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Abstract

Introduction: Available water and its efficient use are the main determinants of yield in agricultural
ecosystems specially in dryland farming. This study was conducted in order to evaluate the efficiency
of precipitation use of dryland wheat and barley varieties and the factors affecting it.

Material and Methods: Evaluation of the efficiency of precipitation use (efficiency) was done based
on two-year experiments (2015-2017) on wheat and barley genotypes in dryland conditions of
Mashhad. In these experiments, planting dates (main plots) and genotypes of wheat and barley
(subplots) were compared in split plots based on a randomized complete block design with three
replications. The results of these experiments were used to calculate the efficiency of rainfall use based
on kilograms of production per millimeter of rainfall, after deducting 110 millimeters for evaporation
contribution. The resulting data were statistically analyzed using SASs ») software and the means were
compared using Duncan's test.

Results and Discussion: The results showed that under the same environmental conditions, the
efficiency of rainfall use (efficiency) of wheat and barley genotypes had a significant difference, and
the highest and lowest efficiency in wheat genotypes was allocated to Karim and Line 14, with the
rate of 9.6 and 4.3 kg of grain for each mm of rainfall, respectively. The highest and lowest efficiency
in barley genotypes was recorded for Mahoor and Ansar cultivars, at the rate of 17.7 and 7.9 kg of
grain per mm of rainfall, respectively. The difference between the two crops in terms of efficiency
was considerable, so that the superiority of the highest efficiency of barley genotypes compared to the
wheat cultivar of Karim (the highest efficiency for wheat cultivars) was 84.3%. The results showed
that temperature is one of the most effective factors in improving efficiency, and on average, for each
°C increase in temperature, the mean efficiency of wheat and barley genotypes decreased by 0.83 and
1.06 kg/ha per millimeter of rainfall, respectively. Among wheat genotypes, the Karim wheat cultivar,
and among barley genotypes Mahoor barley cultivar started spring growth faster. The biomass growth
rate of wheat genotypes was in the range of 84-106 kg/ha per day, and the biomass growth rate of
barley genotypes was in the range of 136-166 kg/ha per day, but the difference between genotypes
was not significant. The highest grain growth rate of wheat and barley genotypes was recorded for the
Aftab wheat cultivar and the Khorram barley cultivar at the rate of 78.6 and 122 kg/ha per day,
respectively. The time of pollination and the harvest index also played an important role in improving
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the efficiency of wheat and barley genotypes. So, every day of delay in pollination according to the
average rate of seed production in wheat and barley genotypes, results in a reduction of 52.9 and 90.8
kg of grain per hectare, respectively. The highest harvest index was recorded for Karim wheat and
Mahur barley cultivars, at 36.3 and 43.6, respectively, and the harvest index of barley varieties was
greater than that of wheat varieties. Despite the effective role of each of the traits, superiority in one
trait did not play a significant role in reaching efficiency, and the Mahoor cultivar with highest
efficiency had a favorable status in terms of all traits.

Conclusion: It seems that by improving the effective traits, the efficiency of spring and winter wheat
cultivars as well as winter and spring barley, can be improved according to a pattern similar to the
Mahoor cultivar and even more than that. This situation only for wheat will mean an increase in grain
yield potential by about 61.5% compared to the current situation of the best wheat variety in this
condition.

Keywords: Biomass Growth Rate, Grain Growth Rate, Harvest Index, Pollination, Spring Growth
Acceleration
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Table 1- P values from the analysis of variance for wheat treatments
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Source of variations df Water productivity Kernel growth rate Biological growth rate
Cultivar 3, 11 <.0001 <.0001 ns
Year<Cultivar Jl. x o, 11 0.0095 0.0002 ns

el 1 jled (5518 Sxe pae oaimsliins
ns: non-significant

9% s 390 sl lp (llg 432 5 el (5518 e ok =Y Jgua
Table 2- P values from the analysis of variance for barley treatments
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Table 3- Mean comparison of measured traits for cultivars and lines of wheat
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In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.



7Y

w23 9% 9 poiS Seaigi) (Swisb jlooliwl 2 2 Fge Jolge

P Glcaigh) Aild wly cas ju 9 () (uileo 3w 085 9 Sl JiiSod o —F Jgur

Table 4- Interaction of year and cultivar on mean of some measured traits of wheat genotypes
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Table 4 Countinued- Interaction of year and cultivar on mean of some measured traits of wheat genotypes
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In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.
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Table 5- Calculated efficiency for wheat cultivars in Iran studies
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Azar2
A
’ 456.1 1651 4.8 23.9 Heidarpour et al., 2016
Azar2
31y
’ 180.9 997 14 70.3 Heidarpour et al., 2016
Azar2
DU
© 527 1586 3.8 19 Feiziasl and Valizadeh, 2003
Sabalan
Q)L,,.)
399.5 2252 7.8 38.9 Feiziasl and Valizadeh, 2003
Sabalan
DU
© 524.5 2442 5.9 29.5 Feiziasl and Valizadeh, 2003
Sabalan
Q)L,,.)
316.1 1384 6.7 33.6 Feiziasl and Valizadeh, 2003
Sabalan
534.8 4907 11.6 57.8 Mohammadi et al., 2016
Koohdasht
S
) 534.8 5480 12.9 64.5 Mohammadi et al., 2016
Karim
[JRw
434.7 2843 8.8 43.8 Anonymous

Sadra
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Table 6- Mean comparison of measured traits for cultivars and lines of barley
bowigs bl &lo Wy Cas pw (S ) O ySlos aly s g
Genotypes Efficiency (kg grain/ha.mm) Grain growth rate (kg/ha.day) Biomass growth rate (kg/ha.day)
e 125a 94.7 abe 161a
Sahand
)v\:-.’i
) 10d 75.8d 160 a
Abidar
Sl
10.3d 8lcd 166 a
Ansar
Yeal68 10.5d 86.3 bed 164 a
5oL
12.5bc 90.9 bc 158 a
Nader
Vg,
9 106d 86.6 bed 1582
Sararoudl
¥ ojled Y
o 13.4ab 107a 154 a
Line no.4
O oyleis (pY
e 125hc 88.5 hed 136 a
Line no.5
% o)las ¥
O 113cd 81 cd 162 a
Line no.6
o~ 13.9ab 105a 136a
Khorram
c;\a‘
o 13.7 ab 98.4 ab 144 3
Eizeh
Lo
29 15.2a 94.5 abc 138a
Mahoor

55 gl s gl il S pie B S o Blas oS e o 5l et 10 00 b Sl
In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.

97 SLgaig 4ls wb)y e g (D (12Nl 12 08 9 Jlo (oSed =Y Jgux
Table 7- Interaction of year and cultivar on mean of some measured traits of barley genotypes

Genotypes b Efficiency (kg grain/ha.mm) !, Grain growth rate (kg/ha.day) ails oy e s

Firstyear Jal Jlw Second year pg5 Jlw Firstyear Jaf Jlw Second year sgs Jlw

" 115 d-g 13.6 b-e 81.9 efg 108 a-d
Sahand
]
. 9.3gh 10.5e-h 71.8fg 79 efg
Abidar
Yeal68 10.3 fgh 10.6 e-h 88.7 c-f 84.4 efg
Ll
79h 12.7 c-f 61.7¢g 100 a-e
Ansar
ol oY
: 13.1 c-f 13.8 bed 98.3 b-e 116 ab
Line no.4
O o,lads Y
> 12.7 ¢-f 12.3d-g 93.8 b-f 83 efg
Line no.5
7 oyleds (Y
: 10.3 fgh 12.3d-g 78.4 efg 84 efg
Line no.6
Vo,
9o 10.3 fgh 10.8 d-h 76.6 efg 96.6 b-e
Sararoudl
L
° 115 d-g 135 b-e 85.6 def 96.1 b-f
Nader
£ 115d-g 16.2ab 88.6 c-f 122a
Khorram
ol
> 116 d-g 15.5 abc 84 efg 110 abe
Eizeh
Mahoor ,sale 12.1dg 17.7a 70.1fg 115ab

In each trait, means with same letter (s) are not significantly different.

A5 (gl pre Dglas il I e B> S o Plas a5 Cas j sla ) Sl
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Table 8- Calculated efficiency for barley cultivars in Iran studies

1yl Jlw Soisb _ oy -
o3, sl=1d ;—9— Phd alojT o wils o5 it ‘sﬂ)ls 69074 J...m.vl...zf BUEW-R o
. ool . o Efficiency Percent than theoretical
Cultivar Maximum grain yield (kg/ha) . . - Ref.
Yearly rainfall (mm) (kg grain/fha.mm)  potential for efficiency
R 380 1042 3.9 19.3 Tavakoli, 2014
Abidar
grw| 382 1199 44 22 Tavakoli, 2014
Abidar
A 375 1524 5.8 28.8 Eskandari and
Sahand Alizadeh-Amraie,
2017
y90le 232.9 3760 30.6 153 Hajipoor et al.,
Mahoor 2017
Pges 232.9 3466 28.2 141 Hajipoor et al.,
Khorram 2017

S il il 2l aal ol 5 esgas b (5 i ol
wo.o.s c)jé ;_9)1.0" L cbsf 50 ws) o)jé s_)5l.9.ﬁ aS Cewl o0
97 5l S Yk 59, 0 padS 3 aT 005 o p Slsdles S 5
sle gz Sledlbl Ly (Mohammadi et al., 2016) <!
95,98k 13, 92) ol S 5l 55 92 5 paiS laed, Ve 94
Lo bapd, plow 5l 5055 15 0)lee 9y 99 58 ()5 o8, o
Silodgas el glaka>Me B glas
Ol 0)len Ay £9,b 99955 0,90 3l Z9)F 50
g oy J>lhe £58g g o)y huab ol SYsb j0 sege b
47 5 PS5 slacaieis sl aby 090 (b esgiiey; o,
97 9 oS slacaisis sl o)lee ad; 9,0 )0 230 55, 52
£T5LS VO 5 AFIY alS psgho s lasie jsbay
0385 sy S Jawgie 4y Caad a5 sl iS50 03¢5 s )
S99 o Sy 0l Jad )0 92 g poiS bacdsis gadg
T R RLIIW P PR SR ISP PRI SLANON-A PR EF X W
a0 40 jep a5 Lol | 4 Cos (6 iy S YL S

(Richards, 1991) 65 o adgs aitin ing,

8l b 5L

ey ly ol aby alesl plosl Jlo 90 o 30 0 5 05,
oSa5t 5 oS o]yl g 03500 ST P slocaisis b
Ol 2,5 o8, & o |) 1230 o s allis; slogd,
1325 el (glo s 5L paals QT cde Yhoiz! (A Jgaz) wiols
o35 Jl 55 Los (215 L s o 58 Sy 45 plizmas
ol azily palS alols oy
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Yoz oldl GlisT jpobe 08 a Coi ;o35 b Sy o
@l 5L pgs Jlow ;3 @S a5 03, sl 236 59, 1 F
9 Alico) slapd) Alold 5 0350 (el 1) b slaged,
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Table 9- Delay in the beginning of spring growth (stem elongation) of wheat genotypes than to faster beginner cultivar (Karim

bewis) Firstyear Jqf Jlw Second year pgo Jlw
Genotypes Jol &b pgo &, £9 9 Jgl slo &6
First planting date Second planting date First and second planting date
S (2/4/2016) 0 * (17/4/2017)0
Karim
AN 9 8 5
Azar2
oht 10 8 5
Baran
Gl 9 9 9
Ohadi
s ol S 9 8 8
Crosssabalan
o, 9 8 8
Rasad
Lo 10 10 9
Homa
oI5, 7 5 6
Rijaw
O 10 8 8
Sabalan
Sl 9 9 9
Sardari
CubamgS 5 1 !
Koohdasht
ool 3 0 3
Ghaboos
s 5 0 3
Dehdasht
] 0 (11/4/2016) 0 0
Aftab
VE oY 9 8 8
Line 14
Line 1510 Y 9 7 7

* Stem elongation of karim cultivar was not recorded

Ol yebas o)ley 0y £, 5l ey el 005y 55, 50,8
2 S okS 0% 55, 0 50 52 Slegasi) et 3y
395 eSilee 4 S g puS Slacae) 5l e LS
WIS (65 903 PY 3905 a5 slacaisd o3gicn
U
0yl Ay £, 0590 lagie sl 1) (65 ol azilin
VYF e Sg00 00 Jhai 50 poiS (68, gl b (S, U
2 als o, S g 256 09 walss (SLol syl o S 5lS

ey ]38l O g 4o a5 el Glojlail 4y 50 dils & Sles
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Ll 5l il sl sl 5 03505 S ails s Sl
Al o8l s 5l 86 )5
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Table 10- Delay in the beginning of spring growth (stem elongation) of barley genotypes than to faster beginner cultivar (Mahoor

Wi pge Jlw
Genotypes Second year
Jol cdls b P9d ells Fu,b P93 9 Jol cls sbd )b
First planting date Second planting date First and second planting date
Jre (2/4/2016) 0 (2/4/2016) 0 10/4/2017) 0
Mahoor
S 5 9 12
Sahand
v 1 14 15
Abidar
Yeal68 11 14 14
Sbal 1 14 15
Ansar
Foled (Y 3 4 5
Line no.4
0 o)l pY 5 8 11
Line no.5
% o)t nY 5 8 12
Line no.6
Y 09,0y 5 9 13
Sararoudl
»b 5 9 11
Nader
£ 5 5 5
Khorram
ody 5 5 6
Eizeh
O 6l sy 5o JLSe 50 0 Sl S VVB plieas 5 jladie Jw:;) i

S 50 0,56k S ¥ IV (lieas 5 jlade (2 50aS )0 1 F 0)le
alo oy Sy p o8y 9 Jlw S o Sl 039 595 50
Obis ¥ Jgazr a5 4598 lon 9 090 I3 ime e (slocasios
e pes Jlo 50 a8 slagaies ST o) Sae e a3 oo
039 b Stz 5 p (| (BB 5 Sl 039 Jol Jlw
5 bl o) )0 9o Jluw jo o ol Jlaie iy e
VE Y 50 ol Hlade opieS g 0a0 S adasde YA ol
O)9 S odaline 59, 10 LS )0 0,55lS YA/ (l5eas
5 ples yel)l go b as el als a5y &gy 99 doeyis alls
(Brdar et al., 2008) sy co iy ya5 dils oy ey
S 0y e s B ybo Sl paiS apa el YL ails 5 Sae
Karimi ) cewl sas Jool> cilop b aigs 0l oylo; 5!

Ve f Al jo puiS slacaiel) 00 gy § did ) s
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Logisis Dl Lol gy jusiie 35, )0 JLiSe 0 p 56lS
Ol Jgamme 93 0395l s 0y o yan dgliie 05l ne
3oz slecais )3 o (ol Glime (7S 45 das
ol yiiin oS Slacadsil 5o Cio cnl e G iden
57 SlocSsi) 038l ) ddy Cae pa (oSl & SlagS
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Gl 5 3, Shas s 00S e Ky poiF malS Lo
L olzdles 3 Jls3en 56 (Bloomfield et al., 2018)
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