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Abstract

This study aimed to evaluate the effects of humic acid, amino acid, fulvic acid, and

seaweed extract on seed yield, oil content, and water use efficiency (WUE) of
canola. Two irrigation treatments were considered: irrigation after 70-80 mm of

cumulative evaporation (normal) and irrigation after 130-140 mm (drought stress).
The experiment was conducted using a split-plot design, with three replications, in
two years in Moghan area. Results showed that all bio-stimulant treatments
outperformed the control in improving key agronomic traits, although their
effectiveness varied depending on irrigation conditions. Under normal irrigation,
humic acid led to the highest seed yield (3802 kg/ha), oil content (43.8 %), and
WUE (1.17 kg m’®). Under drought stress, the amino acid treatment achieved the
highest WUE (1.75 kg m™®) and a high seed yield (3682 kg/ha). Partial budgeting
analysis showed that, under normal irrigation, humic acid was the most
economically profitable treatment, while amino acid performed best under drought
conditions. Multi-criteria decision analysis using the TOPSIS method revealed that
the optimal treatment depended on the target criteria (yield, quality, or efficiency)
and environmental conditions. Based on the farmer’s agricultural priorities, under
normal conditions humic acid ranked first, while under drought conditions amino
acids, and sometimes seaweed extract, had the highest priority. The results suggest
that using organic growth stimulants, especially under limited water availability,
can improve canola (rapeseed) yield, oil quality, and WUE, offering a sustainable
and economically viable management strategy for semi-arid regions of Iran.
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2 -TOPSIS (Technique for Order of Preference by Similarity to
Ideal Solution)
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1 -Water Use Efficiency
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4 -Data Envelopment Analysis
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3 -CRiteria Importance Through Intercriteria
Correlation



w3 1A O G jan 0,8 5 Bgy oy o3 Shes 5 ady T G e o5bazl oL,/ VA

45

—Maximum temperature <isiu glas  —Minimum temperature < ¢l

w
=

._.
&
(215 ol 4 32) L
Temprature

D —— 0
-15
E = - 9 1 3 P - )
ST T S R
) N K 3 2
n [ . h c : )
U A L
L A A T A A
£ y g 3 T H
Z = [] a
;‘é 3 a b4 q 2
&

September _s1s8

155 005 095 Job )3 (g (gl Jome (slod 9 (40, (ke yldg0i =) JSUd

+ dald Hled (065 Jsd Aol 3L oo + dals Sl
Ju.}_ju Lﬁlﬁ))&flkcjw L}.J:L:J}lm

u:b_l.o}T sl
S5 el glasles Jlsl 5l i
ilosl o eslizad 3,50 Ay S e lesd
23S 3 T sy Of 5 St Slids ae b
OF lyls b rae Soagep Aol LT ol el ol
Aoy YN hls Sodsh donl ( Seoson Aol Ao
ool Aol Ao )3 YEIA (G5l vl el (sl 55 A
Sl el o3 Ve s als Sl ol 55150
390 05 lzdles 85151 03, 1S candllan 3550 oS 55
OS A S S w50 3 sle e Lol 3 L sS
e Jols 5 e VY s e sl sl bl
(S gon Aol 5,558) psos slas 5o 25 S s,
Cogot Seopp Aol 05 R i S5 s
Gart 5 Doa ) zaF A, e 55 o olls s
Ges 3l mlal Gl 5l G A el St w0 audlS
L .3 S 4 oS e @503 S (g e Sl Y U e
Slr e e 53 Sl s 5 O0AS S T5a 5l
Sabesd 5 (Kb gl Sy 5l e Sl
I oS doss (VA8 Gl 5 2) S il e

00 A

g

0

{8

30}-?L

» 14

'3

1041-‘§

:

T T - OQ:
S TR T T S AT
[ s 3 3 0
P: o2 b Y0 :
%Egégzm;\"'
6 5 & 5 % i 8
7z A B 4 2

bl b

Bl oS5k ol b B s lesT

Ll DS w53 addis 2 o S o) poay ol
VoSl o ok ol Sl 53 bala Lol Jale s
AN i S35l e 55 e ke A0 L
e e e VE BT 51 L bl 5 (b5 oD
ol o i Slallas sl a8 (T J50) mezs
VimAY sl e S Odews 3l oy 0kl 3
5>l bl Olssa A SIS s s Sl e e
55 5 o ol S S e apd e w8
S o 2l o G5 Lyl 058 ol (5 ey e
N3 nlS |y Lols S 5 e 3 She 150 5
(Y OLKen 5 Y 5 YN Ol Kas 5 Lalb)
Sl el bl Sag s e e DT i
iy, axeg Ges 3 TDR? s b S cosb,
b cogh, Ol Gae by (e K ossa)
30638 e gy Jold o3 bele s S s ol
Gars 5 Sl ) go SSsS Adee 0 0 &S
Loles L dlasl ol w Slie 5o gy clale b 5 aUlS
G pean L3 iy S e 3l esliad 05) dals )z Juls
ol ks (VS oosesl Gb o placd sS
Aol Gyme + dals les (7 tane] dend 2L sl
(F O L3 p SIS =) lelasS Go b 5 Soosn

5 -Time Domain Reflectometry



VAV 7 VEF /Y oyl / Y Wi / o/ (550lES 55 ol Liagh 4 s

o ﬁ‘)“-{f'd‘ﬁb L LAQ}A)T g]‘i‘ Citu J\.J\S; )\j;

9 Qﬂjj) Joles W.JS ol S «(Y4VA ‘Ji})_}:’ 3
gu»::j‘)) Lﬁgﬂ}lﬁ\ g:,__{\.)dh E) 4.21.,\:.“:( s(\qq; g))‘ji.w
5 0895 (Sl 5 Kake) Sl J6 iy (VAAY

NS

bl Ol S glonsd § (K58 Oloogad (S -) Sy

e N JB Shd . pandS” Ly )5 Colan
g | o Pe &gy o2l . . ook . i
SB el ol s Jolre S
mg.kg | % (ds.m)
=) Py 16 106 0.13 3.2 521 15.2 0.9 5.7 1.34 7.8

ol 5 5aS 1y slieds piaman 03 4 (S
Lol SlWaw 5 o) S 3L (siaes,
oA SO e s 5o Sl s aw chle
35008 552 36285 Do S Sl i s 25
oS 5 Sl 5 iy p O e Sl 5 Lole ol
3 Gras ol Olpe sy Joad OLY 52 258 5,5 S
@ly 5 e a5l dd, alS glajesls &
O3 Sl 255 DT G ae SIS 5 B g5 Ao
L;LMJ;L}SQ:JSQJ-“chq-t{«;l;;)ﬂw.@ﬁ
A s S VO Jsles v.xb.w Shedacals
Lyl 53 5T eS g g sleslinal L kils 85,5 Ao
St s = (6,8 554 55 S Sl a5 YO sl
S e 048Y (m) 45 S Sis
G134 e dd i 5 guamms e 0dins LIS oS T 6 ms
Wy 3 Shas o Sl el pae Of Ay
2 aSa) pas Ol e OSs e SLS)

(T O 5 5lab) L arelons (HliSa

< bl 0T
pde b3 gy 1l ulols BT elil 51 13
(1429) 31 5 Gsasl 5l eslizal b &y glaesls 355
Oyl Lo gs Wesls 55 0352 Jlag ¢ s AS ) 2
b5l e S bl 0850) S uls
s> (ANOVA) 6Lyl Jlos by e ol
o 3 eslimal b eSOl aslie 5 A plnil Laesls
S Olebl b 53 (LSD) Ll pme ooslis Jolo

andlls 350 S (S5 5 olend gla S5
(PH=7.8) L L (2S5 lyls St oS sls oL
Glreg,y polie (Fn ol Sl IS e S 2l
S S ol il anils e 56 T 5 ) e nse
I s o3 sdme 53 (e i eias s gws VTF) SLt
sl OLLS Wl gl ussdows e ol 5l 5 a4 S
b JTesle 5 (Ass OV) Jslas Sl Ol s .S e
S5 S s b 3dol Sl (doys +/9)
Sl B s Bl el ST e s e &
il B ealy 5 b A= s (VO mg/kg)
S I wls 13 VL s e s OY) mglkg)
CAYMIIKY) s 054 5 (7Y MO/KQ) ol clale
CrlogmeS S bl 5 el G515 Gl 5 S
MO/KY) 58w « bl ;5 5403 525 OLLS 3 ,ole
S 3 Csllas essde 53 (V2 MOKY) s 5 (Ve/F
G b (S s o 3L w5 Ll
S gdome Jl-pll ctnl o gllae 12 S1se 5 o b
FB s o (B paeeS ole we) oy S Lo
Ll Gl i 335 (S5 00l LSl 5 5 a5
Jols s slueslel Slkes plnil 51
s slacde J s ol L@.\z,: 5 Ko ‘(,_,w
S 3 2 e Ol 4 WS Ly e SSCils
0531555 ol S 3L 3550 0555 el ey A5 oLz
o a3 5 508 52 p SS N0 e 4§ ez
(ol ©par 38 51 13) 5d iy s3leeslel Ol
53 0SS 00 Ll p8) 5, Bl e 5 s, Al

6 -Soxhlet method



JJ‘}K?TJW&‘)\SJO}}J M))séjﬂaﬁﬁuj JI&“JW&JM‘&Q})‘/\AY

sk Olgeay O Goae LS 5 e, doys
Sl 8 L3 g bl Sl > s b))
Sy e a e el daslae (6 el
L L slne 013l ep s a0 03 s 5 S (5Ll 5
sdlddle 5 g le s 5 e 3,5LES Olal 4 g
Gl S ) JTedl slie caslsl 3 s S Jlesl
5 o ((Ses S o 5 Jlol Ao 5 Gl s
Bl ol SaS w ny 53 opl 5l ke e sl
s asS a sald jasld oy al e s A el
Osee OF Sldie &8 L3 S 5,50 Lalol pl bl
ol s e Ol 1y dlel ol w4 S Soss

S dloee (V) ddaly L et L
R
V7 af+a;

St s e Jlol Sl 4y S alol s 5w df s dy

Q)

ol
sl i bl bl wculg s
ot las 45 Las ol Gld g, Cals
s dlal Sl w ) (Ssp o pde o s slan S

sl dlol A Sl 51 Aol oy i

o g b
“S e BB e BAa L sy ) s
G pas oL 5 esy s o Shes pad, JIgla
Sl Sas 15 s dlep ol ks cos s O
Sldes slse el a2 DL by STl s e
s 3 S e g s S sk Cands b cos
Al Coglize Caliee Ll 5 3 Wajlegs i1 5, e i
iy DA Ygane JT oS e 03 5 |
a5 Shae Al oS Sliw 5 2 Kl e 5 Al
L IS SE e, Aoy L 4S8 Slis o
s paxls pl JUS 53 Ol G e LIS o3l cpoean
S5oS slaplls 53 sl cpl 2L 5 (5 5 malr o8

Azl aelsl 5 ¢ ulal 5l "’JﬁTd‘ V.A\Jﬁ 3 gdee @L:.a

8 -Multi-Criteria Decision Making
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