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3- Standardized Precipitation Index
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Figure 1- Gray area show the study area.
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Table 1- Date of phenological stages for rainfed barley, Tabriz

&Py &)U 39 ole S99 Ul
Date of occurrence  Day Month  Phenological stages
Jol azén 16 2o Siale sl
First week 8 October  Begins germination
Py 4ian 3 ol 05 4oy S
Third week 25  QOctober  Begins tillering
i § Cony i 28 ongb > J5 3]
Twenty eighth week 17 April Begins anthesis
Pl 9 o in 9 b 4l sy 2]
Thirty Fourth week 30 May Begins ripening
NI 20 » culyy
Fortieth week 11 July Begins harvesting
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Table 2- The correlation coefficient (r) between precipitation variables (P.V) and annual rainfed barley yield during the
growing season, Tabriz 1977-2013.

):M y 1« 2 aha 3 ada 4 @ox 5 ada 6 axda 7 aoa 8 4
¥k wil w22 w3 ! w5 W6 w7 w8
P.V
T -0.21 0.1 -.24 0.22 0.26 0.12 -0.14 -0.15
S5,b pite 9 azan 10 azan 11 asan 12 wsan 13 asan 14 wan 15 asan 16 azan 17 asan
P.Vv w9 w10 will w12 w13 wi4 w15 w16 w17
T 0.07 0.17 _15 -29 0.30 0.05 0.15 0.04 0.04
S5,b pite 18 asan 19 wsan 20 azan 21 azan 22 azan 23 azan 24 azan 25 azan 26 azan
P.Vv w18 w19 w20 w21 w22 w23 w24 w25 W26
/%)‘0 0.12 0.24 -0.02 0.17 0.16 0.18 0.12 0.24 0.47*
S5,b pite 27 azan 28 azan 29 azan 30 azan 31 azan 32 azan 33 azan 34 azan 35 azan
P.Vv w27 w28 w29 w30 w3l w32 w33 w34 w35
,%)‘0 -0.16 0.31 0.60** 0.23 0.40* 0.45* 0.14 -0.15 0.20
SHL pite 36 azan 37 azan 38 azan 39 azan 40 azan 1 win ¢ 2 wan ¢ 3 wan ¢ 4 wan o
P.Vv w36 w37 w38 w39 w40 2wl 2W2 2wW3 2wW4
,%)@ -0.03 -0.02 0.02 0.01 0.35 -0.27 -0.03 0.28 -0.23
L_;JJ)L)M 54}'.5.&53 64}'.5.&53 745.5.&53 84}'.5.&53 94}'.5.&53 104}'.5.&53 114}'.5.&53 124}'.5.&53 134}'.5.&53
P.Vv 2wW5° 2W6 2W7 2wW8 2W9 2w10 2w11l 2W12 2w13
R 0.12 -0.28 0.25 0.15 0.11 0.14 0.18 0.19 0.53%*
SHybowze Maing 15 aus g 10wang LTaing 18aingy 1Owing 20wy 1 ainaw 2 wan dw
P.Vv 2w14 2w15 2W16 2wW17 2w18 2w19 2wW20 3wl 3wW2
,%)@ 0.25 0.47* 0.54** -0.05 0.08 -0.05 0.30 -0.32 0.33
SH)b e 3 aman aw 4 wan aw 5 wian aw Oainaw Taminaw Bainaw Jainaw ainaw 11 win aw
P.Vv 3w3 3w4 3wW5H 3wW6 3W7 3w8 3wW9 3w10 3will
T -0.12 -0.21 0.31 0.13 0.18 0.27 0.41* 0.52%* 0.46*
SH)b e 12 wam aw 13 ain duw lain oo 2ain gy Jain e damn be  Sais e Oatis e T ams b
P.V 3w12 3w13 4wl 4w2 4w3 4w4 4W5 4W6 aw7
,%)‘0 -0.08 -0.01 -0.15 0.17 -0.07 0.31 0.14 0.28 0.43*
SHyb et Bais o Jamm b 10w by lavegm 2aiegy  Jwingy daingze  Daiag 6 wan g
P.V 4w8 4W9 4wW10 5W1 5W2 5W3 5W4 5W5 5W6
,%)@ 0.60** -0.01 0.17 0.05 0.09 0.05 0.16 0.38 0.57**
P.V 5W7 5W8 6W1 6W2 6W3 6W4 6W5 6W6 7wl
i 0.30 0.08 0.09 -0.18 0.31 0.32 0.57** 0.29 0.05

Siaan (1)
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SH)b e 2amcan Jamvcds  daincas 5w cas
P.V 7W2 7W3 7W4 7W5
e 0.04 0.20 0.53%* 0.45%
S5,b pite 1 win @ 2 wan & 3 wian & 4 wan &
PV owl ow2 ow3 ow4
e 0.03 0.19 0.50* 0.46*
SHyb pite 2 amib odjw 3 ki 03w o ol
P.V 13W2 13W3 October®  November
R 0.06 0.16 -0.34 0.27
Sk pite Culged) sy ,5 June 5 Jul
PV May ” S
R 0.61%* -0.05 0.24

18wi1 2 8W2 38wW3 8W4 8W5
0.05 0.16 0.32 0.63** 0.07
1 asan o3 2 aén 0d 3 aén 0 4 wan 0> lmb:}w
10wl 10W2 10W3 10W4 13w1
0.09 0.17 0.65** 0.29 -0.17
) @ ook Aidoo] 209
December January February March April
0.03 0.03 0.19 0.21 0.46*

M)ALS{5M)A@EJ@..:)Jd)IJ@aMQOW%;Q**j

*

i Sy syt o (Slp S e 4 g Conl CulS pgd Wi > (Sitin Sy (SH5b ke 2 dtin e dgeaie Lges leis 4 (@
it gl (gl a5 (e & gl SBT3l ey i 93 (peciy > (Siti 93 (e )3 Sk ol ggecme B aiim g3 puiie  Sguaie diges lyis 4 (D
oole (S5, (sloyeiie s (Sl e a4 g olosie (SN Je e (Sl it | d9aio ised olsis 4 (€
*and ** significant at p<0.05 and p<0.01, respectively
a) For example, the meaning of W2 variable is a weekly amount of precipitation in the second week after planting, and so on for
other weekly variables.
b) For example, the meaning of the 2WS5 variable is the total amount of precipitation for two weeks in the fifth, two weeks after
planting, and so on for other variables.
¢) For example, the meaning of October precipitation variable is the total amount of precipitation in October, and so on for other the
precipitation month variables.
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Table 3- The correlation coefficient (r) and period of the 11 precipitation variables (P.V) that is significant at p<0.01

SN i ) 8593 Sod Gy pd (SNl e ) 8593 amsod g
P.V Period r P.V Period r
3 wian o Cutiged,) 16- 3401 6 0.65 6 wan g Cutigdy 16 = )9, 12 0.57
ows? 25Feb- 6 May 5W6 1 Apr — 6 May
4 wan cuin cutiged,yl 3= 3,9, 5 0.63 13 wan ¢ Cpdy9,% 19-5 0.53
8W4 25 Mar- 21 May 2W13 25 Mar - 8 Apr
Culiged,) olo Culiged,l 31-1 0.61 16 wan ¢ Culged, 30-16 0.54
May 21 Apr - 21 May 2W16 6-20 May
29 azan Culigend,) 9-2 0.60 4 wan can Culigend,) 2= sdnol 13 0.53
W29 22-29 Apr W4 4 Mar -22 Apr
8 win o Culigd,l 30-2 0.60 10 azin 4w Catiged,y) 16= 13,4, 26 0.52
4W8 22 Apr - 20 May ' 3wl10 15 Apr - 6 May '
Saman jis gy 16 3,985 0.57
6W5 25 Mar -6 May

Lo pize ol 6lp Cud )i o 4 g ol 38 31 by i 03 (ppagus 1 Sian 03 (wlide 1 Syl polie fgeme 3 diin 03 pito | Sguaie diged laic 4 (A
a) For example, the meaning of 10W3 variable is the total amount of precipitation for ten weeks in the third, ten weeks after planting,
and so on for other variables

—1356 3y dbodly SUSE g 5 Il 45 Wy egw dikd 10 2,95 (S0,b g med 9o Jgasmo 5,50os s b oaw Sy o, bol -4 Jgus

5,8es (kg/ha)=a+bx((Mm)eew aida 10 5ui,b ,luie)
Table 4- Linear regression analysis between the barley yield and 10W3 variable, for all data and separation data, Tabriz
1977-2013. Yield (kg/ha) = a+bx(10W3 (mm))

P-value R? b a _ R 09
Period of precipitation
(w‘...Q" 5 (‘-"..")‘ P‘ b.\)‘JUB [ERRVeW| W) pow wan 10
. 41 1. 464.2

0.00 0 99 6 10W3 (between 25Feb - 6 May)

SPI28<0 «5' s ) (Cudiguodyl ol 035l U bl i azan 10
0.01 028 165 487 o 2 (St pl 3515 o) Py

10W3 (between 25Feb - 6 May ) in the case of SPI128<0

SPI28>0 a5 b 3 (Cudinwod)l ol 0035l b e g azan 10
0.00 078 276 3965 Ao 2 (it o o) e

10W3 (between 25Feb- 6 May ) in the case of SP128>0

d9s n Jgamme >y Sloe 1165 kg/ha Lial5-31 o g
cusls gl sk y el Lol dslio (0=2) US4 (4) Jgos
e ca8l o (glil an oS dad o ol Kid g gbye sy
s 3, Slas tlS” Jlg) sy Lalyd (352 s yo S350
Wb o i3l S oyl a4 s JSe j0 do 60)’1 Db b
Al LS oyt > S bl 3 o a5l ol
i 0593 50 (S00)b Hlade l eolatwl (gl (6 Jailty olS
)1y A 6l (pow axan 10) cuigud,l plodpls JI aiaul
Saple) g i b Jpae 3 )Slas s dlaly oy i )00 ]
siagby el baylyd g (c,u;‘;g(,,";)l ploals JI il W) an
ol blS loj yo

13 SPI y3Lie 4Siy] bl 52 A5 pows i 10 LS5,L Jluio

bl oo 5 s (SPI2S) 5y g cin ] hcin 28 b
S5 09,5 95 any bl (Std Layl3) Hao 5 3208 L (Gsboye
8 Coboye bl s )3 oamliiie 37 5l oanlie 15 slaw .34 0
g ol pasdie 95 oo b bl el (02) UK 5o 58 0
o ooy s JUS o5 yuled b Sid ighy byl o il
2 Jgmaze csls olgl ) (sugb)y pels & ailpd )3l
o Al s 093 45 (S5)L (SPI28>0) Wil b yo cls
9 03903 s |y 3,Shee lposs duoyd T8 U caigund,l pl 035l
S35k yto e S by (I3 2176 Kgha g5 L >)Slae
2 ol (om2) JSTb 5 (4) Jgis b (il 0)90 0l 5
{SPI128<0) aoisb Lgbye cls j jiSois Ll cusls Jll
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Figure 2- The relationship between annual rainfed barley yield and precipitation between 25February - 6 May (Tabriz 1977-
2013). A) For all data. B) Separation data based SP128: solid and hollow circles indicate years with SP128>0 and SP128 <0
respectively.
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Figure 3- Probability of production annual economic rainfed barley yield( at least 600 kg/ha) according to the amount of
precipitation between 25February - 6 May in Tabriz, when conditions are wet (SP128>0) and dry (SP128 <0)
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Introduction: Many researchers studied and emphasized on determining the importance of climatic factors
that affect crop yield. As the most source of moisture in rainfed cultivation, precipitation is the most important
climate factor. Spatial and temporal change of this factor effects crop yield. Standardized Precipitation Index
(SPI) is useful to characterize the condition of the moisture supply before and during the growing season of
crops. Studies have shown that in some areas there is little correlation between spring wheat yield and SPI, while
in other areas there is significant relationship between wheat yield and SPI. This difference indicates SPI as an
indicator of moisture supply, depend on the study area .The purpose of this study was to determine the most
effective period of precipitation during growing season for rainfed barley using variables obtained from moisture
supply and precipitation periods in Tabriz. The most effective period of precipitation can be used for the
management of rainfed cultivation.

Materials and Methods: Daily temperature and precipitation data of Tabriz station were collected from Iran
Meteorological Organization for the years 1955 to 2013. In addition, barley yields data were collected for the
years 1977 to 2013. In this study, the occurrence of phenological stages (germination, tillering, anthesis, ripening
and harvesting) were estimated using growing degree days (GDD). The SPI value for 28-week time scale of the
first week after planting (SP128) was considered as an indicator of the moisture supply during growing season.
SPI128 values less than zero and greater than zero representing different classes of drought and humidity
respectively. For correlation analysis, 128 weekly variables were defined at different time scales of daily
precipitation data (Table 2). The relationship between the crop yield and precipitation variables were analyzed
by linear correlation.

Results and Discussion: The correlation coefficient (r) between precipitation and annual rainfed barley yield
were presented in Table 2. The highest correlation between yield and precipitation occurred during the 10-week
period between 25 February and 6 May, which was mostly observed at the end of April to mid-May that was
coincide with the beginning of anthesis. So it can be concluded that the anthesis stage was the most critical stage
to water stress in barley. Based on the SPI28 value greater than zero (wet conditions) or less than zero (dry
conditions), the amount of precipitation (between 25 February and 6 May) was divided into two groups. The
amount of precipitation between 25 February and 6 May explained 78% of the yield variations when SPI28 was
greater than zero (wet conditions). One mm increase in precipitation in this period increased the yield with the
rate of 2/76 kg / ha. If early planting conditions is dry (SPI 28 <0), one mm increase in precipitation between 25
February and 6 May will increase the yield at the rate of 1/65 kg /ha. Sufficient moisture during planting resulted
in establishment of the plant, taking tillering plant and reducing the cold damage, consequently improving crop
yield. Studies showed that the lack of sufficient moisture at the planting and anthesis stages strongly affects crop
yield. Therefore single irrigation down at planting and anthesis stages increased the barley yield significantly.

Conclusion: Barley yield in Tabriz is influenced by different factors. In this study the effects of variables
such as soil type, temperature changes, pests and diseases and crop management practices were not considered.
The results showed that the amount of precipitation in ten weekly scales explained yield variation better than
other time scales. Sufficient moisture during planting, increased yield up to 60% by receiving same amount of
precipitation between 25 February and 6 May rather than dry conditions. Therefore, if moisture supply is
available during planting, the plant will have higher potential to produce using the amount of precipitation
between 25 February and 6 May. Therefore, a specific period of precipitation during the growing season had no
effect on barely yield. To better explain the yield variations simultaneously both amount of precipitation between
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25 February - 6 May and early planting moisture supply conditions must be considered simultaneously. Farmers
can consider the moisture supply conditions before planting, and then in the first week decide on planting crop,
crop insurance and plant irrigation.
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