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G5 sl
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Table 1. Descriptive analysis of mean of data for irrigated bread wheat in breeding program during 1995-2014

[P
Variables

Sk e S ol

Warm and humid climate

oSeast 50 5 ol
Warm and dry climate

Jdira ﬁuE

Temperate climate

u\zﬁuﬁ

Cold climate

L gl Aals e lenY dali sl dals L gl dals
New lines Check New lines Check Ayl Check New lines Check
New
lines
(a3 p 55k @l 5 Shes 5485.4 54433 5729.5 5458.9 7225.5 7533.7 6358.9 6511.3
Grain yield ( kg/ha) (i )
Al 5 54b b glajg, sl 124.2 122.8 107 106.2 147.7 153.5 142.7 148.3
Days to heading (DHE )
S5 5 ey b sl sy sl 168.3 167.3 147.1 145.6 188.8 194.5 187.1 195.6
Days to physiological maturity
(DMA)
oSl g g plis) 99.7 97.5 89.1 88.1 95.1 96.8 86.5 91
Plant height (PLH) (cm)
05 wals )l 055 383 37.4 383 39 39.8 40.3 40 39.9
Thousand grain weight (TGW) (g)
N WP WY JRERE < 17.3 17.3 239 239 16.7 16.7 12.4 12.4
Mean of annual temperature (MTem
) (‘C)
o et o ly) Jsmas o3 L g 407.4 407.4 228.3 228.3 264.2 264.2 264 264
Sum of rainfall during cropping
season ( S9Rain) (mm)
Source: Research results G 5 e
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Table 2. Unit root test of phenotypic variables

b jure Ol 5 Ol 4ol 05057
Variables Im-Pesaran-Shin test
o T Jlaz| pela

Statistic(IPS) P-value
G s (-Jf}l:f oY s Shes Vp:‘ial-:ﬁ -7.156 0.0000
Mean of grain yield ( kg/ha) (yy )
A 5l b glajg, shaw ke -4.05 0.0000
Mean of days to heading (DHE )
S5 55 Oy B (sla ol 5k -8.105 0.0000
Mean of days to physiological maturity (DMA)
W3 0d  0y53 dsb o Sibe -5.297 0.0000

Mean of grain filling duration (GFD)
Plant height (PLH)(cm)
05 wals lm 055 oSl -6.267 0.0000
Mean of thousand grain weight (TGW) (g)
318 e 4 6Vl Sl a5k -9.05 0.0000
Mean of annual temperature ( MTem ) (°C)
o e 4 5 i 2 S e 8.73 0.0000
Sum of rainfall during cropping season ( S9Rain )
(mm)
Source: Research results Gt gl Lo

5 (Pool)eS ziw L gros Je Sl ealizal
31 ( Random effect)sé.al.,aj SIS e
g bods eslimal B8N oyl 05T
Jsdor G ol 5T Jlais] mhows 5 4,
SPR O ( Prob>Chibar2 +,++«» =)¢@l:3
ol BT S il weds 5, H,
s S bl pend (S L amlie s
Db - Sl (IO Wl @ 3591 »
Sl Al o 4w (995 4

¢F Jsds 5ol 55T p e v a5 L

slo Y s Slae 8ol e 15 ite
WYl oS p g cpl 4y ol azils T oS
Il S AS VY b Y s Sl S0k

4 A g bl gy GRIBIL Ll asl

e 3,57 5 53 b juie 51015 oo cla piie
P-value O et oyl Gubous s oslizal
EPORWREY) ‘_;Lb:'-éadj\,ufo.\..i«:.wbu
s oslimal bl ol esls Sig, 51 ol b
9 oy Sluoal Sl Ggo3T Juloxs
@b EF DLl § (Sunondgs

Prob>Chi2 +yr+ 2V =) & o5 J gt G

S Sl a8 Lr bl Jlessl mhaw 02 o
Lol Slaeali 5Tl S ol b 05 51 0
Je 53 (Kot 5 oy dy 330 55 ASL o0
2 s Gl cgmyds G057 Sl eslinal b
Jlaa>| ch.»: Osx «( Prob>F +j0vvv =)
S ol gl 8L o oo 6K 51 28 0 leT

oS gl il MJ? shyls
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Table 3. Results of heteroscedasticity and autocorrelation in model and selection of function type

0037 &S Ryl a)LaT Jla| c]ﬁ.at
Type of test Test Statistic P —value
et )3 S 05T LRChi2(23)= =0.0007
Likelihood-ratio test 50.89 Prob>Chi2
Slwenl bl &S S108 23 05057
Heteroscedasticity oS s Chi2(1) 6.4 =0.01 14.1
Prob>Chi2
Breusch-pagan/
Cook-weisberg test
Seans w55 09057 =0.0000
- G s F(1,23)=29.124
Autocorrelation Wooldridge test Prob>F
23] &JB::S‘ Cnd
Test for selection ” ) ’f’ : Chibar2(01)= =0.0000
Lagrangian multiplier 205.1 Prob>Chibar2
of random effect test
versus pool
method

Wl Bl 213 S s 0 S ST AYY
Sk AVl Sl a5l i
S gme Js Q;ﬁfa.\;f‘SLadY.aJﬁw
s 6 VL AL Sl ey
WVl b Y s Shee o SKke ol 5 sl
Sl a8l 35 S 3 0 S AS VO
Al os g odals A g5 &Sy 2 e
Sl pH}g_gg‘)jd‘}*ﬁ-é‘));"U)l{C}*’.”
) &“f““féb‘g;ﬁy-’ﬁ“‘aﬁ?ﬁ
S SRIPIL Sk ¢l 0355 )15 s
ol (#5553 SHL e e
S8 3 p S S /Y0 SV ls Y s Shes
SN g e 1l sl alS
5 ekl g Sy p o5 Jsad s

J.’df\:- pHJ.;&DﬂJS‘ ! aJﬁJ‘J@M

\Y

Source: Research results
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Table 4. The Effects of phenotypic and climatic factors on mean of grain yield of irrigated bread wheat in breeding

researches
b e N ol b
Variables Function mean Variance function
3551 5l e oLT e sl o,LT oo
old z Jlaz=1 3,597, z Jlaz=|
Estimated P>|z| ols P>|z|
coefficients Estimat
ed
coeffici
ents
b osae 0.692 083 041 - - -
Constant
) 723 0.57 0571 0.021 0.57 0.569
Trend
e 5345 6 (sl sl o Sole -311 732 0.000 -0.072 -0.22 0.829
Mean of days to heading (DHE )
S5 5 Odeny B sl sl ks 3289 7.63 0.000 0.073 0.22 0.827
Mean of days to physiological
maturity (DMA)
S5 04d p0y93 Jsb Sl -310.7 -74  0.000 -0.049 -0.15 0.883
Mean of grain
filling duration (GFD)
0.5 4 4> )58 053 oSl 91.9 6.1 0.000 0.133 34 0.001
Mean of thousand grain weight
(TGW) (8)
315 sl eVl Ol o a3 S0k 15.33 086 0391 -0.014 -0.36 0.721
Mean of annual temperature
(MTem) (°C)
o ks 0 2155 s 53 S50 §yozes -0.248 - 0.643  -0.003 -1.9 0.065
. . . 0.46

Sum of rainfall during cropping
season ( S9Rain ) (mm)
STt 4 ! -69.1 -1.1 0282  0.793 33 0.001
Soil pH
55 e e (Sl e 322 .73 0.084  0.713 1.73 0.084
Dummy variable of variety release
(ReaLYEAR)year
Prob>F=0.0000 Wald chi2(9)=1418.3 Prob>chi2
R?=0.921 , AdjustedR? =0.919 F(9, 392)=510.2 =0.0000

Source: Research results G e e

(SDM ) 53 2bas S0 53 die 351 2556 sl lim O Jgu
Table 5. Goodness-of-fit indices for models in spatial durbin method (SDM)

lg=Ls o3 2 lad 6}§H
Indices (SDM)
el Sl ab r;i,\is 1049.5

The logarithm of the maximum likelihood
function (LMLF)

ST Slne 16.1
Acacia criterion (AIC)
C b ST s 2.78
Delayed acacia criterion (AIC)
BEIPS IS 19.1
Schwartz criterion(SC)
S 505 slne 2.95
Schwartz delay criterion (SC)
OSSOl lme 17.2

Hanan quinn criterion(HQC)
Source: Research results Gei el 1o
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Table 6. Direct and indirect marginal effects of variables on mean of grain yield of irrigated bread wheat in spatial durbin method

b pize F e s s 2lg 5 et 28
Variables Total marginal effects(TME ) Direct marginal effects( DME ) Indirect marginal effects (IDME))
ol 5,57 5l oyl B 351 5l oyleT Jlezs| el ol 5,57 5l oylaT Jlez elas
Estimated Statisti P-value old Statistic P-value Estimated Statistic P-value
coefficients c (P>z|) Estimated (2) (P>z]) coefficients (2) (P>z|)
@) coefficients
S s, 10.2 0.38 0.701 8.88 0.34 0.738 1.31 0.05 0.96
Time trend
Al b b slajg) slws -304.1 -6.7 0.000 -264.9 -5.8 0.000 -39.2 -0.86 0.388
Days to heading (DHE)
S5 558 Oty b gla 55 Sl 3244 7.1 0.000 282.6 6.15 0.000 41.8 0.91 0.363
Days to physiological maturity (DMA)
45 OdE p 0ys5 Jsb -305.8 -6.8 0.000 -266.4 -5.9 0.000 -39.43 -0.88 0.381
Grain filling duration ( GFD)
?We. Gl 158 055 ks 50.3 3.7 0.000 43.8 32 0.001 6.5 0.48 0.633
Mean of thousand grain weight (TGW) (g)
S E e g YVl Sl a3 Sl
Mean of annual temperature MTem (°C) 64.8 33 0.001 56.5 2.9 0.004 8.4 0.43 0.67
Sum of ze s 4 (25 J3a 03 (Sl g goome
infall duri i Rai
MMWW during cropping season ( S9Rain ) 2.96 48 0.005 131 2.5 0.013 0.194 0.37 0.71
S a -214.5 -3 0.003 -186.8 -2.65 0.008 -27.7 -0.39 0.695
Soil pH
#35 b dlo (S5lmn e 69.5 0.35 0.73 60.5 0.3 0.764 8.96 0.04 0.964
Dummy variable of variety release
year (ReaLYEAR)
DHE * Weight 57.55 0.9 0.369 50.1 0.78 0.434 7.42 0.12 0.91
DMA * Weight -49.5 -0.76 0.449 -43.1 -0.66 0.509 -6.4 -0.1 0.922
GFD * Weight 16.7 0.26 0.795 14.52 0.23 0.821 2.15 0.03 0.973
TGW * Weight -10.1 -0.49 0.621 -8.81 -0.43 0.667 -1.3 -0.06 0.949
MTem * Weight 27.2 1.1 0.28 23.7 0.93 0.35 35 0.14 0.89
S9Rain * Weight -96 -0.87 0.92 0.05 0.08 0.93 0.008 0.01 0.99

A



B Jelse ol S

SR E

pH * Weight 0.063 0.1 0.382 -83.6 -0.76 0.447 -12.4 0.11 0.91
Time trend * Weight -49.7 -1.74 0.082 -43.3 -1.52 0.13 -6.41 -0.22 0.822
ReaLYEAR * Weight -378.8 -1.56 0.119 -329.9 -1.4 0.174 -48.85 -0.2 0.84
Rho 0.136 2.73 0.006
wibdd (Soren o
Sigma 3.16 28.2 0.000
Wald Test = 1782.5 P-value>chi2(18)=0.0000
F Test=99.03 P-value> F (18, 414)=0.0000
R?*=0.803 R? (adjusted)=0.784
Wald Test = 1782.5 P-value>chi2(18)=0.0000
LR-TEST SDM(Rho)=7.48 P-value>chi2(1)=0.0062
LR-TEST SDM(w; x)=35.17 P-value>chi2(9)=0.0001
Source: Research results G gl o

14
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Table 7. Correlation analysis between variables

[PEE 5 Shee 5 Kka R G glajs, sl osss b Gan i, el 05 s ke 2 (Sl g yeme
Variables ;50 S48) b glajs, Oy «ls Ods Ao b 05 wVl ol e e (2155 J b
(S oseb S e Grain Plant Thousand 318 sl Sum of rainfall
Mean of b Days to m:Em height mwm.m n Mean of during oaovvm.:m
grain yield b : physiological duration (PLH)(cm) weight annual season (S9Rain )
(kg/ha) (yu) womw%hw maturity (GFD) (TGW) (9) temperature (mm)
(DHE) (DMA) (MTem) (°C)
Yt
DHE 0.381
DMA 0.427 0.968
GFD 0.237 0.045 0.292
PLH 0.343 0.084 0.065 0.12
TGW 0.321 0.085 0.124 0.192 0.175
MTem -0.283 -0.12 -0.565 -0.252 -0.014 -0.17
S9Rain 0.022 0.133 0.11 0.137 0.231 0.038 -0.254

Source: Research results Geiosd g e
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Introduction

One of the important and effective economic activities in the field of agricultural
economics is to release varieties or to adopt crop improvement technology. This can
result in increased yield and production of various crops, enhanced food security,
self-reliance and reduced dependency (Aghaei & Asadi, 2010 ). Historically,
breeders have focused more on increasing yield of varieties. However, reducing
variability and instability in yield of varieties at different locations and times is
considered as an important breeding goal (Byerlee & Moya, 1993).The objectives
of this research were to determine the direct and indirect marginal effects of
climatic and phenotypic factors, variety release year as breeders’ efforts in genetic
improvement, location and time trend factors on the mean and variance of grain
yield of irrigated wheat lines.

Materials and .Methods:
In this study, the required panel data were collected from 23 agricultural locations

during 1995-2014 in Iran. The methodolgy of this study was partial equilibrium
Email address of the corresponding author: hormoz.asadi3@gmail.com
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method and the marginal effects of the variables on the mean and variance of
wheat grain yield were assessed using stochastic production function of Just and
Pope and spatial durbin models (SDMs). Just and Pope production function was

estimated with linear functions in three steps as follows.(Just & Pope, 1979).

Yht :B 0+ B 1 trend + Bz DHE + B 3 DMA+ 84 TGW+ B 5 GFD+ B 6 MTem+ Step 1
B;S9Rain + Bg pH + A RLyear + 6;DLoc; ...+ 63DLocy; + €

Ln (e) 2 = @yt O, trend + ®, DHE+ ®; DMA+ ®, TGW+ @5 GFD + ®MTem Step 2
+ ®; S9Rain + ®g pH + © RLyear + + €,

Where; Y, mean yield of bread wheat lines (kg/ha) in year t, trend: time trend,
Ln (e)? : yield risk for wheat lines in year t,, DHE: days to heading in year t,
DMA: days to physiological maturity, GFD: mean of grain filling duration in year
t, TGW: thousand grain weight (TGW) (g), MTem: mean of annual temperature (
MTem ) (°C), S9Rain: sum of rainfall during cropping season ( S9Rain ) (mm), pH
, DLoc, : Dummy variables of locations,

RLyear(h=1, 2,..23): variety release year, ®.3: §, a: models parameters and
€, > residuals

Results and Discussion:

According to the results, the study of spatial spillover effects using spatial
durbin models (SDM) showed that the direct marginal effects of all the phenotypic
and climatic factors on the mean and variance of grain yield of irrigated bread
wheat lines were statistically significant. The direct marginal effect of time trend
and variety release year on the mean and variance of grain yield of irrigated bread
wheat lines was positive but not statistically significant .

Conclusion

In general, the direct marginal effects of all the phenotypic factors on the mean
of grain yield of irrigated wheat lines was satistically significant. The direct
marginal effect of time trend and variety release year on on the mean of grain yield
of irrigated wheat lines was positive.

Keywords: Wheat research, direct and indirect effects, stochastic production
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Table 1. The Effects of climatic and phenotypic factors
on mean of grain yield of irrigated wheat in breeding research

Variables Mean Function Variance Function

Coefficients mﬁmwmzo P>|z| Coefficients mﬁmwmzo P>|z|

Constant -0.692 -0.83 0.406

Time trend 7.23 0.57 0.571 0.021 0.57 0.569

Mean of days to heading (DHE) -311 -7.32 0.000 -0.072 -0.22 0.829

Mean of days to physiological 328.9 7.63 0.000 0.073 0.22 0.827

maturity (DMA)

Mean of grain filling -310.7 -7.4 0.000 -0.049 -0.15 0.883

duration (GFD)

Mean of thousand grain weight 91.9 6.1 0.000 0.133 3.4 0.001

(TGW) (2)

Mean of annual temperature (MTem) 15.33 0.86 0.3910. -0.014 -0.36 0.721

()

Sum of rainfall druing cropping season -0.248 -0.46 0.643 -0.003 -1.9 0.065

(S9Rain) (mm)

Soil pH -69.1 -1.1 0.282 0.793 3.3 0.001

Dummy variable for variety release 322 1.73 0.084 0.713 1.73 0.084

(ReaLYEAR) year

Prob>F=0.0000 Wald chi2(9)=1418.3 Prob>chi2 =0.0000

R*=0.921 , AdjustedR*=0.919 F(9, 392)=510.2
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function, spatial analysis.
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