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Abstract

Introduction

Food security is affected by many factors, including increased demand, high input prices, soil
degradation, the need to limit greenhouse gas emissions, and increased competition for land and
non-potable water. In addition, climate change is expected to have an increasing impact on
performance, with statistical analysis of product performance indicating that such an event is
taking place. The purpose of plant breeding programs is to develop new varieties with improved
characteristics such as yield and nutritional quality. Sugar beet is a root crop specific to temperate
regions mainly produced as a sucrose source for human diets. Sugar beet can be planted on any
continent except Antarctica, but it performs best in temperate climates. Worldwide production of
sugar beet is relatively stable. Studies on the effect of environment and year on sugar beet yield
has a long history in Iran. However, it is difficult to achieve a general conclusion due to the
dispersion and disparity in the results of various studies. In this study, a meta-analysis method
was used to integrate and re-analyze results of independent experiments to achieve a single result.

Materials and Methods
Twenty-one experiments carried out at Motahhari Research Station in Karaj, Iran during 2002-17
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were evaluated. The effect size was calculated and studies were weighted by replication. Then, the
mean effect sizes were estimated followed by confidence intervals, effect size back-transforming
and graphs were designed.

Results and Discussion

Among studied years, the highest mean root yield of 89.5, 89.1 and 87.8 t ha' were obtained in
2018, 2006 and 2012, respectively. Results integration showed that in 2006, 2011, 2014, and 2017,
root yield of sugar beet increased by 19.2%, 2.2%, 2.8% and 18.6%, respectively. Different
parameters can be used to describe improved agricultural productivity; one of which is the yield
increase over time attributed to advances in plant breeding as well as changes in crop operations
and environmental conditions (especially climate). Another parameter is the yield potential of a
crop described as the performance of a cultivar grown in compatible environments without
nutrient and water restrictions and under the effective control of pests, diseases, weeds, and other
stresses. Meta-analysis results showed that increase in sugar yield of sugar beet genotypes was
similar to the root yield, with the difference that in the years 2006, 2011, 2014 and 2017,
variations in percentage was less than root yield. One of the most important results in this study
was the illustration of the reduction in slope of negative relationship between root yield and sugar
yield in commercial cultivars.

Conclusion

In this study, trials were performed under normal conditions and in a disease-free environment.
According to the obtained results, use of meta-analysis method in breeding programs to estimate
the effect of year on performance along with other statistical methods is recommended.
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Table 1. Average temperature and rainfall during studied years

No. Year Average temperature (°C)  Rainfall (mm)

No. Year Average temperature (°C) Rainfall (mm)

2002 15.3 262.18
2003 145 268.5
2004 15.2 270.1
2006 15.6 355.2

2008 14.9 167.9
2010 16.8 243.6
2011 15.0 447.0

9 2012 15.3 306.4
10 2013 155 156.7
11 2014 154 211.0
12 2015 16.0 196.1
13 2016 15.9 159.2
14 2017 15.9 159.6
15 2018 *- -

1
2
3
4
5 2007 15.2 392.5
6
7
8
*N

ot available



Yy

923 Sola am sl on id 5 LS 0 ST
MLUT,\;,L@.WMJ;@FU@L‘H)
53 OYAY Jlw 3 il 5 e VWA L j5 45
SYSITN 3 Shos gy g 88 1 55T
3P AFAD (sladlw s Lol s ploil )5 (A s
oDl &S Lids ey 5 gy 250 el SSTAYAY
s g Lt ) 350 0B 5> ik SIS
3 See 5 5 53 A )i k4 5 Dol Sl
L s e L | By ()l slad o
S g 0T g s 4 YL 3 Sas o & S
(sl (§ 530 0T 533 Shes 3 50 51y > o
Ol5o4) G555 35 ) Joole 3 Shes Sl 31155
(Jsmaes jl S blim 5555 5 e (55l algs (Jlis
.Jaggard et al., 2010) 5 5% ,| SG Ll 55 e
oAl glasd mie 6 Olsiea Ol s 1) S
4S5 ol OLeT (o iws 5V G513 Ly dudons
ale (551 5 gl 0Ll gle L el e gdle
Ul 3l Ao 3 00 5 gl L5 b g esliul OT 31 J 561
‘5\j_f)l_:§A¢§_i)>J_¢):Y/YY)C_:.&._53:J_§LQ9
S Sl o Tmwnay Dol i b (S 5 Shas
Al e 3 e Jomaily 3 il 551 oS Sk
5, Sk KL (Hoffmann and Kenter, 2018)

el ol 03ls OLES (Y) Ji,:. »legs) Jg‘:'

100.00
90.00
80.00
70.00
60.00
50.00

40.00

Root yield (t ha®)

30.00

20.00

10.00

0.00 s i - ] : i
1381 1382 1383 1385 1386 1387

1389

Ve b o o lad PP e (oS Sl s

e b oo dalin ) s 45 S 6 S 0ls

S 53 FAVIA 5 AN AD Ol s 4 a5 Shas
o eS 5 WY 5 ATAD YAV cladla 3 oo 5 4
sl o e T3 WWAY Jlo 5 35 a3 Shas Ol e
258 53 w8,k Hd 46 5 ol Dlii e o
it 03,8 0 LS 005 (B el s $55
e 5 (G585S 03,57 Cows 4 b ey 4 WY s
o b o opl S8y e o5 sy S g S SaT )55
a5 5l ol e 5 LS e ol 1 03 87 S
33 st e N5 03,5 S5 g by e s S
ilog sy dsile olag oy JStn 4 S w308
035370 pLE (b 3y S Lo 5 LS 55
Las o M5 (BT (ke 4 pslin o) SSudS”
SIS o355 5o g 655 2 Il syl
oo r\s,lﬁuﬂf,fuﬁ,: gy ) A5le
555 ans gl 3l bagglen Ko STOT 3l dn 23 8
S8 Llisny s s Solan Lo suabes g
J5 03 5 S A8l SLas)lew 0 5 o P
A d §o 3515 LB jdae el 5o |y Jl Gl Lis
Al 3l 18 ol al s pslin plE)) 45 oo
I8 o3 Ol 53 &7 (Solans 4 pslie o550 055
A S a2 8 s a0 065 03, 288

=2 ISl O ol TV a pslan b 5 pslie o))

1390 1392 1393 1394 1396 1397

1391

1395

Year

Figure 1. Mean root yield of sugar beet genotypes during 2002-18
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