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Table 1- Study locations selected for simulation of yield gap of sugar beet and their soil properties
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Fig. 1- Changes in simulated potential yield (A) and actual yield (0) of sugar beet in study locations during 1992-2008
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Fig. 2- Simulated yield potential as a linear function of temperature in sugar beet from planting to harvest time
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Fig. 3- Long term simulation of water-limited yield in the study locations during 1992-2008
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Table 3- Coefficients of multiple linear regression between climatic variables (dependent) and root yield of sugar beet

(Independent) under water-limited conditions

Jows pario BEVIY RTRw) Shro glas tylade  (gyl3 sro Jloks!
Independent variable Coefficient in model Standard error t-value Probability
bee o252 247428.9 20171.1 12.2 0.00002
Intercept
et b cudls Sl bawgie 4728.8 487.3 97 0.00002
Mean temperature from sowing to harvest
b ey ke
> w’w ot -11536.9 570.8 -20.2 0.00002
Mean wind speed
B 8 (e 8351.4 3105.3 2.6 0.0086
Mean vapour pressure
e pdad 93 24 3.7 0.00027
Accumulative radiation
i -30.2 15.7 1.9 0.0585

Accumulative rainfall




PV i podir iy o ,5hos (6 5lwdunsis

ol plej (b iz (glalin 0dy> (gt Codgioe Ll
Cadgdsme bayly b )0 g o alande a5 (gyebjlan 2D o
S99 (A HB 0Slas (el (ol Cydgaze Alan i gy
2 Ol Cadgdsme bayly b 3 5y Slas b wgio jobo dy .3y
L aS 0g0 LS )0 (5 FA-YA odgime 4o caliseo (gla gl ol
o (V Joiz) S 53 (gt p)SokS YO B1AR 290> By
3 g Cadgimxe bl 5 )3 5, Slas o yieS el Cwd
5 (LS )3 5 P plas o) 4y pue oy g lgses slagbin il
(LS ) 5 VA 5 VF i ) plagd 5 daedo 53 3, 8hos (i
3 0y Shas b duslio )3 340 0 alan Mo 45 jobo sl el Cawd &
;) BB 39,50 Codgame baylyd 45 ol Codgae baylys
(HSa 3 (5 VY 2505) 3|5 2939 3 Sl eSS 5 (s piddis (e
Soj asllas 3)50 (glagbis jaed (solod 53 (139588 2,)8 HlAde |
38 Ofgr Cudgine bulyd )5 (g (o1j)5laS &S (e cpl 4 sl
L) ul.c)'ﬂo‘) J.Ms‘;o 4_9)..47.0 )l.'.'.{dh 2 0)91 .)95 F)f}hs Yoo dgd>
S yso 5 4 gyl S (el p sl 31 jgliS” 5) ouel
o Cadgdmme oyl liwl 1o adlles 5y50 (sl b youd )> &S

Al 42513 (459755 & o 5

355 b oolis ol s8] (b (sla S Sl o 2255 L
bl oo 4 yian ader Sl ojlag (1)) (LS sl 9ol 9 i)
2B G mals g 5 Sl (aal3El 5 o] st 215)
2 A8 cubp U ewdls jl eos (S3)L p6She ol d5g5
dgs yusio o loo VOF U FY 03905 )0 (awyp cod (glaliw o
b odaltie lagd 5 loj slagliowrdd ) Gy 4y S
g ol Codgame buly s 35y Shae o (od alaly (F Jgas)
5 Cuto 3l Sl 50 A8 yiin sy b cisls j meos (S0)b
et Jie an ST (F JSS) cul 0, Sas o)l ol o ize
Shil @ darly cnl polol 2 3)5 Gogi |y Sl jlao)d VY Lo
YA i a5 ) Slos iy 0y9d (b > (Sas)b ye Lo 2
Ao L aS gy0 b d fal 03,8 Ly iul8l S 1> 5,5 6lS
{F Joie) aByie iy s cudls (Sl o 8,5
ol Codgame bl 5y Slas 3 ,LSa 55 o5 YY UYL ,&
ol 039y b sla S5, j1 Lol
5 OF9rte Cadgiome ol 3908 58T 0gMe Baios oyl
dy90 B yliae 3 Slas 0aiiSdga0m0 Jolos 51,500 (S leis 4
Py aBuse o Sles giluand @l 8 JS5 .85 )15 o))

Sabzevar Torbat-Heidariyeh Torbat-Jam
()0 -
~ 80
£
< 70 W
=
B
- 60 sl
3
E Ghoochan Mashhad Neishaboor
T 90
LF)
(=]
g
E 80 -
70 -
60

I I | | I I ] I I I I

| I I I | I I I | | | I | |

IR N L T T T P - T . - R RN SN« TR B e PR - TR L. . TP PN . « B - TP s T PR S ..
R e o ARG A

v

Ih

Year

YAAY-Y+ e A bl b axdllas 3590 (1 yLiw o 1D (59 pi St dgaime fayl g Lo Wi ik 3, Sas il pndi —0 S
Fig. 5- Long term simulation of nitrogen-limited yield of sugar beet in the studied locations during 1992-2008



VAP 5l o o lods V ol (5559l (cuwlild pgs 4 i YYY

8Ly (sl oo el g2 (l5yltS” Loy 00 Bpume T a8l
93 o) 3 il 5y Shae an Ol codgasme Lol p35,Sles
o sk 4 pde Slbes plo (39 ol (53 L) Gl e
2 3B yise 5y Slos Jouily 45 (03929 b sy o0 Y5 4y (ol
2 o= We il Gle) el YU lul s il gl oyl s (ST
uLn.md_{uﬁ)_.mu'ld_:o.\_wA_JyJ)jlo&(MLol()L&m
1) A5 5 039 Oaly sl Gblie ol 5 sl Ol (590500
2 03l ek plgis an) O GV Yl Bpae g a0 |
Skt Juaity o990 b oyl 55 39300m P 355
A8 yais oS day go H5 4 ol polie DgueS 4 dn g b By
9 0395 &0 4y gy (i olelS il laglio gd 5
et gl s ol 3 48 sl o 5 el 35 oV LT
WWE U VO Lo (o8l paclane byl y i > 4y spiio g yguliis
sl ol L5 o 36 5 Shas M 3,5 5 sl ol ro duo
L ey  3blin plw 5l jieS adpe ¥-0) a8 (oylol wleds
) iy 3y Jb Joo 5 o5 e o Sk 35 5 ol
(¥ J9i2) 208 p dpdeCayi g placey slagbin o

Lly b 5 (ilwands lapialejl 3l sdal cowd 4y b
aS ol L e CajySaw Jbo jl odlitel b «ol codgaoe
A A ol Lalyd ) ol cnd 4 5 Shes 4 (yduw; slp
Sl sped ) ol o (Lo VooV e 5 placa g s
bl <o )3 Juo sl ol )3 el Sl 350 sl g (s
I, Sk ;.j o)lw & J.Lfgo d)lﬁi L;Io)'l_\Jl G 9 4..9)? )|)§ )539&
20 e Oladsd gl )b 450 (glasyie cud b s
S w5 Y LAy gl Sl ogad 0 58
3 yio deo V¥ oo 5 (L g addlate) olgn g o bl b &y dian
O wolisle,S )3 yia oo VAD b ([liSanyd o5 0F 5,Slas L) dpo
Shahabifar & Rahimian, ) col 5L olS ol o 5L umb sly
I pagdee Vove B )9S 53 55 %05 3blie )3 (izen (2007
(Farshi et al., 1997) ol oad (o)l 48,00

£33 ik o Slac £3A

5 ol cosgae jl il 3, Shas M5 (S5 5y Shas M5
ol £ S ) adllae 3590 sl o (obos (sl (139555
P)VF bz sblie ;o 5 3, Slos M3 .cwl oai 03l
e (bl Gl joed 53) S > (5 VA (lgje (i e
NiyglisS b odel Cowd 4y (Bly 5, Slas aiold 4 dn g b g
Lol pped (55 53y 3o M (LS 53 (5 VYY)
033 oyl VL uwilty 5,Slae s & it jorliis 5 lagd e
e 5 S ol Jolge 5l clacgarme 3l cos oS canl
s duwloie 3,Slas M a5 Cuild dv g5 Wb Cowl kel Caws 4
13 6YLs Sy 5 ool dalllan 3y50 (sla Jlo oles sSika
M5 3591 o (Parsa, 2007) boyb .l o 000d M5 5l5ne
Sslaglive s 53 LS 3 (55 Ve BIY jlad,uie J5 5 Slee
S 2o (sblio cpl o1y 5 Sas oMa 359 BV (lal ) il
3l bzl cygl3lSe § VT pdle (6558 4 pas (2l g2
95w sLadgs jlodlatl pis 5 (b3 pE CulS ik s
2,8 el

3 o5 T Lwgie yob 4 3,Slas M O odgame Llys )
S i s 35 0,31 35 5 88 goplan 5 391 50
Ol Cudgasme (b 3y Shas MBS S 93 0 dgdio g ol g
bl lads slaws ¢ Jgl amild b biaw yod dufs dy G (6208
Ll )b epg o (aye Yo 9V iy @) bopliw el ol 53 i
b i > S5 > syt o (605 sl o oo 5
5 5 T by sy dsm )3 ST ol o Jltd Jlie (ol 3 0
@529 b2 pb plgien |y gl 53 iy (2028 sla Sk 5
bl ly ey iy Yo U olipgliS (3 cawgio b 4y &5
FY U sblio ol o o 598 51 56 5,Shas eM ot cilod S
P Ay Ab) Jab (g (GYgb 3,5 o0 odaliie WS )3 o5
e g Ol laly b g g G 5l ol B plisl slaglis b 251
(ol S s 53 5 ot S oS (53 ol o 3 5
9039381 ol (3,5 — S (e 9 D oS Sl (LY aleo ]
byl b aS cowl Jls o ol o) a S ac)io cud b us
Ve g placo gl laplio g ) wol Codgime

i) el 31 )Ll Jao 53 s Sy & oo VY-



YYD ..yt Jwily 8 Shlas (g)bwdamd

Yield gap due to nitrogen limitation

Yield gap due to water limitation

Yield gap (t.ha™)

Total

yield gap

80
60

20

Ghoochan

Mashhad Neishaboor

T T T
Torbat-
Heidari
yeh

Sabzevar Torbat-Jam

axdllao 390 (5Ll oead 4> Byt 3 Shos M (i Rile —T JSU5
Fig. 6- Average yield gap of sugar beet in study locations

Oy Slr 03958 Ol ol 85 Cal (55900 &S5 55
(Smit, 1996) Caowl a4 by sl (Jamols) 3 Slos iSTas 4
plisl o, Sloe ST OD”T Cowd 4o slp (50500 diupo Zolow
3 = g oolasl g yglagu ST wid 5 Slas 3Slas ¢ glo s
95 s ) oyl o] glie Jawecuw ) Sl 33,5 )l
e QSO > aB)uiie sl ) (9 355 Al ylade
dgw S a5 (gl Sl )3 p S LS VE g Ve DA
5358 55 celoyssd plul 5, Slac 5 15 5 Shas iShis o golusid
6y Shos (5:Silee yobo & cadlate 1 55 9yt 268 palie l b
el Cad 4y ,liSa )3 5 B Jolee

il s a3l o a4 Galiss opl j0 &S (6,500 &S
23 (e Ao )3 9 28 Jlie adon ) A8, 48 Sluoguas
3 o55Us5 e Ll

Cadgdone byl o byl yod (coled bawgiio (48,5 a5 )o
2 A 25l LS 55 5 FA Joleo (3, Slas M5 (5505
i) 32 bl s ) a8 i 55 g o
Oigrs Cudgizee I (o8l 3 Slos M o5 by o il (s
02 ! s o o) bl et 3 Jg aadly i
M 5 el Lol o ol 3 208 Sty 5,Slos dluse
3 by 3o oy SEST ) 553,55 Caudgine 20 3,
odsl Cusd ay (s g 2 )3 (5955 Cudgime byl 3 5 Slas
MBS (3,8 5 gl &S 0l L piored Guisd ol gl ol
an sty 2 80ae 4y ol by 5 (535 29808 (81 2,Skes
=) Lo it (55 53 LS 53 p)SbS ¥+ Lagio )b
el s a8 olS by il sl 03958 (lgjee (Jie
el 3 03 03, LS ay (59,5 jee 8 Cenl (Jb 3 0
ol 0391 Jlde (pl o yd O+ lawgio jobo 4 l5)sliS



IFAYF 5l ¥ o)lods ¥ ale ((65,9lss bl pgo & pi6 Yys

wrer-1equo |
g0 1 60 t e L'ty £€ irl 1L 661 [ 60T 9ts LLLS ross iy
Yok LIEpIaH-18q0 |
Lo I 20 Ll ¥ L't Ll 90T o Ll 20T ol 9gES 689¢ rlss Lrmeitiy
IBADZAES
(W] 1 €0 8T ge Le ¥l rll £9 9TT TsT L hes cl9s 99%< -
J00QRYSIAN
Lo I 20 20 L't ¥l 8 TLl 16 £L1 Lot ol 60FS 6lLE £ECS "
. . . . . . - _ . . ) PEUUSEI
Lo Tl 6’0 | ge L't 39 £€lT LO1 81 £TT 90T 009+ 6978 LS8y e
UEL2001)
20 I 60 60 Ty o'l 08 £9T el L9l ol T8l oFsr ches vTIs w40
[T XEeN [T=1TY [T XEI\ [TE]TY A X UeIA m X UBIA [T X [TEITY
i st A e e’ A e st A0 e et A e enst a0
() (LW ruoneIpes uop eI
o
e () pasds purgs egues om0y (0c) samesadus. Y o
e’ haf 15 (sFael) ol 3 e (ex€ # g6v) o< <L (me e o)

Afers” pene (o oxd)

ey oo™ (g6 &

SUOI EIO] APN)S Ul }93( AESNS JO UOSEIS sUIM0AS A0 aanssaad anodea pue paads purm ‘[rejures ‘aameradwa) *uoneipes 1ejos wia) Suo| -¢ AqeL

0 3-AegD o @ g (€ oo g Koo Sl of oW e 095 e o (¢ @ 1 7)



YTV a8 ysisn Jumiliy o y5Sdos (6 5lwduudd

Sy oo S5y cgypl 00,5 o ol S o 5 FY U bl
JB M T ity bl L il )3 g5 (oBly Lyl
apdee 55580 (cinyaebp b osol )3 Cunb o a5 )l ao
g iy 6550 slapl eds pl Eals daw jd olso
3y Slos dy dgaome Of Lyl )3 3 Shes (il (sl 03 (g9
5= el 25 b eadlas )90 (sl i ol S (B pd Sl
-0l 3l e Ol e 9 9935 o) sl 4y e Slikes il
3929 bty oo 55 4 bl ol el 5 098 0 a2
ol sl lagbin ol yS1 55 38,0 5 Sos Jrusly o
@ 08 g 5 Slos s Lol (S 3 (5 VT I o) ol Y
ol sl bl ol > sl Ol (gy90 50 ot & B pae
Pl Of (VL Jly Byime g aiyjn Ly i 055 5 092
Copenl dn ang b dvs oyl 5l odel cows 4 gl g o0
O¥ley S > dag B (W6 S Oy oy g a8y
A 53 B og dalss Jgas BB 3 ySlas 4y ojyolis” (oBly 3 Sles
oml 2 3P Slaedls e S 3 Blg oy asby (S

Sy 8 gblio

dg HB (5a5t 255 chlises golaw 1> pogas 4 dlus (]

059 g sl olS e Lo I e Bpae |
Gl 1y 08 > Slos g odd Wi juiae (glopwsd slaplil )0 0 pae
4 45 0,8 5,158 (Smit, 1996) Cuoml Jlo (gly > o inls
b ey 45 (sgioee oS! (535555 355 218 £S5k VD o Sl
8 U cou 1y aid s Slas dlas opl g cdly jials ao)ys <)

Wl

(8 o5 s
4 o> s oS g Sl odel s 4 gl (IS b &
VY 5l gy ol plinl jo calisee blio o S 5, Sles M5
LS )3 o5 (el Qliw e 13) VA B (Jlgje i 2 1)
SiSe 50 5 ¥R wgie Hob 4 ol Codgase Lyl jd g yuiie
Loyl s ooled bawgio 33,5 Jlai )3 .0 3,90 5 Shas M
NS > (5 YA Jolee (03, hos DS (gt Cadgione Lailyd 5
45y0 Yo b olipaltS (3 clawgio jobo 4y 4 (o299 L oA 2]
ol 2 Sl 35S 5 (36 5 Slae M joim wled S g )lul |y e

&be

1- Aggarwal, P.K., and Kalra, N. 1994. Simulating the effect of climatic factors, genotype, water and nitrogen
availability on productivity of wheat: II. Climatically potential yields and optimal management strategies. Field
Crops Research 38: 93-103.

2-  Anonymous. 2009. Agriculture Statistics. Vol. 1. Filed Crops. Jihad-e-Agriculture Ministry. (In Persian)

3-  Allen, R.G., Pereira, L.S., Raes, D., and Smith, M. 1998. Crop evapotranspiration (guidelines for computing crop
water requirements). FAO Irrigation and Drainage Paper No. 56. 290 pp.

4-  Alexandratos, N. 1995. World Agriculture: Towards 2010. FAO, Wiley, New York.

5-  Angus, J.F., Stapper, M., and Donnelly, J.R. 1993. Simulation models for strategic and tactical management of
crops and pastures. Journal of Agricultural Meteorology 48: 775-778.

6- Becker, M., and Johnson, D.E. 1999. Rice yield and productivity gaps in irrigated systems of the forest zone of
Cote d'lIvoire. Field Crops Research 60(3): 201-208.

7- Bhatia, V.S., Singh, P., Wani, S.S., Chauhan, G.S., Rao, A.V.R, Mishra, A.K., and Srinivas, K. 2008. Analysis of
potential yields and yield gaps of rainfed soybean in India using CROPGRO-Soybean model. Agricultural and
Forest Meteorology 148: 1252-1265.

8- Deihimfard, R. 2011. Analysis of yield gaps of wheat and sugar beet in Khorasan province using simulation
modeling. PhD dissertation. Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian with English Summary)

9- Deihimfard, R., Nassiri Mahallati, M., and Koocheki, A. 2011. SUCROSBEET: A simple model for simulating
growth and development of sugar beet under potential and nitrogen-limited conditions. Journal of Agroecology
1(2): 1-20. (In Persian with English Summary)

10-

Deihimfard, R., Nassiri Mahallati, M., and Koocheki, A. 2012. Yield gap analysis in the main sugarbeet-growing
environments of Iran using SOCROSBEET model. In: Proceedings 6™ International Crop Science Congress.



VAP 5l o o lods ¥ ol (5559l cwlild pgs 4 i YA

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

Brazilp. 3179.

Farshi, A., Shariati, A., Jarollahi, M.H., Ghaemi, R., Shahabifar, M.R., and Tavallaei, M. 1997. Estimation of Crop
Water Requirements in Iran. Vol. I. Nashr Publication 900 pp. (In Persian)

Kalra, N., Chakraborty, D., Kumar, P.R., Jolly, M., and Sharma, P.K. 2007. An approach to bridging yield gaps,
combining response to water and other resource inputs for wheat in northern India, using research trials and
farmers’ fields data. Agricultural Water Management 93: 54-64.

Manschadi, A.M., Soufizadeh, S., and Deihimfard, R. 2010. The role and importance of simulation modelling in
improving crop production in Iran. The 11" Iranian Crop Science Congress 234-247. (In Persian)

Muchow, R.C., and Kropff, M.J. 1997. Assessing the potential yield of tropical crops: role of field
experimentation and simulation. In: Kropff, M.J., Teng, P.S., Aggarwal, P. K., Bouma, J., Bouman, B.A.M., Jones,
J.W., and Van Laar, H.H. (Eds.), Applications of Systems Approaches at the Field Level. Vol. II. Kluwer
Academic Publishers, Dordrecht. The Netherlands p. 101-112.

Nassiri, M., and Koocheki, A. 2009. Agroecological zoning of wheat in Khorasan provinces: Estimating yield
potential and yield gap. Iranian Journal of Field Crops Research 7(2): 695-709. (In Persian with English Summary)
Parsa, S. 2007. Modelling spatial and temporal variation of sugar beet (Beta vulgaris L.) in Khorasan province.
PhD dissertation. Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian with English Summary)

Pickering, N.B., Hansen, J.W., Jones, J.W., Wells, C.M., Chan, V.K., and Godwin, D.C. 1994. Weather Man A:
Utility for Managing and Generating Daily Weather Data. Agronomy Journal 86: 332-337.

R Development Core Team. 2011. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www. R-project. org.

Scott, R.K., and Jaggard, K.W. 2000. Impact of weather, agronomy and breeding on yields of sugar beet grown in
the UK since 1970. The Journal of Agricultural Sciences 134: 341-352.

Shahabifar, M., and Rahimian, M.H. 2007. Measurement of sugar beet water requirements by lysimeter method in
Mashhad. Sugarbeet 23(2): 177-184 (In Persian with English Summary)

Smit, A.B. 1996. PIEteR: A field specific bio-economic production model for decision support in sugar beet
growing. PhD thesis. Wageningen Agricultural University. The Netherland.

Soltani, A., Gholipoor, M., and Haji-Zadeh, A. 2005. SBBET: A simple model for simulating sugar beet yield.
Agricultural Sciences and Technology 19(2): 11-26 (In Persian with English Summary)

Spitters, C.J.T., Van Keulen, H., and Van Kraalingen, D.W.G. 1989. A simple and universal crop growth
simulator: SUCROS87. In: Simulation and System Management in Crop Protection. Rabbinge, R., Ward, S.A.,
and Van Laar, H.H. (Eds.), 32" ed. p. 147-181. Pudoc, Wageningen, the Netherlands.

Tatari, M. 2008. Dryland wheat yield prediction using climatic and edaphic data by applying neural networks. PhD
dissertation. Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian with English Summary)
Vandendriessche, H.J. 2000. A model of growth and sugar accumulation of sugar beet for potential production
conditions: SUBEMOpo. II. Model performance. Agricultural Systems 64: 21-35.

VanLaar, H.H., Goudriaan, J., and Van Keulen, H. 1997. SUCROS97: Simulation of crop growth for potential and
water-limited production situations. C. de Wit Graduate School for Production Ecology and Resource
Conservation, Wageningen. The Netherlands p. 52.

Wallach, D., Makowski, D., and Jones, J.W. 2006. Working with Dynamic Crop Models valuation, Analysis,
Parameterization, and Applications. The Netherlands. The Boulevard, Langford Lane,Kidlington,Oxford OXS5
1GB,UK.

WRR. 1995. Sustained risks: a lasting phenomenon. Netherlands Scientific Council for Government Policy.
Reports to the Government. No. 44.

Yin, X., and Van Laar, H.H. 2005. Crop Systems Dynamics: An ecophysiological model of genotype-by-
environment interactions (GECROS). Wageningen Academic Publishers, Wageningen 168 pp.



Journal of Agroecology = S329LS (owlels o a1y
Vol. 7, No. 3, Fall 2015, p. 315-330 A FIB-FFr o VAP 5l ¥ oylaid V il

Simulating the potential yield and yield gaps of sugar beet due to water and
nitrogen limitations in Khorasan province using SUCROS model

R. Deihimfard', M. Nassiri Mahallati’" and A. Koocheki®
Submitted: 18-12-2012
Accepted: 03-08-2013

Introduction

Crop productivity is highly constrained by water and nitrogen limitations in many areas of the world.
Therefore, there is a need to investigate more on nitrogen and water management to achieve higher production as
well as quality. Irrigated sugar beet in the cropping systems of Khorasan province in northeastern of Iran
accounts for about 34% of the land area under sugar beet production (~115,000 ha) with an average yield of
around 36 tha". However, there is a huge yield gap (the difference between potential and water and nitrogen-
limited yield) mainly due to biotic and abiotic factors causing major reduction in farmers’ yield. Accordingly,
yield gap analysis should be carried out to reduce the yield reduction and reach the farmer’s yield to the potential
yield. The current study aimed to simulate potential yield as well as yield gap related to water and nitrogen
shortage in the major sugar beet-growing areas of Khorasan province of Iran.

Materials and methods

This study was carried out in 6 locations across Khorasan province, which is located in the northeast of Iran.
Long term weather data for 1986 to 2009 were obtained from Iran Meteorological Organization for 6 selected
locations. The weather data included daily sunshine hours (h), daily maximum and minimum temperatures (°C),
and daily rainfall (mm). Daily solar radiation was estimated using the Goudriaan (1993) method. The validated
SUCROSBEET model (Deihimfard, 2011; Deihimfard et al., 2011) was then used to estimate potential, water
and nitrogen-limited yield and yield gap of sugar beet for 6 selected locations across the Khorasan province in
the northeast of Iran. This model simulates the impacts of weather, genotype and management factors on crop
growth and development, soil water and nitrogen balance on a daily basis and finally it predicts crop yield. The
model requires input data, including local weather and soil conditions, cultivar-specific parameters, and crop
management information. Soil water module was used to determine soil water balance under water-limited
conditions. Some questionnaires were then sent to extension agents to obtain information from the main sugar
beet producing fields in each location.

Results and discussion

The SUCROSBEET model reasonably well predicted root yield across the study locations. The model could
be used to simulate sugar beet yield under potential, water and nitrogen-limited situations. Simulation results of
SUCROSBEET model showed that the lowest and highest sugar beet potential yield were obtained in Sabzevar
(100 t.ha™) and Neishaboor (137 tha™), respectively. Total yield gap (the difference between potential and
farmer’s yield) ranged from 74 to 109 t.ha™, in Sabzevar and Neishaboor, respectively. Despite the fact that most
of the farms had been irrigated up to 20 times over seasons, there were still yield gap of an average 42 t.ha™ due
to water shortage. To reach the potential yield in the study locations, more than 2000 mm water is required in
Sabsevar and Torbat-Jam and 1400 to 1500 mm in Ghoochan and Neishaboor, respectively. On average, to fill
nitrogen-limited yield gap, 440 to 530 kg.ha" of nitrogen for sugar beet uptake are also required. However, the
farmers in various locations have been able to apply only 50% of the sugar beet nitrogen demands during the
past decade. The results of the current study also suggested that the farmer yields of about 16-48 t.ha™'in the
irrigated locations across Khorasan province, were not constrained by low genetic yield potential. It is also
needed to irrigate more than two times in some locations for reaching water-limited yield to potential one.
Although there is a high potential for production of sugar beet (more than 130 tha™), the ratio of yield
production to water consumption (known as water productivity) is not suitable in the study locations and
production of sugar beet would not be cost-effective. Another issue which has not been considered in the
simulations is qualitative traits of sugar beet (such as sugar content, Alkaloids, molasses sugar, sodium and
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potassium in storage organ, etc.) particularly under different levels of nitrogen applications. Although increasing
nitrogen application would be resulted in higher yield and lower yield gaps, supplied nitrogen more than crop
demand could be accumulated in storage organs and reduce white sugar yield. For instance, every 15 kg
additional application of nitrogen reduced sugar content by 0.1 percent and reduced extraction coefficient of
sugar. It is also worth noting that the current version of SUCROSBEET model is not capable to simulate
qualitative traits of sugar beet and a few subroutines are needed to add to the model for future investigations.

Conclusion

The results indicated that although there is high yield potential for sugar beet in Khorasan province, water
productivity would not be reasonable. In addition, yield gap in sugar beet cropping systems which reflects the
actual yield gap in irrigated environments is essentially due to non-adoption of improved crop management
practices and could be reduced if proper interventions are made.
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