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Introduction

Maize (Zea mays L.) is one of the most important cereals after wheat and rice in the tropical and temperate
regions of the world. Also, its mean production is 8 ton ha™. Moreover, the total area of under cultivation is
132572 hectares in Iran. Crop simulation models can play an important role in improving agricultural production
systems in many developing countries. Crop models can simulate plant growth processes and grain yield instead
of conducting several years of field experiments. On the other hands, crop simulation models should be
calibrated and evaluated with independent data sets under different climatic conditions. Therefore, the purpose of
this research was evaluation of the APSIM model for simulation of growth, development and yield of maize
hybrids in Kerman province under different amounts of nitrogen.

Materials and Methods

The APSIM model was calibrated and validated using measured data from a two-year field experiment
conducted in the 2014 and 2015 growing seasons. The experiment was a factorial arrangement based on a
randomized complete block design (RCBD) with three replications conducted at Kerman province in lIran. Four
nitrogen rates (0 (control), 92, 220 and 368 kg ha™) and two maize hybrids (KSC 704 and Maxima) were
included in the study. Moreover, inputs of APSIM model were climatic, soil, plant and management data. In
order to calibrate the APSIM model, the data of field experiment in the first year (2014) (including flowering
date, physiological maturity date, leaf area index, biological yield and grain yield) were included. Moreover,
Data from the second experiment (2015) were used to validate the model.

Results and Discussion

Our results showed that APSIM model accurately predicted phenology (nRMSE=4.5%). But the APSIM
model did not capture the effect of nitrogen stress on phenology. At the evaluation step, the model couldn’t
accurately predict the maximum leaf area index (nRMSE=26 and 18% for SC 704 and Maxima hybrids,
respectively) which led to overestimate of the results. The nRMSE values for the biological yield of SC 704 and
Maxima hybrids were 13.9% and 5.7%, respectively. Furthermore, the values of Wilmot agreement index (d) for
these SC 704 (0.95) and Maxima (0.99) indicated a close agreement between the field-measured and simulated
values. Furthermore, the nRMSE for grain yield simulation of SC 704 and Maxima hybrids were 13.2 and 11.9
percentage, respectively, revealed that the model accurately simulated the grain yield of maize hybrids.
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Conclusion

The evaluation of the APSIM model with the experimental data revealed that the model predicted grain yield,
biological yield, days to flowering and maturity of maize hybrids reasonably well. This indicates that the model
could be applied for assessing various management practices in maize agro-ecosystems under all parts of the
semi-arid regions which has the similar characteristics to the study location. On the other hands, the APSIM
model couldn’t predict the effect of different nitrogen levels on phenology.

Keywords: Biomass, Evaluation, Flowering, Grain yield
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Table 1- Soil characteristics of Shahid Zande Rouh research station in Kerman in 2014 and 2015.

Soil depth(cm) S 3es

Slpo guass 0-15 15-30 30-60
Charectristics a¥ Jls way Jle Ay Jls yay Jlo YA o Ay Jlo
(2015) (2014) (2015) (2014) (2015) (2014)
Sand (%) (awos) oy 86 86 84 84 78 78
Silt (%) (1oy3) cdiw 10 10 16 16
Clay (%) (x0)3) () 6 6 6 6
(9.6M?) 5,005 (oo 039 150 152 1.60 1.62 1.39 14
Bulk density
PH «al 8 8 7.8 7.9 7.8 7.9
EC (dS m™) Sl culan 1.1 1.2 2 1.9 1.9 2
Organic carbon (%) JI o8 0.2 0.2 0.2 0.2 0.2 0.2
Nitrate (mg L) ol 72.2 73.1 80 79.4 8.4 8.2
AMMONIUM  p5se 2.79 2.76 2.20 2.26 2.11 2.13
(mg L)
P (ppm) i b jaud 10 10 4 4 4 4
K (ppm) wis b eply 200 200 178 180 119 120
co—odl glaodly Slod JyuS oS slmodly uwyy cax (1940 (2929 ui) sal8l slasaly
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Table 2- Mean monthly values of maximum and minimum temperature and mean temperature, solar radiation and
precipitation for the months of May to October in Kerman during 2014 and 2015 (crop growth period: May 3 to September

20)
oo ok "M’f-" _ (Sl 95 (il gl slod AgoS 5lod bwgie i Slod Lawsgio
Month Mean precipitation Solar (MI m?d?)  Mean temperature Mean minimum Mean maximum
(mm) radiation (°C) temperature (°C) temperature (°C)
(2014) YY4Y
May cuiges)! 0 25.666 22.1 13 29.5
June sh s 0 28.622 27.4 16.5 35.7
July 5 0 29.099 28.6 175 36.8
August sls,» 0 27.473 25.8 14.8 34.9
i 0 24.746 233 12.6 339
September
October y . 20.020 17.7 8.1 27.4
Mean . Sle 25.941 24.2 13.8 33
(2015) yya£
May cuiges)! 0.1 25.742 22.5 135 31.4
June sh 5 31.144 26.3 16.8 35.8
July s 27.500 26.7 18.7 34.7
August sl . 27.711 24.7 14.9 34.5
295 0 23.835 207 11.2 303
September
October y . 19.400 19 9.3 28.6
Mean L. 25.888 23.3 14.1 32.6
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9 159y 39S aliseo (clalos ol a5 (Manesh et al., 2010

A eolaswl ))5\14& U.’x.w)l.u.cl Sy Oy W:é)

das b))l slagadld

(55558 (ot 20 APSIM Jao L b)) pskaten,
u»b_{Jimp) sl @yd sl s aily 5,Sles 5 (sl Claw
YA 5 QY ) (90t (ol f Cogliio bl o (LS
5 oslatl (gylel slalinn (5 51 (LS y3 p S5 LS
§ ol ity Yoane (g)lal slajlis jl S 2 oS ol
oo )l Loy g ool )18 (s 3,90 1) a0 55,18
Al ed Jioe S (S g ol by S plosl 4 2B olea
O olal slayaslis opSage il S, 13 ((Liu et al., 2011)
(Wilks, 2011; (V 5 ¥ Lasly) 23,8 1,5 oslisiol 3,50 125 2y
Willmott et al., 2012)

2- Manager module
3- Calibration
4- Evaluation
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1- Module
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Table 3- Calibration of some soil parameters required by APSIM model to simulate the growth and yield of maize hybrids
under different amounts of nitrogen.

Quves VIR BYLILTY {{SG&. BYLILrY ).-PG&. BYEEN
(Modified 34 (Default aJqf Bl ek (Default 4y Bl yueS (Default 4yl
(Modified (Modified
values) values) values) values)
values) values)
(em) SE ¥ e 30-60 15-30 0-15
Soil depth
BD L o 'y
(BP) sl cogaze 0y 1.40 1.42 1.62 1.60 152 150
(g cm™)
(AIr-Dry) il 0.29 0.31 0.26 0.24 0.15 0.16
(mm mm™)
Ol ) (5585 ol >
(ol (sl oy B 0.29 0.29 0.29 0.29 0.29 0.29
(mm mm™) (LL15)
<YL .x>) w&m) <YL s
(ol (sl o s B 0.45 0.45 0.45 0.45 0.45 0.45
(mm mm™) (DUL)
(SWCON) iSa) oy 03 0.3 03 0.3 0.3 0.3
(SAT) glusl (salais
1 0.59 0.56 0.58 0.57 0.59 0.6
(mm mm™)

Vo€ ol yS IS oty 93 3,5 g iy (6 5bwemni (51 03L5wl 350 (SWT5 ) s 3l € Joua
Table 4- The values of the genetic coefficients used to simulate the growth and yield of the two hybrids KSC and Maxima

Genetic coefficients S5 culys lj::i?t V\;g"é?;“ Maxima Le,.s'ls
ol > wb dluw Sl

(head_grain_no/:smax) B 850 750
(tt_emerg_to_endjuv) (sls> a>yo bl b 4 juw) (reos olod LS (GDD)uis) 595 4 270 240
(estt_endjuv_to_init) (.3l S b Sles al> po (slol) xems olod 5L (GDD) s, 595 4 20 20
(tt_flower_to_maturity) (<590s jud (S b (aA5) xeos olod b (GDD) s jgy 4> 980 980
(tt_flag_to_flower) (a5 b > 5y j50b5) (oo (olod jL (GDD) s jgy 45 50 50
(tt_flower_to_start_grain) (als us  goys b (ails) rems oled jLs (GDD) us) jg) 43y 120 120

sl e (F 5 ¥ Lalyy) (MRMSE") Jboy (slas claype 5Sikio yis
lmodly ey 35250 SLEMS! 1, Silo RMSE a3 nRMSE = 7= x 100 \
ol a2y Ly 01 osalie ol Ly o (gl

RMSE = [~ (Pi — 0i)? (¥)
loasly Bis L NRMSE jasls a5 Jb s 1S o (,:50jll N

L;Lm»b Lgl)b L;Lm):i;:o dl)i JJ.A )/&.Lo.c— u.fb")’)l 9 duoldo Olfwl
Ve slmojl > NRMSE el polie .5jlo e oals |, coglise
(L) Jloss] Cunsy (sosimdlis cud s Yo=Ye g Vo=Vo oo
Ao Ve gl e 5 (gt » Jie bugie 5 (053) cuslie

b Jie o S s Sy

eodls slass N s Slagye 355k i RMSE o 4o &5

iloans 03l Pi o iolejl )3 1,85 48,5 J1as 55 L) o osmlie
0l odalide (slaodly (. Slee 10 w0ud sanlin o3l :0i i

1- Normalized root mean square error
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1- Overestimate
2- Underestimate
3- Coefficient of determination
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Table 5- Observed and simulated values and evaluation parameters of APSIM model for flowering date of maize hybrids
(KSC 704 and Maxima) under different amounts of nitrogen (0, 92 and 368 kg ha™*) during evaluation (1394) stage of APSIM

model
(YY9€) oo lis! Evaluation (Y¥4£) e, lis!
& pd Evaluation (2015) (2015)
(Hybrid)  .2° CRM nRMSE b 3w sadioanbie
index by )

) ) (%0) Simulated Observed
s s NO kg ha* 66 87
'KSU:: ); J504'““’-~ 0.33 0185  11.17 N92 kg ha 66 80
( ) N368 kg ha™ 66 76
sl NO kg ha* 64 82
Mo 0.34  0.165 9.95 N92 kg ha™* 64 74
(Maxima) N368 kg ha™ 64 74

Sgabg 38155 sl D-INdeX wiile Bl s CRM (Jloy slas @layyo (pSke )i NRMSE
NRMSE: Normalized root mean square error, CRM: Residual coefficient, D-index: Wilmot agreement index

)0 oy pud SU59er b Sawy 81 APSIM Juo 3,80ee (o 5,l (s piel )b g o (g jlwdans g 0 s liio ydlio -1 Jous
Jue (VYA€) (ovaw,lis! dls po (b (UKD 45 0,55k YA 9 AY o) (59wl iiSe pdlle wili Cod (LomuSlo o Vo £ il )5 Kipw)
APSIM

Table 6- Observed and simulated values and evaluation parameters of APSIM model for physiological maturity of maize
hybrids (KSC 704 and Maxima) under different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (1394) stage of

APSIM model
(WYAE) (L) Evaluation (2015) (V¥A£) xiws,bis!
A R Evaluation(2015)
(Hybrid) . D CRM  nRMSE & e sanlise
) ) (%) (Simulated) 54 (Observed) aui
NO kg
ot 123 135
VYolSSe 509 008 514 N2k 123 134
(KSC 704) ha
N368
kg ha 123 136
NO kg
ot 121 130
toeSe 04 004 279  N92kg 121 125
(Maxima) ha
N368
g ha 121 125

Sigebrg 38155 Lasls D-indeX wile 3L cops CRM (Jlboy (slas Slape :S5ke ,ds NRMSE
NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 1- Evaluation of observed LAI (point) and simulated (line) of KSC 704 hybrid under different amounts of nitrogen
(N1, N2 and N3 0, 92 and 368 kg ha™, respectively) using APSIM model in 2015
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Table 7- Performance evaluation parameters of APSIM model in simulating maximum LAI of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during 2015
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NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 2- Evaluation of observed biological yield (point) and simulated (line) of KSC 704 hybrid under different amounts of
nitrogen (N1, N2 and N3 0, 92 and 368 kg ha*, respectively) using APSIM model in 2015
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Table 8- Performance evaluation parameters of APSIM model in simulating biological yield of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (2015) stages.

Evaluation (2015)(Y¥'4£) _ovuw,lis!

(Hybrid) a5 yu
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NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 3- Comparison of observed and simulated total biomass using APSIM model for KSC 704 (a) and Maxima (b) hybrids
under different amounts of nitrogen (0, 92 and 368 kg ha™) during 2015 (Evaluation) year. Continuous line: 1 tol line; dashed

line: regression line.
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Table 9- Performance evaluation parameters of APSIM model in simulating grain yield of maize hybrids (KSC 704 and
Maxima) under the different amounts of nitrogen (0, 92 and 368 kg ha™) during evaluation (2015) stage.

Evaluation (2015)(Y¥4£) _oxiuww ylis!

(Hybrid) s yw
.l D-index () CRM () nRMSE (%)
(KSC 704) Y-¥ 5 S 0.97 0.15 1321
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NRMSE: normalized root mean square error, CRM: residual coefficient, D-index: Wilmot agreement index
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Figure 4- Comparison of observed and simulated grain yield of KSC 704 and Maxima hybrid using independent two set data
(Choukan, 2013; Rafiee Manesh et al., 2010) and under different amounts of nitrogen (0, 92 and 368 kg ha™*) during 2015
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Introduction

Sugar beet (Beta vulgaris L.) is the second most important sugar crop after sugarcane, which annually
produces about 40% of total sugar production worldwide and is adapted to different climatic conditions (El-Hag
et al., 2015). Due to global warming, autumn cultivation of sugar beet is predicted to become more priority in the
future, but autumn cultivation is in danger of bolting and flowering in many areas. Excessive bolting reduces
sugar content, root yield, and purity of raw syrup. In general, both early sowing and delayed sowing reduce root
yield, sugar, and leaf area index and increase the percentage of impurities. Therefore, this experiment was
designed and implemented with the aim of feasibility study of autumn cultivation of sugar beet and
determination of the best planting date in North, Razavi, and South Khorasan provinces for three new varieties
resistant to sugar beet.

Materials and Methods

The experiment was conducted as a split-plot design based on a randomized complete block design with three
replications in the provinces of North Khorasan (Shirvan), Khorasan Razavi (Mashhad), and South Khorasan
(Khezri Dasht-e Bayaz) in 2019-2020. The main plots included three planting dates (2, 7, and 12 October) and
the subplots included three bolt-resistant sugar beet cultivars (Giada, Merak, and Sharif). Each plot consisted of
6 rows with a length of 5 m, at a distance of 50 cm and a distance between two plants of 20 cm, and planting was
done manually. To determine root yield from the middle rows of each plot by eliminating the margin, harvest
was done at an area of 4 m?. A sample of root paste of each treatment was sent to the Beta Lizer laboratory of
Mashhad Agricultural Research and Agricultural Services Company to determine the percentage of sugar. Other
quality parameters were measured by Beta Lizer (Braunschweig method). Using the polarimetry method
(Sucromat), the percentage of sugar content and white sugar yield, and other quality parameters were calculated
for all experimental plots. Combined analysis of variance for different locations and mean comparison based on
least significant difference (LSD) at the level of 5% probability using SAS 9.4 software was performed. Also,
the graph plots were performed using Excel software.

Results and Discussion

The results of the analysis of variance showed that the interaction effects of the location and cultivar were
significant on bolting percentage, root yield, sugar content, Na content, yield coefficient, and white sugar yield.
The first planting date (October 2) in Mashhad region for all three cultivars led to the highest percentage of
bolting (78-90%). Delay in planting date from 2 October to 12 October, the bolting percentage of cultivars was
reduced, significantly. The bolting percentage in Shirvan region was less than 8%. On the third planting date
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(October 12) in all regions, cultivars showed also a bolting percentage of less than 10%. Giada cultivar in
Mashhad region with 47.3 ton.ha™ had the highest and Sharif cultivar in Shirvan region with 22.6 ton.
ha™ had the lowest root yield. Shirvan region had less root yield than the other two regions. The highest sugar
content (18.78%) belonged to Giada cultivar in Shirvan region and the lowest sugar content (13.01%) was
observed in Sharif cultivar in Mashhad region. The planting date of 12 October was significantly lower in
impurities, alkalinity coefficient, and molasses compared to earlier planting dates. The first planting date had the
lowest (62.3%) and the third planting date had the highest (74.2%) extraction coefficient. Giada cultivar in
Shirvan region had the highest extraction coefficient (78.1%) and the lowest extraction coefficient (60.8%)
belonged to Sharif cultivar in Mashhad region.

Conclusion

In Shirvan and Khezri regions, Giada cultivar but in Mashhad region, Merak cultivars had the highest white
sugar vyield. In general, the results showed that in Shirvan region, planting on 2 October and in Mashhad and
Khezri regions planting on 7 October could lead to reaching maximum white sugar yield.

Keywords: Bolting, Extraction coefficient, LAI, Sugar content
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Table 2- Soil physicochemical characteristics at depth of 0-30 cm in three locations of study
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Figure 2- The trend of LAI of sugar beet cultivars in different planting dates and regions of Khorasan province
A, B, C: planting dates of 2, 7, and 12 October in Shirvan region, respectively; D, E, F, planting dates of 2, 7, and 12 October in
Mashhad region, respectively, and G, H, I: planting dates of 2, 7, and 12 October in Khezri region, respectively.
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Figure 3- The trend of TDM of sugar beet cultivars in different planting dates and regions of Khorasan province
A, B, C: planting dates of 2, 7, and 12 October in Shirvan region, respectively; D, E, F, planting dates of 2, 7, and 12 October in
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Mashhad region, respectively, and G, H, I: planting dates of 2, 7, and 12 October in Khezri region, respectively.
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Figure 4- Mean comparison of interactions of location, planting date, and cultivar for bolting of sugar beet
The bars indicate the standard error of the mean.
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Figure 5- The trend of increasing of root weight of sugar beet cultivars in different planting dates and regions of Khorasan

province

A, B, C: planting dates of 2, 7, and 12 October in Shirvan region, respectively; D, E, F, planting dates of 2, 7, and 12 October in
Mashhad region, respectively, and G, H, I: planting dates of 2, 7, and 12 October in Khezri region, respectively.
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Table 5- Correlation table between some quantitative and qualitative characteristics of sugar beet cultivars under different
planting dates
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Figure 6- Mean comparison of interactions of location, and cultivar for root yield of sugar beet
The bars indicate standard error of the mean.
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Figure 7- Mean comparison of interactions of location, and cultivar for sugar content of sugar beet

The bars indicate standard error of the mean.
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Figure 10- Mean comparison of interactions of location, and planting date for N content.
The bars indicate standard error of the mean.
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Introduction

There is an urgent need to increase per capita food production to compete with high population growth while
maintaining environmental sustainability. Because nitrogen plays a vital role in food production for humans and
livestock, nitrogen management is essential in food production. In most cropping systems, nitrogen management
seems to be a major challenge due to its high mobility and natural tendency for losses from the soil-plant system
to the environment. Soil organic carbon plays a key role in improving soil ecological conditions. Adding organic
matter to the soil is an excellent tool for improving physical, chemical and biological conditions and is almost
always desirable. Soil organic carbon stock of crop ecosystems may be increased by improving farming
practices. The application of green manure, fertilizer and the return of crop straw into the soil are known as
management operations to increase soil organic carbon. Fertilizers, especially nitrogen, increase crop yield, and
organic carbon is returned to the soil through roots and debris, which in most cases leads to increased soil
organic carbon.

Materials and Methods

This study was conducted with the aim of utilizing a set of improving farming practices in diverse cropping
systems to improve nitrogen efficiency during two crop years. Farming practices including removal of summer
fallow were used by importing three crops of mung bean, corn and wild rocket in rotation plus nitrogen supply
levels factor. The crop rotation factor was applied in four levels of Fallow-wheat, mung bean-wheat, corn-wheat
and wild rocket-wheat and the factor of nitrogen fertilizer (0, 180 and 360 kg.ha™) in a randomized complete
block design as factorial. Soil mineral nitrogen (nitrate and ammonium) were measured before sowing wheat and
grain, straw and total plant nitrogen after harvest. Uptake efficiency, utilization efficiency, agronomic efficiency
and nitrogen harvest index were calculated.

Results and Discussion

The results of combined analysis of variance showed that the crop rotation and nitrogen were significantly
effective (p < 0.01) on plant nitrogen, harvest index and nitrogen efficiency. Increasing nitrogen fertilizer up to
360 kg.ha™ increased grain nitrogen, straw nitrogen, total plant nitrogen and also nitrogen harvest index. While
the best uptake, utilization and agronomic efficiency of nitrogen was observed on the treatment without nitrogen
fertilizer. Comparison of the means showed that the wild rocket-wheat crop rotation had the best result among all
measured traits except utilization efficiency, while the utilization efficiency in the corn-wheat crop rotation
showed the best performance. The results clearly show the effect of increasing organic carbon on nitrogen
availability and grain nitrogen concentration as well as the role of cover crops and legume, in increasing access
to nitrogen. The amount of grain nitrogen was directly affected by the amount of nitrogen fertilizer. The highest
correlation coefficient was seen between agronomic and uptake efficiency (r = 0.96**). There was also a
significant inverse relationship between nitrogen harvest index and the types of calculated efficiencies. The
amount of uptake efficiency and agronomic efficiency in all crop rotations except corn-wheat in the second year
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improved compared to the first year. The highest increase in efficiency in the second year was related to the wild
rocket-wheat crop rotation. In the conditions of 360 and 180 kg.ha™ nitrogen fertilizer, the nitrogen harvest index
increased in the second year compared to the first year. While in conditions without nitrogen fertilizer, nitrogen
harvest index has a significant decrease. Therefore, at least in the short term, to increase the nitrogen harvest
index, the minimum supply of nitrogen fertilizer should be used, even under improving crop management
conditions such as green manure, removal of fallow and introduction of legumes in rotation and return of crop
residues.

Conclusion

Continuous cropping, removal of fallow, use of cover crops and legume and preservation of residues led to
increased carbon and nitrogen sequestration in soil and consequently increase biomass and nitrogen
concentration in plant tissue. On the other hand, crop rotations that increased soil organic carbon and improved
soil fertility quickly improved nitrogen efficiency and nitrogen harvest index.

Keywords: Cover crop, Nitrogen harvest index, Nitrogen use efficiency, Organic carbon
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Figure 1- Interaction of year and crop rotation on grain nitrogen
WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn
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Figure 2- Interaction of year and nitrogen fertilizer on total plant nitrogen
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Table 4- Correlation coefficients between traits related to plant nitrogen

NHI NUE NUtE TN GN
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Oiae cublyy (asls NHI 59,15 ely; L NUE (s LIS NUE Cis )8 :NUPE wlS JS 59,05 (TN wils 59,25 :GN
SN: Grain Nitrogen, TN: Total Plant Nitrogen, NUpE: Nitrogen Uptake Efficiency, NUtE: Nitrogen Utilization Efficiency, NUE:
Nitrogen Agronomic Efficiency, NHI: Nitrogen Harvest Index
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Figure 3- Interaction of year and crop rotation on ecological efficiency
WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn
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WR: Wild Rocket, W: Wheat, F: Fallow, C: Corn
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Introduction

During the 1950s and 1960s, the green revolution led to a dramatic increase in global food and fodder
production to eliminate hunger and boost food security. This production enhancement was accompanied by an
intensified agricultural and chemical input consumption and increased cultivated area and mechanization.
Although yield per unit area has improved in most crops, concerns about food security for the world's rising
population are still significant. Guaranteeing food security in the future will necessitate a shift in management
approaches to boost output, agroecosystem sustainability, and stability and reduce the environmental harm
caused by agriculture. The first step to achieving sustainability and ecological intensification in agricultural
systems is to have a comprehensive agroecological analysis of agricultural systems in each region. Hence, the
complete evaluation and analysis of agroecological features according to their type in each region is necessary
for establishing an optimal management technique. After analyzing the present state of each region's shared
ecosystems, the optimal strategy for boosting production stability must be devised and implemented.

Materials and Methods

The goal of this study was to undertake a detailed investigation of the agroecological state of the sugar beet
ecosystems on a local scale. For this purpose, data were collected on the area under cultivation, yield, and input
consumption (including nitrogen and phosphorus fertilizers and chemical pesticides) from 2001 to 2016. Data
was acquired from the Ministry of Agriculture and other related organizations and direct interviews with the
farmers. In addition, data on climatic parameters (including daily minimum and maximum temperatures,
precipitation, and sunny hours) were collected from the Torbat-e Heydariyeh meteorological station. This study
researched the most important agroecological indicators of sugar beet farming systems in the Torbat-e Heydarieh
region. Study indicators include variations in sugar beet cultivation area and yield, Potential yield via the
methods FAO and FAO modified, beet yield gap, Regional Yield Factor trend, Changes in the intensification,
yield stability, nitrogen uptake, and nitrogen utilization, and nitrogen use efficiency.

Results and Discussion

According to this study results, sugar beet production increased by 59 percent between 2001 and 2016.
During the research years, sugar beet ecosystems saw a drop in the cultivation area. Potential yield calculations
using both FAO and modified FAO methodologies revealed that potential yield was nearly consistent over the
research period in the region.
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The sugar beet yield gap averaged 35 ton.ha™ over the research period. According to the findings, the
percentage of sugar beet yield gap ranged from 53 to 69 %, with an average of 63 %. The extent of the yield gap
decreased over the research period. The study of the regional yield factor (RYF) revealed that improving the
management system resulted in higher actual yield and thus a smaller yield gap in sugar beet ecosystems. In
sugar beet cultivation systems, the results revealed that by increasing intensification, the stability decreased. In
sugar beet cultivation systems, there was a reduction in yield stability. Given that nitrogen consumption
efficiency is one of the most important factors influencing the degree of stability in agricultural systems, the
findings revealed that the rate of nitrogen uptake efficiency (NUpE), nitrogen utilization efficiency (NUtE), and
nitrogen use efficiency (NUE) all decreased during the studied years in the region.

Conclusion

According to the findings, the major cause of the increase in nitrogen consumption, growing intensification,
and decreasing stability in the analyzed systems appears to be a deficiency of nitrogen use efficiency and its
downward trend. As a result, planning and altering management methods focusing on enhancing Nitrogen use
efficiency may be proposed as the first step toward boosting sustainability in the Torbat-e Heydarieh sugar beet
agroecosystems.

Keywords: Data analysis, Intake efficiency, Regional yield factor, Stability
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Figure 3- Trend of sugar beet yield variations in the
Torbat-e Heydariyeh from 2001-2016
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the Torbat-e Heydariyeh from 2001-2016
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via the FAO method from 2001-2016
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Figure 6- Trend of sugar beet yield gap and percentage of yield gap in the Torbat-e Heydariyeh region from 2001-2016

L obadbe j) seS imb 3y Joily b olaJlo 53 3,Shes
(Caldiz et al., 2001; Abeledo et al., cwl YL Jowily
S5 LS A8 a) oo Hl5 4 598l 4 colicl, 2008)

oaalS o dalais 3 aslllas 350 Jloj (g0jL 50 aili 2 Slos

By 3,Sles M do )y (VWD) adllae SLL sl Sl 4o

b dgupe (WWAR) aalllas 550 (sasl (sla Il &) Capd duop> VY
Loy Slae M5 e a5 amd o lis calisen cldllas (5 JS0S)
MBS ae &S Sygo cpl 43y (Siaw VLo olgn g Ol baylps



YE+Y by € 0 lowd Fo ala iyl ) (S5 Slowidgiy apuis  FYF

o Sl ol plgisas (RYF) adaie 3 Sloe o8 (e
8 B r D50 Gloj b > Capte Sl ey See Gliee
2 Ade Coy gddlio 3l co s (1Slke &S 0b L ls
b g3 (Y JSs) del Cawsay +/FY YD B AYAL ol Lo
By gl lailaie 5y Slos oy Jgy dadllas sla Jls
£ 1B niis el WA B YA o jl &S g psbas el a8l

(Y JS) s oamlie (gladlais 5ySlos o ps iol58] Moy

Ma pials Lol s Lol ccwl awsly i 30 5 Slas M3
s Jools adlhie o Hbly 2ySlas iliel 5 )b 5l s Slas
iS55 (¥ JS8) (bl 3 Shae 5 16 38l 45 o
i 31y 3 Sk Y 8IS (B 5 ¥ JS5) Juusly 3 Shae 552
(Gobbett et al., 2017) ;)L 5 Cuss (F JSK5) ol dzils
o 0 s (0, Slee e alold oy o 5l &S A ol 50
D9 Juols wlg3 o a5 (3,Shas g Wl o Caundes £)l50 55 pils
B9 wlae an clis L g oo (S Cu e S92k

05
f— .
4 S 04 0 e®
45 P
3= ¢
= 03 0% o °
3 L
%\q_; .,.- ..
é g 02 y =0.012x - 16.33
i = R2 = 0.7893
9 é” 0.1
0
1375 1380 1385 1390 1395 1400
Jbw
Year

IFA-IYA sl Jlo Gloj o3l 43 dy i oy adlaie yd W8 ks gladhin 3,S0es Cuy b Ol pdi Wigy -V S
Figure 7- Trend of sugar beet regional yield factor in the Torbat-e Heydariyeh region from 2001-2016
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Figure 8- Trend of intensification of sugar beet systems in the Torbat-e Heydariyeh region from 2001-2016
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Figure 10- Trend of global changes in the price of urea
fertilizer from 2001-2016
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Figure 9- Trend of global changes in the price of triple
superphosphate fertilizer from 2001-2016
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Figure 11- Trend of changes in urea and triple superphosphate fertilizer application in the sugar beet systems in the
Torbat-e Heydariyeh region from 2001-2016
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Figure 13- Trend of changes in stability (absolute, relative residual values and coefficient of variation) of sugar beet yield in
the Torbat-e Heydariyeh region from 2001-2016
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Figure 14- Trend of nitrogen uptake efficiency, nitrogen utilization efficiency and nitrogen use efficiency of sugar beet
in the Torbat-e Heydariyeh region from 2001-2016
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Introduction

Grasspea (Lathyrus sativus L.) is one of the most important forage crops in the world. It contains 12 to 20%
protein. Silicon (Si) existing in the Earth’s crust is classified as the most abundant element after oxygen.
Although silicon is not considered an essential element for plant growth, but a number of studies have reported
that it as an important factor in plants that plays an important role in the resistance mechanisms of plants against
environmental stress. Also, it plays a crucial physiological role in photosynthetic rate and chlorophyll content.
One of the most effective factors in increasing the Grasspea biomass is seed inoculation with plant growth-
promoting rhizobacteria (PGPR). Some of the benefits provided by PGPR are the ability to produce gibberellic
acid, cytokinins and ethylene, N, fixation, solubilization of mineral phosphates and other nutrients. Numerous
studies have shown a substantial increase in dry matter accumulation via inoculation with PGPR. Some
researchers reported that seed inoculation with PGPR enhanced relative water content and photochemical
efficiency of PSII lathyrus under water limitations. Therefore, the aim of this study was to evaluate the effects of
nano silicon and seed inoculation with plant growth-promoting rhizobacteria on biomass, nodulation and some
physiological traits of Grasspea.

Materials and Methods

In order to study the effect of nano silicon and plant growth-promoting rhizobacteria on biomass, nodulation
and some physiological traits of Grasspea, a factorial experiment was conducted based on randomized complete
block design with three replications in research farm of University of Mohaghegh Ardabili in 2021. Treatment
were included application of plant growth-promoting rhizobacteria at four levels (no inoculation as control, seed
inoculation with Azosprillum lipoferum strain OF, Psedomonas putida strain 186, both application of
Azospirillium and Pseudomonas) and nano silicon foliar application at four levels (foliar application with water
as control, foliar application 25, 50 and 75 mg.L™ nano silicon). The area is located at 38° 15’ N latitude and 48°
20" E longitude with an elevation of 1350 m above mean sea level. Climatically, the area is situated in the wet
zone with cool winter and hot summer. For inoculation, seeds were coated with gum Arabic as an adhesive and
rolled into the suspension of bacteria until uniformly coated. Seeds were inoculated with plant growth promoting
rhizobacteria (PGPR) at the rate of approximately 1 x 10 colony forming units (CFU) mg™ just before planting.
Foliar application of nano silicon was conducted in two stages of vegetative growth. Nano silicon powder added
to deionized water and was placed on ultra sonic equipment (100 W and 40 kHz) on a shaker for better solution.
At the Flowering stage, the leaves of plants were selected to measure the stem and leaf protein, chlorophyll
index, RWC (relative water content), quantum yield, stomatal conductance and EC (electrical conductivity).
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RWC was calculated based on method of Kostopoulou et al. (2010). Chlorophyll Index was calculated by
chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Japan). The Quantum yield of leaves was
calculated with fluorometer (chlorophyll fluorometer; Optic Science-OS-30 USA). Stomata conductance was
measured with a porometer system (Porometer AP4, Delta-T Devices Ltd., Cambridge, UK) according to the
instructions in its manual. Leaf electrical conductivity (EC) values were measured at room temperature of
23+1°C using an electrical-conductivity meter. Analysis of variance and mean comparisons were performed
using SAS 9.1 computer software packages. The main effects and interactions were tested using the least
significant difference (LSD) test at the 0.05 probability level.

Results and Discussion

The results showed that both application of Azospirillium and Pseudomonas and foliar application of 75
mg.L™ nano silicon increased root weight and volume (40.4 and 41.9%), number of active nodules (81.2%),
percentage of active nodules (33.2%), nodule dry weight (37.4%), chlorophyll index (46%), relative water
content (46.3%), stomatal conductance (34.6%) and quantum yield (34.1%) in comparison with no application of
PGPR and nano silicon. Also, the highest leaf and stem protein (23.37 and 12.66%) and total biomass (37.7 %)
were obtained in both application of Azospirillium and Pseudomonas and foliar application of 75 mg.L™ nano
silicon in comparison with no application of PGPR and nano silicon.

Conclusion
It seems that application of PGPR and foliar application of nano silicon can increase biomass of Lathyrus

sativus due to nodulation and improving physiological traits.

Keywords: Active nodules, Azospirillium, Pseudomonas, Quantum yield, Relative water content
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Introduction

Wheat (Triticum aestivum L.) is one of the most important crops in the world as well as in Iran. It has
experienced many improvements in terms of yield and quality traits during recent decades. Wheat, like energy, is
known as a strategic commodity and is one of the important indicators of agriculture. This plant has the highest
area under cultivation and production among other cereals in the world. Planting date is an important factor in
crop production because meteorological parameters vary with changes in planting date. Delay in planting is one
of the problems that is common in almost all wheat growing areas of Iran and is one of the main causes of
reduced yields of wheat cultivars. Yield reduction rate varies depending on the delay in planting and cultivars,
and the results of some experiments indicate that this amount sometimes reaches more than 35% of potential
grain yield. Phenology and growth rate due to their effect on duration and the occurrence of different stages of
development and the environmental conditions prevailing in each of these stages, are the key point of adaptation
to various environmental conditions such as delayed planting date. This experiment was designed to identify the
changes in yield and yield components and phenological stages of new bread wheat cultivars with different
growth habits and to investigate the possibility of introducing cultivars compatible with delayed planting date in
the region.

Materials and Methods

This research was conducted in two separate experiments based on a complete randomized block design with
optimum planting date (6" November) and delayed planting date (6" December) on 10 new bread wheat
cultivars with three replications on the research farm of the Seed and Plant Improvement Research Institute in
Karaj in two years (2016-2018). The bread wheat cultivars include Pishgam, Heidari, Rakhshan, Sivand,
Baharan, Sirvan, Parsi, Mehregan, Chamran 2 and Chamran. Yield and yield components such as number spike
per m?, number of grain per spike, 1000-grain weight were measured at the end of the growing season to
evaluate responses of the cultivars to the various planting dates. In addition, the phenological stage was recorded
during the growing season.

Results and Discussion
Results indicated that delayed planting date from 15" Nov. to 15" Dec. caused a significant reduction on
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grain yield (from 7485 to 6066 kg.ha™), number of spikes per m? (from 698 to 605), number of grain per spike
(from 28.5 to 25.8 seed), and 1000 grain weight (from 41.1 to 38.4 g). The interaction effects of planting date
and cultivars were significant on grain yield and yield components. The highest and lowest grain yield belonged
to Pishgam (7436 kg. ha™) on optimum planting date and Chamran (5842 kg.ha™) on delayed planting date,
respectively. Delayed planting date reduced duration of planting to double ridge (from 736 to 641 GDD),
planting to terminal spikelet (from 982 to 886 GDD), planting to anthesis (from 1608 to 1457 GDD) and planting
to maturity (from 2456 to 2265 GDD).

Conclusion

Duration of different developmental stage is very important for the formation of yield components that
determine the final grain yield. Although these stages are a genetic trait, but they are affected by plant growth
conditions and environmental stresses, climatic factors, especially temperature and day length. Our research
showed that delay in planting reduced grain yield by 18% compared to the optimum planting date because of the
reduced number of spikes per m? and vegetative and grain-filling periods.

Based on the results, in cases of delayed planting date (unfavorable weather conditions, insufficient planting
equipment, etc.) in Karaj region or similar climatic regions, early maturity cultivars such as Mehregan and
Chamran 2 and moderate maturity cultivar like Sivand are recommended in order to minimize yield loss.

Keywords: Grain yield, Growth-degree day, Phenological stage, Planting date, Yield components
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Table 1- Some characteristics of studied wheat cultivars

No. Cultivar  Growth habit  Suitable growing regions Maturity group
1 plRin Ol 3 ol 022025 U
Pishgam Facultative Cold climate Relatively late maturity
5 S Onli 3y o8] R
Heidari Facultative Cold climate Late maturity
3 olis,) o)l Jine 51 oy bwgie
Rakhshan Spring Temperate climate Medium maturity
4 Hg o)l Jize ld) oy bwgie
Sivand Spring Temperate climate Medium maturity
5 oblke o)l Jize ld) oy bwgie
Baharan Spring Temperate climate Medium maturity
6 Ol o) Jtae w1 oy bwgie
Sirvan Spring Temperate climate Medium maturity
7 ek o)l Jaixe wldl 09
Parsi Spring Temperate climate Early maturity
8 OB xe o)l Sid g )5 ol 009
Mehregan Spring Warm and dry climate Early maturity
9 Voles o)l Sid g p 5 wldl 009
Chamran2 Spring Warm and dry climate Early maturity
10 ul)‘* °)LQ)- Suis 9f )f rV:"lBI u*029)
Chamran Spring Warm and dry climate Early maturity
=15 JW 93 55 lalejl Joxe S (olonsd= 950 148 Olwogas -Y g
Table 2- Physico- chemical properties of soil of experimental site
L SBedy  TRIBeh el B s U e s
J ; Available Available : - H EC
v Soil : Organic Total Nitrrogen P (ds.m™)
ear texture potassmlm phospho[us carbon (%) (%) :
(mg.kg™) (mg.kg™)
1396-97 P? 206 8.5 0.57 0.05 7.9 2.12
Loam
1397-98 P 200 7.6 0.44 0.04 7.8 17
Loam
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Figure 1- Variation trend in temperature and precipitation during planting to harvest (A: 2017-18, B: 2018-19)
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Table 3- 3 Mean comparison of main factor on yield and yield component in two cropping seasons (2017-2019)
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Means in each column and for each factor with a at least one letter in common are not significantly different at the 1% probability
level.
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Figure 2- Mean comparison of interaction effect of cultivar and planting date on grain yield and yield component in two
cropping seasons (2017-2019). (PD1: optimum planting date; PD2: delayed planting date).
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Table 4- Mean comparison of duration of phenological stage as affected by sowing date and cultivars in two cropping seasonds
(2017-2019)
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Means in each column and for each factor with a at least one letter in common are not significantly different at the 1% probability
level.
% S-DR: Sowing to double ridge; S-TS: Sowing to terminal spiklet; S-Anth: Sowing to Anthesis; S-PMat: Sowing to physiological maturity.
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(2017-2019). (PD1: optimum planting date; PD2: delayed planting date; S-Anth: planting to Anthesis stage, S-Mat: planting
to Maturity stage).
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Figure 4- Duration of different developmental stages in bread wheat cultivars (DR: planting to double ridge; TS: double
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Introduction

Water is now the main limiting factor for crop production in arid and semi-arid regions. Water-cut or
irrigation interruption has been suggested as one of the main strategies agro-technique to get the most benefit
from limited water resource available. In this regard, plant growth stage, time of stress induction and the
genotype are the main key factors to determine the degree of success. Canola is one of the most important oil
crop. It can survive some degree of water stress while there is a need for research to find the most appropriate
genotypes for plantations in water-limited areas.

Materials and Methods

In order to determine the effect of water stress at the various growing stages of canola genotypes a split-plot
experiment was conducted based on the randomized complete block design with three replications at the research
farm of the department of plant production and genetics, Agricultural Sciences and Natural Resources University
of Khuzestan, Iran during 2020-2021. Main plots included three irrigation treatments: control (without
interruption of irrigation), interruption of irrigation in the beginning of the flowering stage (phenology code 60)
to the formation of 50% pods (phenology code 75), and interruption of irrigation in the stage of formation of
pods until harvest (Phenclogy code 99) in the main plots and the cultivars (Long pod, Aram, RGS 003, Jankom,
Solar, Hayola 4815, Mahtab, Julius, Agamax and Sala) were arranged in sub-plots with respect to irrigation
treatments. At the end of the growing season, plant height, number of branches, silique length, number of pods
per plant, number of seeds per pod, 1000 grain weight, and grain oil percentage were measured. Also, after
removing the marginal effect, economic performance, biological performance and harvest index were measured.

Results and Discussion

Our results revealed there was a significant interaction effect between irrigation interruption stress and
genotype on all studied traits. The number of sub-branch among cultivars varies as a result of Irrigation
interruption stress. The genotypes of the long pod and Hayola 4815 had the highest number of branches
compared to other genotypes when irrigation was interrupted at the flowering stage up to 50%, while when
applied stress at the stage of flowering up to harvest, genotype, solar exhibited the highest number of sub-branch.
The lowest number of sub-branches in all interruption of irrigation and control treatments was obtained by
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Jankom genotype. The mean comparisons in the conditions without irrigation interruption (control) the highest
percentage of seed oil was obtained from Solar (48.3%), Hayola 4815 and 4815 (46.3%), stress application in
flowering stage up to 50% sowing of a long pod (45%) and Hayola 4815 (43%) genotypes in the sowing stress to
harvest the highest percentage of seed oil from Sala and Long pod genotypes with average (44.3%) the lowest
percentage of seed oil in all present treatments belonged to Jankom genotype. In the present study, the highest
(2093.8 kg.ha™) and the lowest (540 kg.ha™) grain yield and the highest (986.51 kg.ha™) and the lowest (191.21
kg.ha™) grain oil yield in both conditions without irrigation interruption (control) and terminal drought stress
were obtained from Hayola 4815 and Jankom genotypes, respectively.

Conclusion

The highest and the lowest grain yield, seed oil and biological yield were obtained from Hayola 4815 and
Jankom, respectively. According to the results, Hayola 4815, long pod and Solar are highly recommended to
cultivate in the regions where there is terminal water stress at the end of the growing season.

Keywords: Oil content, Reduction of grain yield, Spring rapeseed cultivars
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Table 1- Meteorological statistics of Ahvaz Research Station during the experiment (2021-2022)

olo
B e,y Month
Parameters oul ] @2 R Sdaol  op3yep8  Cadigemdyl
November December January February March  April May
lon gl 3l
on s Bl 13.7 11.7 6.2 8.2 103 155 21.6
Absolute minimum temperature (°C)
| S|
o o 5> 29.0 20.7 203 224 242 319 40.8
Absolute maximum temperature (°C)
53,4
|k 63.74 81.6 6.3 106 5.4 0 0
Precipitation (mm)
(s Casby Jilas
33.09 65.7 47.6 36.1 30.5 18.2 16.1
Minimum humidity (%)
FE O 118.53 57.6 56.9 103.6 157.34 25836  327.95

Evaporation rate (mm)
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Table 2- Properties of soil research rarm

SEae EC Noj Plied (K)ol gy 6y
Depth of soil (cm) _dS.m mg.kg?  mgkg! mgkg? Soil
0-30 2.81 0.05 9.36 138 7.5 Clay Silt
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Table 4- Mean comparision for the effect of irrigation and cultivar treatments on the number of seeds per

pod
&yl abad O gy Al dlasd
Interruption of irrigation Number of seeds per pod
(als) s o] gab 90 2532

Without interruption of irrigation
B0 o B0 b (2l Al pe > 15
Interruption of irrigation in 24.46
the beginning of flowering stage

by b oy 5 al>pe > i

Interruption of irrigation in 23.63
the stage of formation of pods until harvest
LSDg05 1.24
w5y O o b ol
Cultivar Number of seeds per pod
s 26.01
Long Pod '
Pl 2212
Aram
Yol 24.73
RGS003
P 21.81
Gancom
o 25.62
Solar
AV Yglo 26.55
Hayola 4815
e 24.76
Mahtab
o9 23.15
Jolius
(SelT) 518 24.90
Agamax
o 25.10
Sala
LSDg .05 1.77
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Table 5- Mean comparision for the interaction effect of irrigation and cultivar treatments on the studied treaits

aldslas gl Jsb N 09 5 ,Slos oad Ll ~oyd
&bl o3, o B &y O 9> 1:::0 Y cwilay oy
lirrigation Cultivar Branche Plant Silique seed Biological ~ Harvest Oil
Number/pl  height Length weight Yield index content
ant (cm) (cm) @ (kg.ha®) (%) (%)
Long pod 10.20 125.7 8 3.63 45271 405 43.33
Aram 7.30 144 5.91 3.30 5984.1 24.6 37
RGS003 8.10 122.43 5.70 3.20 5155.7 26.6 44.66
() ] g s Jancom 6.63 143.96 5.98 2.43 3855 224 38
S 0 oo Solar 8.49 143.06 5,51 2.90 5370.1 316 48.33
Without interruption of 45012 4815 8.43 11686  5.68 3.60 7201.3 24.2 46.32
Irrigation Mahtab 7 108.33 5.86 3.26 3397.2 40.1 45.33
Julius 7.46 120.33 4.75 2.83 6038.6 20.07 36
Agamax 7.03 116.23 5.99 3.20 44545 327 45
Sala 8.40 126.10 5 2.90 4240.1 355 42.33
LSDos 2.22 11.72 0.68 0.44 879.94 11.09 5.27
Long pod 5.50 143.30 7.45 4 5242.9 243 45
Aram 7.66 133.13 5.18 3.20 4708.8 22.2 40
25 dls yo 3 (o)l glad RGS003 6.70 126.56 5.72 3.30 4599.8 23.1 39.33
30 ys oy b Jancom 5.33 105.1 4.27 4.38 4608 11.89 35.33
Interruption of Solar 10.43 1533 5.52 3.60 5464.5 20.12 41
irrigation in the Hayola 4815 5.46 115.12 5.55 2.72 5711.6 32.95 43
beginning of flowering Mahtab 8.93 125.66 5.63 3.79 4546.2 21.34 41.33
stage Julius 5.20 145.83 3.50 3.16 5217.1 21.64 40
Agamax 7.53 120.56 5.81 3.34 4879.6 22.11 38.33
Sala 753 144.33 4.86 4.80 5955 2053 41
LSDos 2.24 16.71 0.66 0.53 1569.6 10.79 6.35
Long pod 7.50 140.73 6.45 3.76 5668 20.56 4433
Aram 7.30 122.13 413 2.87 4003.9 26.98 39
dlo yo 3 o)kl glad RGS003 5.1 130.66 5.56 3.09 4809.6 24.41 38.66
il B mdm g Jancom 4.40 140.8 4.29 3.89 3364.5 22.18 35
Interruption of Solar 6.23 135.1 5.49 3.22 5024.9 29.44 39.33
irrigation i the stage of  Hayola 4815 7.33 115.96 5.61 3.88 5886 33.13 40.33
formation of pods until Mahtab 6.90 134.4 6.06 4,53 5613.5 18.48 41.33
harvest Julius 8.10 151.36 3.9 4.43 4763.3 28.82 36
Agamax 5.30 139.46 5.76 3.98 4476.3 27.25 38.33
Sala 5.50 149.16 5.56 3.58 4857.8 23.92 44.33
LSD 408 2.21 18.07 0.67 0.42 997.72 6.20 5.28
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Table 6- Mean comparision for the interaction effect of irrigation and cultivar treatments on the studied treaits

‘e , 5 Slos 8,93 Jgb b ggeome
i i, "’?{ g5 3 )SJ“' s Sy iy Sy Iyl
o ”3_’ V9 ail> Growth Total heat
lirrigation Cultivar Number of Grain yield G_raludn period requirement
pods per plant (kg.hal) kyli] 1, Maturation maturation
kgha’) " (day) (day)
Long pod 228 1971.49 893.27 150 2004.70
Aram 197.50 1597.71 590.47 149 1980.87
RGS003 262 1363 612.62 152 2056.70
Jancom 211.33 832.07 316.64 153.66 2101.03
(L) W b o HSa(;Is:’a 406 1857.03 897.88 150.66 2021.70
Without interruption of irrigation 4815 420.33 2093.76 968.51 139 1750.70
Mahtab 218 1689.60 766.90 150.33 2013.20
Julius 262 1208.88 436.91 153.66 2101.03
Agamax 240.33 1442.22 655.54 150.66 2021.70
Sala 196 1605.19 680.44 150.66 2021.70
LSDy.0s 89.27 291.72 17853 1.34 34.86
Long pod 265.33 1273.96 575.54 150.66 2021.70
Aram 179.67 1020.80 449.96 148.66 1974.37
RGS003 199.17 1061.82 417.78 150 2005.20
c Tl Jancom 183.33 539.98 191.21 152.33 2073.87
(P e 2 il 8 Solar 200.33 1031.44 424.44 148 1972.87
UR’JC)T?)? Ao)d o b Hayo|a
Interruption of irrigation in the 2015 360.67 1696.06 729.74 138.66 1743.20
beginning of flowering stage Mahtab 158.50 1011.18 416.70 148 1972.87
Julius 199.17 1266.47 506.17 152.33 2065.03
Agamax 254.67 1075.02 411.85 148.66 1972.87
Sala 195 841.19 344.94 148 1972.87
LSDg s 48.15 323.18 136.94 153 36.49
Long pod 267 1141.48 505.20 150 2004.70
Aram 196.33 1075.67 419.86 150.66 2021.70
i RGS003 248 1194.25 460.50 150.33 201453
alsyo 55 (6Ll alad Jancom 157.43 743.05 259.92 153.66 2101.03
Cald g b 23y st Solar 239.67 1322.48 521.24 150 2004.70
Interruption of irrigation in the Hayola 306.33 1935.58 782.99 138.33 1735.70
stage of formation of pods until 4815
harvest Mahtab 231 1002.58 409.49 150 2005.20
Julius 222.33 1276.35 459.88 153.66 2101.03
Agamax 225 1217.60 453.86 150 2004.70
Sala 232.33 1116.89 500.82 150 2004.70
LSD g5 62.63 172.77 111.82 1.36 33.73
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Table 7- Analysis of variance of mean of squares growth period length and total heat requirement

. 3 0593 Jsb _ il 3 Egee
SOV d.f Flowering Growth period (day) Flowering Total heat requirement
Maturation Maturation
Blok sl 2 1.98"™ 0.54™ 458.86" 398.83"™
ﬁ‘)l*f' CJ” o 2 12.87" 12.41" 2678.95 7229.03"
Interruption of irrigation
Errora a cls 4 1.62 122 309.85 760.85
Cultivar 3, 9 61.317 147.46™ 1697.65™ 82894.5™
I*C 18 1.54™ 1.16" 295.34™ 710.57"
Errorb b s 54 1.15 0.65 286.16 401.32
CV (%) 4.2 0.5 5.1 1.0
il oo duopd gy 9 G Jlein] o )3 3 Gixe g )b dze pf i g FF 9 F NS

ns, * and ** are non-significant and significant at the 1% and 5% levels, respectively.
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Table 8- Mean comparison for mean growth period and total thermal time requirements under irrigation cut at the end
of the growing season
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Interruption of irrigation

Al yo (1> 5l Egeme
A5 ) 093 Job S
Flowering growth period Total heat requirement
during flowering

(12L3) <ol b y9

. . . T 26.46 343.13
Without interruption of irrigation
R0 dep b Bl e 25.23 32535
Interruption of irrigation in the beginning of flowering stage
Cdlayp B (mdpn g dls o o i
Interruption of irrigation in the stage of formation of pods until 25.46 328.70
harvest
LSDq.0s 0.91 12.61
) 2 25
Cultivar Flowering Flowreing
S 2333 333.83
Long Pod
b 25.33 321.33
Aram
Yol 25,68 327.44
RGS003
Pty 22.67 322.55
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Mo 26.22 335.27
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A Nyl 2077 359.44
Hayola 4815
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Introduction

Intensive agriculture, despite high production, has adverse environmental effects, mainly due to the use of
pesticides and chemical fertilizers. Therefore, we need alternative agricultural systems that are more
economically and environmentally sustainable to produce crops. One of the sustainable methods in the
production of agricultural products is intercropping. Intercropping of two or more species in a plot of land can
increase biodiversity and resource utilization as agricultural perspective, which in turn can lead to increased
yield stability. Intercropping uses resources more efficiently than monoculture, preventing the growth and spread
of weeds by shading and suffocating weeds, and in some cases with allelopathic. Intercropping of cereals and
legumes is recommended for the development of sustainable food production systems, especially in planting
systems based on reduced consumption of foreign inputs. The importance of these systems depends on the
nitrogen stabilized by the legumes. The aim of this experiment was to study the effects of row intercropping of
barley and vetch and different levels of ammonium nitrate fertilizer on weed biomass, yield components and
yield of two species in Karaj climatic condition.

Materials and Methods

This experiment was performed as a factorial split plot based on randomized complete block design in 2019-
2020 cropping year in the research farm of the Agriculture and Natural Resources, University of Tehran. Main
plots included three levels of ammonium nitrate fertilizer (0, 35 and 70 kg.ha™) and sub-plots include different
ratios of barley and vetch (100% barley, 80% barley: 20% vetch, 80% barley: 45% vetch, 80% barley: 70%
vetch, 100% vetch, 80% vetch: 20% barley, 80% vetch: 45% barley, 80% vetch: 70% barley) weeding and non-
weeding were in three replications. Plant density in sole barley and vetch were 250 plants per square meter. The
method of cultivation in this study was additive intercropping. Seeds were sown on November 6th. The first
stage of fertilization was done simultaneously with planting and one third was added to each plot and the second
and third stages of fertilization were performed in two stages of stem emergence and spike emergence,
respectively from ammonium nitrate fertilizer source. The final harvest was done on July 28th. Data were
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analyzed using SAS 9.1 software. The least significant difference test (P<0.05) was used to compare the means.

Results and Discussion

The highest barley grain yield (432.44 g) was related to sole barley, 70 kg ammonium nitrate and weed
control, which was not significantly different with 80% B: 45%V, 70 kg ammonium nitrate and weed control.
Also, the highest yield of vetch grain (161.47 g) was obtained in sole vetch, application of 70 kg ammonium
nitrate and weed control treatment, which was not significantly different with 80%V: 20%B intercropping,
application of 70 kg ammonium nitrate and weed control treatment. Weeds in this experiment include: Wild oats
(Avena fatua), ryegrass (Lolium temulentum), Bromus (Bromus tectorum), Fox tail (Alopecurus myosuroides),
Wild mustard (Sinapis arvensis), Creeping Thistle (Cirsium arvense), London rocket (Sisymbrium irio),
Cockspur grass (Echinochloa crus-galli) and Cornflower (Centaurea cyanus). The highest dry weight of weed
(231.62 g) was observed in sole vetch, application of 70 kg.ha™ ammonium nitrate fertilizer treatment. The
highest land equivalent ratio LER (1.68) is related to 80% V: 70%B, non-application of ammonium nitrate
fertilizer in weed control condition. Intercropping was successful in controlling weeds and using resources,
thereby increasing the yield of plants in the experiment.

Conclusion

The results obtained from the experiment showed that all different systems of barley and vetch intercropping
had land equivalent ratio higher than one, which indicates the superiority of intercropping over pure crops in the
land use and crop production. Intercropping treatments were also able to control weeds. Intercropping with high
ability to suppress weeds were able to use more resources. On the other hand, vetch biologically stabilized
nitrogen was able to reduce the need for fertilizer in plants.

Keywords: Grain yield, Monoculture, Number of spikes, Weed control
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Table 1- Meteorological statistics (monthly) of Karaj synoptic station during the experimental period in 2019-20
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Table 2- Variance analysis of ammonium nitrate fertilizer use, different ratios of intercropping with vetch effects on different
traits of barley

kS ol ) PIRNTIRYY Al 53 &> dluad &l I 539 &ls 5.5
o WL Number of Number of seeds per 1000- seed .
SHOAY) - - . Grain yield
d.f spikes spike weight
Sk 2 317.06™ 1.20 0.06"™ 803.15"
Block
(A) &l posisel 558 . . . .
Ammonium nitrate fertilizer 2 8727.98 2506.48 6.08 11672.87
A)
e d”‘? 4 10.51 16.22 0.07 83.80
Error main
(B) byl cuS’ lacns 6 285795.03™ 435.79" 587" 107403.14"
Intercropping ratios (B)
(C) 30 Ao cope 6718.92™ 336.79™ 1.54™ 1309.45™
Weed management (C)
AxB 12 752.63"™ 79.23" 0.33" 2492.10™
AxC 6 184.21" 10.87™ 0.12" 2842.51"
BxC 2 353.70"™ 41.72" 0.00" 5107.24™
AxBxC 12 1104.83" 17.49™ 0.01" 1931.48"
o= ol 78 565.31 20.04 0.05 1014.13
Error sub
(C.V) &y sy 7.9 11.3 43 10.6

oyd ) g dopd O Jlain] polaw )5 ()l xe g (5l dxe pae a5 5a*F, ¥, NS
ns, *,** are non significant and significant at 5% and 1% of probability levels, respectively
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Table 3- The triple interaction of different treatments on different traits of barley

Ol yid @gnigol 395 balseo CuidS sCuwnd G2 dle Gyt EURWIHIKES, &y 3 ,Slos
Ammonium nitrate (kg.ha®)  Intercropping ratios Weed management Number of spikes (m?)  Grain yield (g.m?)
B 100 Weedy 407.67%9 352.14°T
B 100 Free weeds 416.33% 361.16"f
B g*V 20 Weedy 341.03"™ 272.49%°
B g0tV 2 Free weeds 314.33™° 365.60°°
B gtV 45 Weedy 371.3391 328.25%
B gtV s Free weeds 391.00°" 365.18"¢
JE B gtV 70 Weedy 307.00™° 311.24™
0 (kg.ha'l) B gtV 10 Free weeds 378.33" 325.53%)
V 50+B 5 Weedy 60.67° 114.18"
V 50+B 2 Free weeds 93.00° 122.32"
V g+B 5 Weedy 151.33" 218.26°"
V go+B 45 Free weeds 165.33% 227.280"
V g0*B 70 Weedy 284.33° 302.20"™
V g0+B 70 Free weeds 291.67™ 334.36"
B 100 Weedy 424.33%° 367.26"°
B 100 Free weeds 455.67% 372.42"¢
B gtV 20 Weedy 331.33™m 308.64%"
B stV 20 Free weeds 334.00"™ 343.32°"
B gtV s weedy 406.00%¢ 351.61°"
B gtV 5 Free weeds 452.07%¢ 381.16%°
1 B gtV 70 Weedy 340.33"M 335.49%
35 (kg.ha") B gV 10 Free weeds 326.67%" 324.07%*
V g0tB 2 Weedy 70.67° 138.49"
V go+B 20 Free weeds 93.67° 153.39%"
V g0+B 45 Weedy 173.00°" 244.23™4
V g0+B 45 Free weeds 184.00°" 257.34"°
V g+B 70 Weedy 307.33™° 332.26%"
V g0tB 70 Free weeds 331.67™ 284.88™"
B 100 Weedy 441.00%¢ 412.40%®
B 100 Free weeds 464.00° 432.44°
B g0tV 20 Weedy 321.00"° 322.45%%
B g™V 20 Free weeds 356.67™ 324.29°1
B gtV s Weedy 431.67%¢ 376.28"¢
B gtV s Free weeds 421.00¢ 302.46™™
4 B gtV 70 Weedy 362.33™ 362,517
70 (kg.ha™) B a0tV 70 Free weeds 345.00"™ 373.50°*
V go+B 5 Weedy 84.00° 178.21™
V go+B 5 Free weeds 94.67° 204.19%°
V gotB 45 Weedy 201.67" 276.317°
V g0+B 45 Free weeds 208.00° 291.46™"
V 5+B 70 Weedy 316.33™° 357.24%¢
V got+B 70 Free weeds 324.00%" 251.17™¢
LSD g5 38.6 51.8

515 gyl me MBI 10 Jlois) o ;3 LSD 9051 bl 3 sl o Syt By G Jilas glyls a5 ¢ ol o (gl g gt 5o 10 (olapSSle
The means, in each column and for each factor, similar letters show that there is no significant difference according to the LSD test at
the level of 5% probability.
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Figure 1- Interaction of different intercropping ratios and ammonium nitrate fertilizer levels on number of seeds per
spike
Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
(LSDy 05=5.14)
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Figure 2- The effect of weed management on the number of seeds per spike
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Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
(LSDg,05=1.59)
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Figure 3—Effect of different intercropping ratios and ammonium nitrate fertilizer levels interaction on 1000 seed weight of

barley

Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
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Figure 4- Effect of different ammonium nitrate fertilizer levels and weed management interaction on 1000 seed weight of

barley
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Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level

(LSDO.O5=1.37)
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Table 4- Variance analysis of different treatments effects on different traits of vetch

i 2alie &35 s YL 4> wild slaxy &5 w0 39 413 3 ySlas
S.0v d.f Number of seeds per pod 100 seed weight  Grain yield
Ssh 2 0.42"™ 33.29™ 167.777
Block
(Sl padgel 35 2 3.049" 102" 6887.72"
Ammonium nitrate fertilizer (A)
Error main
ol et 4 0.239 0.57 1.13
byl “”‘5 ‘5“_“””' 6 3.016™ 48.95™ 16727.43"
Intercropping ratios (B)
o e e 1 0.888" 29.87" 1279.83"
Weed management (C)
AxB 12 0.05™ 5.45" 654.38™
AxC 6 0.01™ 1.45™ 39.75™
BxC 2 0.0003"™ 3.8™ 61.76™
AxBxC 12 0.04™ 1.33™ 165.88"
o p sl 78 0.016 271 87.02
Error sub
(C.V) lyusis oy 3.8 4.5 10.9

lopd Vg o) O Jlais! polaw 10 (61 gixe g (6)b xe pie ol Sy

***ns

ns, *,** are non significant and significant at 5% and 1% of probability levels, respectively



YEY by € 8)kowd Fo s eyl ! £y5 Sloaidgis 4 muis  FAY

Glaigd J5 Sl Cilises Wlho il b jlowd il aw Jliie 510 Joua
Table 5- The triple interaction of different treatments on different traits of vetch

@arigel Ol g 48 bolo CuilS gCuwd b e e YL (3 ails sl &ly 5,Slos
Ammonium nitrate fertilizer _ Intercropping ratios Weed management Number of seeds per pod  Grain yield (g.m?)
B gtV 2 Weedy 217 42.16°
B gtV 20 Free weeds 2.31° 49.07"
B gtV 45 Weedy 2.66" 48.19"
B g0tV 45 Free weeds 2.87™ 50.14%°
B gtV 70 Weedy 3.08™° 53.51°°
B gtV 70 Free weeds 3.17%° 64.83™¢
o 35 V1o Weedy 3.36™ 97.14%
0 V100 Free weeds 3.66"¢ 104.11%"
V g0+B 2 Weedy 3.41°% 91.14™
V go*B 2 Free weeds 3.57"" 98.129"
V g0+B 45 weedy 3.22° 96.14%"
V 50tB 5 Free weeds 3.25 88.07"
V g5+B 70 Weedy 3.11m™ 63.17™
V go*B 7 Free weeds 3.339 79.120m
B g0tV 20 Weedy 2.55' 44.87°
B gtV 2 Free weeds 2.72% 48.06"
B gtV 15 Weedy 3.02° 51.17"
B gtV 45 Free weeds 3.09™° 66.36™°
B stV 70 Weedy 3.33¢ 73.17™
B stV 10 Free weeds 3.484" 64.32m4
p5sks ¥0 V1o Weedy 3.71% 117.51%f
35kg Vi Free weeds 4.00° 123.12°¢
V gotB 2 Weedy 3.64"¢ 114.14%"
V gotB 2 Free weeds 4.00° 117.13%"
V g0+B s weedy 3.30™ 88.17"!
V g0*+B 15 Free weeds 3.369% 108.11%¢
V g0+B 7 Weedy 3.38™ 84.15"
V g5+B 10 Free weeds 3.46% 75.18%"
B gtV 2 Weedy 3.06™P 52.71°°
B g0tV 20 Free weeds 3.16%° 65.48™P
B gtV 45 Weedy 3.17%° 63.04™"
B g0tV 45 Free weeds 3.27™M 60.48""
B stV 70 Weedy 3.53%¢ 65.12™4
B stV 70 Free weeds 3.62"¢ 66.46™°
pSskS Ve V100 Weedy 4,03 146.32%
70 kg Vigo Free weeds 4.11% 161.47%
V g0+B 2 Weedy 4,043 134.14"
V go+B 2 Free weeds 4.08° 153.512
V gotB 5 Weedy 3.43%1 124.17%
V g0*+B 45 Free weeds 4,03 126.49%
V g0+B 7 Weedy 3.51%" 74,13
V go*B 7 Free weeds 3.72° 88.47
LSD g5 0.207 15.2

L5 )b e MBI 0 Jloss] pdaw 13 LSD (905l (wlal sl o S yiiie Byp G JBlus (s a5 < Jale pa (cly g e 0 olapuSike
The means, in each column and for each factor, similar letters show that there is no significant difference according to the LSD test at
the level of 5% probability.
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Figure 5- Effect of different intercropping ratios with barley and ammonium nitrate fertilizer levels interaction on 100
seed weight of vetch
(LSDy,05=1.89) 55,85 (¢l size o9l duo p> gty Jlossl pdaws 3 LSD (y9051 poliol ys ailiie g y> b (sl gim
Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
(LSDy,05=1.89)
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Figure 6- Effect of weed management on 100 seed weight of vetch
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Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
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Table 6- Common weeds in the experimental field and their characteristics

W
45 pU )b e Je U AT gy gy S g S en
Common Persian ? e Vegetative Vegetative rey

Scientific name Family 9 g Photosynth Leaf
name name form cycle etic
pathway
Wild oat iy &Yy Avena fatua Poaceae 4SS Alucs, Cs Sk
Darnel ryegrass N Lolium temulentum Poaceae PR oS, Cs Sy Sk
Bromus SNeuly ale Bromus tectorum Poaceae IS oS, Cs Sy b
. Alopecurus s

L . JS Al S Kb
Foxtail by, p2 myosuroides Poaceae " > Cs 2 Sk
Wild mustard g Jo s Sinapis arvensis Brassicaceae adgd Aoy Cs Sy oxe
C{ﬁgﬁ; 2 9 al ) Cirsium arvense Asteraceae 4 Al C; Sy o
London rocket &b ass Sisymbrium irio Brassicaceae 4l Aoy Cs Sy ok
Barnyard grass Cgygm Echlnogg:ﬁa crus- Poaceae s Al C, Sp Sk
Cornflower pus 5 Centaurea cyanus Asteraceae adgd Aoy C; Sy one

Fda 35 g (=i glals YL o815, o ede g wioges
by cide L bl (0B) plys ol aoms 53 bl odgicans
aS 1 eanliie (Nasiri, 2020) (¢ yai Siolojl ;5 53405 ,S
sl il 4 (Coriandrum  sativum) ;o i alls cous
Ol bl CutS g w39 50 slacile i (g Gl oyt
SLis (59 shmoyd AN g WFIY Lials 4 e Cud iy olS 90
5 Sile g 56 (ST Glalod 4 Cond i Slacile
5 Olej dm 3 55 3Loml s 4 bl cuiS i (slads
5 slacile Cyptn > SIS e S, e, e ool
S b Gy ]y 5o sladile copte g9 ol g T leda
Azizi et ) 5,5 slog) 5pm dile 5 Lol SalS e 2, Jolo
(Azizi et al., 2018) |l Sen 5 530 Liolojl o (al., 2018
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Table 7- Variance analysis of weed dry weight in different intercropping ratios and ammonium nitrate fertilizer levels

conditions
i @i il sy Sluye (pSSle
S.0.V d.f Mean square
ok 2 11.81™
Block
(A) &1 paigel 255 2 11907.62"
Ammonium nitrate fertilizer (A)
el s> 4 90.99
Error main
(B) bylste ot sl 7 25367.44™
Intercropping ratios (B)
AxB 14 1148.87"
o=p sl 42 86.50
Errorsub
(CV) &yt oo 0.8
A..o).\ ) 9 M)ba Jhpbl 59]4.0 ).) d)bwﬁd)b&u P.LC LA.AJ)JAJ** * nS

ns, *,** are non significant and significant at 5% and 1% of probability levels, respectively
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Figure 7—Effect of different intercropping ratios and ammonium nitrate fertilizer levels interaction on weed dry weight
(LSDg.05=15.3) 15,15 (g,l5 size glis oy iy Jloin) gdaws 3 LSD (9051 polasl s aoliie g by (sl gins
Columns with similar letters show that there is no significant difference based on the LSD test at the 5% probability level
(LSDO_05:15.3)
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Table 8- Variance analysis of different treatments effects on LER index

o C‘.t‘“ d"'}i a’ LER
S.0.VvV d.f
S 2 0.004™
Block
(A) S pgmisel 355 2 0.24™
Ammonium nitrate fertilizer (A)
ool sl 4 0.008
Error main
(B) bylxo W.S L;me 5 014"
Intercropping ratios (B)
(C) 5m e copae 1 0.00005™
Weed management
AxB 10 0.04”
AxC 2 0.06™
BxC 5 0.02™
AxBxC 10 0.03™
e sl 66 0.01
Error sub
(CV) &y i 7.96
o ) g o) B Jleisl zolaw 13 (gl xe 5 (5l xe pis i ya**, ¥, NS

ns, *,** are non significant and significant at 5% and 1% of probability levels, respectively
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Table 9- Triple interactions of fertilizer levels, different intercropping ratios and weed management on LER index

o e O e blseo CoiiS gL Ol powigel 395

d management Intercropping ratios Ammonium nitrate fertilizer
wee 5 o i
B gtV 2 1.21" 1.23%P 1.14™P
B gtV 45 1.43% 1.39% 1.34%"
(g pas B 80+V 70 1_44b'j 1.54%¢ 1.339M
weedy V 50+B 2 1.261° 1.35f-|_ 135"
V 50tB 5 1.62% 1.42%71 1.52%f
V 5tB 70 1.51%¢ 1.62% 1.37%
B gtV 2 1.49°" 1.32M" 1.16™P
B gtV 45 1.50%¢ 1.57%¢ 1.07°
o9 B stV 70 1.53*¢ 1.40% 1.28™
Free weeds V g0tB 2 1.28i° 1.36°" 1.42¢
V 50tB 5 1.48%" 1.58%¢ 1.46"
V gotB 7 1.68° 1.37%! 1.13%

LSD g5 0.181

B85 gl dme MBI VD Jleis] e 3 LSD C)?‘ﬂ ool il o Syie By S JBls gl &S Jole o (gl g i o 50 (o Sle
The means, in each column and for each factor, similar letters show that there is no significant difference according to the LSD test at
the level of 5% probability
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