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Abstract

In order to study the effect of methanol and seed inoculation with plant growth promoting rhizobacteria on grain filling components, chlorophyll
content and grain yield of safflower (Carthamus tinctorius L.) under various irrigation levels, a factorial experiment has been conducted based on
randomized complete block design with three replications at the research farm of University of Mohaghegh Ardabili in 2020. The experimental factors
include irrigation (full irrigation as control, irrigation withholding at 50% heading-bud, and flowering stages), biofertilizers application (no application
as control, seed inoculation with Flavobacterium, Pseudomonas and both application of Flavobacterium and Pseudomonas), and methanol foliar
application: (foliar application with water as control and foliar application with 10% and 20% volume of methanol). The results show that the content
chlorophyll a (41.57%), b (74.59%) and total chlorophyll (49.33%), grain filling period, and effective grain filling period (27.32% and 72.89%
respectively) and grain yield (69.2%) have increased under full irrigation condition, foliar application 20% volume of methanol, and both application
of Flavobacterium with Pseudomonas in comparison with irrigation withholding at 50% heading-bud and no application of biofertilizers and
methanol. Generally, the results show that application of plant growth-promoting bacteria and methanol can increase grain yield of safflower by
improving chlorophyll content and grain filling components under water limitation condition.

Keywords: Drought, Flavobacterium, grain filling, methanol, Pseudomonas,
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Y4/Vobed YY'/4Yab v/ N Yde v/ ¢AYab 0/vVodefg \/6VVbe $/YAMcde S xBsxM;
Y+/\Ybe YY/Ybed o/++\\Yde +/vEAAa Vi gobe V/VYAa £/Y'YVb S, xBsxM,
Y\/oVa Y¢/Ya +/++\04gh v/v0+Ya VYA a \/VYoa $/00"a S;xByxM;
Yo/ qrs YA/Yol eVovl /+¥oop §/vo0q VOV ¥/FYAK S,%BxM,
Y+/00pqr YA/EV] o/v N WNef +/+YYYmn £/1\¢%0p \/\Yai Y/0\i S,xB1xM,
Y¢/YVkl Y'Y/« ¢hi +/++\\4a +/+8\Ygh 0/YoYij V/EANd Y/AVA T S,xBixM;
Y4/ Ypq YA +/++ Y OAi «/+¥Yno §/¥7'Vq YORY, ¥/ 1jk S,xByxM,
YY/¥YImn ARVAN! +/++\04gh +/+YV\jk {/Adomn \/¥Yogh Y/\Yghi S,xB,xM,
YVAogh Yv/\afg «/++\\Yde /v eYodef 0/V¥efg V/0A\b £/\ooe S,xByxM;
Y\/640p Y4/¥vk /v VWed +/+YoYklm £/04Ap \/Yotgh AVARRA] S,xB3xM;
Y/46gh YY/AVcde o/ N Ve v/ YiYefg 0/0Y4hi \/YVVe i/yoYe S,xB3xM,
YA/0\def Y'Y/AAdef o[\ fg +/rioved 0/VYdefg Y/0AYb £/VAde S,xB3xMs
YY/AYKIm Y /\jk «/++)04gh +/2YV4j 0/++Ylmn \/YoAed Ytig S,xBsxM;
Ydcde YY/YAbed o/v\fg +/+EEbe 0/A+Adef \/0+écd /v« obed S,xByxM,
Y4/\4bed YY/0 \abed «/++\\Yde +/+iAVab 0/4¢Ybed V/AYAb £/¥\ ob S,xBsxM;
VA/Ys YA eavel COYVEr £/Y\q «JAMA] ¥/YVAK SyxB XM,
Ya/) Vst YV/A\¥n o/s+V8Vm YA gr §/¥YVq +/890j ¥k SyxB XM,
Y\/VYop Y4/¢0k /v VWed /v 08kl {/Atno /Y« Yhi Y/1YAgh S;xB;xM;
Y4/) Ast YV/\Vn e\ Evm /A YAYGr §/¥YAq Ve ¥/*YVik S5xByxM,
Y+/+\grs YV/AYIm o/eaVOYjk +/+Y+Vop ¢/\\oop AVAR31 Y'/0Y 0ghi S3xB,yxM,
YY/AYKIm Y /8Vij «/++Yodgh /2 YV4j 0/Y¢4jk V/¥\oe Y/AMEE S;xByxM;
\4/¥orst YV/¢imn ARRE34] +/+YAApq £/07Ap \/+00j Y/0\Yhi S3xByxM;
YY/A¥mno Y /+ 5k o/v N\ Wed +/+¥4jk £/4¢ omn AVARZ3 Y/ANT S;xB3xM,
Y0/4Vhi Y\/VVgh +/++\V04gh /8 \Yfgh 0/6VYgh y/e4vd i/ Ae S3xB3xM;
Y+/AMpq YA/YY1 o/ee\fg +/+YYYImn ¢/AA¢mn \/Y\Ygh Y/AYYghi S3xByxM,
YY/AQkIm Y4/4Yjk +/++\V04gh /2 YAj 0/\V1jkl Ve Y/AYE S;xBsxM,
YV/EAfg YY/EAefg +/++\04gh +/+8YVde o/A\\ofgh \/ed £/\\oe S3xBsxM;
\/YVYY C/VYY AEEERRYA o/ YY +/VAAY +/2V00 AR} LSD
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) s gdoee i cow KN s Shas il g5 Shes p Jslie 5 ddy S e sl S 5 Kl alis V Jus

<ls 3 Shas <layle O3 s sl G slaws Lls slaas Gb ks <yl ) i

(gm?) (@ RPN S ok s (em) (cm) Solos 55
\AA/AIm YA/Yohij 0/160m A/AVKImn £1/YAk Y/EA] Ate S;xBxM;
YVYV/EY] Le/tefg VYijk 4/ 0jklm $¢/AYgh YIV\g ad S;xB1xM,
YYY/¢abedef £0/AAb V/+Acdef \Y/YYb 0+/YAd Y/\ode AER7A\:) S;xB1xMs
AREVAYA'S Le/v1g Ve tkl 4/vojk £Y/+hij Y/00hij 4+/Ad S;xByxM;
YYA/+ Vefg IXTARIY VAVfgh Vo /VVeg LV/oe Y/VYg av/Ye S, xByxM,
YYA/YYabed tAYa V/YAbc \Y/YD 0Y/Aab Y/YVabced V\+/Ya S1xByxMs
YYY/YAgh £Y/odef VYAj Vi L0/ \Afg Y/\ighi 9 /Nd S;xB3xM;
YY+/0defg £0/0bc V/YYcd VV/ocd 0Y/+6bc Y/ \ef Vv §/%b S;xB3xM,
Y¢+/Atabe LA/YAa V/00ab \Y/¥Vab 0¢/\\a Y/Yabc YVe/Ya S;1xB3xMs
YY\/A\bedefg LE/YYe VAefg VV/Yed 0+/Vod Y/\ide aV/Ve S xBaxM;
YY'A/AOab £V/YYb V/\oa \Y/Yob 0¢/\Aa Y/¢\a V+0/tb S;xByxM,
YiY/oYa tA/00a V/0Aab \Y/AVa 0¢/Yoa Y/¥'Vab VVe/0a S;xByxM;
VEA/OYq Yo/+ \mno L/VYp V/Aoqrs YV/Vmno Y/+topq \a%3 S,xBxM;
\V4/0mno Y\ oklm 0/Y¥n AV Eopq ie/00k Y/Y\klmn VWA S,xB1xM,
Y\o/6hij £/ fg VVogh \ +/Vfgh £/ 0efg Y/\ogh ad S,xB XM
\\VAp Yo/ Ymn £/VVop A/ropq YA/\ Ylmno Y/\ \nop VAL S,xB,xM;
YAL/VIm Y/0klm 0/V¥m 4/\jklmn £1/0Aijk Y/Ykl AY/\e S,xByxM,
YYY/AY{gh LY/YAd V/vafgh ARVAAK £VVief Y/aveE aV/e S,xByxM;
YAL/+Ym Y V/YAklm 0/Yéin A/Yolmn £V/+ Yk Y/\4klmn AY/\e S,xB3xM;
ARRVART' £Y/+Yd VYoij \+/ofgh to/vtfg Y/EA) 4)/Ad S,xB3xM,
YY\/+ Acdefg £0/+Abc VAYdefg VV/00cd 0+/YYd Y/\tde V+&/\b S,xB3xMjs
ARVVARN'S YVijk VYYjk 4/¢Yj £Y/Yohi Y/\Agh AY/Ve S,xByxM;
YY4/¢Vdefg ££/4Abe /A\efgh VV/Yvde LV/AAe Y/ Acd av/ve S,xByxM,
YY'V/YAabede £7/V0b V/\Yede \Ybe 0+/ftcd Y/¥bed \+0b S,xByxMs
VEY/Vq YY/Yop L/00p V/Yot VYo V/Atq 14/vg S;xB1xM;
VEV/AAq YY/eYp £/ Ap V/orst Y1/6Yno Y/+*\pq Ve/Ng S;xB1xM,
\A+/AVmn YVAYjkl 0/Yn A/0Vnop £/80k Y/YYklmn AY/Ye S3xB1xMj
\\Y/\p Y'Y'/AAnop £/AYop V/YEst YA/YImn Y/\nop Vg S3xB,xM;
\V+/8top Yo/\¢mn 0/+0n0 V/AYqr YAAL Y/\ 6mnop VAL S3xB,xM,
V4V/VYkl YA/0Yhi 0/YVIm Y +/\Ahi £V /viijk Y/0ij A&/oe S;xByxMs
\V+/VYop YY/00p ¢/Atop V/A\grs YA/Y0lm Y/\\Imno \A7AN S;xB3xM;
\VY/¥nop YA/¢Ehi o/¥n AAYmno £e/8k Y/¥Yk INTAYS S3xB3xM,
Yro/Vok £\/Aode VYjk \+/Yoghi LY/ ¢hi Y/VYg 4y/vd S3xB3xM;
YAO/Y¥Ym Yo/ ¢lm 0/Ym AAtklmn £1/YVjk Y/Yklm VV/Y S3xByxM;
ARAVARYY] YA/AAgh Vit 4/YAjkl £/ Lefg Y/84j q+/vd S3xByxM,
YYY/Voghi IAVARY /0Vhi \+/Aoef £/ Yefg Y/Vog qYy/ed S3xByxM;
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