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Extended abstract

Introduction

Drought stress is the most challenging issue in agriculture and has a negative effect on plant growth,
development, and productivity. Oilseed rape, like many crops, is affected by drought. Oilseed rape is one
of the most important oilseeds cultivated in most regions of the world. Given its suitable agronomic
characteristics, high quality and quantity of oil, its use in various fields, and ultimately its higher oil yield
per unit area compared to other cultivated oilseeds, it is considered a promising point for supplying the
country's edible oil needs. Amino acids are one of the most important primary metabolites in plant cells
that perform structural, metabolic and transport functions in plants, and many physicochemical
characteristics of plant cells, tissues and organs are affected by the presence of amino acids. Considering
the importance of oilseed rape cultivation in Iran in oil production and the problems of water scarcity at
the end of the growing season of this plant, this research was conduct to study the response of
physiological and biochemical characteristics of Nima oilseed rape cultivar to foliar application of amino
acids under drought stress conditions.

Materials and methods

This experiment was carried out as a factorial design based on randomized complete blocks in the
research farm of the Faculty of Agriculture of Tarbiat Modares University, during the 1401-02 growing
season. The experimental treatments include irrigation regimes at three levels (full irrigation,
withholding irrigation from 50% flowering stage, withholding irrigation from pod forming) and foliar
spraying at five levels (no foliar spraying, zero foliar spraying (distilled water), one, two and three grams
of Proamin amino acids per liter) in stem elongation, inflorescence emergence and flowering stages. leaf
area index (by DELTA-T DEVICES made in England) and greenness index (by SPAD) were measured
one week after the last foliar spraying. Total chlorophyll, anthocyanin, flavonoid, proline, and phenol
were measured based on fresh plant samples in laboratory according to the protocol. At maturity,
biological and grain yield, oil content and oil yield were measured. Statistical calculations of analysis of
variance and mean comparisons were performed using SAS 9.4 software.

Results and discussion

The results showed that the interaction of drought stress and foliar spraying significantly affected the
percentage and yield of oil, total chlorophyll, anthocyanin, flavonoid, proline, total phenol, leaf area
index, SPAD and biological performance. Drought stress caused a significant decrease in traits such as
leaf area index, yield and oil percentage, biological yield and total chlorophyll content. However, foliar
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spraying of amino acids at different levels reduced the negative effect of drought stress on the
investigated traits. The results showed that the interaction of drought stress and foliar spraying
significantly affected leaf area index, SPAD, biological yield, oil percentage and yield, total chlorophyll,
anthocyanin, flavonoid, proline and total phenol. The highest leaf area index (3.52), biological yield
(25955 kg ha), grain yield (4514 kg ha) and oil content (43.3%) were achieved by full irrigation
conditions and foliar spraying of two grams of amino acids per liter. Also, the highest amount of
anthocyanin (0.093 umol.g*1FW), flavonoid (1.64 pmol.g'FW) and proline (238.2 umol.g*FW) were
obtained by foliar spraying two grams of amino acids per liter under withholding irrigation from the
flowering stage. Also, applying two grams of amino acid per liter produced the highest yield of oil (1924.6
kg hat) and grain (4514 kg ha).

Conclusion

According to the results of this research, the positive effect of foliar spraying of amino acids on
biochemical traits and oil yield was obtained by foliar spraying of two grams of amino acids per liter in
all three irrigation regimes (full irrigation, withholding irrigation from 50% flowering stage, withholding
irrigation from pod forming). Therefore, foliar spraying of two grams of amino acid per liter is
recommended to increase oil and grain yield in oilseed rap cultivation.

Keywords: Anthocyanin, Flavonoid, Proline, Total Phenol, Withholding irrigation
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Table 2. Physical and chemical properties of the soil experimental location
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Table 5. Analysis of variance yeild traits of oil rapeseed affected by withholding irrigation and foliar spraying

4z o MS Ola o (Sl

G oty o,das  oEgyheys  SydemoySles il o,Sles
S.0.V Oldi @le g f Oil yield Oil contect  Biological Yield Grain yield
Block S 2 2525657 6.45™ 10620579.8" 78696
Irrigation (1) sl 2 62777229.7 185.8™ 3125627024  32560610.5™
Foliar Spraying (F) 5 » b Jslxe 4 265404.8™ 36.7" 45852729.1™ 1140041.5™
I xF GeSenry 8 26693.9™ 12.08"™ 875903.9™ 81381.2"
Error Ws 28 53659 3.6 254559 26640
CV () Oy g 36 - 8.49 5.16 10.27 7.35

JO i maw jo lo gxe BB F N ! o ;o o sre B
ns: no significant, *: significant at 1% probability, **: significant at 5%.

Gl G5y 9 50 Bl Jslome slow il con 15053 Slos Glao (S LSl

s gire IS pac NS

A lio & Jgur

Table 6. Mean comparison of yeild traits of oil rapeseed affected by withholding irrigation regimes and

foliar spraying

Treatments ) lous
skl & 2 el 09 Oy kes o9y Wy S25glem 0 Slos
Irrigation Foliar Spraying Oil yield Oil contect Biological Yield
kg ha' % kg ha'
F1 1436° 38.9° 17900°¢
F2 1358° 39.40° 18411P¢
11 F3 1439.9° 41.3% 17800°
F4 1924.62 42.632 259552
F5 17912 43.32 22056°
LSD 171.9 3.13 3659.4
F1 509.3° 34.9% 150222
F2 533.5°¢ 32.2° 12017°
12 F3 610.6% 34.73% 154222
F4 893.92 382 164452
F5 675.6° 36.5% 149342
LSD 112.18 3.82 19124
F1 173.6¢ 29.7° 81674
F2 254.9° 33.45% 10750°¢
13 F3 430.7° 39.46° 10700°¢
F4 52412 36.4% 145002
F5 377.9° 34.20¢ 12833P
LSD 75.57 4.5 13375

: FZ‘wLlem o9 F1 ‘L;ban S0 g )l 6)L.j c!as A3 ‘&59"\)"'")3’ 59 O )l d)L..;T C_Iaﬁ 12 ‘JALT LS)L"‘T 11
F5 o il o analoal o5 90 b o8l Jalone FA LT d o anselogul p,5 S0 L 286 Jobe F3 ¢ laie O b 2ol Joloe
bl 5 (231 sl o me M pae 51 LS cygim o 30 S e gy el ] po aralonwl o5 A b Lol Jale

w00 fsl;ul 6)L:J'l ‘-ngf"")) Cs]aﬂa
11: full irrigation, 12: withholding irrigation from 50% flowering stage, 13: withholding irrigation from pod

forming, F1: no foliar spraying, F2: zero foliar spraying (distilled water), F3: one grams of
liter, F4: two grams of amino acids per liter, F5: three grams of amino acids per liter. Means

amino acids per
followed by the

same letter within a column are not significantly different. sliced has been done based on the levels of

irrigation regimes.
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Fig. 1. Mean comparison of grain yeild of oil rapeseed affected by withholding irrigation regimes and foliar
spraying. I1: full irrigation, 12: withholding irrigation from 50% flowering stage, I3: withholding irrigation
from pod forming, F1: no foliar spraying, F2: zero foliar spraying (distilled water), F3: one grams of amino
acids per liter, F4: two grams of amino acids per liter, F5: three grams of amino acids per liter. Means
followed by the same letter within a column are not significantly different. sliced has been done based on the

levels of irrigation regimes.

odds ol aigal slaawl 8 5 5L 1S ails o Slae iol3!
Burbulis et al., ) cusl guos Guizs ol zls b a8 Col
JEsl o eubiine s JJo 4 ail slaoewl (2021
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z s (Heidarzadeh and Modarres-Sanavy, 2021)

Wy 5 (P Al p0) (sl 0y Jolpe 5l s L] el

756 5 @l ogmeS LIS ol S (adazlse corge (B2 95
oealS ass o g bl 4 lodewlsnd Jlal 5 s
980 ails 3 Slos Culed ;s 5 Al oIl g (raz o oSt
il slo syl s (Khalili and Hamze, 2019)
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Table 7. Analysis of variance biochemical traits of oil rapeseed affected by withholding irrigation and foliar spraying

. MS&lay yo (125ko

oyl az 40 — - - -
S.0vV Ol i’ @9l Anthocyanin Flavonoid Proline Total phenol
Block Sob 2 0.0m 0.002" 101.7m 0.001"
Irrigation (1) ] 2 0.0007™ 0.22" 104296.6™ 0.4™
Foliar Spraying (F) 5 » b Jekxo 4 0.002™ 0.05™ 2301.1™ 0.2"
IxF S0 1 8 0.0001™ 0.009" 414.8™ 0.03"
Error Uos 28 0.00 0.004 108 0.006
CV (1) I JUUE S TR - 6.83 4.44 7.11 5.31

O i o 3 jlo e S LY Lokl g 55 s ime BB FF s sine DS poe NS
ns: no significant, *: significant at 1% probability, **: significant at 5%.
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Haghighi et al., ) s,ls 544 (Brassica Oleracea)
al slaawl .(2022; Aly and Abd EI Megid, 2019
SrS ol 5 S msid Slao eSS, g o o5 ok Lo &
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Table 8. Mean comparison of biochemical traits of oil rapeseed affected by withholding regimes irrigation and foliar

spraying
Treatments W loud
Skl & 2 il sl RN gl KL J5gs
Irrigation Foliar Spraying Anthocyanin Flavonoid Proline Total phenol
umol.gtFW.
F1 0.034e 1.16¢ 44.66hc 1.2c
F2 0.044d 1.19bc 39.6¢ 1.24bc
11 F3 0.062c 1.34a 55.9a-c 1.30bc
Fa 0.071b 1.26b 6lab 1.41a
F5 0.079a 1.38a 70.6a 1.34ab
LSD 0.005 0.07 19.39 0.10
F1 0.043d 1.32fbc 135.1c 1.33d
F2 0.054cd 1.26¢ 145.7c 1.43cd
12 F3 0.063bc 1.37a-c 169.3b 1.49bc
Fa 0.080a 1.47a 197a 1.64a
F5 0.073ab 1.42ab 188.4a 1.54ab
LSD 0.01 0.12 14.49 0.11
F1 0.059d 1.40c 206.2b 141c
F2 0.053d 1.43bc 207.9b 1.36¢
13 F3 0.081b 1.55ab 222.5ab 1.82a
Fa 0.093a 1.64a 238.2a 1.87a
F5 0.072c 1.50bc 210.8b 1.61b
LSD 0.006 0.11 22.1 0.17

e uT L Gmejlm : FZ‘G..;LJslm O9 F1l ‘stoJf RWRNARI 6)L.HT éJas A3 (B85 ;0 O 3 6)L.?'.'-‘ é_la_é 12 (Jols ASJL”] A1
Sod 50 anelonl 05 4w b (5b Jele (F5 DT 2 o anslonwl 0,5 50 b 2ol Jglome FA O 2 o anselonl o5 6 L 2ol gl F3

ol 0s plail 6,laT slages sy okaw (wlul po B3y el o e OS] pac 51 Lis gt p2 40 S e g > w]
11: full irrigation, 12: withholding irrigation from 50% flowering stage, 13: withholding irrigation from pod forming, F1: no
foliar spraying, F2: zero foliar spraying (distilled water), F3: one grams of amino acids per liter, F4: two grams of amino acids

per liter, F5: three grams of amino acids per liter. Means followed by the same letter within a column are not significantly
different. sliced has been done based on the levels of irrigation regimes.
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Table 9. Correlation coefficients between the investigated traits of oil rapeseed

Traits  olio 1 2 3 4 5 6 7 8 9 0 U
1 Leaf area index
2 Chlorophyll index 051 !
55 g5 o
3 Total chlorophyll 0.79 037 !
o cFaes g0 068 0797 1
4 Oilyield
_ OFNR 084 044 0757 0877 1
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6 Biological yield
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) oo -0.76™ 0.88™ -0.53" -0.86™ -0.64™ -0.74™ -0.88" 0.51 0.84™ 1
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S -030 076 -017 -047 -013 -034 -049 0.81™ 0.87" 087" 1

11 Total phenol

T izl o yo jlo goe BN Jloia ] mhas o lo s B s e OS] pas NS
ns: no significant, *: significant at 1% probability, **: significant at 5%.
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