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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Table 1- Agronomic biodiversity indicators in Zanjan province

53 31,81 S dlaws
o L=y baigs oloi Wi JS' ol
Ol e OFser ol GBIy )]53)111‘ g‘f - Totalelslumber of
Township Simpson Shanon  Uniformity g T.ota! r_"‘lmbe[_' .
Parker of individuals in species
all species
ol 0.34 0.87 0.072 0.80 0.035 13.91
Khodabande
‘.)b',d). 0.63 1.51 0.13 0.58 0.049 14/91
Zanjan
MUG.L..; 0.69 1.69 0.16 0.51 0.10 18.90
Soltanieh
Lasele
© 0.58 1.33 0.12 0.61 0.062 13.90
Mahneshan
oo 0.83 2.14 0.24 0.33 0.10 8.88
Khorramdarreh
2 0.83 2.03 0.23 0.26 0.15 12.88
Tarom
! 0.65 1.57 0.14 0.55 0.054 11.90
Abhar
%] 0.41 0.96 0.090 0.75 0.024 4.90
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Table 2- Garden products biodiversity indicators in Zanjan province
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Table 3- Indicators of agronomic and garden biodiversity in Zanjan Province
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Table 4- Comparison of crop products based on Sorenson’s Similarity index in townships of Zanjan province
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Townships Khodabande Zanjan Soltanich Mahneshan Khorramdarreh Tarom Abhar Abajrood
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Table 5- Comparison of horticultural products based on Sorenson's Similarity index in townships of Zanjan province
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Fig. 1- RDA of agronomical biodiversity indicators of Zanjan province in relation to climatic factors
Cagby :Humidity ¢ 5L :Rain ¢ ,SKko (slod Tinean: Mean temperature S (sled :Timin: Min temperature iy slos Tmax: Max temperature

uasls [Simpson «ygls j2sLs :Shanon « 3158, 25Lls Evenness «glasS (ske) g45 :Species richness (S, - 5,y a3Ls Berger-parker « s

[S) o acd
[=]
—
+
Berger-Parker
Species richness
»
””””” TEET
Tro----.__ Humidity Tmin|
T,
Tmean
T
Tmax
Shanon
Simnpson
o Ewenness
—
|
-1.0 +1.0

soulBl Jolgs b B3I )3 log; il (£ samn 5 £945 (5L a5 W6 RDA Y S
Fig. 2- RDA of horticultural biodiversity indicators of Zanjan province in relation to climatic factors
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Introduction

Modern agricultural systems have adverse effects on environmental aspects of production and ecosystem
health. Loss of biodiversity due to monoculture is one of these adverse consequences. Biodiversity and
agriculture are strongly interrelated. While biodiversity is critical for agriculture, sustainable use of biodiversity
corresponds to agricultural structure and function, and thus is an indicator for farming practices. Indeed,
biodiversity is considered as a vital component of sustainable agriculture from the food security, nutrition, and
livelihoods viewpoints. Agricultural expansion and intensification led to biodiversity loss in agroecosystems and
reduction in the types and levels of ecosystem services (ES) that people benefit from. Considering the
importance of biodiversity in sustainable agricultural systems and variability of agroecosystems in Zanjan
province, the goal of this study was biodiversity assessment of crop and horticultural products in this province.

Materials and Methods

Agrobiodiversity research, of Zanjan province was evaluated at the county level and it was classified to two
groups; agronomy and horticulture. For this purpose necessary data for assessment of biodiversity indices,
including cropping area and types of crop and horticultural species for eight county in Zanjan province were
obtained from Jihad Agriculture Management of these counties, statistics and information center, statistical
report of Jihad Agriculture Ministry, and interviews with experts, managers and farmers during 2016. All crude
data entered to excel program and then, some biodiversity such as Shannon, Simpson, Berger-Parker, Sorenson's
similarity, uniformity, total number of species and the total number of individuals in all species were calculated
according to their equations. Data analysis was performed by Excel var. 2010 and Canoco softwares.

Results and Discussion

The results showed that the highest and lowest values of Shannon index were calculated in Khoramdarah
(2.14) and Khodabandeh (0.87) countiesin crop products section, respectively. Also, in the garden products
section, the highest and lowest amounts of this index were related to the Tarom (0.99) and Khoramdar (0.62)
counties, respectively. In terms of Simpson's index, the highest amount was obtained in Khoramdar county for
crop products section (0.83) and Tarom county (0.81) for horticultural products section. The Berger-Parker index
had the highest value in Khodabandeh (0.80) and Khoramdarah (0.79) countiesrelated to crops and horticultural
products, respectively. According to the Sorenson similarity index for crops products, the highest similarity was
found between Abajrood and Abhar, also, the highest level of similarity was found between Zanjan and
Mahneshan for garden section. In assessment of the biodiversity indicators with the climatic condition of the
Zanjan province, it was determined that in crops products, the biodiversity affected by precipitation and relative
humidity, but in the horticultural products, it was strongly influenced by the minimum temperature and relative
humidity. The variability of Shannon and Simpson were related to relative humidity, minimum, maximum and
average annual temperatures in crops production section, but, these indicators were more related to maximum
and average annual temperatures in garden products section. The results of this study indicated that biodiversity
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indices for some townships were not favorable in Zanjan province.

Conclusion

The diagram of the analysis redundancy (RDA) showed that the most biodiversity indicators were more
correlated with maximum temperature and relative humidity among crops and gardens products.These results
indicated that biodiversity has decreased in many regions and it was reached to lowest value. From this
viewpoint, we have to understand the ability of biodiversity to support ecosystems such as agroecosystems and
sustainable agriculture ecosystem by providing numerous services. Therefore, educating and encouraging
farmers to use of crops types can improve the biodiversity services for suitability of agricultural systems in
Zanjan province.
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Introduction

Forage millet is a crop of tropical and subtropical regions which is considered due to abundant tillering,
rebuilding ability, resistance to environmental stresses and diseases, high yield in poor soils and absence of
prussic acid. Low amount of available water to plants results in drought stress and inappropriate morphological
and physiological changes in the plant. Plants under environmental stress conditions accumulate low molecular
weight organic solutions such as amino acids and sugars. Plant hormones affect plant growth in multifarious
ways affecting a number of physiological and biochemical processes in plants subjected to biotic and abiotic
stresses. Salicylic acid (SA) is one such plant growth regulators, which participates in the regulation of a number
of physiological events in plants. The use of salicylic acid in wheat increased the photosynthesis rate, protein and
sugar content of shoots, roots and leaf chlorophyll under drought stress conditions. Tomato and amaranth
treatment with salicylic acid in different stages of growth during drought stress prevents reducing the production
of dry matter of the plant.

Materials and Methods

To evaluate the quantity and quality fodder traits of foxtail millet Bastan cultivar under the influence of
drought stress levels and salicylic acid concentrations in Sistan climate, a field experiment was conducted as split
plot based on a randomized complete block design with three replications at the Agricultural Research Institute
of Zabol University during 2017. Treatments included three irrigation levels as main plot (45, 65 and 85 percent
humidity of field capacity) and sub plot including salicylic acid in four levels (0, 0.75, 1.5 and 3 mM). Spray
application was considered for salicylic acid. Dry forage yield, dry matter digestibility, water soluble
carbohydrates, crude protein, crude fiber, insoluble fiber in acid detergent, insoluble fiber in neutral detergent
and ash were measured. Measurement of forage quality characteristics in the Research Institute of Forests and
Rangelands was performed with NIRS device made in Sweden.

Results and Discussion

Results revealed that drought stress caused significant differences on dry forage yield, dry matter
digestibility, water soluble carbohydrates, crude protein, insoluble fiber in acid detergent and insoluble fiber in
neutral detergent at 1% significance level and on ash at 5% significance level. Drought stress increases water
soluble carbohydrate, insoluble fiber in acid detergent and insoluble fiber in neutral detergent and decreases dry
forage yield, dry matter digestibility, crude protein, crude fiber and ash. The effect of salicylic acid on dry matter
digestibility, water soluble carbohydrates, crude protein, crude fiber and insoluble fiber in acid detergent at 1%
significance level and on dry forage yield and insoluble fiber in neutral detergent were significant at 5% level.
The interaction effects of drought stress and salicylic acid on dry forage yield, dry matter digestibility, water
soluble carbohydrates, crude protein, crude fiber, insoluble fiber in acid detergent and insoluble fiber in neutral
detergent were significant at 1% probability level. Maximum dry forage yield (12.34 t.ha!), dry matter
digestibility (68.85%) and crude fiber (40.79%) were obtained from full irrigation and application of 3 mM
salicylic acid treatments. The highest water soluble carbohydrates (13.81%) and crude protein (18.93%) were

1- Instructor, Agricultural Research Institute, Universirty of Zabol, Zabol, Iran.
(*- Corresponding Author Email: Mohammadkarimain1350@gmail.com)
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obtained from intense tension X 1.5 mM salicylic acid and controlx 1.5 mM salicylic acid, respectively. The
highest insoluble fiber in acid detergent (41.31%) and insoluble fiber in neutral detergent (81.51%) were
observed under severe drought stress conditions without salicylic acid.

Conclusion
The results of this study represent the adverse impact of drought stress on the quantity and quality traits of
foxtail millet Bastan. Application of salicylic acid has a positive role in modulating the effects of drought and
improves quantity and quality forage. Therefore, can be expressed that irrigation of 85% moisture filed capacity
and spraying 3 mM salicylic acid as growth regulator can produce quantity and quality desirable performance in
Sistan climatic conditions.

Keywords: Acid detergent fiber, Crude protein, Dry matter digestibility, Growth regulator, Irrigation
regimes
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Introduction

Intercropping due to better use of environmental resources, has led to this type of agronomic system in
livelihoods farming having an important role in providing food and has a special place in the design of
sustainable agro-ecosystems. The superiority of yield in intercropping cultivation is due to the combination of
various factors such as better use of soil moisture, light and nutrients. Organic fertilizers such as vermi compost
and animal manure lead to improve the performance of plant by increasing the availability of moisture and
nutrients available to plants, and consequently increase soil organic matter. Considering the importance of
suitable cropping pattern and determining the optimal feeding systems agricultural systems, the current study
aimed to evaluate intercropping systems of Roselle and cowpea with organic fertilizers and the introduction of
best cultivation model as well as the optimal amount of fertilizer. The experiments were carried out in the Sistan
region.

Materials and Methods

In order to investigate the effects of vermicompost and cow manure on morphological characteristics in
Roselle and cowpea, the experiments conducted at the Research Institute of Zabol University during growing
season of 2016. Treatments experiment included three levels of organic fertilizers as the main plot including cow
fertilizer (30 t.ha'!), vermicompost fertilizer (15 t.ha'!) and control as well as 5 levels of intercropping patterns
including (100% Roselle, 100% cowpea, 50% Roselle+ 50% cowpea, 25% Roselle+ 75% cowpea and 75%
Rosellet+ 25% cowpea). As subplot agent, from the middle of each plot five plants were harvested randomly at
the end of the growing season to determine yield. Finally, data analysis was performed using SAS version 9.1.
Comparison of mean treatments was performed using Duncan's multiple range test at 5% probability level.
Irrigation was performed every day (7 days) on average according to the requirement of both plants. Relative
performance of each component was calculated to calculate the Land Equivalent Ratio (LER).

Results and Discussion

The results of variance analysis showed that the interaction of organic fertilizers and intercropping except for
the traits of stem height and chlorophyll content (a,b) of cowpea, is significant for all traits measured Roselle and
cowpea. The highest dry sepal yield Roselle (1170.58 kg.ha'!) was obtained in vermicompost and 50% Roselle
and 50% cowpea and highest Seed yield of cowpea (2418.3 kg.ha'!) was for vermicompost+ cowpea 25%+
Roselle 75%. The use of organic fertilizers improves vegetative growth and yield components by releasing
nutrients gradually. Intercropping is useful when the yield of the intercropping product is greater than the
maximum single craft product. Yield increment can be attributed to the better use of the available resources by
the two plants, the morphological differences between them and the lower weed in the intercropping system. The
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results showed that plant systems have a significant effect on the Land Equivalent Ratio (LER). The highest LER
(5.37) of Treatment Vermicompost+ cowpea 25% + Roselle 75%, showed the advantage of intercropping over
sole crop. Concerning the superiority of intercropping to sole crop, it can be argued that increasing yield is due to
increased resource efficiency in intercropping system.
Conclusion

In the present study the highest sepal yield of Roselle was obtained in intercropping system with
vermicompost with 50% Roselle and 50% cowpea and highest seed yield of cowpea was observed in
intercropping system with vermicompost with cowpea 25%+ Roselle 75%. The results of the experiment
indicate that the performance of both species was influenced by different ratios of cultivation and fertilization.
Intercropping cultivation in Roselle and cowpea is much more profitable than single cultivation, because of the
significant and beneficial interactions that make use of environmental resources (such as water, nutrients, and

sun light).

Keywords: Economic yield, Intercropping, Land equivalent ratio, Vermicompost
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Table 2- Analysis of variance (mean squares) for the measured traits in cumin ecotype in different planting date
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Table 3- Mean comparisons of measured traits for cumin ecotypes and different planting dates

L P PR Bl 3y sl . 5 Sos 5ySdos )
&g gl : 1 15 o 413 3, Slos Py Ll ol ao yd
Lowd L d g Seed 2099 o .
Pl Plant ee . . ., Essential
: Umbel Seed  1000-seed : Biological Essential .
Treatment height ¢ ee yield oil
¢ . er er  Weight (g) -1 yield  oil yield
(cm) P P (kg.ha™') 1 o, percentage
plant  umbel (kg-ha™)  (g.m™)

.l 23.53* 14.33? 24.66* 3.42 526.09* 11702 1.107 2.02°

19" Jan,
Clls &6 ok 22750 11.83°  2291° 3.1 41721 884" 0.81° 1.03°

Planting date 8" Feb.
— 19° 10.5¢ 20.83° 3¢ 276.80°¢ 668° 0.50°¢ 0.720

28 Feb.
g3 23.46* 14.2* 2080 312 546* 0.82° 0.82° 1.49*

Sabzevar
ol 22.26:0 12.32 24.77* 3.32 5222 0.77° 0.77° 1.31°

st Kerman
Ecotype e 20.44¢ 1220 20.44° 3.3 5372 0.85° 0.85° 1.21¢

Birjand
el 20.89b¢ 10°  18.66° 300 508 0.76" 0.76° 1114

Biyarjomand
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*Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Table 4- Mean comparisons for interaction of different sowing date and various ecotypes on cumin traits

T I CTL R PR @I 32 )59 als 3, os bl 3, Sdoe
Ecotype  Sowing date  Seeds per umbel 1000-seed weight (g) Seed yield (kg.ha')  Essential oil yield (g.m™)
s> ar 4.3 577.3 133
9% Tan 30.33 . 77.
lyjs o 22.66b 4b 428.5¢ 0.53¢
Sabzevar 8th Feb.
i 26 e 3.1¢fe 303¢ 0.296
280 Feb.
2 19.33¢ 3.7¢ 538.13 1.13
19" Jan.
el ook 20.33¢ 3.3% 413¢ 0.436°"
Biyarjomand 8™ Feb.
L
23.66% 2.9 2484 0.19"
280 Feb. ?
&> 24abe 3.5¢ 509% 1.02¢
19t Jan.
o o 22.66 3.3% 423¢ 0.4f
Birjand 8™ Feb.
id 15.38¢ 3tz 311¢ 0.206"
280 Feb.
2 28t 3.0 479° 0.923¢
19t Jan.
oef oo 146 3.0 403¢ 0.366fg
Kerman 8" Feb.
i 11.2¢ 2.8¢ 245¢ 0.123h
281 Feb.
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Fig. 1- Correlation between essential oil yield with essential oil percentage (A) and seed yield (B) of cumin

o)ul;»|9(5}&_w§é JLaécbhﬁmﬂﬁkgi? L;%Uﬂ‘outgscxﬁU
Mg Jasly (53] cow Jaxe Jolge 51 lalS 5550 ¢yt
4 jrw 035 0LS Gl &y a5 bl )5 LB (pimen .0y0 S
S Cuoyd bS8 o Wmlf)b)ﬁs‘b"la)p%)”:é
ol 0ySlos g ailis 1y (ol 516 4 399 31 B odng) 2y Cax
slacaisSl o jo oS ol ol u.uLo)l ol @l b e ials
Ay Jesly jl adllae 3590 adlaie )3 jlgjew ST cadllan )90

(8 35 4ol

&L w025 3 3y Slae ialS Jaloe cp Sete j (S

S jew 0y wgdlae cilS Fu )b sl o cuslS Canliols
J5b 52 (it (o SLpOAS SIS Gl o ddlale
Wlney oS > a8 ol LS iolejl ol gl 33,5 o A3,y Juad
5 40b 3y Slas olodibul 4 oloces jl csls 15 13 b juw 0y

T )0 oyl dy bl yialS (g)b xe jobdy sl



VAR lwal « Yoylods Y ol «(53)9Ls bl pg9 a9 s Yys

ol il ool ol 4 dasgr b i odaliio ylgjuw udsST o il O i ologd cudlS Zu )l jo aS g ysbods dg Jaye3 (6 5YL
Jedvass olaed cils G, ) g cuisST cusls ¢ iole] L oS cunl 55 BB b ol sgs a4 1) bl g 4l 5 Slas
335 oo o ,lgjm dibate 1 ST ol 3,Sles (YL Jpuily 8y 9 o)l slaiuisST slosiiul 4 oloces jl cusls o ik

il o eSS lalllas diojls yol ol al &S ol einly flis 1y o Slas (ialS do s (o yeS g i el S

# U L bl s Slae a8 0o o yieS oS Canls

References

1.

10.

11.

12.
13.

14.

15.

16.

Abreu, IN., and Mazzafera, P., 2005. Effect of water and temperature stress on the content of active constituents of
Hypercium brasiliense Choisy. Plant Physiology and Biochemistry 43: 241-248.

Adamsen, F. J., and Coffelt, T.A., 2005. Planting date effects on flowering, seed yield, and oil content of rape and
crambe cultivars. Industrial Crops and Products 21:293-307.

Ahmadi, L., Mirza, M., and Caliriad, A., 2001. Investigating the effect of drying time on cumin essential oil
(Cuminum cyminum L.). Research of Iranian Medicinal Plants and Herbs 7: 100-89. (In Persian with English
Summary)

Ayub, M., Nadeem, M.A., Tanveer, A., Tahir, M., Saqib, M.T.Y., and Nawaz, R., 2008. Effect of different sowing
methods and times on the growth and yield of fennel (Foeniculum vulgare Mill.). Pakistan Journal of Botany
40(1): 259-264.

Azizi, A., Shahrogi, A., Military, A., Mohammad Abadi, A., and Soheili, R., 2015. Effect of planting date on two
fennel ecotypes in Mashhad weather conditions. Journal of Horticulture 29(1): 1-10. (In Persian with English
Summary)

Bagheri, F., and Blochi, H., 2013. Effect of planting date on some quantity and quality nine grain sorgum
(Sorghum bicolor L.) in Yasouj. Journal of Crop Production and Processing 3(9): 29-42. (In Persian with English
Summary)

Bakhtari, S., Khajoei Nejad, G., and Mohammadi Nejad, G., 2017. The effect of Irrigation cut-off in flowering
stage and foliar application of spermidine on essential oil quality and quantity of three ecotype of cumin. Journal of
Agroecology 8(4): 521-535. (In Persian with English Summary)

Barikani, E., mohamadzadeh, R., and shanoshi, N., 2009. Economic analysis of cumin production and marketing
case study of Sabzevar. Journal of Agricultural Economics and Development 64(16): 119-139 (In Persian with
English Summary)

Broomand Rezazadeh, Z., Rezvani Moghadam, P., and Rashed Mohassel, M.H., 2010. Effect of planting date and
plant densityon morphological traits and essential oil percent of ajowan (Trachyspermum ammi). Iranian Journal of
Field Crops Research 4:161-172. (In Persian with English Summary)

De la Vega, A.J.,, and Hall, A.J., 2002. Effect of planting date, genotype and their interaction on sunflower yield. L
Determinants of oil-corrected grain yield. Crop Science 42: 1191-1201.

Ehsanipour, A., Razmjoo, K., and Zeinali, H., 2011. Effect of nitrogen rates on yield and yield components and
essential oil content of several fennel (Foeniculum vulgar Mill.) populations. Iranian Journal of Medicinal and
Aromatic Plants 28: 579-593. (In Persian with English Summary)

Export and Import of Agricultural Sector., 2014. Ministry of Agriculture- Jahad, Tehran, Iran. p. 158. (In Persian)
Ghane, H., Amirshekari, H., and Naji, A.M., 2017. The effects of planting date and seed priming on yield and
physiological traits of two cumin ecotypes. Journal of Agricultural Crops Production 19(3): 561-575. (In Persian
with English Summary)

Ghanbari, J., Khajoeinejad, G., and Mohammadinejad, G., 2014. Study of yield potential and essential oil content
of cumin ecotypes in different sowing dates at Kerman. 13% Iranian Crop Science Congress, Karaj, Iran. (In
Persian)

Ghorbani, R., Koocheki, A., Jahani, M., Hosseini, A., and Mohammad-Abadi, A.A., 2009. Effect of planting date,
weed control time and method on yield and yield components of cumin. Iranian Journal of Field Crops Research
7(1): 143-151. (In Persian with English Summary)

Hashemian, N., Ghasemi Pirbaloti, A., Hashemi, M., Golparvar, A., and Hamedi, B., 2013. Diversity in chemical



Yy

e 0535 GG 95T (S 9 (BT 0, Sae (3

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

composition and antibacterial activity of essential oils of cumin (Cuminum cyminum L.) diverse from Northeast of
Iran. Australian Journal of Crop Science 7(11): 1752-1760.

Hewitt, M., Bullen, K., and George, D., 1998. Comparison of three weed control method: chemical, flame, and
water. University of Queensland, Gatton College, Lawes, Qld. 4345.

Kafi, M., Rashed Mohassel, M.H., Koocheki, A., and Nassiri Mahalati, M., 2002. Cumin (Cuminum cyminum L.):
Production Technology and Processing. Ferdowsi University of Mashhad Publication, Mashhad, Iran. 168 pages.
(In Persian with English Summary)

Kafi, M., and Keshmiri, E., 2016. The changes in the physiological growth and the react of the salinity and number
of irrigation water of two cumin cultivars (Cuminum cyminum L.). Journal of Agroecology 8(3): 463-475. (In
Persian with English Summary)

Khorasani, Z., Nezami, A., Nassiri Mahallati, M., and Mohammadabadi, A., 2012. Evaluation of planting cumin
ecotypes in Mashhad weather conditions. Iranian Journal of Field Crops Research 10(1): 43-52. (In Persian with
English Summary)

Kamkar, B., Koocheki, A., Nassiri Mahallati, M., and Rezvani Moghaddam, P., 2007. Yield gap analysis of cumin
in nine regions of Khorasan provinces using modelling approach. Iranian Journal of Field Crops Research 5(2):
333- 341. (In Persian with English Summary)

Mazahery-Laghab, H., Salvati, S., and Mahmoudi, R., 2011. Response of the yield of sunflower (Helianthus
annuus L.) cultivar armavirski to sowing time and plant density in rain fed conditions in Ghorveh Kordestan. Plant
Production Technology 11(2): 63-74. (In Persian with English Summary)

Mollafilabi, A., and Esfandiari, T., 2018. Effects of irrigation regimes and planting times on essential oil
percentage, yield and yield components of cumin (Cuminum cyminum L.) as a medicinal plant. Journal of
Agroecology 10(3): 935-948. (In Persian with English Summary)

Nezami, A., Khorramdel, S., Nassiri-Mahallati, M., and Mohammad-Abadi, A.A., 2009. Effect of planting date on

cumin (Cuminum cyminum) landraces in Mashhad condition. Environmental Stresses in Agricultural Sciences

(ESAS) 2(1): 1-13. (In Persian with English Summary)

Ortiz-Monasterio, J.I., and Lobell, D.B., 2007. Remote sensing assessment of regional yield losses due to sub-
optimal planting dates and fallow period weed management. Field Crops Research 101: 80-87.

Rahimian Mashhadi, H., 1991. Effect of planting date and irrigation regime on growth and yield of cumin.
Agricultural Knowledge 3: 61-46. (In Persian with English Summary)

Rezvani Moghaddam, P., and Moradi, R., 2012. Assessment of planting date, biological fertilizer and intercropping
on yield and essential oil of cumin and fenugreek. Iranian Journal of Field Crop Sciences 2: 217-230. (In Persian
with English Summary)

Sadeghy, B., 2002. The effect of nitrogen and irrigation on the production of cumin. Iranian Scientific and
Industrial Research Organization. Center of Khorasan, Mashhad, Iran. (In Persian)

Sardouei, A., Shirzadi, M., Naghavi, H., and Khodroi, M., 2011. Effect of planting date and plant density on
essential oil yield, grain yield and some morphological traits of cumin. National Conference on Medicinal Plants,
Sari, Iran, 2-4 March 2011. (In Persian)

Selim, S.M., Ebtsam, M.M.A., Tawfik, M.S.H., Abou-Sreea, A.l, 2013. Effect of sowing date, sow spacing and

biofertilizer on yield and oil quality of fennel plant (Foeniculum vulgare Mill.). Australian Journal of Basic and
Applied Sciences 7(2): 882-894.

Soheili, R., Nezami, A., Khazaei, H., and Nassiri Mahallati, M., 2010. Effect of planting date on yield and yield

components of four landraces of cumin (Cuminum cyminum L.). Iranian Journal of Field Crops Research 8(5): 772-
783. (In Persian with English Summary)

Soleimani, B., Khosh-Khui, M., and Ramezani, S., 2011. Planting date effects on growth, seed yield essential oil

content and chemical composition of ajowan. Journal of Applied Biological Sciences 5(3): 7-11.

Tanu, A., Prakash, A., and Adholeya, A., 2004. Effect of different organic manures composts on the herbage and
essential oil yield of Cymbopogon winterianus and their influence on the native AM population in a marginal
alfisol. Bioresource Technology 92: 311-319.

Ullah, I, Ayub, M., Khan, M.R., Ashraf, M., Mirza, M.Y., and Yousef, M., 2007. Graphical analysis of
multienvironment trial (MET) data in sunflower (Helianthus annuus L.) through clustering and GGE biplot
technique. Pakistan Journal of Botany 39: 1639-1646.



VAR lwal « Yoylods Y ol «(53)9Ls bl pg9 a9 s YYA

35. Zahtab Salmasi, Qjavanshirm, R., Omidbigi, H., Aliyari, K., and Ghasemi Golzani, K., 2002. Ecophysiological
effects of irrigation and planting date on growth, yield and yield components of Anisone herb. Journal of
Agricultural Science 13(4): 37-49.



Journal of Agroecology j=x $309LaS (sl pos 4y
Vol. 12, No.2, Summer 2020, p. 227-240 AL YYV-YFe Lo ATyl ¥ olods Y alo

Evaluation of Quantity and Quality Yield of Cumin (Cuminum cyminum L.)
Ecotypes in Different Planting Date under Sabzevar Climatic Conditions

H. Rivandi!, S. Rezvan®*, M. Jami Moeini’, J.M. Sinaki*, A. Damavandi* and S. Sanjani®
Submitted: 12-01-2019
Accepted: 27-08-2019

Rivandi, H., Rezvan, S., Jami Moeini, M., Sinaki, J.M., Damavandi, A., and Sanjani, S., 2020. Evaluation of
quantity and quality yield of cumin (Cuminum cyminum 1.) Ecotypes in different planting date under Sabzevar climatic
conditions. Journal of Agroecology. 12(2):227-240.

Introduction.

Cumin (Cuminum cyminum L.) is one of the most important domestic herbs in Iran and is one of the earliest
spices used by humans. Due to its characteristics such as short growing season, low water requirement, non-
interruption of growth season with other agricultural products as well as high economic justification for other
crops and export, it has found a special place in arid and semi-arid areas, including Sabzevar. Growth, yield and
characteristics of medicinal plants are influenced by environmental factors such as temperature and light that can
be varied by different sowing dates. Planting date is one of the most important factors in crop performance
improvement and percentage of essential oil of cumin, which is resulted in weather parameters changes during
the growing season and then in the production. In addition, the use of the adapted ecotype to the environmental
conditions of the area plays a major role in achieving a proper performance. A high proportion of the total
variation in yield is related to the interaction of genotype in planting history, which can greatly complicated the
choice for a broad adaptation to different sowing dates. This research was carried out with aim of investigating
the changes in yield of cumin ecotypes in different planting dates and determining the optimum planting time for
this plant under Sabzevar climatic conditions.

Materials and Methods

In order to investigate the effect of planting date on quantitative and qualitative characteristics of different
cumin populations, field experiment was conducted as split plots in a randomized complete block design with
three replications in Sabzevar, Iran during 2016-2017. The factors included sowing date at three levels: 30
January, 20 February and 10 March, as well as different cumin ecotype in four levels of Sabzevar, Birjand,
Kerman and Biyarjomand, respectively, assigned to the main plots and sub plots, respectively. Plant height,
Umbel per plant, Seed per umbels, 1000- Seed yield, Biological yield, Essential oil yield and Essential oil
percentage were measured and calculated accordingly. The treatments were run as an analysis of variance
(ANOVA) to determine if significant differences existed among treatments means. Multiple comparison tests
were performed for significant effects using the Duncans test.

Results and Discussion

The results showed that the highest number of umbels per plant, plant height, 1000-seed weight, seed yield
and biological yield, as well as percentage of essential oil were obtained in the sowing date of January 30, and
the delay in planting reduced the qualitative and quantitative characteristics of cumin. Among the studied
ecotypes, Sabzevar ecotype had the highest number of umbrellas per plant, plant height, biological yield and
essential oil percentage, as well as the highest number of seeds per umbels, seed yield and essential oil in
Sabzevar ecotype and at sowing date of 30 January. It turned out that Sabzevar ecotype seems to have shown
significant superiority to other ecotypes with higher potential performance in the studied environment. In this
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research, linear relationship between essential oil percentage and yield, as well as seed yield and essential oil
yield were observed with 96% and 93%, respectively.

Conclusion

The optimum cumin’s planting date in one region causes reduction of the effects of non-biotic stresses during
the growing season. The results of this experiment showed that in winter crop cultivation, seed yield and
essential oil significantly decreased by delayed planting from January to March. In addition, Sabzevar ecotype in
the study area had higher production potential. As for sowing date, the highest seed yield and essential oil were
obtained in the first and second month of sowing. It seems that planting of cumin in the January increases the
production potential due to increasing growth period and absorption of photosynthetic active radiation, as well as
more effective use of plants from environmental factors.

Keywords: Essential oil yield, Medicinal plant, Seed yield, Umbel per plant
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Table 2- Physical and chemical properties of soil and vermicopost
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Tabale 3- Analysis of variance (mean of squares) for fertilizer treatments and intercropping with linseed on physiological
traits of chickpea
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**.* and ™: significant at 1 and 5% probability levels and non-significant, respectively.
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Table 4- Means comparison of physiological characteristics of chickpea in intercropping different patterns with linseed
3 ; e KV R .
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Chlorophyll a Chlorophyllb Carotenoid Proline carb(())llll df‘a te N P K
(mg.g") (mggh)  (mggh)  (mggh) T INITE (%) (%) (%)

2.60¢" 1.13¢ 1.23¢ 1.59% 2.86° 2714 0.18¢ 1.82°

bl i (565!

Intercropping pattern

LAk s

Pure cropping

V) bgles oS

1 row chickpea + 1 row 2.93% 1.52¢ 1.56° 1.28¢ 2.40° 351 0.29* 230°
linseed

YA byl coiS

2 rows chickpea + 2 rows 292+ 1.492 1.51° 1.40 b 2.22° 3.28% 0.27° 2.34°

linseed

90+ 3956 () e balee cuis

Sy ) 2.81% 1.59° 1.59° 1.42° 2.39° 3.17% 025° 2492
4 rows chickpea + 2 rows
linseed
90+ Sy @) oy bolsw cuis

2975 e, 2.74° 1.23° 1.39° 1.44° 235¢ 3.10¢  0.24® 2.29°
2 rows chickpea + 4 rows
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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Table 5- Means comparison for physiological traits of chickpea affected as different fertilizer treatments
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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Tabale 6- Analysis of variance (mean of squares) of fertilizer sources and intercropping on physiological traits of linseed
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. carbohydrate
ol 2 0.018 0.030 0.04175  0.005"s 0761 0204* 0.002° 0.009"
Replication
Lglsco oS’ (5551
Tntercropping 4 0477 0.264 " 0.100*  0.150" 0345 0.793" 0.018" 0.494"
pattern (I)
e 3 0.256 ™ 0.144 ** 0.133*  0.176" 0357 0.717" 0.009 0.647"
Fertilizer (F)
IxF 12 0.007 0.008 0.00775  0.007 ns 0.0347s 0023 0.000 0.015"s
e 38 0.035 0.014 0.019 0.013 0.025 0.047  0.000  0.022
Eerror
et - 7.73 9.17 10.85 10.09 8.02 7.23 - 6.56
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. " and ": significant at 1 and 5% probability levels and non-significant, respectively.
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Table 7- Means comparison for physiological characteristics of linseed in intercropping different patterns with chickpea
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oo Soluble Q395 Sud el

carbohydrate N (%) P (%) K (%)
(mg.g")

2.09¢ 1.06°¢ 1.13° 1.31* 2.25% 2.57¢ 0.17¢ 191°

blseo cuiS 5o a Judg,l5 b Judg s gy )5
Chlorophyll a Chlorophyllb Carotenoid Proline

Intereropping pattern o) (mggl)  (mggh)  (mggh)

Al s
Pure cropping
VA bglseo oS
1 row chickpea + 1 row linseed
VY Lyl cuis
2 rows chickpea + 2 rows 2.59¢ 1.372 1.31° 1.12° 1.84¢ 3.15% 027 2433
linseed

@) 93 + 3950 () Hlea balswe cuis

S 2.57* 1.41* 1.39° 1.06° 2.03° 3.04°> 0.24¢ 229°
4 rows chickpea + 2 rows
linseed

9+ S5 @) ko bolsw cuis’
2955 82, 2350 1.30° 1.26% 1.13° 1.85¢ 3.24%  0.26° 2423

2 rows chickpea + 4 rows
linseed

2.53¢ 1.39# 1.28% 1.04° 1.87°¢ 3.07% 0.26° 2.28°
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple

Range Test.
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Table 8- Means comparison for physiological traits of linseed affected as different fertilizer treatments
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Fertilization Chlorophyll a Chlorophyll b Carotenoid Prolin Soluble carbohydrate N (%) P(%) K(%)
- - - - . (1] (1] (1]
(mg.g") (mg.g" (mg.g") e(mggh) (mg.g")
35 Spae pis 225¢" 1,150 1.14° 1288 2200 268> 0214 2.02¢
No use of fertilization
et 295 2.47° 1.31° 1312 1.11° 1.92° 3.05% 027 245°
Biofertilizer
SopinSises 2.56° 138 137° 1.03¢ 1.91% 3.15%  025° 241°
Vermicopost
clesd 355 2412 1.322 1.282 1.12% 1.85b 3.162  0.23° 2.13°b

Chemical fertilizer
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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Table 9- Analysis of variance (mean of squares) for effects of different intercropping patterns and fertilizer sources on
microbial respiration and microbial biomass of soil
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Fig. 1- Mean comparison for interaction of fertilizers and intercropping patterns of linssed and chickpea on soil microbial
biomass
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A: pure cropping of chickpea, B: pure cropping of linseed, C: 1 row chickpea+ 1 row linseed, D: seed 2 rows chickpea+ 2 rows
linseed, E: 4 rows chickpea+ 2 rows linseed, F: 2 rows chickpea+ 4 rowd linseed
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Means with different letters are not significantly different based on Duncan’s multiple range test P<0.05.
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Fig. 2- Mean comparisons for the effect of intercropping different patterns of chickpea and linseed on soil microbial
respiration
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A: pure cropping of chickpea, B: pure cropping of linseed, C: 1 row chickpea+ 1 row linseed, D: seed 2 rows chickpea+ 2 rows
linseed, E: 4 rows chickpea+ 2 rows linseed, F: 2 rows chickpea+ 4 rowd linseed
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Means with different letters in each shape are not significantly different based on Duncan’s multiple range test P< 0.05.
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Fig. 3- Mean comparison for effect of fertilizer treatment on soil microbial respiration
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Means with different letters in each shape are not significantly different based on Duncan’s multiple range test P< 0.05.
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Introduction

The use of organic fertilizers such as vermicompost is a major component of organic farming practices.
Vermicompost can provide the essential plant nutrients and enhance crop productivity, but also leave a beneficial
residual effect on succeeding crops. Intercropping is the cultivation of two or more crops in such a way that they
interact agronomically. Intercropping legumes with non-legumes is particularly important in organic farming
because it enhances yield stability, concentrations and uptake of nutrients and on the other hand reduces disease
and weed pressure. There is no information available about the effects of fertilizer source in intercropping
system on the ecophysiological characteristics of linseed and chickpea in dry conditions. Therefore, the purpose
of the present study was to contribute to a better understanding of the eco-physiology responses of linseed and
chickpea plants to fertilizer source and cropping pattern.

Materials and Methods

The field experiments were conducted at Agricultural Experimental in a farm located in Naqadeh, West
Azerbaijan, Iran (longitude 45°24' E, latitude 38°52' N, altitude 1318 m) in 2017. The first factor included six
cropping patterns consist of 1 row chickpea + 1 row lineseed, 2 rows chickpea + 2 rows linseed, 4 rows chickpea
+ 2 rows linseed, 2 rows chickpea + 4 rows linseed and monocropping of each crop and the second factor was
included four levels control (no use fertilizer), 100% chemical fertilizers (NPK), biofertilizers (Azoto Barvar -1+
PhosphateBarvar -2+ PotaBarvar-2+ Sulfur Barvar -1) and vermicompost (10 t.ha'"). In order to measure
different elements in seed of linseed and chickpea, dry ash method was used. Concentration of potassium (K)
was analyzed by a flame photometer. Nitrogen measurements by Kjeldahl and phosphorus were calculated by
yellow method, in which vanadate-molybdate is used as an indicator. Phosphorus (P) content was determined at
430 nm using a spectrophotometer. To measure the microbial respiration of the soil, the Anderson and
Dumasuch methods were used and microbial biomass carbon was determined by fumigation- extraction method.

Results and Discussion

Chickpea: According to the results of the experiment, intercropping and fertilizer source had a significant
effect on improving nutrients uptake of linseed and chickpea plants. The highest amounts of chlorophyll a,
chlorophyll b and carotenoids were obtained from 1 row chickpea + 1 row lineseed and four row chickpea + two
rows of lineseed, respectively and the lowest amount was related to sole cropping. The results of fertilizer
treatments showed that the highest amounts of chlorophyll a and chlorophyll b and carotenoid were obtained
from vermicompost treatment and the lowest amount of these photosynthetic pigments was obtained in non-
fertilized conditions. In addition, the results showed that nutrients uptake were affected by cropping pattern and
fertilizer treatments. Among the fertilizer treatments, the highest percentage of nitrogen and phosphorus in
chickpea were achieved from vermicompost fertilizer and these values were obtained from control treatment.

1, 2 and 3- Graduate Student of Agronomy, Assistant Professor and Associated Professor, Department of Plant
Production and Genetics, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, Iran,
respectively.
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Linseed: Mean comparison of data showed that photosynthetic pigments were affected by different fertilizer
treatments. So that the highest amounts of chlorophyll a, chlorophyll b and carotenoids were obtained from
vermicompost treatment and the least amount of these photosynthetic pigments were achieved from control
treatment. Among the applied fertilizer treatments, the highest amount of phosphorus and potassium were
obtained from biofertilizer treatment and the lowest values were recorded from control (non-usage of fertilizer.
Soil microbial respiration and microbial soil biomass were only affected by cropping patterns and fertilizer
source. The highest Soil microbial respiration and soil microbial biomass were recorded in two rows of chickpea
+ two rows of linseed with vermicompost application.

Conclusion

The use of fertilizer source plays an effective role in increasing the uptake nutrients of chickpea and linseed,
which is probably due to the supply of water and improved activity of beneficial microorganisms in the soil. Soil
respiration and microbial biomass increased under the influence of fertilizer treatments (both biofertilizer and
organic fertilizer), however the activity of soil microorganisms was the main reason for the increased soil
respiration under application of vermicompost fertilizer.

Keywords: Biofertilizer, Nutrients, Proline, Soil microbial respiration, Soil microbial biomass
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Table 1- Mean of consumed inputs in wheat agrosystems per one ton ha in Khorasan-e-Razavi during year of 2014-2015
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Table 2- Analysis of variance (mean of squares) for carbon content, conversion coefficients and carbon sequestration
potential of wheat above-ground and under-ground tissues
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Fig. 1- Mean comparison for (A) carbon content and (B) conversion coefficients of wheat above-ground and under-ground
tissues
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Means with different letter(s) in each shape have significant difference based on Duncan’s test (p< 0.05).
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Fig. 2- Mean comparison for carbon sequestration potential of wheat above-ground and under-ground tissues
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Means with different letter(s) have significant difference based on Duncan’s test (p<0.05).

5 (Daudu et al., 2009) (glaiy; ol b5 59 29 45 Sy oo

A Jy el @il I 5 is el 4y ady, c8l 4 )



VY ole GioleyS Jomilly 5 (Swoi ) 9 tlod Glopldl (325 o i 09l Ulg 23!

by Olise rpieS 9 (S 53 o5 VVF) i (sl ) Jousily
Singh ) ) Ken 5 K 250 Cans (S jd (5 +/VAY) adiy
SLaplsl () S Gy Jomily a5 253905 45T (et al., 2003
9 F5 il @l g Sglite (LS (uejp g 2lon ik
%e jo (Yong, 2007) SSL 4 (Gao et al., 2007) f)\Son
D= (Geejn )l alon el () o Juily (39 VL
Hajabbasi & ) S J osle (995 b @ 4095 b oplplo
Hemmat, 2000; Mc Conkey et al., 2003; Mosaddeghi et
(S Slogas ;o (LS Ul cute 3l o (al,, 2000
(Busari et T o (sgimo ogte S (Seilom 5 (lions

By a0 350 oo dwogs al., 2015; Kirchmann et al., 2016)
Al olo s5a Can |) pAS (ioj 5 2lse slaplil Ll
s Seddaas g Sois bl slapliaipy )3 ojrga SK-
ity e oo ol 548 3 3 Jiise 550y ol
S e Jeilly dgmc el st 5 ) SB ) oy
S gilols dae (2L Mg g 0355 Cuuj il Jolee
ol il yd 5l 6pSels 9 SB O (6)lnS cud b il
slewlpl (Jafarian & Tayefeh Seyyed Alikhani, 2013)
OS5 S b Ol dgate 3 (LS 035 oS L]

Dlulidl el a8 oliBl 4545 m o)y (6550 Lid 5 ol cdale
F5 S e dgntg 3 it pf ygbody 33,5 LS by,

Dg aalgs 135 5T

e Glle S Jauuitiy

S5y ol ol 3 035 o ialesS il ggecne
£ 5kS MATIAS L il (o)) Slilos 5 (8 pms slaosles (sl
b lime cpyiiin 45 0008 dewloe aib o5 G glilay COy Jolao
IS 5l asys aY) &by 5 S slilay COx Jolao p,55LS A-AY/VF
o > bl sl g B pao 4 (Sl islesS pesly
SIS (lajl5 Lal (e (508 g (i (Ban sladgS
il S o FIAQ) 535 slodsS & Leyo i
DirlasS iy 1S Sl s IVY) el 5 (e il
o= SO glilan COy p,56LS" Joleo £¥/VO o FFY/VY L (Sl
ka5 Lisl 3 (Byme (plerd poow prow Egeime g2 4
(Y USS) 0058 sl dao pd K Dgds jd (IS

Russell et al., ) ¢l qpl (5950 4 (1) yieS Caud Cpicren
o d8lo b awlio 0 )] 50)S camy oy LialS coge (2005
039 Oeomen 9 ABluw 3 i ndd Gl dg2g X3 Sk Il
e Gl czge Laplisl ol b aulio )3 o 5 Sizs
Fstsr <8l b loplil o auy o i 4 W s o 02
S a8l g 039 51,050 (35S a3 i Ol ]
Pydiee carge ) () oy QP Bl 2 2l laply]
3 S slajlS Ll VU po 0 459 b ool ) 5
sbassll an (adso g5 jl 298 o0 dnog 2 slapllipy,
CuiS g (g sldsle (LS wsle dlusz HLS 595 5 cuiS
5 $59SLE Clides ud (oS (alS Sbld 58 bgle
Sl el ale)lSal; plgieds I slodgS unlio jyalio by
(Braschkat et al., 2003) 5445 (5S040 Sl iulo)S Carass
crge S Gialuyd (6 ole pogdle babg) cnl sl oS
Ol oSS e Al o walsd ()8 Cany Jauilly o
plss (il 4o ) 593,58 g5 250 SjlsST sl
Fed 8 yslaiods pisred il wles Jlosw 1o 1) Alg e
alo (cbli 3,5 Lol a8 dgus o dlaiin Liulejl opl gl 0
Sk St oS ol Ay Elie (ol 039153 gty paS
2 ohgs SB > S o Sty Gl g T oole (gt
38 pllyd il s Sitbaags 9 S lgmg Lyl
Ol jglatoas pizan g Cusl ol SB 08 sgime &S
Khorramdel et ) ol)LSen g Jop 3 0,5 L8 jlaine e ols
5 stls lophil () o 05l 58 g0 (al., 2015
Ol (il 05,8 s LS ) (5 ONY 1) IS e
i 09l Olg5 p Fomb g (r YL o5 AIh bl (pixen
PV LSy g S o 5 VA L dBle gl cud gy op)S
3 ade) 9 5k + o 005 ey Jamlly ol Cunday S
OhLSan g 09,8 A drusloes dls I a8 203 0F o ¥ i oy
splsl 1,8 )i Jouily wyp b (Forouzeh et al., 2008)
A sl ol 1D dkeyd g 4uS ol ¢ o8l 5 455 aw
5 0l YL bdblo njn 5 (2lsp s laplul anylio
aplb 5 by 0D olamdl sgs 4 1) Jewily (o jieS LSy
(Jafarian & Tayefeh Seyyed Alikhani, 2013) slysede s

PVl Al iz slaplil (p)S Cumwy Jenils (o) b g



VAR lwal « Yolods Y ol (5 3,9LeS wlicdh pgo a4y s Al

10000 -
8092.24
S . 8000 A
il ]
% 2
@ w
£ 58 6000 -
23
g5
23
S0 4000
= 3
1
£g
2 op 2000 -
E=
= pastll 27689 64.75 4.62 2.60
O T T T T 1
Fuel N K Herbicide Insecticide

Lodi B pas (yl5ae (wlwl 9 590y bl L] j3 ouiS slgi sell IS a5 Uil ol ja0 - Y JSUS
Fig. 3- Total emissions of green house gases for wheat agroecosystems in Khorasan-e-Razavi based on consumed inputs
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Introduction

CO; is considered the most important greenhouse gas, due to the dependence of world economies on fossil
fuels. CO, concentration are enhancing in the last decades, mainly due to the increase of anthropogenic
emissions. Carbon dioxide capture is a technology aimed at mitigating greenhouse gas emissions from burning
fossil fuels during industrial processes. Conservation tillage, crop rotation, and crop residue management are
agronomic practices that potentially decrease CO: and other greenhouse gas emissions from agriculture. Crop
residues also improve organic matter decomposition due to declined soil-residue contact. Soil is one of the
significant “friends” in combating climate change and global warming, and a zero-soil consumption approach is
the best way to stop adverse effects, although it is not the only one that should be applied. The soil has been
considered as a possible carbon sink for sequestering atmospheric COsx.

Our purposes were to determine a set of coefficients for calculating conversion coefficients, dry weight,
organic carbon, and carbon sequestration of above-ground and below-ground tissues and assess global warming
potential (GWP) for wheat as an essential crop in Khorasan-e Razavi province.

Materials and Methods

A systematic random sampling method was employed to select five samples from 25 fields situated in
Khorasan-Razavi Province, Iran, during 2016 and 2017. The experimental design was a completely randomized
design with three replications. Below-ground tissues by using a cylinder were manually sampled and then
separated from the soil. After sampling, the above-ground tissues (such as flower and leaf) were isolated from
below-ground tissues (including tunic and corm) to measure the above-ground and below-ground biomasses,
respectively. Above-ground and below-ground biomasses were separately dried to constant weight and expressed
on a dry matter basis. Conversion coefficients of above- ground and below- ground tissues were determined with
the combustion method separately. Then, sequestration carbon potential for above- ground and below- ground
tissues of saffron and soil were computed. The ash method was used to determine the conversion coefficients in
spikes, stems, leaves, and roots. Finally, greenhouse gases (such as CO,, N>O, and CH4) emission were also
calculated using emission coefficients. Cronbach's alpha was used for assessing the reliability of the
questionnaire.

For statistical analysis, analysis of variance and Duncan’s test were performed using SAS version 9.3.

Results and Discussion

The results showed that dry weight, organic carbon content, conversion coefficients, and carbon sequestration
for above- ground and below- ground tissues of wheat were significantly different. The biomass of above-ground
tissues was higher than below-ground tissues of wheat. The results revealed that the maximum (52.0%) and
minimum (31.99%) conversion coefficients of wheat were related to spikes (seeds included) and roots,
respectively. Besides, the total carbon sequestration of below-ground and above-ground of wheat was calculated
8.25 t.ha! so that the maximum (4.28 t.ha') and minimum (0.35 t.ha') values were found in stems and roots,
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respectively. GWP was recorded as 8884.86 kg CO»-equiv. per one ton of seed.

Conclusion

This study shows that while there is significant potential for sequestering carbon in wheat agroecosystems
through root and straw incorporations. It is recommended that returning wheat crop residues to the soil affected
the soil's physical, chemical, and biological properties. Furthermore, as nitrogenous fertilizer application plays a
crucial role in increasing GWP, thus it is suggested that organic fertilizers and legumes might be suitable
alternatives for chemical fertilizers. It is therefore concluded that the application of crop residues in
agroecosystems seems to be a rational ecological approach for sustainable management of wheat agroecosystems
with a consequence of the reduction in greenhouse gases and mitigation of climate change. This could make a
significant contribution to improving agricultural sustainability and stability in arid and semiarid regions.

Keywords: Conversion coefficient, Greenhouse gas emissions, Nitrogen fertilizer, Organic carbon
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Fig. 1- Interaction of alternating irrigation and nitrogen rates on leaf dry weight of rice
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Fig. 2- Interaction of alternating irrigation and nitrogen rates on total dry weight of rice
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Introduction

Rice (Oryza sativa L.) is an essential crop among cereals and shared a significant component in the global
human diet, especially in developing countries. About 80% of water consumption in Asia is for the agriculture
sector, and half of it would be used for rice production. Rice needs roughly 8000 to 1000 m?® of water per hectare
and 1Kg of its dry matter needs to 700 liters of water. Rice farmers tend to keep their farms flooded continuously
to make sure the product is more productive by too much water storage and, in this way, prevent against weeds.
Up to the year 2050, rice production should increase by 50%, which requires improved cultivars and enhanced
field management. For achieving high crop yield, applying fertilizers to maintain high soil fertility is quite
necessary. Nitrogen is one of the main crop’s nutrient requirements and is a limiting factor for rice production.
Nitrogen fertilizer affects the accumulation of dry matter and its allocation in different parts of the plants. The
difference in the accumulation of dry matter in response to nitrogen arises from the difference in the amount of
active radiation received by photosynthesis of vegetative canopy and plant efficiency in the use of solar
radiation. Nitrogen deficiency reduces leaf growth, and leaves become less colorful since the amount of
chlorophyll in the leaves decreases, accelerates aging leaves, therefore, reduce the amount of solar radiation, and
it reduces the accumulation of dry matter in plants, finally. Nitrogen, plays an important and direct role in the
development of grains by increasing the level of enzymes and enzyme activity, and this increases the transfer
and processing of sucrose to seeds. Many studies have shown that increasing nitrogen up to a threshold has
highly increased rice grain yield. Growth analysis indices are essential to realize how the crop yield may change
in response to management and environmental factors. Therefore the application of appropriate management
factors that have a positive effect on growth indices can enhance grain yield.

Materials and Methods

This study was conducted as split-plot based on a randomized complete block design in Rice Research Center
of Rasht in 2014-2015 and 2015-2016. Irrigation with five levels (daily irrigation, rotational irrigation with 5, 8§,
10, and 15 days interval) as main plot and nitrogen at six levels (0.0, 30, 45, 60, 75, and 90 kg.ha'') as subplot
were considered in this experiment. At flowering and harvest leaf and dry stem matter was measured. Then leaf
area index (LAI), Crop Growth Rate (CGR), Net Assimilation Rate (NAR), Leaf Area Ratio (LAR), Relative
Growth Rate (RGR) and Specific Leaf Area (SLA) were calculated.

Results and Discussion
Our results showed that the interaction of irrigation and nitrogen significantly (P<0.01) affects stem and leaf

dry matter, LAL and NAR. Irrigation was significantly (P<0.01) effective on CGR. Among irrigation levels,
daily irrigation resulted in the highest LAI and NAR. Our results indicated that daily and every five days
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irrigation and considering almost no difference between 75 and 90 kg.ha™! nitrogen, then 75 kg ha'! urea can be
suggested as the optimum fertilization value. However, at higher irrigation intervals, 90 kg.ha'! nitrogen would
be recommended. Daily irrigation and 90 kg.ha'nitrogen showed the highest water consumption (6663 m?.ha'),
but 15 days irrigation interval and 0.0 kg.ha'nitrogen showed the lowest water consumption (4691 m3.ha''). It
seems that low rate release nitrogen fertilizers, along with suitable irrigation practice, would be the optimum
management to achieve high yield and lowest possible irrigation water consumption.

Conclusion

The results of this study showed that applying nitrogen and irrigation increased LAI and crop productivity
indices, which resulted in higher biomass yield production. Among irrigation levels, daily irrigation resulted in
the highest LAI and CGR. Under daily irrigation and five days of interval irrigation, the application of 75 kg.ha"!
nitrogen can be recommended. Although there was not a significant difference between 70 and 95 kg.ha'!
nitroge, but due to environmental concerns, 75 kg ha'was recommended.

Keywords: Food security, Slow-release fertilizers, Sustainable production, Water productivity, Water
scarcity
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Table 1- Mean precipitation and air temperature of different months in two years of 2013-14 and 2014-15

ol b> SN
M Dth Temperature (°c) Precepitation (mm)
ontis T 2013-2014  2014-2015  2013-2014  2014-2015
e 17.6 15.6 2.6 24.2
Sept.-Oct.
o 11.5 6.4 5.4 54.4
Oct.-Nov.
» 45 29 216 5
Nov.-Dec.
A 0.8 2.7 52 37
Dec.-Jan.
& 1.1 35 0 922
Jan.-Feb.
ok 6.9 5.1 29.8 76
Feb.-March
ol 11.2 15.5 522 3.4
March-April
9% 18 16.8 82.6 23
April-May
Colge) 2.5 23.4 1 1
May-June
3bys 25.6 253 0 0
June-July
» 25.8 24 0 0
July-Aug.
sbye 232 19.4 0 0

Aug.-Sept.
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Fig. 1- Effect of tillage systems on soil bulk density
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Means with similar letters have not significant different based on Duncans' test.
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Table 2- Analysis of variance (mean of square) of soil bulk density and porosity affected by tillage systems and residue

management
Ol i ale &3l a3 sl pogase (g Jodss
S.0.V. d.f Bulk density Porosity
) b . 2 0.009 9.79
Replications
5095 g 3 0.073%* 106.3%*
Tillage systems (A)
ks 6 0.008 8.98
Error (A)
el ble o pae 2 0.04%* 72.13%
Residue management (B)
e 4 0.003 7.82
Error (B)
AXB 6 0.007 ns 8.18"
ks 12 0.008 12.5
Error
S Ges 1 0.483%* 713.9%+
Soil depth (C)
AXC 3 00.51s 5.7ms
BXC 2 00.7m 7.28™
AXBXC 6 0.001™ 3.73™
(e 24 0.003 4.79
Error
Sl 4.6 3.8
CV (%)

deoyd S5 gz Jein ] grdaw 53 I dme g 5 dxe i s g4 K ¥ ns

ns,*,**: Non significant and significant at 5% and 1% levels of probability, respectively.
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Fig. 2- Effect of tillage systems on soil porosity
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Means with similar letters have not significant different based on Duncans' test.
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Fig. 3- Effect of plant residue on soil bulk density
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Means with similar letters in each column have not significant different based on Duncans' test.

60

b
50
40
30
20
10
0

Porosity (%)

b I

o residue

3.5 t.hl 7 t.hl

SB S g 2L (Ll S1-€ JSS
Fig. 4- Effect of plant residue on soil porosity
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Means with similar letters in each column have not significant different based on Duncans' test.
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Table 3- Analysis of variance (mean of squares) of soil physical properties affected by tillage systems and residue
management

b o S
Wet sieving

Swis S

Dry sieving P SK Cogb,

42 5l 5 0 RASE 5l S eS RABSKE ;I 55,50 BAhSK jl e cbabsk Cild g yloj

Ol ke :
5.0.V. S e o Focdhe i Focdes i Focde
d.f Agoresates> 0.5 Soil moisture
g8 ;gnm ™ Aggregates< 0.5 mm g Aggregates> 0.5 mm Aggregates< 0.5 mm at harvest
time
IS 2 3.6 13.75 88.3 12.6 69.6
Replications
iy S phes €5 590.3% 603* 2425.2%* 546.8%* 34.99 s
Tillage systems (A)
ks 24 134.4 379 24.4 37.3
Error (A)
B bl copde
Residue 2 1492.8%* 1455 4% 18.4.6%* 10.79 1 99,3+
management (B)
s
11.87 10.5 85.3 10.73 10.6
Error (B)
AXB 6 610.6%* 602.5%* 1125%* 136.76** 363"
ks 12 4.14 106.1 110.9 28.95 36.9
Error
St 6.4 6 2.5 7.4 20
CV (%)

deoyd S5 gz Jein ! gdaw §3 I me g 5 dixe i s g4 K ¥ ns
ns,*,**: Non significant and significant at 5% and 1% levels of probability respectively.
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Liwds 1) O Lawgs i 0081y b ablie cqa 1y (315 @ )ué o
s ol J3h 3 LaasbsLs 8y (Wanas et al., 2006)
0950 Slod g 01 LaashS 3l cloa 4l 5l Ol 5,5 o
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o s g (e 1S Jeoui ) (90 Sl 05T ]
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Feba ol Sl o) labSE (g peS g Sy
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(Swift,1990; Karlen et al., 1994
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Table 4- Aggregates disribution (%) affected by tillage systems and residue in wet sieving condition
3PS absSB 3 PSe S absS

P sLl zsh 3 o des o oo o
Crop residue rates (t.ha) Tillage systems atala oo o
Aggregates> 0.5 mm Aggregates< 0.5 mm
Sy gl No tillage 10 ¢* 902®
K o8 Chisel 8.5¢ 91*
No residue Siledms Sweep 10% 89.5%
eb,S Moldboard 9de 90.5%
Sy gh No tillage 11.54 88aP
35 PNt Chisel 114 88.5%
’ ke Sweep 19.5¢ 80°¢
hebySy Moldboard gde 90.5%
Sir9SB g No tillage 18.5¢ 8120
; PNt Chisel 24b 76%
Siledn Sweep 34.5 6520
3,3 Moldboard 19.5¢ 80

585 5l e glis 5SS yga ] bl g oy gy Jlein ] aw )3 it Syide B 5 gl Sl a8 ooliel g o *
* Means in each column that at least contain a same letter are not significant at 5% level of probability based on Duncan's test.
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Table 5- Aggregates disribution (%) affected by tillage systems and residue in dry sieving condition

AW L 7 shaw s 3 3PS abS 3 PSe s sbabhs
- $329S6 Sl . . . :
Crop residue rates . o o o o o o
-1 Tillage systems
(tha™) Aggregates > 0.5mm Aggregates< 0.5mm
Gi9SB g No tillage 83.8" 16
HEREe olB Chisel 852 14 .42
No residue ileasy Sweep 832 16.4*
by Moldboard 86° 13.8%
GipsSB e No tillage 84.7° 15ab
35 PRy Chisel 842 15.6
' ledy Sweep 842 15.6°
Sy Moldboard 89° 11¢
Gi9SB oygh No tillage 842 16*
; s Chisel 852 14.4%®
ledy Sweep 852 14.4
Sy Moldboard 87° 13b

)15l ime gl by gy Jlei] a5 4SSl ige5] bl s Sytiie B G b Sl a8 olaySibe gt pm o *
* Means in each column that at least contain a same letter are not significan at 5% level of probability based on Duncan's test.
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Fig. 5- Effect of plant residue on soil moisture
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Means with similar letters have not significant different based on Duncans' test.
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Table 6- Analysis of variance (mean of squares) of measured traits of rainfed wheat affected by tillage system and residue
management

SUiS 439 > Al dlaxd 4D iy laxi I o 3Sdes adld
Ol g5 2l @2 . dle o2 &LQS)‘ . &l FHE) :)ﬂoﬁ T RN 1
i &3 3 Y Plant &0y 2 1000- o 0dgiCun ) Candldp
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Introduction

Climatic variation particularly for participation is a constraint for the crops to reach their potential
productivity under rainfed conditions. Therefore soil moisture preservation by means of tillage practices and
improvement of soil physical criteria, particularly through enhancement of organic matter content is crucial. For
this reason soil tillage must be managed in a proper way in order to fulfill this objective. Use of the right
implements for this purpose under rainfed conditions together with retention of crop residue are practices most
suitable for low rainfall environments. Tillage operation has a great impact on soil properties such as soil particle
stability, soil aggregate and also soil water holding capacity. There are good evidences regarding yield
improvement under rainfed conditions when implements such as chisel plow and sweep plow is used. Reduced
tillage has been referred to as a proper practice under such conditions and degrees of no to minimum tillage have
been proposed. These types of tillage combined with retention of crop residue which is referred to as
conservation agriculture is being received more attention for the sake of soil conservation and moisture
preservation. The purpose of the present study was to investigate these type of management for a rainfed wheat-
fallow rotation.

Materials and Methods

In order to study the effect of different tillage practices in fallow-wheat rotation and retention of crop residue
on soil properties such as bulk density, soil aggregate, porosity, particle stability and moisture holding capacity
and also crop criteria including yield, above ground biomass of wheat and weed under rainfed conditions, an
experiment was conducted for two years (2013-2014 and 2014-2015 growing seasons) in Shirvan region,
Northeast of Iran. The layout of experiment was strip plots based on a randomized complete block design and
three replications. Tillage systems and retention of crop residue were the experimental factors with four levels of
tillage (chisel, sweep, moldboard and no tillage) and three levels of crop residue retention (7, 3.5 t.ha! and zero
residue). Tisdal and Oades method used to determine the soil aggregates size distribution in dry and wet sieving
conditions. To determine the soil bulk density, undisturbed samples were picked up from a depth of 0-10, and
10-20 cm and soil bulk density were determined after drying of soil in Oven for 48 hours at a temperature of
105°c. In order to evaluate the soil moisture at the end of the fallow year, sampling was done from each
treatment in the depth of 0-20cm. During growth and after harvesting, the plant height, ear length, seed number
per ear, thousand kernel weight, seed yield, and biological yield were determined.

Results and Discussion

Results showed that in general soil bulk density was higher at the depth of 0 to 10 cm compared with that at
the depth of 0 to 10 cm for the experimental soil. Soil porosity followed a reserve trend of that of bulk density.
Retention of crop residue caused a slower bulk density and a higher soil moisture content. Tillage with
moldboard at different levels of crop residue retention caused lower weed biomass compared with other tillage
operation. Soil practices size higher than 0.5 mm were respectively higher and lower with moldboard plow. Seed

1- Professor of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran.

2- M.Sc. Graduated Student of Agroecology, Ferdowsi University of Mashhad, Iran.
(*- Corresponding Author Email: akooch@um.ac.ir)

Doi:10.22067/jag.v12i2.52175



YAV puiS o Shas p (LS 5Ll 9555951 cilicko sopiumms 55U

yield and also above ground biomass were higher with moldboard plow compared with the conservation tillage
practices. Despite lots of reports about the prominence of conservation tillage systems in comparison with
moldboard tillage, the reason for the prominence of moldboard plow in comparison with conservation tillage in
this experiment can be attributed to better seedbed preparation in moldboard tillage. The other reason for seed
yield increment in the treatment of moldboard tillage in comparison with other treatments can be the effective
control of weed plants, especially Russian Knapweed.

Conclusion

Despite contradictory reports about the effect of moldboard tillage on wheat yield in comparison with
conservation tillage, the results of this experiment showed the prominence of moldboard tillage in contrast with
the sweep, chisel, and no-tillage for wheat production. Under rainfer conditions retention of crop residue
together with minimum level of soil disturbance seems to be a proper practice. This has been evidenced
elsewhere and is confirmed somehow in our experiment too. This is mostly related to enhancement of water
holding capacity of the soil.

Keywords: Chisel plow, Conservation tillage, Sweep plow, Soil aggregate, Soil moisture
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Table 1- Geographic charactrestics of selected cities and average of annual means, maximum and minimum temperature
for 20 years (1992-2012)

hilie o5 ollhia Job S il WVl Sl o
Latitude Longitude w5 £li5| b3 b3 N T
. >
. . ! 3 53 Ly Mean Mean Mean Annual
Station ay Audd ay ausd . Annual Min  Annual Max
. . Altitude (m) temperature
Degree  Minute  Degree  Minute temperature  temperature )
o) o)
sl 31 20 40 48 22 19.3 334 26.3
Ahwaz
<) 34 6 46 49 1708 7.3 20.9 14.1
Arak
"’L"J'J)‘. 38 24 29 48 1338 3.1 15.5 9.3
Ardabil
»’w 32 52 12 59 1491 8.6 24.6 16.6
Birjand
e 37 28 19 57 1070 7 19.8 13.4
Bojnurd
oS 36 51 16 54 13 12.7 23.1 17.9
Gorgan
b 34 52 35 48 1850 4 19.6 11.8
Hamadan
b 30 15 58 56 1753 7.5 25.3 16.4
Kerman
abisle S 34 21 9 47 1318 7 23.7 154
Kermanshah
i .
e 33 26 17 48 1147 8.7 25.1 16.9
Khoramabad
e 36 16 38 59 999 9 22 15.5
Mashhad
43) 37 52 5 45 1315 5.4 18 11.7
Orumieh
Lot 39 51 57 47 34 9.9 20.7 15.3
Parsabad
s 35 23 30 52 1130 13.1 24 18.5
Semnan
2 38 5 17 46 1361 7.8 19 13.4
Tabriz
S 31 10 32 61 480 15.2 30.1 22.7
Zabol
oledec! 32 37 40 51 1550 9.3 233 16.3
Esfahan
et 29 32 32 52 1480 11 26.2 18.6

Shiraz
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Table 2- Chractristics of Iran's climates, wheat variety, and specific city of each climate

L; A';)Lf """"9‘“ u5 ws
asl 81 ol 53 &Bly (o o Mean ;Vh D e
Zone Climate Cities in each zone precipitation ea Selected City
(mm) Cultivar
273 b Pl gbye g 05 W‘bl i Jl‘ju")lf-7 o855 o o5
1 Northern warm and humid 350 -1000 ]
climate Gorgan, Parsabad Moghan Tajan Gorgan
Cg S $ ol
2 Sommmarm o e I 40-200 o !
climate Y Ahwaz, Shiraz, Zabol, Birjand Chamran Ahwaz
—Qt.o...; —ul.g(é..al —oLi;Jln)f —Qla; —Neie
&S o M Juine ol sblp St A
3 . 200-300 :
Temperates climate Mashhad, Kerman, Kermanshah, Pishtaz Mashhad
Khoramabad ,Esfahan, Semnan
(SlsS Oy 018l 55 g )l = e =350 = Jeo )| =S| o 1)
4 Cold and high elevation Arak, Ardabil, Bojnourd, Hamedan, 200-800 .
. . ’ Shahriar Arak
climate Orumiceh, Tabriz
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Table 3- Slope (b), significancy (p) and coefficient of determination (R?) for regression line between annual maximum,

minimum and mean temprature and year, during 1992-2012 and average of annual temperature at base year (1992) for 18
selected cities

. Lod ¥l ol gty (Y¥YY) 4l Jlw 13 uibe sled
R #ol5k :
Cit P § ¢ Annual temprature trends Average of annual temprature at
1y arameter b P R? base year (1992) (°C)
b sles 0.145 0.001 0.687 30.9
Max. Temp.
2! Sl sles 0.08 0.001 0.784 243
Ahwaz Min. Temp.
il sl 0.097 0 0.52 17
Ave. Temp.
b sles 0.138 0.003 0.613 17.5
Max. Temp.
<! N 0.094 0.008 0.549 4.7
Arak Min. Temp.
o sled 0.116 0.004 0.598 11.1
Ave. Temp.
b s 0.13 0.009 0.558 13
Max. Temp.
J) N 0.188 0 0.746 1.4
Ardabil Min. Temp.
ok sled 0.159 0 0.601 7.2
Ave. Temp.
b s 0.107 0.001 0.488 22.8
Max. Temp.
R Jlas slos
> , 0.064 0.005 0.674 7.2
Birjand Min. Temp.
(Sl slo
ol s> 0.085 0.001 0.595 15
Ave. Temp.
b sles 0.083 0.011 0.722 17.9
Max. Temp.
3900 Jlas slos
, , 0.051 0.018 0.686 5.8
Bojnurd Min. Temp.
ok sled 0.067 0.007 0.653 11.8
Ave. Temp.
b s 0.121 0 0.544 215
Max. Temp.
oS N 0.031 0.285 0.467 11.2
Gorgan Min. Temp.
ok sled 0.076 0.006 0.672 16.4
Ave. Temp.
Ol b s 0.131 0.003 0.524 16

Hamadan Max. Temp.
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MUF “’T‘Sl"’ 0.068 0.033 0.241 1.72
in. Temp.
e sl 0.1 0.006 0.67 8.8
Ave. Temp.
M;S “’T“S > 0.096 0.001 0.465 23.4
ax. Temp.
oef Sl sl 0.093 0 0.6 6.3
Kerman Min. Temp.
oke s> 0.096 0 0578 14.8
Ave. Temp.
M;S “’TL‘ > 0.089 0.054 0.602 204
ax. emp.
olisle § N 0.084 0.001 0.48 5.5
Kermanshah Min. Temp.
SSile lo
ol o> 0.086 0.006 0.769 13
Ave. Temp.
M;S “’T“S > 0.119 0.002 0.438 223
ax. Temp.
M Sl slod 0.095 0.003 0.524 6.6
Khoramabad Min. Temp. ’ ’ ’ ’
ok sled 0.107 0.001 0.463 14.4
Ave. Temp.
#he lo> 0.104 0.012 0317 19.7
Max. Temp.
ke N 0.092 0 0.808 7.6
Mashhad Min. Temp. ' ' '
ok sled 0.098 0.001 0.759 13.6
Ave. Temp.
Ahe gl 0.132 0 0.52 15.2
Max. Temp.
o %) . M&‘”Td“” 0.021 0.521 0.525 3.7
rumie m. emp.
oke (s> 0.088 0.016 0.598 9.5
Ave. Temp.
e s> 0.059 0.077 0.172 19.7
Max. Temp.
M ook N 0.074 0.003 0.514 8.7
Parsabad Min. Temp. ’ ’ ’ ’
o sled 0.066 0.018 0.687 14.2
Ave. Temp.
Mfs‘”Td“’ 0.141 0 0.65 215
ax. emp.
SOL‘“"“ MUF “’T‘Sl"’ 0.012 0.649 0.42 11.6
emnan in. Temp.
ok sled 0.076 0.007 0.558 16
Ave. Temp.
M;S “’T“S > 0.139 0.001 0.475 16.5
ax. Temp.
Tf;“ MUF “’T‘Sl"’ 0.064 0.055 0.399 6.1
abriz in. Temp.
SSile lo
ol o> 0.101 0.006 0.664 113

Ave. Temp.
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b sles 0.158 0.581 28
Max. Temp.
S Sl s 0.064 0.001 0.47 14.1
Zabol Min. Temp.
LSl e
o e 0.111 0.595 21
Ave. Temp.
b s 0.116 0.014 0.444 21.6
Max. Temp.
oo N 0.068 0.163 0.55 93
Esfahan Min. Temp.
ok sled 0.091 0.004 0.427 15.4
Ave. Temp.
b sles 0.101 0.377 0.64 242
Max. Temp.
e Sl sl -0.05 0.001 0.6 9.2
Shiraz Min. Temp.
e sl 0.068 0.024 0.59 16.7
Ave. Temp.

7AQ aaw (gl gxe P 0.01 JA0 maws 4> (5, ze < 0.05 %
p< 0.05: is significant in the level of 95%, p< 0.01: is significant in the level of 95%.
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Table 4- Calibration coefficients for WOFOST in selected cities of climatic zones of Iran

Solyly (083) Y el (1) Y asl  (apuie) Val  (S1))) € 4l

Parameter  Zonel (Gorgan) Zone2 (Ahwaz) Zone3 (Mashhad) Zone4 (Arak)
TSUM; (°Cd) 2100 2500 1700 1750
TSUM, (°Cd) 900 750 750 800

Sty b 23 B 5l oyl an s gaazme TSUM: ¢ 25 S b Sjailes 5l @yl days gaeze :TTSUM,
TSUMI: Temperature sum from emergence to anthesis, TSUM,: temperature sum from anthesis to maturity
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Table 5- Means of eight years for observed and simulated data of days from planting to flowering and days from

planting to maturity and validation of WOFOST based on percentage of Root Mean Square Error (RMSE %) for
fourselected cities of Iran

(55) ) b (31521) Y o
Zone 1 (Gorgan) Zone 2 (Ahwaz)
U CullS 5, dlaas U Cuils 59, lany U Cuils 59, lany
)9)’ ] 29 u‘nﬁ b eusls 39 sl ] 29
s & ) Days planting to o
Days planting to Days planting to flowering Days planting to
flowering maturity maturity
oo sl (g3lwand oo sl (g 5lwand ouud sl & lwdms oo sl (g 5lwand
Observed  Simulated Observed  Simulated Observed Simulated Observed  Simulated
0Ss 201.7 201.6 201.7 201.6 156 153.5 194 192.1
Mean
%RMSE 4.22 6.9 9.19 7.8
(ageie) ¥ 42 (51,) € 4
Zone 3 (Mashhad) Zone 4 (Arak)
U CullS 5o, alaas U Cuwils 59, lany U Cuils 59, lany
)9)’ ] 29 u‘nﬁ b eusls 39 sl ] 29
s & ) Days planting to o
Days planting to Days planting to flowering Days planting to
flowering maturity maturity
oo sl (g3lwand oo sl (g 5lwand ouud sl & lwds oo sl (g 5lwanmd
Observed  Simulated Observed  Simulated Observed Simulated Observed  Simulated
0xSs 171.4 172.2 212.6 213.7 210.7 209.5 257.2 256.5
Mean
%RMSE 6.3 7.5 6.5 7.7
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Fig. 1- Validation of model for days to flowering (Right) and days to maturity (Left) for four selected cities of Iran
Cawl 0ad 03b iles Vi) s (gl alade LS g oSy s gl pg s
Solid line represent regression lines and dash line represent 1:1 line.
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Fig. 2- Validation of Model for simulation wheat grain yield for four selected cities of Iran,
Cawl 0ad 03b iles Vi) s (gl alade LS g oSy s gl g S
Solid lines represent regression line and dash line represent 1:1 line.

o day b as ad jasuis WOFOST Jio (295 4 2y
o Job (¥ Jgia) oS ol s yd /oY Ioleo ¥l isle S
4 S cwl anib Gl ((Sawwy U 2 5 dlold) wb a5
slod (1Sl (olj31 31,5 (Bl d >y (gl 5o, VY T e

(¥ US3) 39 6Vl

o9 paS aySlas 5 a6l 98 Jal po Ol s wa gy oy
G gldie caalll ol gn
253 6Ly dalsu cigh o g S palll) waals

R s G55 53 3 8ee 5 Slgd Jolre (siloard
ol olial ool 4 b glis oYL cds anl opl jasls
Lo g (63lwdnd VY-V Y Lo Jl 55 )3 paiS Soglgid



g

S 0 Sloe il g aild gl 5 0y90 J,.lo}g(j Oyl g (2lod Ol pds Wigy (w2

35 - y =1.7468x+5.2919
R?=0.61

w w W
w
L

)
|

Grain Filling Period {days)

[S%]
[y

98]
=]

7.5 18 18.5 19

Annual Mean Temprature (°C)

Simulated Grain Yield (kg.ha'!)

3500 -
L ]
3000 - . . s
N [ ]
. L
2500 -
y=248.13x-1579.7
2000 - R? =0.64
1500 -
1000 -
500 -
0 1 1 1
175 18 185 19

Annual Mean Temprature (°C)

OB 55 Ll 3 A¥lw (il (slod (Winl331 b oS () il 5,Shos g (Cowl,y) dild ol 1 Jobo ol i — Y IS
Fig. 3- Trends of grain filling period (right) and grain yield (left) of wheat related to anuual mean temperature rise of Gorgan
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Table 6- Slop of regression line between simulated grain filling period and temprature rise (day.°C™'), grain yield and

temprature rise (kg.°C™") and grain yield and grian filling period (kg.day™) for Parsabad moghan (Northern Warm and
Humid climate) during 1992-2012
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City Slop of regression line Slop of regression line between Slop of regression line between
between grain filling period simulated grain yield and Simulated grain yield and grian filling
and temprature rise temprature rise period
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Fig. 4- Trends of grain filling period (right) and grain yield (left) related to anuual mean temperature rise of Ahwaz
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Fig. 5- Trends of wheat grain yield related to changes in grain filling period in Ahwaz
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Table 7- Slop of regression line between simulated grain filling period and temprature rise (day.°C'1), grain yield and

temprature rise (kg.°C™") and grain yield and grian filling period (kg.day™) for Shiraz, Zabol and Birjand (Southern
Warm and Dry climate) during 1992-2012
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Fig. 6- Trends of grain filling period (right) and grain yield (left) related to anuual mean temperature rise of
Mashhad
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Introduction

It is accepted that the global annual average temperature has been increased during recent decades. The
climate of Iran is also affected by this global warming. Some studies indicated the increasing of mean annual
temperature of Iran between 3.5-4.5°C by 2050. Crop phenology is directly related to temperature, so climate
change could significantly change the phenology and yield of crops. Modelling phenology is a way to simulate
the timing of phenological stages based on climatic factors. Amongst models, WOFOST is known as a powerful
model for simulation of phenological stages and yield of wheat. In this study climate warming of Iran was
evidenced. Based on this fact, trends of potential grain yield and time of flowering and maturity of wheat were
studied in different climatic zones of Iran during 1992-2012. It is expected that understanding the thermal
induced of phenological changes, can lead us to better field management decision making.

Materials and Methods

Weather data of 18 cities from 4 climatic zones of Iran (northern warm and humid (Zone 1), southern warm
and dry (Zone 2), temperate (Zone 3) and cold and high elevation (Zone 4)) were analyzed during 1992-2012
and the long-term trends of air temperature were detected by linear regression. The crop growth simulation
model WOFOST, was used to simulate the time of flowering and maturity and also the potential grain yield of
winter wheat. Calibration and validation of model was conducted in 4 selected cities from each zone using
statistical measures. The consequences of temperature on duration of grain filling period and also yield of wheat
were determined.

Results and Discussion

Results indicated that the mean annual air temperature was significantly increased in all cities during 1992-
2012. The highest increasing rate (regression line slope) belonged to Ardabil (0.159°C.y!) and the lowest rate
was observed in Pars Abad Moghan (0.06°C.y™"). Validation of WOFOST in 4 selected cities from each climatic
zone, showed the perfect ability of model in simulating the flowering and maturity time of wheat. Regression
analysis showed that the grain filling period was increased in accordance with temperature rise in zone 1 and 4
whereas it was shortened in zone 2 and 3. Grain yield showed the same trends predicted for grain filling period
in different climates. Slop of linear regression between temperature and yield was significant except in Gorgan
(Zone 1). In all cities the relation between grain filling period and yield was direct and positive.

Conclusion

Although temperature has increased in all climatic zones of Iran, flowering and maturity time and grain yield
of wheat has showed different responses. There was a nonsignificant slope of regression line in the north humid
climate, which means that the humidity of northern part of Iran (south of Caspian Sea) enhanced stability for this
area. Annual mean temperature in southern warm and dry zone of Iran ranged between 24.3-27.9 °C that could
be stressful for wheat, and hence resulted in shorter grain filling period and less grain yield. It seems that in
temperate zones (such as Mashhad) increasing temperature caused yield reduction due to faster GDD
accumulation and lack of time to complete remobilization of photosynthetic materials. On the other hand, in cold

1-Ph.D. Student of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran.
2-Professor, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran.
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areas increasing temperature could reduce the risk of cold stress in flowering time, resulting in longer grain
filling period and higher grain yield. According to WOFOST simulation results, during 20 years study (1992-
2012), mean potential yield of wheat increased 6.25 and 11.42 percent in northern warm and humid (Zone 1) and
cold and high elevation (Zone 4), respectively and decreased 12.17 and 13.11 percent in southern warm and dry
(Zone 2) and temperate (Zone 3), respectively. Total mean potential yield of wheat, by consideration of
proportion of each zone in total wheat production of Iran, showed reduction of 1.8% and 3.28% during 1992-
2001 period (10 years) and 1992-2012 period (20 years), respectively.

Keywords: Climate change, Global warming, Regression, Simulation, WOFOST
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Table 1- Name and pedigree of durum wheat cultivars and promising lines

L Y o Lo

Lines number

[ERO Y

Pedigree of lines

G
Gy
Gs

Gy
Gs
G
Gy
Gs

Gy

Gis

Gir
Gig
(€51
Gao

Hana (T. durum)
Parsi (T aestivum)

SOOTY_9/RASCON_37//SOMAT 3.1/4/GRO_2/YUAN_1//ARLIN/2* ACO89/3/JUPARE C 2001
SOOTY_9/RASCON_37//SOMAT _3.1/5/GUAYACAN
INTA/KUCUK/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1/8/AVTA/...

BOOMER 33/ZAR/3/BRAK 2/AJAIA 2//SOLGA_8/10/PLATA 10/6/MQUE/4/USDAS73//QFN/AA 7/3/
ALBA-...

P91.272.3.1/3*MEXI175//2*JUPARE C
2001/5/ARTICO/AJAIA 3//HUALITA/3/FULVOUS_1/MFOWL 13/4/TECA96/TILO 1/6/...
SOOTY_9/RASCON_37//STORLOM/5/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS
_4/3/CANELO_9.1/6...

SOOTY_9/RASCON_37//SOMAT 3.1/3/SOOTY_9/RASCON_37//STORLOM/4/SOOTY_9/RASCON_37/
/GUAYACAN..

PLATA_6/GREEN_17//SNITAN/4/YAZI 1/AKAKI 4/SOMAT 3/3/AUK/GUIL//GREEN/5/RCOL/GUAN
AY*2//SOMAT 3/GREEN 22
PLATA_ 6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA 20/4/SILVER 14/
MOEWE
P91.272.3.1/3*MEXI175//2*JUPARE C
2001/5/PLATA_6/GREEN 17//SNITAN/4/Y AZI 1/AKAKI 4//SOMAT 3...
MAALV/5/LOTUS_5/SORD_1/3/CANELO_8//SORA/2*PLATA_12/4/YAZI_1/AKAKI 4//SOMAT 3/3/A
UK/GUIL//GREEN
SCRIP_1//DIPPER 2/BUSHEN 3/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1
1A.1D 5+1-06/3*MOJO//RCOL/3/SOMAT 3/PHAX 1/TILO_1/LOTUS 4
PLATA 6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA_20/4/...
TAMAROU/8/R143/RUFF//STIL/3/Y AV79/4/SHWA/MALD/5/ALTAR
84/6/TILO_1/LOTUS 4/7/CAMAYO
ADAMAR 15//ALBIA_1/ALTAR 84/3/SNITAN/10/PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/...
WID22202/5/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO _9.1/6/...
SOOTY_9/RASCON_37//JUPARE C 2001/6/PLATA_6/GREEN 17/3/CHEN/AUK//BISU/5/PLATA _3//...
ZHONG ZUO/2*GREEN 3//SORA/2*PLATA 12/10/PLATA 10/6/MQUE/4/USDAS573//QFN/AA 7/3/...

(Yanetal,, &S o ajod opd s3> 934 |y GGE 5038 Laos
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1- Singular valued composition



YYA  pgy90 puiS (iduauel slocn¥ 4ils o) Klas gl E33)

Jlo 93 9 o6 ez 53 09595 S (SlacnY il 3,Slos 8 0 il )l 4558 WY Jg>
Table 2- Combined analysis of variance for durum wheat genotypes in four locations and two years

5 il @3ljl sy ©laypo (ke 2 dugi il ly
S.0.V. df Mean of squares Explained variance
o
. 3 127.14™ 43.22
Location
Ju 1 17.48" 1.98
Year ’ ’
gt 3 61.63" 20.95
Locationx year
(el S5t
16 1.54 2.79
Block (experiment)
) 19 0.78" 1.68
Genotype
o s 57 0.67" 4.33
Genotypex location
Joo o3 19 127" 2.73
Genotypex year
Lox Sox Cuigi} o
o ol i3 57 1.04 6.46
Genotypex location x year
lo31 oLzl
T 304 0.46 15.85
Error
el p8
- 9.6 -
CV (%)

(Y720-2Y) (j92lis 9 oliilo 5z 5 e odol) 5% jlo 13 o993 o5 (i el Sa ¥ 9 o1 13 5 Shos (Silio -V Jgor
Table 3- Mean of grain yield of durum wheat cultivars and promising lines in four locations (Isfahan, Karaj,
Kermanshah and Neishabour) (2016-2018)

&> 3 Slos
&S cp¥ sl oS oY, Grain yield (t.ha)

Code of wheat lines Cultivar/Line oldo! s alisle )5 By o] oSSl
Isfahan Karaj Kermanshah Neishabour Mean

G Hana (T. durum) 7.600 7.211 8.499 5.386 7.120
G Parsi (T. aestivum) 7.924 7.039 9.041 5.321 7.264
G3 DM-95-3 7.458 6.839 7.879 5.64 6.972
Gy DM-95-4 7.382 6.647 6.886 5.427 6.751
Gs DM-95-5 6.895 6.961 7.926 5.707 6.907
G DM-95-6 8.158 7.297 7.744 5.585 7.259
Gy DM-95-7 7.127 7.195 8.214 5.77 7.058
Gg DM-95-8 7.448 6.780 7.354 5.865 6.901
Gy DM-95-9 7.064 6.900 7.133 5.471 6.703
Gio DM-95-10 7.504 6.908 7.959 5.903 7.076
G DM-95-11 7.853 6.989 7.608 5.542 7.048
G2 DM-95-12 7.374 7.111 8.19 5.615 7.004
Gi3 DM-95-13 7.148 6.825 8.038 5.342 6.909
Gis DM-95-14 7.212 7.058 8.266 5.47 7.040
Gis DM-95-15 7.286 7.017 8.431 5.545 7.098
Gie DM-95-16 7.214 7.603 8.507 5.226 7.228
Gy DM-95-17 7.148 7.117 7.693 5.897 6.899
Gisg DM-95-18 7.338 7.933 7.31 5.277 7.058
Gio DM-95-19 6.851 7.156 7.726 5.647 6.847
Gao DM-95-20 6.897 6.303 7.212 5.585 6.574

Mean ke 7.344 7.044 7.881 5.561 6.986
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. L s lons
lf"’iy 8 ko Diseases™ DHE DMA PLH(cm) K.C. TKW(g)
Lines number YR LR
G, 5R/MR 5R 172 212 89 A 37
G, 5R 20MR 170 212 90 A 37
G3 10R/MR 5R 174 212 83 A 36
Gy SMR/MS 15MR 173 212 85 A 35
Gs 2R 30MR-MS 172 213 87 A 36
G 15R/MR 5R-MR 173 213 88 A 35
Gy 5R/MR 5R 172 211 87 A 37
Gg 20MR/MS 15MR 173 213 87 A 36
Gy 15MR 40MS 171 212 89 A 35
Gio 5R/MR 5R 169 210 88 A 32
Gy 10R 25MR 172 212 88 A 38
G2 5R/MR 5R-MR 171 211 90 A 37
Gis 10MR 15R-MR 174 213 90 A 36
Gig 5R/MR 15MR 171 211 86 A 38
Gis 5R 15MR 171 211 88 A 37
Gie 5R 5R 171 211 90 A 37
G 15MR 5R 173 213 88 A 35
Gig 10R/MR 5R 173 211 92 A 38
Gig 5R 10MR 173 211 87 A 37
Gao 10MR/MS 5R-MR 174 213 87 A 35

&b lin 59 TKW il Ky :KC gy glisyl PLH  Saasy b 3oy sliad DMA 238l b g sl :DHE ¢ slogd 55 :LR )5 S55:YR
YR: Yellow rust, LR: leaf rust, DHE: number of days to heading stage, DMA: number of days to maturity stage, PLH: plant height,
KC: kernel color, TKW: 1000-kernel weight.
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Introduction

Durum wheat (Triticum turgidum L. var durum) consist of only 5% of the world’s total cultivated wheat area
and contributes about 10% to the total global wheat production. Durum wheat in Iran is grown on 300-400
thousand hectares with an average annual production of 500-600 thousand tons. Similar to other crops,
insufficient yield stability in durum wheat is recognized as a one of the factors responsible for the gap between
actual yield and potential yield. In breeding programs, the identification of superior genotypes is difficult due to
environmental variability of target locations and the interaction of these variabilities with the investigated
genotypes. Therefore, it is important to evaluate the advanced agronomic lines across various environments and
over multiple years to ensure their yield stability and production (Yan & Rajcan, 2002). Many statistical models
have been suggested to analyze genotype (G)x environment (E) interaction. GGE (genotype plus genotype-by-
environment) biplot method is a multivariate model, which is based on principal component analysis that
simultaneously represents G, E and GxE interaction on a graph known as biplot. GGE biplot is widely used in
agricultural research as it provides a simple graphical interpretation of GXE interaction. The aim of the study was
to evaluate the grain yield stability and adaptability in some promising durum wheat lines grown in moderate
regions of Iran.

Materials and Methods

Eighteen promising durum wheat lines (Gi-Gig) along with two control cultivars (durum wheat cv. Hana and
bread wheat cv. Parsi), were investigated based on a randomized complete block with three replications for two
cropping seasons (2016-2017 and 2017-2018) at four Agricultural Research Stations (including Karaj, Ahwaz,
Kermanshah, Neishabour and Isfahan cities, Iran). Combined analysis of variance for grain yield was performed
using ADEL-R software. The GGE biplot methodology was employed to analyze GXE interaction (Yan, 2001).
The GGE biplot model was used for the following purposes; (i) evaluation of yield stability, (ii) the simultaneous
selection for yield and stability, (iii) identification of ideal durum wheat genotypes, and (iv) assessment of the
characteristics of and relationships among the testing environments.
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Results and Discussion

About 70% of variation was related to environment, 1.7% to genotype and 13.5% to genotypex environment
interaction. Overall the grain yield of the lines ranged from 6.57 to 7.26 t.ha'! and the Gy and G; lines had the
lowest and highest grain yield, respectively. Also, Gs and Gie lines had higher yield than Dena cultivar (Gi).
Surveying Polygon of GGE biplot showed that genotypes G, Gis, Gs, Ga, G20, Gs and Gs which had the most
distance from Bipolt center and located in Polygon vertices that they were premier genotypes. The lines which
designed from Biplot center divided the shape of Polygon to four environments. The first environment was
included into the Isfahan in which genotype Gs had the most performance. The second environment was
included into the Karaj that G, was premier genotypes of this environment. The third environment was included
into Kermanshah that genotype Gis was high performance genotype in this environment. The fourth environment
was included into the Neishabour in which genotype Gz was premier genotype. The Gi2, G, and Gio genotypes,
which were located near the center of the biplot, had performance in all environments. Simultaneous evaluation
of grain yield and stability through environment coordinate (AEC) biplot showed that genotypes G, Gi and Gisg
with the higher grain yield were the most stable genotypes. There were many similarities between Karaj and
Kermanshah environments as well as Karaj and Isfahan. The angles between these two environmental groups
were less than 90 degrees. In contrast, the angle between Neishabour environment and Kermanshah and Karaj
environments was distorted and near 180 degrees. These results verified the Karaj station was close to the ideal
environment. Gz and Gi¢ genotypes were identified as favorable genotypes in Karaj environment.

Conclusion

GGE Biplot was an appropriate graphical method for simultaneous selection of performance and stability of
cultivars and lines. Based on the results, genotype Gs in Karaj, Gs in Isfahan and Gz in Neishabour were the best
genotypes in terms of yield and stability. Generally, Gis can be considered as a favorite promising line compared
to the control cultivar Hana and as a candidate in the temperate climates.

Keywords: Genotype x environment interaction, GGE biplot, Sustainability, Superior genotype
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