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Abstract

Introduction

Oil rapeseed (Brassica napus L.) stands out as a precious oilseed plant cultivated globally,
ranking as the third major source of oil production. The cultivation of this plant is expanding due
to its notable nutritional and economic advantages. However, the arid and semi-arid climate of
Iran poses a challenge to rapeseed cultivation, particularly with the occurrence of water deficit
stress towards the end of the season. Various strategies are employed to mitigate the adverse
effects of drought stress and enhance plant tolerance. One effective method involves the
application of biological stimulants, such as amino acids. These compounds can stimulate plant
growth and development, under optimal conditions and stress. Amino acids play direct and
indirect roles in physiological metabolism, facilitating nutrient exchange and structural activities.
This includes the augmentation of photosynthetic pigment concentration, enhancement of
photosynthesis rate, and increased protein synthesis, particularly under stress conditions. In
consideration of the significance of oil and the role of rapeseed in oil production, along with the
challenges posed by drought stress during the reproductive growth stages of rapeseed, this study
was conducted to examine the impact of foliar application of amino acids on the physiological
parameters of oil rapeseed under conditions of irrigation interruption at the end of the season.

Materials and methods

This experiment was conducted to investigate the effect of foliar spraying of amino acids on the
physiological characteristics and chlorophyll fluorescence parameters and photosynthetic
pigments of oil rapeseed under withholding irrigation at the end of the season (reproductive
growth stage) as factorial design based on randomized complete blocks with three replications in
the research farm of the Faculty of Agriculture of Tarbiat Modares University, during the 2022-
2023 growing season. The investigated factors were three levels of irrigation (full irrigation
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during the season, withholding irrigation from 50% flowering stage, withholding irrigation from
pod forming) and five levels of foliar spraying (no foliar spraying, zero foliar spraying (distilled
water), one, two and three grams of amino acids per liter) in stem elongation, flower-bud
emergence, and flowering stages. The experimental plots included four planting rows and three
meters in length. In the field, one week after the last foliar spraying, photosynthetic and
transpiration rates and various fluorescence parameters were measured using a portable gas
exchange and Mini-PAM device, respectively. Moreover, pigments (including chlorophyll a, b
and carotenoid) in the fresh plant samples were determined in the laboratory. After ensuring the
normality of the residual of data, statistical analysis was performed using SAS software (version
4.9.) to compare the average data. The LSD test was used at the five percent level.

Results

Physiological and biochemical traits were adversely impacted by water deficit stress, as
evidenced by the withholding of irrigation. This stress condition significantly decreased various
characteristics, including maximum photosystem efficiency, photosynthesis rate, stomatal
conductance, transpiration rate, and levels of photosynthetic pigments. However, applying amino
acids via foliar spray mitigated the adverse effects of drought stress. The results indicated that the
photosynthesis rate, stomatal conductance, transpiration rate, intercellular CO, concentration,
intercellular CO,/ambient CO, ratio, photosynthetic pigments (chlorophyll a, chlorophyll b, and
carotenoids), and chlorophyll fluorescence parameters were significantly influenced by the
interaction between drought stress and foliar application of amino acids. The results indicated
that the foliar application of two grams of amino acids per liter significantly increased various
physiological parameters compared to the control group. Specifically, it resulted in a 22%
enhancement in the photosynthesis rate, an 80% improvement in stomatal conductance, a 30%
elevation in transpiration rate, a 40% rise in chlorophyll b, and a 27% increase in carotenoid
levels. Conversely, the foliar spraying of one gram of amino acids per liter yielded the highest
levels of chlorophyll a and the maximum quantum efficiency of photosystem Il. These values
were 20% and 5.5%, respectively, different from those observed in the control group. Also, the
highest grain yield was obtained under withholding irrigation from 50% flowering stage (1440 kg
ha™), withholding irrigation from 50% flowering stage (2346 kg ha™) and full irrigation during
the season (4514 kg ha™) with foliar application of 2 grams of amino acid per liter.

Conclusion

Based on the findings, the most favourable impact of foliar application of amino acids on the
investigated traits was observed at a concentration of two grams per liter of water. Notably, the
enhancement of these traits has a direct correlation with seed yield. Consequently, considering
the substantial influence of these traits on the improvement of seed yield (22.4% and 61.4%
under full irrigation and irrigation interruption conditions, respectively), the recommendation is
to employ foliar spraying of two grams of amino acids per liter. This application is suggested to
enhance rapeseed's physiological and biochemical characteristic across all three irrigation
regimes, including full irrigation and interruption of irrigation from the flowering and budding
stages.

Keywords: Chlorophyll, Photosynthesis, Quantum efficiency of photosystem, Stomatal
conductance
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Table 1. Physical and chemical properties of the soil experimental location
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em) W oy ) ) ) @sm) NV PH oom) ppm N OM
0-30 Sf(’)‘:% 155 71 135 0858  1.398 45 791 173 155 0065 1.476
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Table 2. Analysis of variance physiological traits of oil rapeseed affected by withholding irrigation

and foliar spraying

MS

S.0.v d.f Photosynthesis ~ Conductance to Sub étgmatal CS:gb 7t0nl;§tal Transpiration

rate H,0 2 2 [ambient rate

concentration CO,

Block 2 0.43™ 0.0005 ™ 24.5™ 0.005™ 0.006™
Irrigation (1) 2 128.8™ 0.011™ 12257.3™ 0.16™ 2"
Foliar - - - - e
Spraying (F) 4 32.3 0.0041 182.4 0.025 0.2
IxF 8 3.3" 0.0006" 429.9 0.007" 0.05™
Error 28 1 0.0002 167.3 0.002 0.008
CV (%) 13.34 17.17 6.81 9.08 11.50
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Table 3. Mean comparison of physiological traits of oil rapeseed affected by withholding irrigation

and foliar spraying

Treatments Photosynthesis Conductance  Sub stomatal CO,  Sub stomatal ~ Transpiration
Irrigation Foligr rate (}J._l‘zn()_ll CO, to Hzo_gm_cl)l concentration_l CO, /ambient rate (n}zmc_JlI
Spraying m<s™) H,O0m™*s™")  (umol CO; mol™) CO, H,O0 m*s™)
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Table 4. Analysis of variance Chlorophyll fluorescence parameters of oil rapeseed affected by

withholding irrigation and foliar spraying

MS
Y
Fv/Fm .
A (Effective
S.0.vV d.f (Maximum Fo Fm photochemical Fv
Quantum (Minimum (Maximum - (Variable
L quantum yield
Efficiency of fluorescence) fluorescence) fluorescence)
of photosystem
PSII) 1)
Block 2 0.0005" 550.15"™ 1719.2"™ 5620 55281.8™
Irrigation (I) 2 0.14" 127142" 1185131.3" 91544.3" 788903.5
Foliar wox ok wox ok sox
Spraying (F) 4 0.026 13575.3 259272.8 25502.2 241958.2
IxF 8 0.0053 3808.2 113904.6 5373.9 78366.4
Error 28 0.0016 1262.7 41483.9 22725 33521.3
CV (%) 5.72 5.55 5.72 6.28 6.74
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Table 5. Mean comparison of Chlorophyll fluorescence parameters of oil rapeseed affected by withholding

irrigation and foliar spraying

Treatments Fv/Fm

(Maximum
photochemical

Fo (Minimum

Irrigation  Spraying  quantum yield of  UOrescence)
photosystem I1)
F1 0.789ab 507i
F2 0.811a 526.5hi
11 F3 0.797ab 584.3f-h
F4 0.820a 601.65e-g
F5 0.832a 633.4d-f
F1 0.587gh 587.6fg
F2 0.593f-h 552¢-i
12 F3 0.698cd 612ef
F4 0.781ab 652de
F5 0.741bc 612.7ef
F1 0.534h 712.7bc
F2 0.557h 725.67bc
13 F3 0.658d-f 761.33b
F4 0.692c-e 829.33a
F5 0.628e-g 690.3cd
LSD 0.06 59.43

Y (Effective
Fm photochemical
(Maximum quantum yield
fluorescence)  of photosystem

Fv (Variable
fluorescence)

11
3701b-d 808.6)7a-d 2802.3b-e
3345e-h 797.33a-d 2741.7c-f
3887ab 803a-d 2956a-c
4107a 851a 3069ab
4049a 858.3a 3248a
3444.7e-h 710ef 2404.79
3582b-e 733.3d-f 2501e-g
3440.3d-g 804ab 2604d-g
3801.3a-c 841ab 3021ac
3701a-c 817a-c 2813b-d
3098h 553h 23509
3199.7f-h 615gh 2430.7g
3499c-f 763b-e 2800b-e
33407e-h 753c-f 2503.7e-g
3157.32gh 677fg 2474fg
340.65 79.73 306.21
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Table 6. Analysis of variance -photosynthetic pigment of oil rapeseed affected by withholding

irrigation and foliar spraying

MS
SOV af Chlorophyll a Chlorophyll b Carotenoid Grain yield
Block 2 0.009™ 0.006" 0.0005™ 78696™
Irrigation (1) 2 0.66" 0.2” 017~ 32560610.5"
Foliar Spraying (F) 4 0.2” 0.05™ 0.075" 1140041.5™
IxF 8 0.04™ 0.01” 0.005™ 81381.2"
Error 28 0.007 0.001 0.001 26640
CV (%) _ 5.39 7.32 6.52 7.35

Dozl el 53 13 me SOVl e l3 fme | pke NS¢ 3L slows 5 (55LT S tIF (abd gloes Hles IF (g LT sl i
70 Jlax1 cla.~ 3l fme OBl 1 L
Table 7. Mean comparison of -photosynthetic pigment of oil rapeseed affected by withholding

irrigation and foliar spraying

Treatments Chlorglphyll_f Chlorc_)f)hyll_lb Caro_tlenoiqll
(mg g"FW™) (mg g"FW™) (mg g"FW™)
Irrigation Spraying
F1 1.68d 0.570de 0.397k
F2 1.43fh 0.475f-h 0.470j
11 F3 1.65d 0.664bc 0.527ij
F4 1.95ab 0.803a 0.7007b-d
F5 2.03a 0.732b 0.631fg
F1 1.5e-g 0.529ef 0.530ij
F2 1.56d-f 0.529ef 0.542hi
12 F3 1.61de 0.600cd 0.606gh
F4 1.83bc 0.701b 0.746a-c
F5 1.70cd 0.586de 0.681c-f
F1 1.29ij 0.404i 0.667d-g
F2 1.19j 0.418hi 0.635e-g
13 F3 1.47e-g 0.501fg 0.758ab
F4 1.42g-i 0.451gh 0.812a
F5 1.33h-j 0.429hi 0.701b-e
LSD 0.14 0.06 0.14
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Figure 1. Mean comparison of grain yield of oil rapeseed affected by withholding irrigation and

foliar spraying
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Table 8. Correlation coefficients between the investigated traits of oil rapeseed

Traits 1 3 4 5 6 7 8 9 10 11 12 13 14
1.Photosynthesis 1
rate
2. Conductance ox
to H,0 0.91
3. Sub stomatal
CO, -0.33  -0.39 1
concentration
4. Intercellular 0.34 029 092" 1
CO,/ambient CO, ' ' '
> TSRO ggp 001" 047 042 1
6. FulFn 0.96™ 089™ -040 -040 0.947 1
7. Fo 030 -0.33 093" 0927 -039 -042 1
8. Fm 083" 0777 -037 -037 0707 078" -0.39 1
9.Y 084" 077" -029 -031 077" 090" -042 083" 1
10. F, 091 085" -029 -023 083" 088" -028 090" 083" 1
11. Chlorophylla  0.79™ 0.70" -0.34 -0.34 064~ 0777 -041 094™ 085" 088" 1
12. Chlorophyllb ~ 0.79™ 0.78" -037 -035 066~ 074" -041 094" 081" 086" 095" 1
13. Carotenoid -0.04 001 084" 088" -020 -015 084" -004 -007 002 -002 -0.0 1
12. Grain yield 089" 081" -063" -065" 0917 089" -059" 080" 0777 081" 078" 0777 -037 1
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