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ABSTRACT
Identifying the constraining factors of production and yield gap is very important. Therefore; this research
was performed to identify the production constraining factors of local rice cultivars. All management
practices from nursery preparation to harvesting stages for 100 paddy fields of local rice cultivars were
recorded through field studies, in Sari, from 2015-2016. In the CPA, the actual and calculated potential
yield were 4495 and 5703 kg/ha, respectively and the gap was 1221 kg/ha. The yield gap caused by number
of top-dressing variables was 324 kg/ha, equal to 27% of the total yield gap. The yield gap related to
previous year of legumes cultivation was 218 kg ha'!, equal to 18% of the total yield variation. Among the
10 variables entered in the CPA model, the effects of top-dress fertilizer application and its application
frequency and foliar application were remarkable, which could compensate a significant part of the yield
gap (444 kg/ha, 37% of total) in the farmers’ fields by managing these variables. According to boundary
line analysis (BLA) finding, actual yield mean on the basis of optimal limit related to 12 variables under
study was 5369 kg/ha, with 881 kg/ha yield gap . Mean relative yield and relative yield gap for 12 variables
(transplanting date, seedling age, number of seedlings per hill, planting density, nitrogen and phosphorous
per hectare, nitrogen before transplanting, harvesting date, lodging problem, pest problem, diseases
problem and weeds problem) were 83.64 and 16.35 kg/ha, respectively. Based on the finding, it can be
stated that the model precision is appropriate and can be applied for both estimation of the quantity of yield

gap and determining the portion of each restricting yield variables.
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Table 1. Mean weather parameters in the rice growing period (2015-2016) and their comparison to long
term period data (2001-2016) in Sari region.

Min. Max. . Total Relative Mean .
Month temp. temp. Evaporation rain humidity sunshine Solar rad;atlon

©C) C) (mm) (mm) (%) hours (M)/m?/d)
Apr.-May 9.5 19.5 71.8 98.7 76 157.7 14.7
May-Jun. 15.8 252 1159 27.0 77 168.8 17.0
Jun.-Jul. 19.2 28.6 154.4 23.7 76 2522 222
Jul.-Aug. 222 31.4 169.4 59.4 75 238.0 21.3
Aug.-Sep. 22.6 335 193.9 6.7 73 269.5 21.9
Sep.-Oct. 21.2 32.0 156.6 99.3 71 240.5 18.6
Mean 15 years 18.3 252 147.6 89.0 73.5 208.8 19.5
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Table 2. Studied rice cultivar characteristics.

. Growth Maturity Paddy yield Quality Tolerance to .
Cultivar condition condition (kg/ha) condition stress Origin
Tarom Hashemi Tall plant ~ Early maturing 4100 High quality ~ Low sensitive Guilan
Tarom Mabhalli Tall plant ~ Early maturing 3600 High quality Sensitive Mazandaran
Sang Traom Tall plant ~ Early maturing 4100 High quality Sensitive Mazandaran
Tarom Deilamani Tall plant  Early maturing 3850 High quality Sensitive Mazandaran
Tarom Talaii Tall plant  Early maturing 4100 High quality Sensitive Mazandaran
Tarom Ashrafi Tall plant  Early maturing 4200 High quality Sensitive Mazandaran
Gardeh Tall plant ~ Early maturing 4500 High quality IZ:?S‘?;?/LY Mazandaran
Tarom Alam Sabz Tall plant  Early maturing 4000 High quality Sensitive Mazandaran

ol s 0laas) 6 kel o aslacile ¢ by Lo (T L
W 6)9—‘6"? 5 Slas liae g sy ylo; e(Lg)L.:.gT
9 a>las Go,b 5l g ael i sy B o Sledbl ()
Wy Jad Ll e 0l «5)9—‘@-? OligleS bog, 5o
).u ul)”l.wf Ja.ws.s AW W‘O)J ‘57.3‘5 .))S.Lo.c U‘)""A
yobas &5l5e ol (gadiss opl plil glp ol o
&)‘]A S:L.uL..MJ OW SR ul.?bu‘ 9 u,_)l.....vl.....q LQQLA_,
dalate ;0 0]l sdee sla Jhg, adS aS oy slass «

2 Snde Slhlas jo bl 0gels gy 2l 5o
Oered g Culld g s lilS ol 51 SO o
S o e laoged 5l a8 ol )5laS (i
Al asie WX58,S eolaiwl oo pae Sllas oyl
Slides ol ol)5 oy 4y bogy po DleMbl a5
5 S el loy g ol egg) Hh iew agd
Bl ey 5 i Jore g oolaial 0550 03, (o 8
o5 )be (255 Bpan oy 9955 (i 255 £49) 055



V) VE- o ol o 5L Y 8,58 el o5l ol pole

Sladys; 5l el g a5 6l (F Jgaz) al o S8
Al oolatwl (/Y asus) SAS li8le 5 Calize

Olye G2S T Joged sy b (550 b U g, 50
e Gleieds dilhie 40 odel Cawods o, Slee
heslinal b (Jaies slojrie Jlie )5 atls
ad 5 &l SO alin ayg, 5 (/) a5es) SAS 38l 5
al> o ol ool ools i3l beosls 1aSTy, oYL
a0 b)) cwlie b daosls lodus 02 9 iy
&g @dly jo o Ol (g1aSs aw by g (61aSS g0 <90
Sable Wosls 56 e (o3l ol Gl

o g s

J.».L’Ju o9 u«:l.w‘ > é)s.l.o.c M U.».n.’;u
S 55,1 Lo

sl Joa

S Sln 8 4 p8 e S5 4 Lo slaaidly
e g 08les 2 e (o pde lopiie o e
(S5 S 5 Jde by el oul ¥ Jgam j0 0, Sles
Cwly ysin lgicds mhaw axly o0 Sl o Slee
IS iy Jeid 5 it gl g 0 8,5 1 4o
Fob d Saheas Vol cuilS 5 Lo 0,51 IS
azalS gud; alope i G il e SB6)0
Olads olass 9 JJ@.A ‘o)'.z.ilio L;)lfLi'..} s(_g)lSLi;j ‘51).3
Slayie Gloed (LAbdsle 5 S Bran
al)l ol dolee yo o] 4zl a8 wins bl Jatw
Ol wdgr dolee (pl 5l eolanl b ccalys jo .o
S plaS o g 9 Jgax B o Slas 23l o ,Slas
(26 g5 ) dolae) Jow (gm0 3 )50 yuiiia VO
Aolre (Y Jguz) ol obil Jituwe s Vo L
g 5 Dygehs 0 Sles 2l

€55 LIS 35 (st pe Bl jl g ools gy 1) (55l
A8 )i Copde a4 bae Sledbl (uws d0g
a4 gy Sl yslanz oly s gslaex
SSE oy Jleel (oles il e e Cu e
& azg by ollos 52 5,0 L (ol ) Gy giad
il polie g adgi slahy) g95 (ales Slluys
4 g adlate Gl;55laS Lawgs (as33,9) Laosles o 0,15
Sldos 5L Sledbl asl> Oledbl 4y jshaio
Ole 9 Slhbee 2 g9y )b Jod 5 o)
S (easloyg b cals) Lol 5l al> e o s bagss,s
W5 e s s osleer g5

Wwools Juloxi g 4y joui

bSO abaly (o) o Shee S s
Slo e (S 9 (505) a5 S 0jlul (sla i
;8o g (WD (5,50 o 5 yho Do A S
Rezaei & Soltani, ) a8 4 s5 jguus,S, b9, b
Oele 0318 I3 L5 18 () 3590 (1998
Sy00 Hlidle Voo o (LX) b sie oud cunliv
oo b eSle o0 See 0 Shoe Joo 50 (o2
o e osllan fzme (5215 18 s 31 el
5 ab Al o Shae Jonslly o Slas Jun 3
Al ad 8 i o8 Slae DS bl s g0 ol O
s o0ty sanlice Loyt jlaie oy Lol Cidks]
O e podele Lol cars ) eiie a
e Hled o po )0 pate Hled (gl 0l saslice
Ol Gly oals sbml o Slae D> Jlade caolis
S 4 it o (sl o Shae S o el it
D> olwl o ol e caipolis o Slee D
Joe al el lid asye Gygods g Sl 0 ,Slee
ouds JyS sl 5 ge3l s, 5l eslinl b kel
) o Sdes slacusgame 5l Wl oo &5 0d (sl
3,90 yiie 1O+ 5l (Soltani et al., 2000) &S oS
danlie Julow a5 dlolas 9)lg raiio iy i (o) 2

Y(kg/h) = 4668 — 159X1 — 98X2 + 120X3 — 3X4 — 11X5 + 49X6 — 133X7 + 204X8 + 129X9 + 169X10

“SJMJ \)95 d).oAA .XS GO}.:.;&A 6)[5“ 2X7 “5)151.*\)'

bdele Xio oS Bras Olads slasy X
fé-" Jﬁlf&i&iwm@mbl}eﬁw\,@u

! 00 wlo).a Q)S-LA.C)).

30 5 ekS s p Sl o Shes 1Y (ol yo a8
S 5l Jlo oo, X B35 canls i X S
3 Bk @b Xa od Seaeas X3 Yok



Gl 50 70 dome pB,l adgs aisS Sgasme Julge olulid 1)) Kan g liawgy VY

2 (Sehedd yaie flay boyye s Shos Rl (e
Sz Jobe LS o 6 SelS FA oS 5l L8
St isead aiz g 35y Shae Sl IS Sl o)
Lo Jy wlo plas 1y o Slee iolidl 0 5l g
95 o Sl i p Hobay (g e )0 (Sshens
355 Bran 3l oolatuwl Jl a4 by o,Sles il
2 JS 51000 VY 5 ke Jolae LS 0 0,551
30 ol 408 o S o (Egemme ;0 09 0, Sles
5 A5 ekS YYY cudilys a3¥ olads slaws b Sy
Ol 1y 0,8l M3 S 5l oo o VY Joleo (LS
oy plais] o935 a4 |, 4295 B g a5 &S
Olee Sl (6978 aiey (nl 5o p)Y ooy
polie ol Jgloun it 14 Loy o o Shec 13
B sl il Joles ) iSe j0 0 LS VY ( plde
2 sl 5 405 L oas og o Slae il
alez ol 0 Slee &l o, wla> =110
e e Joe p0 oad ols e Ve 1Y Jean) o
Ol G pae Slads slass g S 895 B pas slo xie
35 £ kS FYE S s g B ol Jsbxe
ol 1y o,8lee D> IS 5l a0 YV Joleo (LS
5 sl A5 L lg8 oo a8l b cpl ply Lol
4 Gl Gl e me (ol sl sl
Jolse 51 S 2 e g 9 )Shee D JS Y oo
533 o i ) ol a4 i 5 ,Ses 00iS Sgaze
el oSl gl g hwgie o ,Slee Joe
aS 0l 00 et LS 40 6,555 OV LY 4 FFA)
5 s aglae JB (LS jo 6,54LS OFY-
S j0 8 Sl S AYIY oulds 00 (e o Sl oMo
L En e pB)l o Shes M Olie 55 Bl po 0
A (515 IS 50 0,5l VAYY 2l CPA oy,
O &S Sl gxse ylay pl (Halalkhor et al., 2018)

Se2g alold LS 10 6,55 LS \VIY s clils

S o g 0 Sdes cuiiS 9o Jolgs
5 ySdos

@ adg dolee ;o 0uds o)ly sl prie ¥ Jgu o
ouds oudlive polie iSlas ¢ J8los (1Kileo of jon
Joae o dlgie a5 gylaie g s Lol
el oal g)lhe 30 0K S8 0 Skes g S
3 0 d)lg yuxio Vo bayye oSl M ol
Ot g LS 0 p SlS AT g aloles
Gy Al pe Gl (Gedeand slapite lp <>
sl 5 Sy 35 Bras 5,885 ol azals
P53 b e iy 5l Jpbon 5 (] b e Slads
(Y Jgaz) was bl lag] ST Jlade 18,5
Cal S Jl ST IS bl ey sle s
6L g Lad o cailys jo (2BL )% )b Y
ooyl Sail polie g wivgs i yurio laicds 05415
Jslas Jlaie Joles ategs e ¢l by s o]
8kee Gl oliee (V' Jgu2) 090 iie R 0
3 bagie 5 oot Sl o Slae L2l 51 4l
ROV H N IRVES P TC JRORTL WOt
9 @ Jolee LS )0 0 S5lS VA 5 OV s
G g 13 S iy aws o (yLaS 45 Sy s ,0 VA
LoaS o)ls @wip odgs (s Sl Vol cals o
Slese Vst cllS yin b ol oot cale,
55 ol |y ke 33 ol 51 530 8 Shae & s
Gl e 93 & bgpe o Shoe ;i Gl (e
WY 9T ol iy 5 Wi (o g lli> )0 (2L,
D> IS slae,e VY g Ve ol )i jo 6,50l
oolaiwl 5 cwlin Loy jo Lok ,4 daadl, 5ls 04
Oyl Sl e L ln Ol glalas
sole S (e 1) ite 99 (nl 4 bgyje 0 Slae
2 e Pl 505l (6 LS oad S5 piie Loz
3 S elS Yl 60 Slae B a5 cliils & Slas
e g ol plas |y S 5l ey miy Joles LS
shoolainl g adlaie Lol jog (WL a5 aw,) oo
45 53 ool L 3laai LV a8l o b slalis
o 05ilSe (5 ) LAS I (LU o Shos ol 4 poeie
(Y Jgoz) cenl



vy VE- o ol o 5L Y 8,58 el o5l ol pole

W PPN PR R PRP T SUEL S35 S VIV IPUIWIPE SRV PV TR P S B PR
Table 3. Quantifying the rice yield gap and the contribution of each variable entered in the production

equation.
Variable in the paddy field Predicted yield Yield Yield

Variable Coefficients Min. Mean” Max. Best Mean Best (kggir; ) %;S
Intercept 4668 - - - - 4668 4668 - -
Canola pre-sowing (X;) -159 0 0.36 1 0 -57 0 57 5
Previous year of legume cultlva(t;)r; 98 1 322 3 1 316 98 218 13

2

Seed disinfection (X3) 120 0 0.60 1 1 72 120 48 4
Seeding date in nursery (X4) -3 -19 21.00 72 -19 -63 57 120 10
Seedling age (Xs) -11 20 32.00 68 20 -352 -220 132 11
Seedling growth during transplan(t;lg 49 5 333 6 6 163 204 131 1
Mechanized transplanting (X7) -133 0 0.47 1 0 -63 0 63 5
Top-dress usage (Xs) 204 0 0.76 1 1 155 204 49 4
No. top-dress (Xo) 129 0 1.49 4 4 192 516 324 27
Foliar application (X,9) 162 0 0.56 1 1 91 162 71 6
Paddy yield (kg ha™) - 3100 4485 5430 - 4491 5703 1212 100

Al WP O)90 A8 Voo B 6“-\55 GAdeQ)M )LA.Q.A Ja.w}uc 4 Jo}xfo Gu.ai’LAA JJJLM 3
*: Average amounts are related to mean of variables in 100 studied paddy fields.
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Figure 1. Relationship between observed and predicted yields. 20% of the differences between predicted
and observed yields are shown by segmented lines.

Sgazme Julse plu bawgd wisgy (650 b3 5l 5ol
W Sauled S sl yuie ool s ogdle asloas
s bt bl gesledile 5 g len (U
LSS 10 0,55LS FFAD acyje o Slos lawgin ais S

(F Jgaz) o5

Walee SG 5l g cdls p )b g 6,888 b e
9 o o psie dwadlh Gl oS Cond g0 a0
B e By 5 CoBlS oST5 S o L slaws
S i o b SIS 32 0 S ] L
&S bl o Sles a5 oo o lis aisly s S

T o Sas N g0 Slee il aulows , (650 o> )'.:JL;T s -f Jooo
Table 4. Boundary line analysis and rice potential yield and yield gap estimations.

Minimum Out of Yield based on Relative Yield Relative Yield

Variable Unit optimal optimal optimal level yield gap yield gap gap
level (%) (kg/ha) (%) (kg/ha) (%) (%)

Transplanting date from 21 March 54 95 5430 82.78 935 17.22 8.85
Seedling age day 39 11 5310 84.65 815 15.35 7.71
Seedling per hill No. 7 4 5351 84.00 856 16.00 8.10
Planting density No. 44 4 5247 85.67 752 14.33 7.11
Nitrogen Kg/ha 25.51 5 5232 85.91 737 14.09 6.97
Phosphorous Kg/ha 19 4 5289 84.99 794 15.01 7.51
N before transplanting Kg/ha 84.35 12 5255 85.54 760 14.46 7.19
Harvesting date from 21 March 149 96 5500 81.73 1005 18.27 9.51
Lodging problem * 0 63 5493 81.83 998 18.17 9.44
Pests problem * 0 74 5493 81.83 998 18.17 9.44
Diseases problem * 0 69 5473 82.13 978 17.87 9.25
Weed problem * 0 91 5436 82.69 941 17.31 8.90
Mean - - - 5369 83.64 881 16.35 100

e 9 (V) ol oY) Lawgio «(V) o5 o(+) g o5l il ol ia o eslacale g bos o o] W Samler JSio
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* The problem of plant lodging problem, pests, diseases, weeds are: none (0), low (1), medium (2), high
(3) and very high (4), respectively. The average yield in 100 paddy fields was 4495 kg/ha.

Aty o> wlal o Slee (Y Jgaz) 0 (023)5,8
a)il.o.c ;%L}j)ll.ib )d P;?LSAYY‘. 6)».&»..4 u.:‘
Cewddy (JS 51 as,o AIAD) LS jo 6,55l AY0

oL L85 )b yie @ by e (5350 b3 LT

A0 Ao 3> 5l 2B gl 5l as e A0 aS sls

Jol 5 59, OF urite cpl @) bogy e a0 JBloo



Vo VE- o ol o 5L Y 8,58 el o5l ol pole

6000 -
~ 4 b
£ 5000 T8 2%
ivy 8 g><> < B
< 4000 | 7 ¢ SO &
% 00&8 o °
-2 3000 -
B 000 | YTT122x48105.7 if x<39
E y=5310 if x>39

1000 | n=100

0

Paddy yield (kg/ha)

Seedling age (day)

20 25 30 35 40 45 50 55 60

US5) 51 9oy WITY 5 AYIVA s iy s, 5L
(ally

6000 -
5000 -

4000

3000 -

y=-0.862x2 + 92.36x + 2878

2000 1 R2=0.815; n=100

1000 -

0 T T T T T 1
0 20 40 60 80 100 120

Transplanting date (from 21 March)

S50 Lo ol ol e 4y (0) i3 s g (G (6,513 g, ie Blie 13 5 Shos (slmosls (ST, =¥ S

Figure2. Scatter plots of paddy yield data Vs transplanting date (a) and seedling age (b) variables with the
fitted boundary line.
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Figure 3. Scatter plots of paddy yield data Vs seedling per hill (a) and planting density (b) variables with
the fitted boundary line.
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Figure 4. Scatter plots of paddy yield data Vs applied nitrogen (kg/ha) (a) and applied nitrogen (kg/ha)
before transplanting (b) variables with the fitted boundary line.
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