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Article Info ABSTRACT

Article type: Background and objectives: The continuation of the progressive
Research Full Paper  and growing trend of global population growth and income, will lead
to an increase in food demand and consequently more agricultural
production. On the other hand, the escalation of climate anomalies
also threatens the food security of human society in the future. It is
very unlikely that this food need will be met by expanding the area
Article history: under cultivation, due to the lack of water resources and suitable
Received: 2022-8-15 agricultural lands, and increasing non-agricultural uses due to urban
Accepted: 2022-10-15  development. Also, in an agricultural production system, there are
often huge differences between the yields of a plant and a region.
This prompted researchers to assess the reasons for the potential lack
of performance and to fill existing gaps and improve performance.
Due to the need to increase rice production in the country, the present

Keywords: study was conducted to determine the quantity of potential yield and
Actual yield yield gap in the study area and the constraints that play a role in
crop management T f . . .

comparative performance increating a yield gap and the implementation of best management.
analysis

mult)ilf)le regression Materials and methods: In this study, three groups of information
performance model related to crop management, soil and crop (including 160 variables),

during the two agronomic years 2019 and 2020 out of a total of 164
farms including local and high- yield rice cultivars in 36 villages of
Ghaemshahr located in Mazandaran province were measured and
recorded in the field with continuous monitoring during the growing
season and through face-to-face interviews with farmers. Statistical
analysis was performed using comparison performance analysis. The
relationship between yield and all variables examined with the help
of multiple regression. In addition, the scope of changes and the
method of performing each management operation and the proportion
of farmers who had used different methods of management
operations were determined.

Results: From 160 variables studied, the performance model (final
production equation) with nine independent variables was selected,
which explained 73% of the total performance changes (P <0.0001).




The model estimated the average and maximum yields to be 5163
and 11598 Kg ha™, respectively, which are comparable to the average
and maximum yields observed on the farm (at 5243 and 11052 Kg ha’
1. The yield gap in the production equation was 6435 Kg ha™. There
is a gap of 6435 Kg ha™ between the actual yield of farmers on the
farm and the achievable yield. It was also found that low vyield
cultivar, planting date, number of seedlings per hill, square planting
arrangement, total amount of urea fertilizer, total amount of
ammonium sulfate fertilizer, total amount of potassium sulfate
fertilizer, loam clay texture, and previous plant in rotation of legume
type, 35, 8, 9, 3, 15, 12, 12, 2 and 4% are involved in creating this
gap, respectively.

Conclusion: Comparative performance analysis is one of the
statistical methods that by analyzing field data is able to present the
effect of various factors on the final amount of product performance.
Based on the available results, it can be stated that the accuracy of the
performance model (final production equation) is appropriate and by
identifying the main causes of production constraints, in estimating
the amount of yield gap and determining the effective contribution of
each of the performance limiting variables and better giving the
relevant which is done with the aim of increasing production per unit
area, to provide considerable assistance.
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1. Comparative Performance Analysis (CPA)
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Table 1. Meteorological information of Ghaemshahr region during the years 2019 and 2020.
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Figure 1. Image of the geographical location of the studied villages in Qaemshahr.
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Table 2. Quantification of rice yield gap in Ghaemshahr, Iran.
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Figure 3. The share of the main limitations of rice yield gap.
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Act.YLD: Actual Yield, LY: Low yield variety, DOYtr: Day Of the Year for Transplantation, Nsph: Number of

seedling per hill, SPA: Square Planthing Arrangement, RTU: Rate of Total Urea Fertilizer, RTSAF: Rate of Total
sulfate Ammonium Fertilizer, RTKSF: Rate of Total Potassium sulfate Fertilizer, CL: The texture of clay loam soil,

PPL: Previous Plant Legumes.

A5 ol A plis 3 e Julpe Olse w
LS 53l oly5 2B, (M) Wl 55158
(s ole (glya 5 Ol yl s b else
3 pleml—aladl Lyl o 5 38 00 2o b
iyl Ol a5 Shas Cossdme Jalse ol
Ol 35 seasl Raldl 5l s o G5k
(@) el e Ak 5] STl 2y e U
3 bl el o5 ) Sl Ol s (54 e
Ao e 4S5 AL e Ol5LAS Sl A5 T (6 s
03 b A s w3 VA 5, Shas UGBS

AFV) Sl 0 e 53S
OUIC SR (o]e) ¢ {p JPF| CHINIRLY g M
3 Shes Dt IS 51 o3 A s 55 (08:L5)
OVE/MN Uslme aS sl [Eagsy cpl 53 035 nasS
Eo S il e LS 3 0 S5 LS
AU e g el U s s
OYE/\\ Uslas 3 Shee i iy (35, Yo Ly )

)Y

VO g Oljee 5 55 Jde 55 03, Jlayar s L

S 3 e Ol Olg e o Shee M s 0T (g
Bt s 05 S Ol 33 515 A )
o Jol s ax S1asl asls Bly e aghs 5o
i 5 L gz 035 Gllae (65 45
O 03 Jsama sy o8, S 5 ganlllan 5550 605
o g (S 1Sl 03 a8 Syl Sl Gk
L B R SR
a5 oo sla S5 503, lalad ol
o el Sl el c,u Lol 3515 (65,8 4 e
e o O S o i il S
Slalllas 5 ddr oLl A5 5 5 me (oD
Sl e 5l g ools gy e opl 5 (5 5 G8s
SLasl el 53 USs s gl A=l s g
S ol sdwl Jyame (at_;,l G Ol e o gl
e S =) Cl I LY o
bl Lo e 5 ko B Sl s Shas



V€Y & D)Lou:} Ak 8,9 c‘;ﬂ)} ‘_,Lébf .\AJQS

G e Ay fmd b s (SA0L Ol 5 as 5
5ol 5 (Y008) s (YA 5V8) 5, 3
sl S eslial a8 05 S Olse (YY) Of,es
oS 5l 550 Ol )3 5 diug Sl 3 lie (535
(XA 5 YE) Cmal (g0 358 oS il g
Sde 5 0l 0elad b 05 28 555 e ol 1l
Sl SO e Al g e O O paas coslas
A5 Rl s s Shee oD fals ) e 4 clee
) J e L5 005525 Olpn 22503 s 0 2550
e e 13 5t Co oS s STy ki o b
WS 5 o 05558 @35 SR s L 055,20 salal
O g Sl el s 5 S bl 5 xS
$V8) Wlaider 0T 51 S 0l 5 il s (53,
il b 5 Y e 035,50 358 SR (8
At e e PalS e Sy e et L
gy Jsb Sl (Sae 05520 B pemn 355 0 500
S 8Y) das Rl Ol G me 5 asaiy ) Ges
Cils Ladlas 5 035,50 omels ol ol (6Y
ol G b el Lo L ollas 5 0l ge)s2
3,Sdas 5ol Wiy S e (55, Bl 5 oo 0T ol
(8 518) sl 8 5t

el 2 (RTSAF) p g gol il s 558 s
@‘J'_A 23 el O me (ganls S s (slaels
035 S 3 S TVEY B v o canllas 550
ﬁjﬁlsj\fzuemfwzqsﬂw;M}Mﬂ.w\
VOANY L ol p s pol Sl g 358 e e
S IS 5l 3 VY dslae 5 Sl 3 S5kS
O UKE 5 Y Jdr) 555 Ses

355 Slie (RTKSF) ol Sl g 558l
st Sl id o3 VY Jste el Sl s
:)_5)L:§A)>(=J§j_L§VoV/Y’V Jolas 55, s
3ol slaesls a p s L7 S 5 Y Jair)

V¢

3 Y dslr) cils doal g sl S s 0 S LS
Tl als a8 el Sh a5V (T IS
oo VWL WA Gl asdles 550 @l}»ﬁ sl

el 03 g e (ol g3 Jsl 3D
35 ¢l o=l Li(Nsph) a8 a5 oL slaas
oSl 5 SSIs ¢ PBlas 4 A yasiie )
35 34 N VY (VLS S aS e s Ll sl
e Cte Slay bg e s Shas (201580 Ol .l
G s ijm OVE/AT ol eaS o 5 L sluws
3Y Jedr) 2 g3 See 2l53l IS 51 s 534 Jsles

(s

13 0L CPA s (SPA) (s o <3S 4]
L do s Y Olpe a5 Sae oD 53 bl ol &S
Cmal 035 Jots S s <=J§j1ﬁ5\/\v/v'\ Slde

(P USE 5 Y Jsae)
DL La oy 1 (RTU) 3 s (50,30 355 e
35S O pae Jliis Sle 5 Sl ¢ fBli= oS 5l
e an aallas 350 gae 30 VN 5 0,
o=l Sl 035 s 53 0 S LS VAY/Y 5 VYV/O
303 5 Sles M S 55 (gheo 3510 g o Sido
0350 JLSia 53 p SHkS ALY/ VL Ll ol Jlaie
&S by olas adlae @L:;.(VJK.‘;}Y Jed=) el
o sl 35S Brae pate (635 Jalse Obe o
Ol coplpls il 5> Sae Cudgdo 5 (6 i
5l 3 S S Jale 055 55 ad 5 me 03
D Sl e Ol e L0088 i S e b
o bl i G me sy S s See
St a5 508 sl Uo,8 o s
O35 3wy @l p 5558 gbeaS 23 5 Jool>
oalit ol (635 5LaS SN pamms (51 0L 5 Jlis 4ol
g}\)gybwl{;c,ﬁlw&;ga;ﬁ;.xﬁ&
s ol 3 S e D sl (e 5

Lol b a4 5 L 0S50 35S b sl 553 0



OS0n g oSl 5o (& yiuass | e Jamedliy clgi S gm0 Jolgs yinly

il il o os 1 Jswems 5 Shas D 24l
e dw Sl eJde 53 el syly gl s s 53 (V)
ety Sl 5 p g gl Dl ol Juls 5255
J_zlé ot Ol e ol by tcnl 63 5 o> J{G
ol OosLS 7 g ol5e 2 5 Shes St 5l g s
Las S ol B mae nbo o pe L 1) Ol g
S gal Ol
oS e s (CL) g )y S 23l
RIS OSBRI
Y Jslae LS 53 0SS V0T o s
(P USS 5y o) 295 Shee il58l IS 51 s s
Sl i oS ke i(PPL) g8 aslS ol
Lot lle oy G}Jg&;.iSng)tS);«S(aﬂ
>3 Ses SRl s 55 6 SIS YVE/OV Usles
A USE 5 Y Jads) 3y

oS il e ol e U e 0
55 il e S Jlesle [al5l 5 O35, e
o b (T19) OLs 5 osl3pllas bl (nen
adkae 53 1S s Shoe I 2 Sje (2 pe Jolse
o Sl e S e S8l 4y 0Ll Ol s S
OF 5 axils oledl 1S csls i olS Olse 4 L sue
Lol 58 s Sae gdoyn Ve ol bl Comse Iy
Sl g 035381 Lyl 5o (pdies omen (EA)
sl shals jebu o ol sl o |, glals
Cms S ed 553 mlin o 4 e s
oaLS Vs 5 anls nlie o B i 5
S pan pde gy opl b e G OIS
oals 5 Olp Celyl 5 S slas S
el gdn glacsly; o bas S ol O as
Soso e Bl (S50 SaS e g, 5l eslanl
A0S Ulpe pleed oo S pae SRS 5 65
=y sl s Sl 08 3L 5l L(69)

w bl s U e S s g e

Vo

Loy ke s ijlzf\’/\o/\/ B v o godgdome o
0is sl 03 LS s p§}1§'\\/i/\ Sl
N 5, Sae L pB1 3L 2155 5 s5slis A,
5VE) Sl ok ado oy o S ity g0,
3V s, Shee Ly bl oS g 55 01l 55 (8
ey Al o pe (6305LAS 00 18 Slagtens
ol 35008 1 Ll 0k OLALS (gl ealizal 5
o Jyae I 5 o ol glacas s 5L S
Glaacw s plplo (88 5V8) uo o ol
335 plail (g i SIS Ll el Gl 1 ke
e e N RO N P
03 (B 5V A) il ails ctlas 5, Ses
el S s S (Sl g5 5) s slAS
Ol 0, Sae Su> 4 olaws ol e YL
58l gsle LI 4y s papuly las S B ae
Ll o Oliime & 5 Garo s aly 10k
35S s s ol b ey CoS 03B
o BB by e 5 s L UL B e
ety VG o 58 G ablie gl 5 il St
K;0) o S s ijm vor sVl s 58
Slas S 0533l .(B8 5 V8) Wlarsls 5,0 S ol I,
5 ey O3 0 3T o go SUs ay o 50
3t (i ) Jslows oy e 213
o ze 3l 3 egisel (slas S 5l ealnad ool by
255 53 35 go p g al 255 pn sl anly slao S
235 sn (KD 03lS i ey 5 el
Slestl s (6 S g b ol sl anln slas S
G ae (871 580 £8 XA NE) 5,8 5 LS
oS Jood Gl 5 G Sl el L ly
oaLS g e o 08 ey S
b bl fen 2 (EV) 553 0 5 Shase ol
oS 3l Ol 50 (YVR) 0L 5 513 > S G

55, Shes Gl 15 e el 1 SIS ool



V€Y & D)Lou:} Ak 8,9 c‘;ﬂ)} ‘_,Lébf .\AJQS

b g3latl Slag IS wle s 5 mlie 4 (b3l
DS Gkl Sl OIS e 5 e 2l L6
«S Sose 5 el Q) Col s s Ses S
Av=Ar ay Jpa sl oal 5 OF plol layl
Sose 2 LB = e fily 5 Sles Ao
Ao Sl OLLSLES 2 500 oLl ks 5l

(OY) S M\j})}iby}

I 5 5 Ao

el Jae s ol 5l Jitewe e 4 Ol

5 SEE e Jolse o fage Olse 4 S S
5o e Sl s g adlate 35 Shas  ge 8L
S Ol 53 (Ghp ;3 YO V_@_.Nl_,djdmvs
2l e Gimer el 03 a5 B o Shas
WS e L slias (5,80 '@)L? Tyt
Sl ye oyl 555 S Jllie car e 3S L]
oS 5 o) oy S L el Sl s 55 5
AY A0 QAL oy s a8 28 iy
o Sy s Shae (Rl S 5l dsys b 5T Y
5SSl an slaws ol OY same 5
jlea_éé)euybc;).uqé\y9w
esie 3l 3l Jpame D)o a Joily 5 Ses
03 el gla e Cu pde L bl g 0 s
03 503 Ol Olg5 o 1y 5 Sae M 5l (0oL ke
ol by s SKosp ity 5> S @
5 ole 5 0T (oS siome Jolge 5 el 5 Shes
e 58 et S s i S5
3 Ses Sl @ G b ite slaS 55l
(A ol 53 el Sl Glaas 5 S e Ll
aalls plnil Gladlo Sl bl b5 il G,
pdw\y\iﬁ.w\osﬁ(wﬁ)mﬁ
SIoslS Sans i oy slaells i

sl bl s o5 e Gogd ot (bl

"

ool s e S e (00) led (S sl
sy 35 ol D55 0 ey S pUlS s
SalS 0T JLss a5 o5 lapimaw 3 2o
Sl 5 s glacde 5 bagslay (bl IS
5> A5 e sda a5 Shes 5 S Lo
s slapldaie s 5 Gy s ()L 35
ol LSl S Olme w5 s 555 S
b S LS g ol ik ety b 85l g
(0V) 542
Sl 5l e g pslae 250 0 a0
S el LS L sl s Lo S
LS S Ulye an Lasl e ils cgr BLS
o S el L e (B iy
sl Ll 26 5 20 Sl 188 0l
b s Shae glacds (K3 dF0) 5508 Cu pie |
le J guames Al (o lalS 5 0 diSs gids ol go
s slacike 5 bagglen (bl ( lde sl 5 O
Lol o 15 (OY) Ljls S o3 S pde a0 &S
e i ws el slacs pis gl 2
308 5 ol olS Sl L Glbas Laeslgs
(70) sl Jals (a5 ta et LSL—“LSJJTQ—:’
UL 5 gdome i 5l ol glaasl
Sl phe e Jelse o) e (V0TY)
CPA iy, am 5 03l Olewl 5 Ly s Slas
Gt 53 Sl B g0 ek e 5 el
5 A ahl Jas aze Vo Ll ole e 0L
Jiee bl o odiel s w3 Shae 2D Ol 50
e eoman sl sy lSs o rﬁ}l.s Yoy
3 WL JS Jpame (20 3558 58 Sl Jule
V0 5 YE AV L Coia S e 1L okl et
ol 53 (R Jolse (0 F P50 Olge 4 Ao
plomsl 4o S1.(07) Ldd o me Lser 5 Shas DU

s o bl e 3 Culn 1 pie SLlUS|



O g (SoSul (o (i [ e Jailly cilgi oS 3gu0 Jolge (ia b

Cﬂj'jd)&uu 6‘.,\_,-: bjg.Lm& Py 60.,\.‘.‘S>L>u\
U_m.a\_go\)s&awuuw\@u slaal 4 65
&_ij_ﬁv.@dﬂw_ﬁxi):w;y}u‘ﬁm
)uija{\}_.ijiczj_:ﬂjéem>).l>udﬂ\j&)\
GMG\)\MJSJJAcMGdMLMLLA&‘)A

st eyl 5o Sl (Sas 55 b 5l 250
Cusgdme Aol Jolge s andllas oyl 53 e SToS
(el o antls O ook sl 5 s Sas
Al b Al e R 2 e oS
45:)\>Q))J¢w\ﬁt{.,\;;Sl,\ﬁ)')ﬁtéﬁ@js

Jeelss 558 Coso et 5k 4 gl &b

References

1. Zand, E., Jalal-Kamali, M. R. & Nazari,
Sh. (2014). Some frontiers of knowledge
in crop sciences and their impacts on
food security.1 International and 13"
Iranian Crop Science Congress and 3"
Iranian Seed Science and Technology
Conference, August 24-26, 2014, Karaj,
Iran. 23p. [In Persian]

2. Yaghouti, H., Pazira, E. & Amiri, E.
(2021). Assessment of WOFOST model
for yield prediction of rice in paddy lands
of Shaft City using spatial analysis of
Geographic Information System (GIS).
Journal of Agricultural Science and
Sustainable Production, 31(1), 193-207.
[In Persian]

3. Chaudhary, R. C. (2000). Strategies for
bridging the yield gap in rice: A regional
perespective. In: Papademetriou, M.K.,
Dent, F.J., Herath, E.M. (Eds.) Bridging
the rice yield gap in the Asia-Pacific
region. Food and Agriculture
Organization of the United Nations
Regional Office for Asia and the Pacific
Bangkok, Thailand. Pp: 201-214.

4. Baghitabar-Firozjaii, S., Abbasi, R. &
Mousavi-Toghani, S. Y. (2019).
Comparison of irrigation regimes and
seedling age effects on yield and yield
components of rice (Oryza sativa L. var.
Tarom Hashemi). Journal of Agricultural
Science and Sustainable Production,
29(2), 67-78. [In Persian]

5. Nasiri-Mahalati, M. & Koochaki, A. R.
(2010). Agroecological zone wheat in
Khorasan provinces: Estimation of
potantial and yield gap. Iranian Journal
of Field Crops Research, 7(2), 695-7009.
[In Persian]

Yy

6. Van lttersum, M. K., Cassman, K. G.,
Grassini, P., Wolf, J., Tittonell, P. &
Hochman, Z. (2013). Yield gap analysis
with local to global relevance -a review.
Field Crops Research, 143, 4-17.

7. Gorjizad, A., Dastan, S., Soltani, A. &
Ajam-Norouzi, H. (2019). Evaluation of
potential and yield gap associated with
crop management in modified cultivars
of rice production in Neka region.
Journal of Agroecology, 11(1), 277-294.
[In Persian]

8. Dobermann, A. (2001). Crop potassium
nutrition-implications ~ for  fertilizer
recommendations, In: Proceedings of the
31%. North-Central Extension- Industry
Soil Fertility Conference, Potash &
Phosphate Institute.

9. Rong, L.B., Gong, K. Y., Duan, F. Y., Li,
S. K., Zhao, M., He, J., Zhou, W. B. &
Yu, Q. (2021). Yield gap and resource
utilization efficiency of three major food
crops in the world-a review. Journal of
Integrative Agriculture, 20(2), 349-362.

10. Badsar, M., Kamkar, B., Soltani, A. &
Abdi, O. (2017). Yield gap estimation in
wheat-grown fields using GIS and RS
approach and SSM model (A case study:
Qaresso basin, Gorgan, Iran). Journal of
Cereal Research, 7(2), 195-215. [In
Persian]

11. Kamkar, B., Koochaki, A., Nasiri-
Mahalati, M. & Rezvani-Moghaddam, P.
(2007). Yield gap analysis of cumin in
nine regions of Khorasan province using
modeling approach. Iranian Journal of
Field Crops Research, 5(2), 333-341. [In
Persian]

12. Rezaie, A. & Soltani, A. (2007). An
Introduction to Applied Regression



V€Y & D)Lou:} Ak 8,9 c‘;ﬂ)} ‘_,Lébf .\AJQS

Analysis.  Isfahan  University  of
Technology Publication Center. Isfahan,
Iran. 294 p. [In Persian]

13. De Bie, C.A.J.M. (2000). Yield gap
studies through comparative performance
analysis of agro ecosystems. International
Institute for Aerospace and Earth Science
(ITC), Enschede.The Netherlands. 234 p.

14. Torabi, B., Soltani, A., Galeshi, S. &
Zeinali, E. (2011). Analyzing wheat yield
constraints in Gorgan. Journal of Plant
Production, 4(4), 1-17. [In Persian]

15. Pushpa, Y.N. & Srivastava, S.K. (2014).
Yield gap analysis and the determinants
of yield gap in major crops in eastern
region of Uttar Pradesh. Economic
Affairs, 59(4), 653-662.

16. Li, K., Yang, X., Liu, Z., Zhang, T., Lu
S. & Liu, Y. (2014). Low vyield gap of
winter wheat in the North China Plain.
European Journal of Agronomy, 50, 1-
12.

17. Boogaard, H., Wolf, J., Niemeyer, S. &
Van lIttersum, M. K. (2013). A regional
implementation of WOFOST  for
calculating yield gaps of autumn-sown
wheat across the European Union. Field
Crops Research, 143, 120-142.

18.Meng, Q., Hou, P., Wu, L., Chen, X,
Cui, Z. & Zhang, F. (2013).
Understanding production potentials and
yield gaps in intensive maize production
in China. Field Crops Research, 143, 91-
97.

19.Bhatia, V. S., Singh, P., Wani, S. P,
Chauhan, G. S., Rao, A. V. R. K,
Mishra, A. K. & Srinivas, K. (2008).
Analysis of potential yields and yield
gaps of rainfed soybean in India using
CROPGRO soybean model. Agricultural
and Forest Meteorology, 148, 8-9. 1252-
1265.

20.Espe, M. B., Yang, H., Cassman, K. G.,
Guilpart, N., Sharifi, H. & Linquist, B. A.
(2016). Estimating vyield potential in
temperate high-yielding, direct-seeded
US rice production systems. Field Crops
Research, 193, 123-132.

21.Tanaka, A., Diagne, M. & Saito, K.
(2015). Causes of vyield stagnation in
irrigated lowland rice systems in the
Senegal River Valley: Application of

YA

dichotomous decision tree analysis. Field
Crops Research, 176, 99-107.

22. Silva, J. V., Reidsma, P., Laborte, A. G.
& van Ittersum, M. K. (2017). Explaining
rice yields and yield gaps in Central
Luzon, Philippines: An application of
stochastic frontier analysis and crop
modeling.  European  Journal  of
Agronomy, 82, 223-241.

23. Laborte, A. G., De Bie, C. A. J. M.,
Smaling, E. M. A., Moya, P. F., Boling,
A. A, & Van lttersum, M. K. (2012).
Rice yields and yield gaps in South East
Asia: past trends and future outlook.
European Journal of Agronomy, 36, 9-
20.

24. Hajjarpour, A., Soltani, A., Zeinali, E.,
Kashiri, H., Aynehband A. & Nazari, M.
(2017). Evaluation of wheat (Triticum
aestivum L.) yield gap in Golestan
province of Iran using comparative
performance analysis method. Iranian
Journal of Crop Sciences, 19(2), 86-101.
[In Persian]

25. Kayiranga, D. (2006). The effects of land
factors and management practices on rice
yields. International Institute for Geo-
Information ~ Science  and  Earth
Observation Enscheda (ITC). The
Netherlands. 72 p.

26. Rajapakse, D. C. (2003). Biophysical

factors defining rice vyield gaps.
International  Institute  for  Geo-
Information ~ Science  and  Earth
Observation Enschede (ITC). The

Netherlands. 100 p.

27.Halalkhor, S., Dastan, S., Soltani, A. &
Ajam-Norouzi, H. (2018). Documenting
the process of rice production and vyield
gap associated with crop management in
local cultivars of rice production (case
study: Mazandaran province, Babol
region). Journal of Crops Improvement,
19 (3), 397- 414. [In Persian]

28.Siahmarguee, A., Torabi, B., Sohrabi-
Rad, E. M. & Alimagham, S. M. (2018).
Effect of weeds and management factors
on soybean yield gap in Kalaleh region.
Journal of Crops Improvement, 20(2),
563-576. [In Persian]

29.M Stuart, A., Pame, A. R. P., Silva, J. V.,
Dikitanan, R. C., Rutsaert, P.,
Malabayabas, A. J. B., Lampayan, R. M.,



O g (SoSul (o (i [ e Jailly cilgi oS 3gu0 Jolge (ia b

Radanielson, A. M. & Singleton, G. R.
(2016). Yield gaps in rice-based farming
systems: Insights from local studies and
prospects for future analysis-A review.
Field Crops Research, 194, 43-56.

30. Soltani, A. (2007). Application of SAS
in Statistical Analysis. JDM Press,
Mashhad, Iran.182 p. [In Persian]

31. Yousefian, M., Dastan, S., Soltani A. &
Ajam-Norouzi, H. (2018). Estimation of
yield gap in local rice cultivars by using
CPA and BLF Methods (case study:
Mazandaran province, Sari region.
Journal of Crop Management, 10(3),
265-288. [In Persian]

32. Rezvantalab, N., Dastan, S. & Soltani, A.
(2019). Identification of production
constraints and yield gap monitoring of
local rice (Oryza sativa L.) cultivars in
Mazandaran province. Iranian Journal of
Crop Sciences, 21(2), 155-172. [In
Persian]

33.Xu, X., He, P., Zhao, S., Qiu, S,
M.Johnston, A. M. & Zhou, W. (2016).
Quantification of yield gap and nutrient
use efficiency of irrigated rice in China.
Field Crops Research, 186, 58-65.

34.Schils, R., Olesen, J.E., Kersebaum, K.
C., Rijk, B., Oberforster, M., Kalyada,
V., Khitrykau, M., Gobin, A., Kirchev,
H., Manolova, V., Manolov, |., Trnka,
M., Hlavinka, P., Palosuo, T., Peltonen-
Sainio, P., Jauhiainen, L., Lorgeou, J.,
Marrou, H., Danalatos, N., Archontoulis,
S., Fodor, N., Spink, J., Roggero, P. P.,
Bassu, S., Pulina, A., Seehusen, T.,
Uhlen, A. K., Zylowska, K., Nierobca,
A., Kozyra, J., Silva, J. V., Macas, B. M.,
Coutinho, J., lon, V., Takac, J., Minguez,
M. I. E., Ckersten, H., Levy, L., Herrera,
J. M., Hiltbrunner, J., Kryvobok, O.,
Kryvoshein, O., Sylvester-Bradley, R.,
Kindred, D., Topp, G.F.E., Boogaard, H.,
De Groot, H., Lesschen, J. P., Bussel, L.
V., Wolf, J., Zijlstra, M. P., Vanloon, M.
& Van Ittersum, M. K. (2018). Creal
yield gaps across Eurpe. European
Journal of Agronomy, 101, 109-120.

35.Henderson, B., Godde, C., Medina-
Hidalgo, D., Van Wijk, M., Silvestri, S.,
Douxchamps, S., Stephenson, E., Power,
B., Rigolot, C., Cacho, O. & Herrero, M.
(2016). Closing system-wide yield gaps

RS

to increase food production and mitigate
GHGs among mixed crop- livestock
smallholders in Sub-Saharan Africa.
Agricultural Systems, 143, 106-11.

36.Espe, M. B., Cassman, K. G., Yang, H.,
Guilpart, N., Grassini, P., van Wart, J.,
Anders, M., Beighley, D., Harrell, D.,
Linscombe, S., McKenzie, K., Mutters,
R., Wilson, L. T. & Linquist, B.
A.(2016). Yield gap analysis of US rice
production systems shows opportunities
for improvement. Field Crops Research,
196, 276-283.

37.Zhang, W., Cao, G., Li, X., Zhang, H.,
Wang, C., Liu, Q., Chen, X., Cui, Z.,
Shen, J., Jiang, R., Mi, G., Miao, Y.,
Zhang, F. & Dou, Z. (2016). Closing
yield gaps in China by empowering
smallholder farmers. Nature, 537, 671-
674.

38.Zeinali, E. (2009). Wheat nitrogen in
Gorgan agronomical physiological and
environmental — aspects. A Thesis
submitted for the Degree of Ph.D. in
Agronomy, Gorgan  University of
Agricultural ~ Science and  Natural
Resources. 201 p. [In Persian]

39.Bruulsema, T. (2009). Recommendation
development  under 4R nutrient
stewardship, Proceedings North Central
Extension-Industry Soil Fertility
Conference.

40.Gastal, F. & Lemaire, G. (2002). N
uptake and distribution in crops: an
agronomical ~ and  ecophysiological
perspective. Journal of Experimental
Botany, 53, 789-799.

41.Debaeke, P. & Aboudrare, A. (2004).
Adaptation of crop management to water
limited environments. European Journal
of Agronomy, 21, 433-446.

42.Cooper, P. J. M. & Gregory, P. J. (1987).
Soil water management in the rain-fed
farming systems of the Mediterranean
region. Soil Use and Management, 3, 57-
62.

43.Samal, D. (2007). Potassium uptake
efficiency mechanisms and root exudates
of different crop species. A Thesis
submitted for the Degree of Ph.D in
agriculture.In the Faculty of Agriculture
Sciences, University Gottingen. 155 p.



V€Y & D)Lou:} Ak 8,9 c‘;ﬂ)} ‘_,Lébf .\AJQS

44.Talebizadeh, E. (2009). The effect of
calcium, ammonium and potassium based
phosphorous fertilizers on potassium
uptake by rain-fed winter wheat in
potassium fixing loess soil with a
dominance of weathered mica in clay
fraction. Dissertation for M.Sc. degree in
Soil Science. Gorgan University of
Agricultural  Science and  Natural
Resources. 147 p. [In Persian]

45.Malakuti, M. J. & Homaie, M. (2004).
Soils Fertility of Arid and Semi-arid
Regions "Problemes and
Strategies”. Tarbiat Modaress University
Press, Tehran, Iran. 518 p. [In Persian]

46.Malakuti, M. J., Shahabi, A. A &
Bazargan, K. (2005). Potassium in Iran
Agriculture. Sana Press, 318 p. [In
Persian]

47.Dastan, S., Soltani, A. & Alimagham, M.
(2017). Documenting the process of local

rice cultivars production in two
conventional and  semi-mechanized
planting methods in  Mazandaran

province. Journal of Cereal Research,
7(4), 485-502. [In Persian]
48.Nezamzadeh, S. E., Soltani, A., Dastan,
S. & Ajam Norouzi, H. (2019).
Evaluation of yield gap associated with
crop management in rapeseed production
using comparative performance analysis
(CPA) and boundary-line analysis (BLA)
methods in Neka region. Applied Field
Crops  Research  (Pajouhesh &
Sazandegi). 32(2), 76-107. [In Persian]

Yo

49.Nemecek, T., von Richthofen, J.S.,
Dubois, G., Casta, P., Charles, R. & Pahl,
H. (2008). Environmental impacts of
introducing grain legumes into European
crop rotations. European Journal of
Agronomy, 28(3), 380-393.

50.0uda, S., Zohry, A.E.H. & Noreldin, T.
(2018). Crop Rotation: An Approach to
Secure  Future  Food.  Springer.
Switzerland. 194 p.

51.De Ron, A.M. (2015). Grain Legumes
(Volume 10 of handbook of plant
breeding).  Springer.  New  York
Heidelberg Dordrecht London, 438 p.

52.Dobermann, A. R., Arkebauer, T. J.,
Cassman, K. G., Drijber, R. A,
Lindquist, J. L., Specht, J. E., Walters, D.
T., Yang, H., Miller, D. N., Binder, D. L.,
Teichmeier, G. J., Ferguson, R. B. &
Wortmann, C. S. (2003). Understanding

corn yield potential in different
environments. Agronomy and
Horticulture  Faculty  Publications,

University of Nebraska-Lincoln. 16 p.

53.Mohammadi-Kashka, F., Tahmasebi-
Sarvestani, Z. A., Pirdashti, H.,
Motevalli, A. & Nadi, M. (2022).
Evaluation of management factors

affecting soybean [Glycine max (L.)
Merril] yield gap in Mazandaran
province using comparative performance
analysis (CPA). Journal of Crop
Production, 15(1), 73-100.



