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Extended abstract

Introduction

The castor bean (Ricinus communis L.), is an oilseed of relevant economic and social importance. From
its seeds is extracted an oil of excellent properties, having wide use as industrial input and several
applications. It is cultivated since the times of the ancient civilizations, the castor bean is a rustic plant,
resistant to drought, belonging to the family of Euphorbiaceae, Drought stress, in addition to the
negative effect on yield, causes or exacerbates other stresses, especially the stress of nutrient deficiencies
for the plant. The purpose of this investigation was to study the effect of irrigation levels and
Superabsorbents and biofertilizers on the agronomic properties of castor oil.

Materials and methods

This experiment was conducted in West Azarbaijan Agricultural Research and Education Center,
Orumieh- Iran in 2018-2021 crop season. A field experiment was carried out by a split-plot design based
on a completely randomized block design with three replications. The first factor included Four levels
(70, 100, 130, and 160 mm of evaporation pan), in the main plot and Sub-factor includes application of
biofertilizer combination in four levels (Azospirillium, Citrobacter, combination of application of
Azospirillium in Citrobacter and control without fertilizer) and superabsorbent in two levels
(superabsorbent consumption and non-superabsorbent consumption) as factorial were placed in sub-
plots. In this study, Chlorophyll a, Chlorophyll b, Cartonoid, Soluble sugar, prolin content, Catalase,
Malondialdehyde, and protein content were measured. Also Traits were analyzed by using SAS 9.2
software and means comparison was tested by least significant difference (LSD).

Results and discussion

Based on the results of the combined analysis of the variance of the data, there was a significant
difference in was observed between the two years in terms of malondialdehyde content. There was a
significant difference between the irrigation levels in terms of the effect on all traits of the probability
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level of 1%. The interaction effect of year and irrigation was significant only on leaf proline content at
the level of 1% probability. There was a significant difference between the biofertilizer treatments and
the interaction effect of biofertilizer on irrigation and superabsorbent levels in terms of the effect on all
traits at the level of one percent probability. The interaction effect of irrigation with superabsorbent on
chlorophyll a and b content and soluble sugar content at 1% probability level and on proline content and
protein percentage at 5% probability level was significant. Between treatments of biofertilizer with
superadd interaction in terms of the effect on chlorophyll b content, soluble sugar, proline content,
malondialdehyde content, and protein percentage at the level of 1% percent and in terms of the effect on
chlorophyll content, carotenoids and catalase activity in 5% probability level There was a significant
difference. The results showed the highest chlorophyll a (23.00 mg g*) and b content (14.93 mg g+) as
well as carotenoids (30.39 mg g1) and the lowest amount of soluble sugar (113.33 micromol g fresh
weight), catalase (32.97AA240 mg* protein), malondialdehyde (132.44 nmol g'FW) and protein
percentage (4.69%) were assigned to with Citrobacter treatment and irrigation after 70 mm of
evaporation. Also, the highest soluble sugar content (131.42 micromol g* FW), proline (65.91 micromol
g1 FW), protein (11.48 %) was assigned to the treatment with Azosprilium + Citrobacter and irrigation
after 160 mm of evaporation. In this study, the use of superabsorbent in the irrigation treatment of 70
mm evaporation had the highest chlorophyll a (21.29 mg g) and b content (12.78 mg g*) and the lowest
amount of soluble sugar (112.50 micromol gt FW), proline (26.50 micromol g-* FW), catalase (35.99 AA
mg! protein) and protein percentage (5.00%), While the highest soluble sugars content (129.12
micromols gt FW), proline (58.70 micromols g FW), malondialdehyde (159.71 nmol gt FW), and
protein (10.37 %), was observed in the treatment of superabsorbent application along with irrigation
after 160 mm. In this study, the simultaneous application of superabsorbent and inoculation with
azospirlium showed the highest chlorophyll a (22.25 mg g), b content (13.79 mg g), carotenoid (29.02
mg g1), protein (7.99%) and the lowest content of catalase enzyme (39.58 AA240 mg! protein), The
highest soluble sugar content (122.88 micromol g* FW) and the lowest amount of malondialdehyde
(141.82 nmol g'FW) were detected in the treatment of superabsorbent application with Citrobacter.

Conclusion

In this study, water deficit had an adverse effect on the physiological properties of castor oil. However,
the use of biofertilizers and superplasticizers by improving biochemical and antioxidant properties was
able to moderate the effect of drought stress on physiological properties and stabilize photosynthetic
pigments, and the stability of photosynthetic pigments can improve photosynthetic properties and plant
growth under water deficit conditions.
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Y (Year) Jw 1 68.84"™ 42.24 1 20.17™ 760.33"™
Repeat (year) W), 4 4411 7.16 34.17 690.57
Irrigation (1) sl 3 12,57 112.21* 46.98™ 1379.18™
YxI GolelxJlw 3 1.33 0.85" 0.82" 18.75™
Eb b gls 12 0.60 0.65 0.69 19.98
Bio-fertilizer (B) oS 3 45.87 54.15™ 5.75" 441.70™
IxB sy 39Sx5kl 9 3.43* 5.38* 2.37™ 130.44™
YxB ) d9SxJlw 3 0.24" 0.07" 0.30™ 12.04"
YxIx B St 3 095 x 6 sllx Jlw 9 0.49™ 0.49" 0.71m 17.32™
Super absorbent (S) @3 pew 1 8.29" 13.13” 4.29" 234.08™
YxS @3 pgwxJlw 3 0.0002 " 1.05™ 0.56" 28.52m
xS O3l pgux sl 3 3.31" 2.31" 0.49" 172.50"
YxIxS O3 g srkeixJle 3 0.33™ 0.81" 0.54" 18.02"
BxS 3l pgwx ) OsS 3 1.31" 2.87" 2.78" 220.68™
YxBxS 3L g (o j 095x Jlw 3 0.24" 0.15" 0.10™ 10.31"
IxBxS O3y gux g 095 xSyl 9 0.46" 0.29"s 0.66" 18.67™
YXIXBXS bl yguix s 5 995 x 5 )bl Jw 9 0.49M 0.41m 0.80™ 19.57™
Ec Cslls 112 0.48 0.44 0.84 17.14
C.V% 1 Ol i g 3.37 6.10 3.25 3.39
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Table 2. Continued aldl.Y Jous
a0 asulf 6o oglle
el odex Ve Malod — c#53n se)o

S.0V Ol gl gy Proline Catalase  dialdehyde  protein
Y (Year) Jw 82.63" 1142.10™ 16943.26™ 179.10™
Repeat (year) () ,I,s 4 552.41 535.90 4461.97 47.87
Irrigation (1) sl 93.10" 1789.34"  3697.73" 7.80"
Y| SyeixJl 3 3.53" 5.44m 19.99m 1.49™
Eb bsbs 12 0.32 15.47 17.60 0.21
Bio-fertilizer (B) S oeS 3 67.44™ 342.02™ 90.44™ 2.85™
IxB w095 x )l 9 1117 20.95™ 150.68™ 6.55™
YxB o) osSxJle 3 0.14" 0.43"s 2.33m 0.37"
YxiIx B it 3 095x 5sbTxJls O 0.33™ 467 21.96"™ 0.52"
Super absorbent (S) Ol g 1 21.88** 70.38™ 1400.76™ 476"
YxS G pgwxJlw 3 0.005m™ 0.0006 " 0.70"™ 0.24"m
xS o3 gl 3 8.35" 5.97"s 1.98™ 1.80"
YxIxS O3l yrgm sybeixJle 3 0.39 3.76"™ 20.25" 0.59"
BXS 3 e gians 055 3 16.56™ 14.78" 300.35™ 277
YxBXS O3l guix sty S5 x s 3 0.35m 0.50" 4.14" 0.41"
IXBXS 3y ek st 3 095X 5okl O 3.38"™ 2.90" 13.55"™ 0.44"
YXIXBXS bl ygmix st 3555 okilx Sl O 0.31m 523" 21.24" 0.60"
Ec C ks 112 2.89 4.00 18.51 0.65
CV% 1o ol gt g g 4.25 4.53 5.35 4.58

Golel 0oy 5 iy Jloil gl 40 (5l e 5 (5,00 e pas T T s g % NS
ns, * and ** not significant and significant at the level of five and one percent statistical probability, respectively

S50 S 0 Jds IS sgime zals (Siosemardeh, 2004
5 syl adlllas ;5 Sz 5 olS 5o oS A5 slajles
5 el 0als 5155 50 (Osati et al., 2020) o, Ken
(Mohammadi et al., 2019) |,Ken 5 (soeme anlllas

CEme 5yl gme Dygoh oo LS i sy,
oy g jleslaiul Ll ols oSl Sy IS Ldg IS
s Ghals d5)lS sgime 1) e G5 aileord 5
asls bl (Amani et al., 2017) ) Kea 5 Skl
S Sk jeax Jds @ gy slaoss I eslanl
oS 530550 05955 mslin el 5 (339555 QAT S
2 JB9 )l s Suz Y (g olS Sed o Sl
Sade baas LYo 5l Ko (SO uiomen il aily Les
Sy sosS leslinul slajles jo b k5 YL
sl 15055 ol el olgn eyl a1 5T oo g
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5 Sedb,lS Gleisle cuyx B 4 Baes wlgie
o] STy o Jedg 57 ¢y grnldnS 1528 6 3mgind olSinss
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Jlade el (Naeem et al., 2018) ail g9
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Table 3. Mean comparison of interaction effects of irrigation of and Bio-fertilizer on studied traits of Castor

S i fertilizer s ,15 bUs)ls  adgi)ls  Jabue aid
irrigation () 085 Chlorophyll a Chlorophyll b Cartonoid  Soluble sugar
mg.g* umol g “*FW
Control aly 20.94¢f 12.04¢ 28.99b¢ 107.50%
oo Ve Azospirillium (A) pouds sl 19.26¥ 11.74¢ 29.41° 111.421
70 mm  Citrobacter (C) PS5 bg yaew 23.002 14.932 30.492 113.33
A+C  yiSlg i +pguls gl 22.54% 11.89° 30.55 115.92"
Control by 19.40ik 10.18%" 28.1719f 119.33f
o skuotes  AzOspirillium (A) pouls yamwg 3l 19.62Ni 10.42% 28.62¢0de 120.33¢f
100 mm  Citrobacter (C) 35 gy 21,74 12.43° 28.69« 118.83¢
A+C  yiSlg o +pguls gl 20591 11.20¢ 28.870 119.75¢
Control sl 20.46% 9.81N 27.42% 120.83¢
Shoslao WWo AZOSDIFIIIUM (A)  porks ypussT 20.029n 9.99M 27.92¢f 124.50¢
130 mm  Citrobacter (C) Jec eI 22.14 10.70¢f 28.13¢f 126.25°
A+C  piSlg i + gl sl 20.80¢f 10.83¢ 28.020%f 126.33¢
Control sl 18.35 9.20) 25.56 125.33¢
sioleatpe AZOSPIFIllIUM (A)  porks ypussT 19.78hi 9.70i 27.129n 128.83
160 mm  Citrobacter (C) Jrifyycom 18.88% 10.58¢f 27.119n 129.00°
A+C  yaSlg i +pguls ywgl 18.30% 10.401 26.45" 131.422
Table 3. Continued alsl.Y Jgus
el g fertilizer e el SSWTes plle omiinn ey
irrigation 598 Pprolin Catalase Malod di aldehyde protein contrnt
umol g'FW AA240 mg™ protein nmol g'*FW %
Control sl 23.83% 39.22% 133.418 4.471
oo Vo AZOSDIFIIliUM (A)  paals yemsgsT  25.16% 35.98" 134.139 4.69'
70 mm  Citrobacter (C) 25U gy 25.91) 32.97° 132.449 5.15"
A+C  pSlg o +poals oyl 27.410 37.96M 130.489 5.07"
Control by 29.58" 44519 144.70f 5.439
o cealee AZOSPIrlliUM (A)  posls ypgsl 30835 41.30 145.07f 5.649
100 mm  Citrobacter (C) SSlgyw  31.839 38.55 143.751 6.14
A+C  pSlg s +pgals o)l 3401 43.28" 146.57¢f 6.32f
Control by 40.66° 48504 156.73% 7.28¢
Shoslao \Wo AZOSDIFIIlIUM (A)  poals yasgil  4L1.16° 45291 150.12¢de 7.36¢
130 mm  Citrobacter (C) 25U gy 46.66¢ 42 54 148.78¢% 8.554
A+C  pSlg s +pgals yows)l  47.00 47.27° 150.59¢ 8.33¢
Control el 47.66¢ 54.202 159.652 8.449
o slpolpe AZOSPIFIlliUM (A)  pouds s 31 53.50° 50.77¢ 154.71b 9.42¢
160 mm  Citrobacter (C) SSbgyumw  61.50° 47.71¢ 153.75b¢ 11.08°
A+C Uy +pgaly gyl 65917 53.16° 149.99% 11.48°

Qb oo oy B s (o lo giae ST WL s S e B> G gl Plas a5 Sl Sl gt 0 00
In each column, averages with common character do not have a significant difference at the 5% level



VE-Y bl OV sl el pole 5o dame (slo i

YA

38 51 5o 5 5y Jbo IS (ssime l3él BYs 3l S
52l ol (oo yiss Gralil s 4 Wi oo 3z 5500
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ol 50 (D Jguz) Wols olaisl 03 a1, aSes IS 4 b
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D455 (59 1 (heiS ,0 ALk Lol (6 w8 sl 155,
Sty 355 S)less Bl 50 S SIS a3l (5L
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e gl 2 amtys g eols all ) S oy Sl
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Table 4. Mean comparison of interaction effects of irrigation of and Super absorbent on studied traits of Castor

el Cilrygw  Audg,ls b Judg 5 g S Jolxo Wi
Irrigation  Super absorbent  Chlorophyll a Chlorophyll b Cartonoid Soluble sugar
mg.g* umol gFwW
o o Vo Control sl 20.55P 11.27° 29.572 111.58°
70 mm Use S yls 21.292 12.782 30.152 112.508
ool e Control ol 20.83° 10.89¢ 28.572 119.83¢
100 mm Use S yls 21.352 11.23° 28.572 119.29¢
o o 1Yo Control sl 20.16% 10.53¢ 27.842 124.38°
130 mm Use S ,l8 20.52bc 10.80° 27.92 124.58¢
o o) F e Control sl 20.03¢% 10.06°8 26.252 128.17°
160 mm Use S ,l8 19.70¢ 10.46¢ 26.882 129.122
Table 4. Continued alsl.f Jgu
el Ay olen Vel willgo gglle oy oo
Irrigation Super absorbent Prolin Catalase Malod di aldehyde protein contrnt
umol g'FW  AA240 mg™* protein nmol gtFW %
JCT TS Control sly 24.66" 37.08f 129.122 4.69"
70 mm Use o yls 26.509 35.99¢ 136.112 5.008
JCTSP PP Control Ly 31.20f 42.384 142.562 5.78f
100 mm Use o8 3237¢ 41.44¢ 147.482 5.98¢
o koo VYo Control aals 42.664 46.37° 147.872 7.68¢
130 mm Use ol 45.08° 45.43° 151.872 8.08°¢
JEPIIRT Control aald 55.58° 51.642 152.712 9.85°
160 mm Use ol 58.702 51.292 159.712 10.372

il oo aoy O mhaw (o o pre M| BB e S i B> SO )b JBlas a5 Sl Sl 5t ja 00
In each column, averages with common character do not have a significant difference at the 5% level
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Table 5. Mean comparison of interaction effects of Bio-fertilizer of and Super absorbent on studied traits of Castor.

SOy g aJde s b Judg,ls dudgid )l Joloo 03
Super absorbent Bio-fertilizer o 095 Chlorophylla  Chlorophyll b Cartonoid Soluble sugar
mg.g*t pmol gFwW
wals Control wals 18.56° 9.83¢ 27.27° 117.08f
Control Azospirillium (A) ﬁg-JJ)-mA”T 19.644 10.05% 27.76% 119.42¢
Citrobacter (C) Sy 19.87¢ 10.17¢ 28.10¢ 121.67%
A+C FS g s +pgaly ysg T 19.824 10.23¢ 28.43b 120.87¢
o Control wals 21.44° 11.78° 28.19bcd 121.38¢
Use Azospirillium (A) Pyl yasg 3T 22.25° 13.79 29.02° 122,330
Citrobacter (C) Py pw 20.57° 10.97¢ 28.67% 123.832
A+C Sy i +pgals ypwg T 22.28° 11.19° 28.27% 122,88
Table 5. Continued awlol.b Jgus
. ) wlligs pglle (g oy
@3 1 g o RIS N Malod di protein
Super absorbent Bio-fertilizer =398 prolin Catalase aldehyde contrnt
AA240 mg *
umol gFwW ) nmol g *FW %
protein
aals Control aaly  34.95¢ 46.772 150.372 6.32f
Control Azospirillium (A) pouls yowg3l  35.91°% 46.452 150.332 6.48°f
Citrobacter (C) JriyrrgLaom 36.08¢ 43.85¢ 148.822 6.51¢
A+C 355 U9 piww +pguls yowssT 30,25 42.83 143.20% 7.04
o, Control K¥-{) 39.91°¢ 41.31® 143.70% 7.47¢
Use Azospirillium (A) pouls yowg3l  43.04° 39.58f 145,65° 7.992
Citrobacter (C) JriyrrgLaom 43.16° 45 55b 141.82°¢ 7.69°
A+C 355 Ug s +pguls yugs]  44.45° 4529 143,54 7.912
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