change: +0.8%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha') x (0.3 m, soil layer) x (1400 kg m=, Soil bulk density) x
(1.60%) = 67,200 kg ha'*

SOM reduction energy: (67,200 kg ha, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal ™) = 1.52E+12
Jhat

8- Soil erosion (J hal):

Average soil loss from water erosion calculated by USLE model to be 6.886 tones ha

Soil erosion = (area, 1 ha) x (soil loss rate, 6.886 tones ha?) x (1.0E+06 g tones™) = 6.886E+06g ha™*

9- Human labor (J ha): (Working hour, 400 h ha'?) x (1.96E+06 J h'') = 7.84E+08J ha'*

10- Agricultural Machinery steel (gr ha?):

Tractor: (Steel weight, 3.60E+06 g x work hours, 30 h ha*) = 1.08E08 g h ha™*

Assume an economic life of 15 years, yearly work hours 540 h).

Agricultural Machinery (g hal) = X (steel x work hours /economic life/yearly work hours) x hours ha™* = 8.00E+03
gr ha'l

11- Fuel for machinery (J ha'): (average quantity, 64.0 kg ha) x (conversion, 4.67E+07 J kg*) = 2.99E+09 J
ha!

12- Electricity (J ha?): (average quantity, 15 kWh ha) x (conversion, 3.6E+06 J kWh) = 5.40E+07 J ha'!
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Abstract

Introduction: Agricultural ecosystems depend on free environmental flows such as water, wind,
sunlight, soil and soil organic matter and non-free flows such as fertilizers, pesticides, electricity, fuel,
mechanical equipment and other industrial products. In this context, it is useful to use biophysical
methods based on thermodynamic laws such as energy analysis, exergy analysis, exergy evaluation
and life cycle evaluation with regard to the contribution of environmental services and inputs in the
production system based on equivalent unit.By applying the emergy approach to analyzing the
sustainability of agricultural systems, we can ensure that adequate management is implemented in
order to increase the sustainability of production in these systems. In this regard, by evaluating and
comparing two flood and drip irrigation systems in pistachio production using the integration of
emergy and economic indicators, it is possible to provide an accurate picture of the sustainability of
the two pistachio irrigation systems in Qom city, so that based on the results, Solutions for the
development of cultivation and stabilization of pistachio production and the optimal presence of this
plant in the cultivation pattern of the region should be provided.

Materials and Methods: In the current study, two irrigation systems for pistachio fields in Qom
Province, Iran, were analyzed using emergy analysis. For this study, we measured free renewable and
non-renewable environmental flows, as well as non-free flows, in 2019 for two pistachio production
systems that were irrigated by flood and rain.Free renewable environmental flows including sunlight,
rain, wind, evaporation and transpiration and river water; Non-renewable environmental free flows
including erosion and losses of soil organic matter; Non-free flows include chemical fertilizers,
pesticides, herbicides, machinery, fuel, organic fertilizers, labor and electricity that originate from
outside the system.The output of the system was pistachio product.

Results and Discussion: The largest free environmental input in both systems was the chemical
energy of rain with 5.90E+14 sej ha! year. Renewable environmental flows for both systems in this
study were 6.36E+14 sej ha?! year’.This category of input sources for flood and drip irrigation
systems constituted 1.57% and 2.34% of the total inputs to each system, respectively.Consumption
of underground water resources, evaporation and transpiration, loss of soil organic matter and soil
erosion formed the main components of non-renewable environmental flows, whose share of the total
input energy for flood and drip irrigation systems was 52.06% and 33.99%, respectively.Most of the
flow of non-renewable environmental inputs in both systems was related to underground water. In
general, the amount of underground water consumption, evaporation and transpiration and soil
erosion was higher in flood irrigation system than drip irrigation system. The total emergy inputs for
the flood and drip irrigation systems were calculated to be 4.05E+16 and 2.72E+16 sej ha* year?,
respectively, according to the findings. In contrast to the flood irrigation system, the drip irrigation
system was more reliant on purchased supplies than on environmental inputs. Groundwater
consumption accounted for 27.00% of total energy input in the flood irrigation system, while livestock
manure accounted for 26.14% of total energy input in the drip irrigation system. Transformities in the
flood and drip irrigation systems were 9.05E+05 and 5.46E+05 sej J?, respectively; emergy
renewabilities were 2.43% and 3.45%; emergy yield ratios were 2.157 and 1.571; emergy investment
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ratios were 0.86 and 1.75; standard environmental loading ratios were 62.76 and 41.74; and standard
emergy sustainability indices were 0.034 and 0.038, respectively.

Conclusion:Despite the flood irrigation system's larger contribution of environmental resources, the
high use of groundwater as a non-renewable input resulted in an increase in environmental burden.
The adoption of drip irrigation will lessen environmental burden on ecosystems while also improving
water use. In the current study, the drip irrigation system outperformed the flood irrigation system in
terms of yield, resource efficiency, renewability, and environmental sustainability.

Keywords: Emergy investment ratio, Environmental loading ratio, Emergy sustainability index,
Ground water
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Figure 1- Different climatic parameters of the experimental site during the growing season of 2022-2023
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Table 1- Analysis of variance the effect of irrigation levels, different concentrations of abscisic acid, on morphological characteristics,

yield components, seed yield, and water use efficiency of sesame
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Figure 2- Mean comparison of number of mature capsules plant” in sesame affected by interaction effect of irrigation levels and
foliar application of different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 phM ABA concentration;
50: foliar application with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.
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Figure 3- Mean comparison of number of immature capsules plant™ in sesame affected by interaction effect of irrigation levels and
foliar application of different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 pM ABA concentration;
50: foliar application with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.



ol g (290 YY¥

45 4 @0 010 |50 H100
40 A
35 A T
30 A
25 4
20 A
15 1
10 -

Sl

K3

ﬁs.g)bJ

Number of capsules per plant

DN

DO

100%FC ' _ 60% FC
(=) cadb) ookl Tobaw
Irrigation levels (FC)
(ABA) sl S ] iz GLCAE b 25 Jokxn 3 6okl ok JiSh 1 il i AziS gy 50 JguaS OIS (52 ilno dumy o —F S
Yoo cdale b oL Jokoo 1100 g ¢ ABA (¥ 909,500 8 cdale b 50 Jolxo :50 tABA j¥g0g,500 Vo cdale b b Jolxo :10 ol 0
ABA ;¥ 90550
Figure 4- Mean comparison of number of capsules plant” in sesame affected by interaction effect of irrigation levels and foliar
application of different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 phM ABA concentration; 50:
foliar application with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.
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Table 2- Mean comparison of the effect of irrigation levels and different concentrations of abscisic acid on the number of seeds per

capsule, biological yield, seed yield, and water use efficiency of sesame
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For each investigated factor, means with the common letters indicate no statistically significant difference based on the LSD test at the 5%
probability level.
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Figure 5- Mean comparison of number of seeds plant” in sesame affected by interaction effect of irrigation levels and foliar

application of different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 pM ABA concentration; 50:

foliar application with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.
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Figure 6- Mean comparison of thousand-seed weight of sesame affected by interaction effect of irrigation levels and foliar application

of different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 pM ABA concentration; 50: foliar

application with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.
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Figure 7- Mean comparison of harvest index of sesame affected by interaction effect of irrigation levels and foliar application of

different abscisic acid (ABA) concentrations. 0: control, 10: foliar application with 10 pM ABA concentration; 50: foliar application

with 50 pM ABA concentration; and 100: foliar application with 100 pM ABA concentration.
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Abstract

Introduction: Sesame (Sesamum indicum L.) is an important oilseed crop belonging to the
Pedaliaceae family, treasured in different food and cosmetics industries. Sesame as a rich source of
protein, carbohydrates, minerals, and various antioxidants, is widely cultivated throughout Africa and
Asia. The Sesame plant is well adapted to harsh environments. Adverse environmental conditions,
such as drought stress, have severely limited plant growth and reduced plant yield. Some crop
management programs have been conducted to develop strategies to mitigate the harmful effects of
drought on plant growth, physiology, and yield. To this end, the exogenous application of plant
hormones such as abscisic acid (ABA) has been applied to some species. Therefore, this study aimed
to investigate the effect of foliar application of different abscisic acid concentrations to improve
morphological characteristics, yield components, biomass production, seed yield, and water use
efficiency (WUE) of sesame under water-limited conditions.

Materials and Methods: A field experiment with the aim of evaluating the effect of different abscisic
acid (ABA) concentrations (0: distilled water application, 10: foliar application of 10 uM ABA,; 50:
foliar application of 50 uM ABA,; 100: foliar application of 100 uM ABA), under different irrigation
regimes (normal: 100% field capacity (FC), and water-limited condition: 60% FC) was conducted as
at Narju region, Jiroft, Iran, during the growing season of 2022-2023. The experimental design was a
randomized block design in a split plot scheme with eight treatments replicated three times. Sesame
seeds were prepared from the Agriculture and Natural Resources Research and Education Center of
Jiroft and were sown on July 23, 2022. After establishment, the plants were thinned to obtain a final
density of 60 plants per 3 m? plot. The plants were treated with ABA at different concentrations two
times. Different concentrations of ABA were applied 50 (first time) and 70 days (second time; at the
time of stress imposition) after sowing. At the end of the growing season (November 29, 2022), 10
plants were harvested from each plot and various traits including plant height, number of branches,
number of mature, immature, and total capsules per plant, number of seeds per plant, 1000-seed
weight, biomass production, and seed yield were measured. Harvest index (HI) and WUE were also
calculated.

Results and Discussion: The results showed that under normal irrigation conditions, the application
of 10 uM ABA concentration led to producing the highest number of mature capsules per plant, while
no application of ABA resulted in the highest number of immature capsules per plant. In the
conditions of application of irrigation level of 60% FC, the application of 100 uM ABA concentration
with 25 and 8 capsules, respectively led to the production of more mature and immature capsules per
plant. As a result, the highest number of capsules per plant (33 capsules) and the number of seeds per
plant (2055 seeds) were obtained from the mentioned conditions. On the other hand, the thousand
seed weight showed a different trend. In total, such variations observed led to the insignificant
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response of seed yield to the application of different ABA levels to different irrigation conditions.
Applying limited irrigation in this study showed a greater effect on the reduction of seed yield (25.6%)
compared to the biological yield (10.6%), which led to a decrease in harvest index by 19%. As a result
of increasing the number of seeds per plant and 1000-seed weight, the application of 100 uyM ABA
concentration resulted in the highest seed yield (1138 kg ha) and biomass production (10054 kg hat).
Influenced by such results, increased water use efficiency by 9, 22, and 41% was observed for the
100 uM ABA level compared with the control and 10 and 50 uM ABA concentrations, respectively.
Conclusion: In conclusion, the integration of different ABA concentrations with different irrigation
management could be considered an effective strategy to improve the growth, yield, and water use
efficiency, and alleviates the adverse effects of drought stress on sesame plants.

Keywords: Drought stress, Foliar application, Phytohormone, Water productivity
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