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Introduction

Due to climate change, increasing and maintaining the current level of production in low rainfall conditions
in semi-arid regions is an important challenge. On the other hand, agriculture in these areas is often of low
productivity due to low water use efficiency. Considering the fact that Iran is one of the challenging arid and
semi-arid regions of the world, so it faces the problem of water shortage and precipitation. Therefore, in such
circumstances, finding eco-friendly solutions to increase water use efficiency to achieve sustainable agricultural
goals seems necessary. In recent years, many efforts have been made in this field, in this regard, limited
irrigation and the use of superabsorbent into the soil as two practical strategies for water conservation and
optimal use have been considered.

Optimizing the effective factors in production and management of water use in the farm could saves limited
water resources and protects the soil, moreover, can increase yields. Extensive research has been done on the
effect of different levels of irrigation, superabsorbent and fertilizer on different crops, but in the field of
simultaneous optimization of these factors using statistical techniques, there is little or no information, so this
study aims to optimize consumption of irrigation water, superabsorbent and cattle manure were designed and
conducted in low-input sesame cultivation using surface-response methodology and Box-Behnken design.

Materials and Methods

The experiment was conducted as a Box-Behnken design. Experimental factors including a combination of
different levels of irrigation water, superabsorbent and cattle manure. The total number of treatments required for
this experiment was 15 treatments including 12 factorial combinations and 3 replications of the central point.
The Box-Behnken design is essentially applicable and analyzed with one replication, but to fit the level of
response equations, it is necessary to repeat the central points that represent the average level of high and low
levels of each of the experimental factors. Using the Box-Behnken design, it is possible that most information
from the minimum executive operation would be obtained through the distribution of trial points in the
treatments. The values of these factors were determined by using software due to low and high levels of
irrigation water (1500 and 3000 m® ha™), superabsorbent (0 and 160 kg ha™) and cattle manure (0 and 30
ton ha™) using software.

In the Box-Behnken method, the response variable (y) is estimated by Equation 1:
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Where y is a dependent variable and according to sesame seed yield, biological yield, leaf area index, leaf dry
weight, number of pods per plant, number of seeds per pods, 1000-seeds weight, relative water content and seed
oil percentage were calculated separately; X; |s the independent variable, X;X; i the interaction of the independent
variable i and the independent variable j, X;* the second power of the mdependent variable i and Bi to Bii are the
coefficients of the equation. After obtammg the simulation results, using calculations and statistical methods, a
quadratic polynomial is obtained which expresses the response rate (yield) as a function of input variables.
Finally, after optimizing the obtained relationship and eliminating meffectlve sentences, using statistical tests
and criteria such as F test value, Lack of Fit test, Py and R? (coefficient of determination), the final
relationship for predicting yield and other response variables is calculated for the present study (Equation 2).

Y = ay+ a; Xy + apX, + a3Xs + a X2 + asXo? + agXs® + a, X X, + agXo Xz + agXoX;  (2)

The obtained relationship is valid only within the limits defined for the input parameters and has no
predictive power outside this range. In this equation, y: is a dependent variable already defined for Eq. 4. X1 is
the independent variable of irrigation water, X2 is the superabsorbent, and X3 is the independent variable of
manure, al to a9 are the equation coefficients. Optimal amounts of irrigation water, superabsorbent and manure
were determined according to the possibility of maximum seed yield. Finally, the estimated values were
compared with the observed data and the validity of the regression models was evaluated using the root mean
square error (RMSE).

Results and Discussion

In general, considering the significant effect of linear component of manure from regression model and
biological yield as well as linear effect of irrigation and manure on the number of seed per pod, it can be
concluded that the use of manure ultimately increased seed yield. Regarding the quality yield of sesame (seed oil
percentage), the significance of the linear component of the superabsorbent effect can guarantee the quality yield
of sesame. The high significant (p<0.01) effect of the second order (full quadratic model) component of manure
on 1000-seeds weight also indicates the effectiveness of manure on yield components and finally seed yield.
Optimization was performed with three scenarios. First, considering all three factors, irrigation, superabsorbent
and manure were done Optimization was done to produce the highest seed yield, in which case the highest seed
yield (4541 kg ha™) was obtained with 3,000 m® ha™ of irrigation water, without superabsorbent and with 30
t ha of manure. In the next step, to mvestrgate the role of superabsorbent in water saving, optimization was
performed with half irrigation water, 100 kg ha™ of superabsorbent and with no application of manure, which
resulted in the production of 3380 kg ha of seed. In the third case, the results of optimization for irrigation
water in the range of 1500 to 2250 m*ha™ (limited irrigation), Wlth no use of superabsorbent and the amount of
manure from zero to 30 t ha™, showed that applying 2250 m® ha™® of water and 30 t ha™ of manure could be
resulted in a seed yield of 4186 kg ha™. The hlghest amount of irrigation water productivity, equal to 2.2 kg seed
per m® of water, was obtarned from 2250 m® of irrigation water. Third scenario compared with the first scenario
shows a reduction of 750 m? in the volume of irrigation water that resulted in only an 8% reduction in seed yield
(4186 vs. 4541 kg of seed), therefore, the third scenario potentrally could be chosen by the farmers. Depends on
the level of availability of water resources, the balance of economic value of water against seed yield, and other
environmental and management options, if the application of 30 t ha™ of manure to achieve the stable seed yield
is not economical for the farmer compared with the application of 100 kg ha™ of superabsorbent, we can
recommend the second scenario (1500 m® of water plus 100 kg of superabsorbent, with no manure) that will
result in the seed yield by 3380 kg ha™. The difference in seed yield in this scenario compared with the third
scenario is 806 kg of seed, so the farmer must take into account all economic and managerial conditions to select
the appropriate scenario. In general, the results of this study showed that using eco-friendly inputs, it is possible
to produce stable sesame in an arid and semi-arid region and achieve a yield beyond of the conventional high-
input systems.

Keywords: Drought, Ecofriendly inputs, Economical feasibility, Production stability, Seed oil



olnl sy sl gy 4 s

Homepage: https://jcesc.um.ac.ir
Pag ps:/i i

Yoo-YV¢ o AR J".',',’,L.’: Y OJLQ—:; AL .U.::

o 3 eslimal b als 358 5 Cusby O3l g ey (ol O 3558 Ol (s5leangy
<15 fl.Es S s (Sesamum indicum L) aoeS g5 axdlas :(RSM) B et

S43455)

Y =,
‘5:|}>. V‘l’“ ULG'?O"‘"’“

VE L [oSIYA sy g
AN RRVAR RS R IR VPTG

daSe

g ol grle e (b lpis s Suidaas Gblie )3 o8 (SN kulyd )3 g S98 aw bais b g ol adlil iy 4 2295k
gy sloodles 5 olel o o 20 e pslateds g sl pem 5 el (Brae slaodles oag4 5 A5 slasbe, 3 5 aas il
b g 2l oS Sl B o ol (Sitb e 5 S 4l S 3 woS cel)) 3 (ah 598 g Cashy Ol g Jold Cujlae
A0 g ¥eer) T O b g YU g 4 4295 b (ool (slaylos 2al)> 2l & dgtio g b olStils ae 30 50 VWA el Sl
$55 0 el &S (gpslo & ind (b (Se )3 (5 o 5 T4) (59l 355 g (LS 3 p SRS sho 5 V5+) gl Al g SR )0 crfe
JoaaS 2as (S S 59 Sy prhaw (ad i (Sis o3le g il 3,Slos el Canddy (65low S5 VO MS 5 0 S5 A pe dw o a3
i8S )8 dolns 5 (65503l 3,50 dtasly (slayiito (g (ol Bpao L5 b o) 2oy il i (g e JgusS 3 b Sl gy
inlojl sl jlows y5Us cood dtanly (sl puito gruly —praws dmodlsy 4y JolS 93 a3 > b 351y 9 o5 4 plS Sgm,Sy Jto 5l 3litl b purw
e 5 61533 Sy 355 3 ol 355 5 ol i w5 s 355 1 ) e ) o 355 i £33 S5 oy 5
45 39 e 10> S Jloinl a3 iy Jlia ()9 g (013 395 93 423 s Sl g I3 e il 9y Ayd 2 Ol g (oS sj
s il 4 ails o FolS YIY byl eyl O (690,00 Hlade oy ol &l 3, Soe coles )3 g 3,Shas (slinl p ool 395 w5l Sk
5,Sdes i b ol )3 oS i bl il 5 Slos oy i Mg Ban b (o3l dig A5 Juols S 410 VYO ()bl aaw (¢l o] cxSo
el p5 )0 b Jols (b 28 LS 3 05 T b g Ol g 9 S )3 (Sle] Ol caSayie i a b (USa 1o p SolS FOFY) il
Pl (ol 365 3,08 (1911 5 Ol pgus S )3 £ Sk Ve eyl O i b (gl ol 2 ad e 3 OOl g (B )y pslite
e 55 o yia YO 51D« » atels 13 ()bl Ul (gl a8 (olodingy gl cpgm b )3 .05 ails JiSa ;5 £, ol ¥YA Ao & oo 45 L
2 S o YYO- jloolitil b a8 ol (L5 8,8 plosl U 15 05 ¥+ b o 1 ool 3657 e 5 Bl yygm 3,08 (igs (bl o5 Ll )
o=l Jeols gl ( IS jeboa .cdl cand S )3 p,5olS FIAS L Jolee (glails 5,Shas 4 ol oo « o> 398, 13 5 Yo g Ol HlSa
3l g s b (03,8dee g 3905 pladl amuS LSL el dr s (g5 oo s jlassre it (slaodles I oalizul b a8 sl ol iulej
8l Cuwd 0l guly b 5 Slas

S5l poy 03las golaidl 4y il 429y ( Suid g LS galS” slaly

Sesame indicum ) uouS Wl S sgg) LS le jo dodbo
g a5y gy slaash asle il Pedaliaceae oolgls 5l (L.

268 4l 0 plS Canl (duoy D) (9, duoyd (i (gl
dl—‘bé)—o d])—f i dl-&—é 9 039 (g doyd Y d9l> Wdpilie Mo (93,8 oSl o 65ygllS 0SS ¢ £ 5915185 ST 0,5 coliwl =)
ol

u—“’Bb)é ol ily ‘Lg)')BL,-i'S IXCERA ‘539192539;‘ 09; ;|).'£5> Lgyr..idl) -y

Oyl i cdpiiio

DOI: 10.22067/jcesc.2022.72603.1090 (Email: jahan@ferdowsi. um.ac.ir Jsts oAl —)



https://jcesc.um.ac.ir/
mailto:jahan@um.ac.ir
https://dx.doi.org/10.22067/jcesc.2022.72603.1090

YE4Y 30l O oylowd Ve ala oyl pal (£1y5 iy ar i YOA

Pt i g (S5aler dao)d il Bl olid polie pan
(Xieetal., S5 p» ol olab Lials (Eneji et al., 2013)
(Nykanenetal., S5 e jl jses o0 ials 2011)
(Zhong et al., LadsS 8y me 5l b wlals yials 4 2011)
cilie ¥ gane (&S 5 oS Sluogad g0 4 e 2013)
Jahan and Nassiri-) Mo (gpuai g las e s
Siodeid s melBl 4w 5 il Jae pes (Mahallati, 2022
ol L aglio 3 ()bl o5 (635,54 48 255)8 555 oS
Lagl s aily 3,8ee ;5 (cho)d VY b LialS & oo« JolS
sl g 0 )laleS G595 ) oS o5 WS dons
W8S oy (#y; Y gaa

2 9 4l (ol ol (gt (65)9liS 3 (old 395 B puae
A8 Uil sl 39S 31y ot i Slgicee b Jlo
s ogdle g sted GlLS Sl 5)50 polie ST (g5l pold sladgS
Sloslatwl g 0395 By inonS yolie (g9l cBpasy yolie yusl
coib sl o 31, S ais yobe Jobs ciejly ) o]
Joole (slmog, 5 i cle a4 JI slge .(Amiri et al., 2022)
S )b (S o (AU (B (oS g )3 dlor I il
2 e polie 335 o caw g 0ol (li8l ] S Sesls Jols
sl asls O] & (G by (o pawd 0LS g Lo (5,5 iy S
3 g5 =B ade (a5 Gase 131 ) (1 dlse 05 (590
435 4y 5 03903 AT ST 3 1) Bpumo o8 g Bpuany i polie
L (Samavat et al., 2008) ssles o SaS oLLS Jolxio
9ty (Il sladgS aS el ol LS daxie (sla wyy
o Ygmae 3Slas 5 0ud S o g abesd ((Suid ol
(Ocimum - Lsu, 4 (Triticum aestivum L.) pa5 5>
(Jahan et al., 2016; Tahami wlesls 1581 1, basilicum L.)
OhlSen g (gl z8lao £t al., 2014; Vessey, 2003)
03l 5,Sles aS" 135S 43,158 (Modafe Behzadi et al., 2018)
69 258 LS jd (5 Vo 2508 don 1D dewg (29 olS Sis
9 (sl 395 3,)LS" &) s &S (5 y9bds g e (i
1 piomed 2 L ()38l o3 Ve /0 9 Ve e dals
A ) 9 a0l e Lials S PH (JI oladeS G yme ) peiul
(=i LS e 9 (38 Sl Sk S 2 09Me
5 = =S g9y ol pind ofagar IS ol By Mo
(Dabhi et al., 2013) 1l o i)l s

&y Scidaag 5 Sis pladhaie ) olpl Sl @ w2l
2l g 5595 el ol Sl ] S ST slge lade g o
1 4 (595 S5 sloesles G ) ool jLsyse yolis
35 3 salS Jslse lie yolie 5 Ol (onlf i) o
g S_ibaig 5 S 3blio 13 gdly (sl piunsss]s S

(El-Habbasha et al., 2007) 1L 0 03 (slaph ¢ i85
Foslao,e Uil 5l gfgy aily olS ol )5 5 cuiS a5 )31
Aol g a2 Y0 (oo ye U (e g Jlad a2
S92 Oeoped 9 )l 9 CuiS Al pd Ao o) 4 ol 53 Ll el
S Copiy (eg) slral Mg a5 lgld la el
0958039, 3L an an g b casl oads Jol> oS CliS Ao
9y 9 siaio ol S plgiear Al oo ol cnl i) @ 9
(Rezvani Moghaddam, 2008) 1il ¢ o mie
Ay oaiSdgae Jsloe onySee Sl (S S8 (St
Slagh)liS 4 aag Ly gy jled 4 (gjyglilS @Y gaxe
Slosiljp sty JSita nl elaer 3bbe S ik 13 ol Sitg3y
(Morison et al., 2007; Bannayan et al., ccuwl yil;8l 4,
My 598 gaw bis g Gl ¢ oeddl Oy 4 a1y 2010)
e il Glaean Sidaas gble 13 o8 (SW)L kulys
(Nyakuda and Stroosnijder, 2014; Jahan and s.ib o ¢ ko
el bl pl o (65;0liS S5 (g9 31 .Ghalenoei, 2022)
(WU 2l by gygose ol Bpmo bl (992 by 4o 5
oles Siddon 5 Sid bl s3> ool et al., 2015)
Col dalge g2 &Yg55 5 Ol 29008 IS b 1 05500 ogmimo
oL ey s e 40 oplply (Bannayan et al., 2010)
Cgr ol Grae Ll (il jobaie 4,85l o, Kal,
(Dabhi et sy oo jlai & (6)508 )l sjyslsS Slaal 4y s
2 g0 51al., 2013; Jahan and Nassiri-Mahallati, 2022)
S Cunl 485 050 e cnl 3 oS Sl 3] sl
SIS 5 Cgby glacdl g 38 5 (o] o dialy 0l >
g odlitl g g2ddy o cgr ulul o, 9 gy
(Islam et al., 2011; Nassiri-Mahallati slas3 )5 51,8 Jlasie
R P B ey LAl paw (sla ey 03950l aNd Jahan, 2020)
OlS 3 Lagl G 9 95yS (e 518 oalizal 3,90 (55y5liS 5
s SV garme sl Gl 5 GlalS il 5 (S8 i ol
(Zhong et al., 2013; cuol oduwy L3l 4 dastio sla jimg}s 5o
Abedi-Koupai et al., 2008; Jahan and Nassiri-Mahallati,
395 Hledlo 1) ol g wls O ool lude b yeuds ) .2020)
oS 5Ll o 1y ol (Sts Ll )3 5l @ygeo 50 g S o0 ais
(Natesan et al., 2007; Wang and Wang, &> - ,3
05 9 9 « S o dlse op).2010; Zhong et al., 2013)
MolS o ctiil o ol il g o (S (Saip YT ol
ol (opyS anSTed 4 SB s ol D g Miwd owpé g pllo
d9te Gy 3 Bl g L9 0 455 ety 0152 9 Slise]
wegmate 0jg (LS (S Slablus g (058 Ologas
S Lili8l (Abedi Koupai et al., 2008) S5 s all



YO .. el by 3l osliwl b (ool 395 g Cughy W3l ygw youly 5 5lel ST 02, Glime §3lwaints <8192 9 Ol

A a8 YA g a0 olilps Job g Jlob 4ids V& g dn o
3l ilwdine San by (L)> o I e WD glis)l (55
A_’>.v.15 u_cl)) PN Ls"b )9§ 9 ul cCaQQIo) u.)l>)49.w ol C9sz
sbasless 9 (i S L )b B 53 5lai 550 lalejl b |2
9 &l gh) O g ilises gobaw I (oS 5 ol (odilej]
S Lo V0 Lislejl ol 5L5 590 (claylas JS sl g0 sl 368
£k 9 555 o e 115 4550 4 5 Loy a8 5 VY ol
s andl el JJUT g sl 0B 1S5 oS b Lobul (S S
S (655 0 bLis U sl pjY cgrusly gehans &¥oleo i3l yskate
s €25 (slaygSle SISy e (b 9 YU zobaw (:50le B ye
L (Box and Behnken, 1960) g ),S5 )b duw J8las cdiwn
Opyiny 45 398 o0 w18 el el (S (Sl )b Sl oslital
3 —iolojl bl @95 )b 5l ol Olles JBls 5 cleMb]
as gl b Jole ol polie o wlol plp ] Candas s jlos 03950
POFT 9] gl 395 5 (pSkS VP g ) Cugb) Ol g
= 0,8 asuie Minitab Ver. 17 ,l58le 5 5l solatwl b o ;b
VD 555 o el it S5 a0 58,5 5,3 g (1) ey ol
23e () Jsas) (Box and Behnken, 1960) ui asuive jlos
PV g o b jblie ciga el aieS g (655 e il
ol 0 00l Sl Y g

il Jols S s 5 (So3d Sluogas s piion
5 Jd NPK ol olie yolie (lgize o (S5 sl colin 4 pH
pLorl ()b miges SB (gyto gl +=F+ Gos I Gulol g9,
ol sacd odly Gl Y Jgin 0 SB il 5l Jobs gl s
sBiulojl 4 )] 51 claiged o old 368 3,0)8 51 LS ] oas lo
s o) (ol g s (st polis (lgie g oud )|

93 ilS yiaw 45 9 owej (sjlwodlel Sllas plol jolaieds
395 b ol JliolSiw Cugh o g 1 2 d9ee Sd | Cugs
plonl @lie (yp & gl g 28 28 5l cus 3 (o
Ciygodn oo Cidquudyl Bll 50, cusls s S oyly g
x ¥ &y S gnolal i plodl e duw Jobo 4y ciydy cudia jd Jwd
o Aol ()Ll o M3 (65l pelatoss 5592 i ¥
B o1y 5 0 b een 45 4,5 5 o K, o
O Aol g e Bl gy i) g9y 4hold ipye i > Uiy
Dy o il O ey,

2 L Joole g0 ool (silwaine g (Rezaet al,, 2012) kg o
28l ayld 53 368 1 digy ealatwl &S (gygbody cunl oy
(Mahajan et al., wib 4wl d93g o)kl dpy Cu o 45 Canl
S50 ‘SLMALQJ )‘l ‘514&5@959 Ay C}L"“’ O )9&44 .2012)
g (b 355 gy Ol yygusyorly lai (55,9l 53 o3litl
Aotz el (ol iy 5 o Jaa 5l eslizl «(g L]
5 3UT pelaiodsy &8 cusl (13l 5 5)lol slaig) I slasgane
‘_’j s Bin 9355 0 ol .\J)s S szl il e
.(Myers and Montgomery, 1995) ceuwl 1l (¢5lwd
\

ol gyl oy dmy g (S WL (S e S pe slag b
P ceslie polie (8L (bo) cpl jl Ban s Ful-gdaw ()
Sl 0By ol 3 Silodend g s b 5L 3)90 sl siulej]
2le) Lo gy 5503 51 S jloww ¢ colojl Jole  pasciie slaws
S 331 Ly o598 b0 cal ool (g5 sl il
aS ol s 4 comomen b oo Mz gd Cunal (635)9 sloadlse
Tk 5o e (6399 Mo dus (ilojl Jole o (4
@by oluS 5 8L opSojlil 5 (g p Sl oSSk
walyd |y Lo ol 51 G ja eaditne 9 ailus 3l 0 0gMe b el b
{Erikson et al., 2008) 4 .o

e oS > i g Cmer (938l Gl 4 gl
gl 11 cal Sall b 55 55 alS clb i) O pas alsa
©lly Gk 5l )9S s 3j9-0 29, 5l 3k e &Sl 4
J31 55 (gg) slaaily i 5wy Gl o35 oo (el
(Mohajer, 2017) 1L o Cuonl B jluw youiS

e33Ol Copte g 4y )3 Sge Jelse (iluai
05)49 9 ol S )l cblos 9 u] AP R éiL.n 2 u.’9>45)4.o Cuw
» dlo))J_AAS um .)9».: Jya}u d.ul)ﬁ‘ 90 A)‘yuo U] »
95 7 355 5 Cagly B s« )l il gl 3l )5
Oleion silodinge dige )3 Lol sl 485 )50 il (alS
b 53,5 sy el eig )bl (ela S 5l oolil L Jolse ol
O G ymo lie (65dingy B b aios ) 1 sl Sl
L_f J_>b§ D)L@é pf ;A.C‘)) ) Lsﬁb .)9§ 9 W9]0) u.)l>).)9~\) 5&)1»)"_
b 1ty (2hb oS (wSL sk g Ewlgdaw ) l eslitl

g 9 290
Sliiss aeyie 3 WAV-AA (elyj Sl o (alejl o]

1- Box-Behnken



YEo) 5l F oylowd F e o ol ] oly5 Sluidg sy dg i

Yp

OS2 bl 2 (ol lojl layloss Calpd g palie —) Jga
Table 1- Values and coefficients of experimental treatments based on Box-Behnken design

Cul s *yylouwd r3lio
Jlosi 5 o ; qufficients i : Treatment values*
Treatment number <! e pig 0l 395 <! 3L g w12 355
Water SAP Manure  Water SAP Manure
(X1) (X2) (X3) (m*hal) (kgha?) (ton ha)
1 0 +1 +1 2250 160 30
2 +1 +1 0 3000 160 15
3 +1 0 -1 3000 80 0
4 0 0 0 2250 80 15
5 0 0 0 2250 80 15
+1 -1 0 3000 0 15
7 -1 0 -1 1500 80 0
8 -1 0 +1 1500 80 30
9 0 +1 -1 2250 160 0
10 0 0 0 2250 80 15
11 0 -1 -1 2250 0 0
12 0 -1 +1 2250 0 30
13 -1 +1 -1 1500 160 15
14 -1 -1 -1 1500 0 15
15 +1 0 +1 3000 80 30

A3 o L Ty e 1 5uSke 5 b YU pobaw gy e 9= )
*+1, -1, and 0 indicates up, down and medium level of each factor
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Table 2- Some physiochemical properties of the soil of the experimental site (depth of 0-30 cm)

s dps NG ey RS o N s el
Organic carbon EC K P o
o pH 1 Ka't ka (%) Texture
(%) (dS.m") (mg.kg™) (mg.kg™)
0.68 7.6 0.52 315 71.3 0.069 =) P9
Clay loam
o3l 3,90 Curgh ) L3l pgw Sluogaad T Jgaa
Table 3- Properties of applied superabsorbent
J&e
$2L Hgw¥se Cagb, Caows 9 92 Density & !
Appearance Humidity (%) Odor and toxicity (g.cm™®) pH
Granule (sls 3, % 5) Jgl,5 <5% 0 0.8 9.8
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Figure 4- Response surface for sesame biological yield as affected by manure and irrigation water in fixed level of 80 (a) and
160 (b) kg ha™ of superabsorbent

o 10 V0++) il 4y o)l Ol e Sl e Wl oo
Ol 85 09 &gy 5> JouS 2 Sl Mg 4y jonie (IS
Bblio )3 ofigt Ol Bpao > (as24dy0 )L 5l Wl oo 9090
Sl o ol Alide Wil coronl o Sitdaeg 9 Suis
51 a0y 50 JoanS dlass a8 ool 5lass Jols 55 4l 5, Slee

bl (dlate ot iz (nlpls sl 3 )Slee (4132

e
R .
s

Pod Number/planigs

Irrization water (m3/ha)

22
T
SIS

o
o

@G99 yo J gruaS alaas
L as )0 JowaS olisd dgu 0 003 B IS5 )0 &S jalailar
2 05 ¥ e 3 5 €l I3l ol 355 e ol
aS cowl ol gy Bl &S aw) 08 Jlde i 4 S
Jeol Lol O pliee (e 0 gt 55 JgmaS S5 oy
O3l pgw p)S ok A g (o> 395 3,8 S5 )l @

o

<0 Cattle manure (t/ha)

S 1 0,5 okS A Coli o 45 (5,ll O g ool> 355 Ciliiseo zglams &) Commud 455’ ATg) 45 Joguans 31oia gl — o —0 KU

O3 g
Figure 5- Response surface for sesame pod number per plant as affected by manure and irrigation water in fixed level of 80
kg ha™* of superabsorbent
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kg ha* of superabsorbent
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Figure 7- Response surface for sesame seed oil as affected by manure and superabsorbent in fixed level of 3000 m™ of
irrigation water
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Table 7- Observed and estimated of irrigation water productivity (WPi) of sesame under different levels of irrigation water
(mean of irrigation in all levels of superabsorbent and manure)
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Figure 9- Optimization of irrigation water and superabsorbent (with no manure) to produce the maximum sesame seed yield.

(W: irrigation water; S: superabsorbent; M: manure; D: Desirability index; Cur: The current status. Cutted line: yield level;
Solid line: input level; Dotted line: The current level of input, yield and optimization)
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Figure 10- Optimization of irrigation water and manure (with no superabsorbent) to produce the maximum sesame seed

yield. (W: irrigation water; S: superabsorbent; M: manure; D: Desirability index; Cur: The current status. Cutted line: yield
level; Solid line: input level; Dotted line: The current level of input, yield and optimization)
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