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Table 1- Meteorological data of Dehkhoda research station during the experiment (2016-2017)
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ADIil 133,53 165 31 238 0.1 5.4 7.1
May cuigs)l 22 405 31.3 0.1 7.3 12.6
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Table 2- Some physic-chemical characteristic of the soil in the field experiment (Depth of soil 0-30 cm)
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Silty clay 214 7.2 0.05 0.76 7.4 3.6
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Table 4- continued

(RO Iy 59 4y g 59, s
Number of day and Growth Degree — Day accumulation (GDD)
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Livs 13.1b 217.4bc 13.1c 212.7c 5.1b 79.4c 157.2¢c 1573.7c
uv
15 December
s 10.5¢ 214.1c 9.5d 197.4cd 4.5b 66.6d 142.3d 1452.9d
J
5 Januar
b y 8.3d 136.9d 7.3e 173.3d 4.5b 46.9¢ 131.8e 1100.7e
LSD (0.05) 1.88 12.36 1.24 25.3 1.17 4.8 5.29 54.63
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Means with the same letters in each column are not significantly different

Sy 1y 595 35 0,90 Ol 0lS CulS )b 0 b L
P 4o 53 9 03,8 C8Lyd (6 F Yo loj e )3 (58 Sy
2 g psalS el bl 5 L oyes  Jdoas wiy Jolye 51 S
Ay 093 Jobo plasl cga 1) cuwlio A jg) —dp> olS oo
C))l_) 99 )2 ..\M:) )9) 4>y L)"‘blf 9) u)‘ )l ..\Jlo.luo) WS .)9>
Al o 59 wgllasl Jolge Juols Laas (63 0 5,31 10 cusls
30y b oyed JS Jgb S wialy ol Calisee liales] aoess
Somdio gl o Ol laalpd )3 59, We iy byl oliglE S
slgal olea g Of bl ) 59, VWY ¢ (Nasiri et al.,, 2013)
.Cusl 039y (Derikvandi et al., 2013)
93y sl cewlie CdlS F)5 e a0 gdger
oobl il (958 by g (B 0)93 3 YL )l
g olo )3 (sl sbeuiS j3 Limok ol 5 odel Cowday slaasdly
oy L LS o dagi 9 (4 jow dl> o B )b Sl olocd
L_B)_Jo )l 9 J._J.))f J_a.») d.)_«s Cuw g W 4>|94 OLoM 9 olndé
du)fuw L asb OA=by g um_lf 0590 u.ul.w> J>|).a )iﬁi
9 Jj .))_ilo& RVR W u«dbg o g 4>‘9o olo &3)9)5 9 olodiduwl

5 ),_>l_, Lol ol gols g ol &l ady Ll g g9
Ol S cciby Gl piY (lej wae g ()l 5l clls
L 3 (Sl s opskde &5 (gysbdy b oo el o)l
959y VIV de 3 Ay joy —dn 3 Ve V)Y (1 Sbo b yoo VO clilS
o esls Pl—’ [ERWC NS ol Cawdey 590 ¥/0 Gde > 03,
V0 cuilS )b cuils slagu )b oles Juad BT gl cle
(F Jg) wily Slasy (S by 4
S b ot a8 b Gl 55 5:S0ke duglie ol s
=42 W /V 1Sl b (5ol 5o (eSS 9 9y YAV/E e
2By jey —amyd Gl L pialsT (ool oYs 1 (S (Y
oS asulis a8 canl > ol 4 bides oad )85 sl clagu,s
2393 L 350 Ol x> hawgie 98 S Guslie Gloj 5
Gao 1y aes udy ol 5005 cdlpd (55065 (yloj e
oSAL lei oo (g i sllae Ol dx )3 L g bl (o



WAV Hlewsl (¥ o)lols 8 ol ol ! 2ly) Glecdunr g3y 4yl OMA

gy i) e 3,508 g 0 ol LT oy (gl sie B3]
5 1 S 0 Jpi) 2l cansiy Jg) o515 1 (in s VAIY)
g 515 > 1 81,5 Sal3 8 s iy S50 ¢l il
s 1 ool sl 0L5o JS sy i) I (U Wl
LS el J515 & 5 355 Yl (slagST5 > bl (s ygb
o8l ad o 5o il siten i sl Lokl G By g SRalS
0 lse dlols iolidl 4y jeome b 1)L (gl ol ST I el oo
(Tazeh et al., 2015) 544 0

S Sl s )b lasles Sl cod Sy aw jadls
e 1Y Jaz) b ol | s o sine 9l il iz 51
ST 53 5o 10 CBlS Gyl aS ol L5 Wiy bS5 g cadlS b
L0 0 cuilS b g oy Y10 5800 b mipo yio pd i YA
Sy g a3l (p 1S VI (50ke b @ye yio 3 692 7 o815
(V JSs) ol olaid] ags 4 1y

Gt ) g o dmogh il b (il g (—dg) 0992
23,5 Clizxl (63 5 31 (slaolo ;> gl bjg5 S

Pl 0815 9 CdlS Fo,b a8 b L ilyly 438 gl
o gl ] iiSam s Ll caizils a5 glis) (ggy (sl sine
Laass elis) 5l el go,15 )3 p3b LY Jga2) 95l gine
ol Ve /D Lindigy g165,) a0 V0 cudlS o 55 i aulS
(0s50L5sS) o s PVIS (03 0 <l )b )5 Jy (025aik)
Cge 1) 0390 Jolo (UGS 5 CublS loj o ;3L (D Jga) 29,
5 0S5 1y it Slga 53, 0,83 (gl (SIS Cam b oL 03
il Yiass! (Ebrahimi et al., 2010) 1l ,zals %, £lis)
Jmad 39 Yok ey Jgl el g6 5 (jels J5 elis)]
AR )3 gy e (dngy M) il D) Jgy —a)d L)Y )
sl 0ke Job ol e (S cuo b

AWIA) pos glonS|is > i fan ats 6Lyl iy
45 39 (e Bl AVY) po3 5 (e le W) o)l 5 (i il

5 —
345 A
QJ 1
3.5 -
4 5
K25 4
22
Z 15 -
= 1 A
05 4 = > ) —m—10 —e— 14 —&— 18
0 T T T 1
15-Oct 5-Nov 25-Nov 15-Dec 5-Jan

sle
B

S gla C__-J'..‘-

Sowing dates

oilejl 590 LASTS 3 Cuils Bliteo g ,U 13 Sy b ad b Ol i - JSW
Figure 1- Variation of LAI at different sowing date in experimental densities
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Table 6- Correlation among flower yield, plant height, LAl and pheenologic stages of Borage

Sajlgh lie 1 2 3 4 5 6 7 8 9 10 11
Pheenologic traits

5 oSles 1

(1) Flower yield

Sl 047 1

(2) Plant height

S g a3l 0.65° 048° 1

(3) LAI

GMpm g 052 055" 056 1

(4) Emergence initiation

A SxYeS g7 043 041% 043 1

(5) 2 true leaves initiation

okt JS 4Bl oo

(6) Flowering 060 053" 0727 0.80 054" 1

stem emergence

it 027* 033" 032" 012™ 043" 034" 1

(7) Flowering initiation

S a5 0.61° 061* 057" 075 060 076" 044 1

(8) Full flowering

“hosinead 0.39° 062* 050 065° 058" 056 036" 075" 1

(9) Seed fill initiation

B oady 0.67 056* 072" 080" 064 088" 0227 075° 053° 1
(10) Complete fill

Cbloy 9% . . . " - o B B
(11) Seed 057" 063 068" 083 061 087" 045" 082" 078" 082" 1

harvesting initiation
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Introduction: One of the main goals of modern farming is to better understand crop growth and
development for optimal use of environmental resources and, consequently, more yield .The study of the growth
and development of crops such as Borage (Borago officinalis L.) during the growing season allows the sensitive
stages of plant life to be identified and managed in an optimal way and for them to achieve high yields. Since the
weather condition of each region varies in different seasons, it is difficult to determine the time of sensitive
stages of growth to unfavorable environmental conditions. One of the main advantages of determining the
phenology of a plant is the optimal use of ecological factors to increase its performance, Because according to
the meteorological statistics in each area and the determination of the temperature requirement for each
phonological stage and the entire plant growth period, many of the issues of planting, including sowing date and
plant density, can be identified at the best possible time and achieved more production. Thus, this experiment
carried out in order to assessment of required growing degree days (GDD) phenologic stages and growth borage
in different sowing and densities.

Materials and Methods: A field research was conducted as a split plot arrangement based on randomized
complete block design (RCBD) with three replications at farm at experimental field of Khouzestan Ramin
Agriculture and Natural Resources University, Iran during 2016-2017 cropping season. Five sowing date (15
October, 5 and 25 November, 15 December and 5 January) as main plat and four plant densities including of 6,
10, 14 and 18 plants per m? as sub plots comprised experimental treatment. Growth degree— day (GDD)
accumulation of phenological stages (Emergence initiation, Two true leaves initiation, Flowering stem
emergence, Flowering initiation, Full flowering, Seed fill initiation, Complete fill, Seed harvesting initiation,
Total growth season), Dry flower yield, Plant height and Leaf area index of borage were measured. Analysis of
variance and comparison of means was performed by SAS software and least significant difference test (LSD),
5% level probability, respectively.

Results and Discussion: The results showed that the effect of sowing date on the length of different
phonologic periods was significant, but the effect of plant density and the interaction between sowing date and
plant density on this trait was not significant. The highest and the lowest growth degree— day from sowing to
different stages of growth were obtained on 15 October and 5 January, respectively. With delay in sowing, the
average number of days and growth degree— day (GDD) accumulation decreased in most phonologic stages. The
effect of sowing date and plant density had significant effect on flower yield and plant height. With 720.8 kg.ha™
of dry flower vyield, first sowing date (15 October) was the best treatment. Increasing of plant density was
increased plant height, and flower yield. So that the highest dry flower yield was achieved with an average of
586.3 kg.ha* at a density with 14 plant per m™. Interaction effect of sowing date and plant density on leaf area
index was also significant. So that sowing dates of 15 October at 18 plant per m?had the highest leaf area index.
Determining the relationship between borage phonologic stages and GDD will be very beneficial in applying the
principles of management, especially in determining the appropriate sowing date.
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Conclusions: For the highest dry flower yield in Ahvaz climate, the best sowing date for borago was 15
October and the best planting density was 14 plants per m?. There was also significant correlation between
flower yield and growth degree-day (GDD) accumulation showed that the regulation of sowing date is very
important for completing growth and development stages.

Keywords: Correlation, Flower yield, Heat requirement, Khuzestan, Leaf area index



