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Table 1- Geographical and climate characteristics of the studied regions
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e 51° 407 32°377 CL 0.41 145 17.02 1551
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52! 48° 407 31°207 SiC 0.45 192 26.59 22.6
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Birjand
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parsabad
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Zabol
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U‘M 0 0
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Hamedan

T CL= i, o9l (clay loam); SiC= ., i (silty clay); SL= b o (sandy loam); L= p¢) ( loam); Sicl= sl ) o (silty clay
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The percentage of organic matter is obtained by multiplying the percentage of organic carbon by 1.72. (Jimenez & Garcia, 1992)
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Table 2- Selected from experiments used for model validation
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O)9r aﬁ)Lg )‘)“":’ 52° 367 29° 337 GL"“’”“’ 9 d.‘)’?d
Nitrogen application Shiraz Bahrani & Sarvestani, 2007
0395 >9§ UL")S 57° 057 30° 177 ()‘)K‘“m 9 GL’)‘” aok
N-Fertilizer Kerman Khaseh serjani et al., 2011
OI9F >9§ )‘9‘“‘ 48° 417 31° 097 ()‘)K“’m 9 Lr"‘)f
N- Fertilizer Ahvaz Gerami et al., 2013
0395 >9§ )"9‘“‘ 40° 207 32°20” O‘)K“‘m 9>
N- Fertilizer Ahvaz Madhej et al., 2009
39 385 Oleuo! 51°23~ 320327 ohen d).ﬂ)ﬁ
N- Fertilizer Esfahan Pourazari et al., 2011
9y 3)f)K Ay 59° 137 32° 567 O‘)K"“ 9 'x"“:b’)3
Nitrogen application Birjand Farshid et al., 2012
O)9rs aﬁ)Lg E)s 50° 547 35° 557 u"t‘:’ by 9 )BGLP(:’
Nitrogen application Karaj Shahabifar & Daryashenas, 2004
0395 >9§ e 59° 38~ 36° 167 O‘)K‘“‘m 9 @L‘“’“
N- Fertilizer Mashhad Bakhshaie et al., 2014
0395 >9§ Jﬁ)hu’ 54° 57/ 36° 307 IR
N- Fertilizer Sahroud Taghipoor, 2005
0395 >9§ Olf)f 54° 307 37° 457 O‘)KA‘“ 9 (s>
N- Fertilizer Gorgan Hosseni et al., 2011
39y >9§ 9 d)Lﬁ‘ Ry 46° 177 38° 057 GM"" Lﬁt“
Irrigation and N- fertilizer Tabriz Anabi Melani, 2007
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1- Potential evapotranspirarion(PET)
2- Elit regional wheat yield trials
3- Advance regional wheat yield trials
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Fig. 1- Comparison of observed and simulated wheat grain yield
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Solid and dotted lines are 1:1 and fitted regression line, respectively (n=21). ns shows non significant difference between the slope of
regression and 1:1 lines.
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Fig. 2- Comparison of observed and simulated wheat grain nitrogen
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Solid and dotted lines are 1:1 and fitted regression line, respectively (n=17). ns shows non-significant between the slope of regression
and 1:1 lines.
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Table 3- Variables correlation coefficient

S 1 2
Variable

3 4 5 6

Tk 0.75"
1- Pricipitation (mm)
S25glgn 3,5as
2- Biological yield (t.ha™)
S ] (359 550
3- Atmospheric nitrogen (g.m)
B bl (139
4- Diffused nitrogen (g.m)
Ll 59,55
5- Nitrogen straw content (g.m)

ol 3 Sl

6- Straw yield (t.ha™)

0.62" 0.88™  0.35 0.52"

0.28 0.86" 081" 091"

0.42 -0.02 0.14

0.61" 0.73*

0.96"

ol P 0.05 5 p< 0.01 Jlain] pglaws )3 (55 gixe odimd)lis o iy 1 g e

* and **: represent significant at 5% and 1% probability levels, respectively.
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Fig. 4- Straw nitrogen content as a function of straw yield and diffused nitrogen as a function of biological yield
35Sk S 53 05 (I o4 e gyt S 55 p TS () Ll 3,SLes JiSm )3 (5 (sl Ll 553 55 53 pSALS oy (i) b s
el () Sojsn

Slop of the regression lines are straw nitrogen content in kg.ha™! per t.ha! straw yield (a) and diffused nitrogen content in kg.ha™! per
t.ha! biological yield (b).



1A 5k ¢ Yolols Y al (65,9l (bl pgo gyl ovy

aS ol ol daly ol ) odel Codes ol dolee) AsL plp
0392 )85 (139 5 (M cadlllas 590 £lyj slapllaipg: don (sl
03955 =7 90 3l 35 &5 (V ablae) (63959 (1595t (e wCand
Jolrs el 008 JSi5 (6 phunes] (9530 5 395 Byae Sl (23U
83939 (395 Oy cdasly cpl 3 g mpeyie )3 )5 A/NO
5 ool (e Sl )l S ol slaplliipg: 4 ey
heyS paS (25 slaplliipg 4 jlde cpl (58 g olisile S
aS o L ddllas pl ol ()b 5lcdih Bls dis w9 bl
23S WY Joboe (A dsles) gl (295 (558 x5l
Josfan (295 Oisrs Gpide LS cnl 0 09 @pe e
oSy gl Sl 5 555 colan puiS sl slapllips:
Ole)S 5 aizym (bly puS olyj lopllsipg I y5e 5 (295

(0 Jgia) conlons Jol>

03948 O 1) (s aguu

e e Sl PSP a8y 5T gyl bl
sl (295 9 82909 390 b b pe sl piie | Gy o
6399 39y Sli] (o oo b bl 53 ool Cowday ol i
by Cosl wilys (639)9 (g J5 Ol 45 al () 30
O o b it gl plgisds 365 Bpas 5l Jols (00
g Olsiedny (§yhmail ()95 g 9 203 WVITY Y S
dary oo s (5 Jadn) 298 A gl Mo pd VIEY od phaw b i
Eh) Cupde B ((Brae 0595 355 (el w4 g L S
Al JIys5 (s pidin Caml Sl (6399 139y sl L akaly

32l s e 0 Sl S90Sy U] @l eizmon
Olyedr b bawgi ol )l ()9 45 3b LS (2955 (g
Oresd Olysd Ll 9 VYA (S (el cu o b piile (n ke
93 ¢ 5Hluedy cinild oge p 1y JS Sloss 5l o pd £/0F ¢ o
95 5 Auled o 1) Ol 51 o > AA/NY wiilys ods S ke
il g (a-bol baug ond )l ()39 sin oile Bl yuite
(Y Jgiz) 5392 350 dop> S 5l e

L5|)>I w.u P uu_u )I b.)..oT Cuwddy C"l‘) ual.w] » ‘L)JI)JL\J

1- Stepwise regression
2- Partial R?
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Table 4- Nitrogen contents in wheat cropping systems in 2013 to 2014

) IR0 B9 2 g ke e B9 &5 Oje Jlo 93 Coglis
adlaio Jw Nitrogen content except (50 sl £0 Gos 42) Total Difference for two
Region Year mineral nitrogen Mineral nitrogen in nitrogen  years (2013-2014)
(g-m?) 45 cm depth (g.m?) (g-m?) (g-m?)
i 2013 90.92 1.15 92.07 "2
Isfahan 2014 91.09 0.78 91.87 e
sl 2013 108.88 245 11133
ol -0.56
Alvaz 2014 109.64 1.13 110.77 :
s 2013 88.99 2.14 91.13
Birjand 2014 90.09 1.42 91.51 0.38
Mol 2013 20621 3.09 209.30
Parsabad 2014 211.30 2.06 213.36 4.06
oy 2013 89.93 3.76 93.69
Tabyiz 2014 89.32 0.80 90.12 -3.57
2 2013 89.93 0.78 90.71
Zabol 2014 89.84 133 91.17 0.46
290l 2013 90.40 3.04 93.44
Shahrod 2014 90.14 1.02 91.16 -2.28
s 2013 189.37 1.64 191.01
Shiraz 2014 186.89 1.55 188.44 -2.57
o 2013 130.55 5.59 136.14
Karaj 2014 131.89 1.75 133.64 -2:30
sLiile 5 2013 29527 3.19 298.46
Kermanshah 201 295.01 2.11 297.12 -1.34
oS 2013 93.12 427 97.39
o -3.52
Kerman 2014 92.74 1.13 93.87 :
55 2013 455.04 6.70 461.74
o 4.96
Gorgan 2014 451.65 5.13 456.78
e 2013 93.00 1.84 94.84
Mashhad 2014 90.60 1.18 91.78 -3.06
aon 2013 248.41 6.99 255.40
Hamadan 2014 247.67 1.28 248.95 6.45
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Table 5- Nitrogen input and output in wheat cropping systems in 2014

5399 09 9 Oj9
Nitrogen input Nitrogen output
i 395 39 F S o] Sl a1y (39 5 il gewol L a9y - 2e>
. Fertilizer =~ Atmospheric fixiation  Grain nitrogen Diffusion Leaching Straw Input-output
Region 2 2 2 -2 2 2 -2
(gm? (gm?) (gm?) (gm?  (gm?) (gm?) (g-m?)
e 10 1.19 7.06 0.54 0.03 3.76 -0.20
Isfahan
Sleal
Ahvaz 9 1.38 8.19 0.50 0.09 2.16 -0.56
Birjand 5 1.30 4.15 0.44 0.01 1.32 0.38
Ul )l
Parsabad 16.2 1.34 9.88 0.73 0.07 2.80 4.06
f’w 5.2 1.29 7.16 0.59 0.22 2.08 -3.56
Tabriz
Sl 5 1.22 3.47 0.40 0 1.89 0.46
Zabol
59,805 7.2 1.20 7.03 0.58 0.08 2.98 -2.27
Shahrod
J{ 7.2 1.64 8.38 0.57 0.04 2.41 -2.56
Shiraz
s 9 1.33 8.79 0.67 0.28 3.09 -2.50
Karaj
oliile S 9.2 1.88 8.65 0.66 0.12 2.98 -1.33
Kermanshah
Sleys 4.5 1.35 5.84 0.53 0.01 3.00 -3.53
Kerman
o3 6 2.79 9.65 0.90 0.02 3.18 -4.96
Gorgan
Agiio 7 1.74 7.75 0.61 0.04 3.38 -3.04
Mashhad
Q\Ao_m
7.5 0.55 9.03 0.76 0.82 3.89 -6.45
Hamedan
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Table 6- Stepwise regression analysis to determine the relative contribution of each nitrogen input variables

e 39,9 >y Je (el g S o
Variable Entry step Model coefficient of determination Partial coefficient of determination
355 -
- 1 0.9733 0.9733
Fertilizer
Sl Ly 9y 2 1 0.0267

Atmospheric nitrogen

ool P 0.01 paws )3 (gl imo o)Ll e
**: Repersent sicnificance at p< 0.01
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Table 7- Stepwise regression analysis to determine the relative contribution of each nitrogen output variables

ke 39,9 4> o Je G o 0 S O e
Variable Entry step Model coefficient of determination Partial coefficient of determination
4b i 1 0.9279" 0.9279
Grain nitrogen
e 2 0.9934" 0.0654
Straw nitrogen
*&_Ji
e 3 0.9993" 0.006
Leaching
Less!
2 4 1" 0.0007
Diffusion

Cad P 0.01 oo 3 (g5 simo ol L i

**: Repersent sicnificance at p< 0.01 probability level.
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Introduction.

The nitrogen budget or balance is often evaluated by comparing various nitrogen inputs and outputs in soil—
crop systems. Research on nitrogen balance can provide more detailed information on the nitrogen cycle and its
losses by integrating soil nitrogen processes with the total nitrogen budgets. There are restricted researches for
evaluation of nitrogen balances in the cropping systems. It is clear that accurate measuring of each component of
nitrogen budgets in relation to soil processes is difficult. Wheat (Triticum aestivum L.) is the main cereal crop
cultivated in Iran. According to published data the average nitrogen application rates in wheat cropping systems
of Iran is 120 kg.ha! but, the excessive use of fertilizer nitrogen is very common in wheat fields. It is estimated
that in Iran, about 2.2 million ha of wheat production areas are under irrigation. Alike, there are limited studies
on nitrogen dynamics, budgets and its losses pathways in wheat production systems of Iran. Such studies are
essential to understand the nitrogen behavior and balance in wheat cropping systems. This research was carried
out with the aim of evaluating nitrogen balance of wheat cropping systems with different climatic conditions
over the country by using CENTURY model.

Materials and Methods

We used CENTURY model (Parton et al., 1994) to evaluate nitrogen dynamics and nitrogen balance in wheat
cropping systems. For this purpose 14 wheat cropping system located in diverse climates were selected. Soil data
was collected from Soil and Water Research Institute and weather data from 2000 to 2014 were obtained from
Iran Meteorological Organization for 14 selected stations. The CENTURY model simulates the long-term
dynamics of Carbon (C) and Nitrogen (N), for different Plant-Soil Systems. The model can simulate the
dynamics of agricultural crop systems. The crop system of CENTURY have different plant production sub-
models which are linked to a common soil organic matter sub-model .The soil organic matter sub-model
simulates the flow of C, N through plant litter and the different inorganic and organic pools in the soil.
CENTURY model runs in monthly time step with monthly precipitation (cm), monthly mean minimum and
maximum temperature (°C), site latitude and longitude, sand, silt and clay (%), soil bulk density (g.cm), rooting
depth (cm), C and N content of the top 20 cm of soil and management information such as planting date, first
and last month of wheat growth, number and amounts of applied fertilizers, amount of irrigation water and its
schedules are required. For model validation we used two statistical measures including Normalized Root Mean
Squared Error (nRMSE), Willmott (1982) index of agreement (d value) and linear regression coefficients
between actual and predicted values.

Results and Discussion

Results revealed that the highest nitrogen input in wheat cropping systems (9.5 - 12.5 g.m?) was observed in
Northwest, West and Southwest and the lowest (7.3 - 9.4 g.m2) were in East and Southeast areas of the country.
Also, nitrogen output plan in wheat cropping systems was similar to nitrogen input. In addition, stepwise
regression analysis indicated that fertilizer application rate with partial coefficient of 97.33% and grain nitrogen
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with partial coefficient of 92.79%, respectively, were the most important variables in relation to nitrogen input
and output in wheat cropping systems of Iran.
Conclusion

According to the results, it seems that in relation to nitrogen input, the role of agronomic management such
as fertilizer application, coincidence of fertilizer application time with plant requirement and increasing nitrogen
use efficiency (NUE) which is mostly dependent on agricultural management are important issues. But in the
case of nitrogen outputs from wheat cropping systems, in addition to agronomic managements, use of improved
cultivars with higher nitrogen uptake efficiency is more important.

Keywords: Fertilizer, Grain nitrogen, Nitrogen input, Nitrogen output, Simulation.



