Investigating the Effects of Sugarcane Drainage Water, Foliar
Application of Amino Acids, and Salicylic Acid on Morpho-
Physiological Characteristics of Camelina Cultivars

Introduction

This study aimed to utilize unconventional water resources to cultivating the strategic oilseed
crop Camelina sativa, also investigating the effects of foliar application of L-amino acids and
salicylic acid (SA) on morpho-physiological characteristics of Camelina cultivars. Soil and
water salinity are the most significant problems in Khuzestan Province, leading to reduced
agricultural productivity. High salinity in Khuzestan soils significantly reduces the growth
and productivity of many crops. However, employing foliar spraying of amino acids and
salicylic acid can serve as a magnificent method to reduce the impact of salt stress in saline
soils. The current investigation intends to explore the effect of foliar spraying of amino acids
and salicylic acid on the Camelina sativa L. under sugarcane drainage water irrigation.
Camelina as a low input oilseed crop has a few positive traits that make it possible to
cultivate in Iran. The main advantages of Camelina like drought and salinity tolerance and
high seed oil content make it valuable especially in less productive lands. Due to the large
amounts of drainage water in sugarcane production industries, drainage water recycling, and
application for salt tolerant crops irrigation except for sugarcane can be used as supplemental
irrigation. Depending on management, drainage water recycling can also provide other
complementary benefits such as saving conventional water resources needed for the
development of crop cultivation in the region.

Materials and Methods

The experiment was conducted during the 2022—2023 and 2023-2024 growing seasons using
a split-split plot test within a randomized complete block design in four replications at the
sugarcane industry of Hakim Farabi, located in southern Khuzestan Province. Water sources
as main factor included river water (control), alternate irrigation (alternating river water and
sugarcane dranage water), sugarcane dranage water irrigation. Sub-factor was Ffoliar
applications at flowering stage included control (no application), L-amino acids at 1.5 and 3
L ha™, salicylic acid at 1 and 2 mM, and cultivars (Soheil and Sepehr) as sub-sub-factor. The
amino acids used included alanine, arginine, aspartic acid, cysteine, glutamic acid, glutamine,
glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine, and valine from stock solutions of 1 and 1.5 L/ha.

Results and Discussion

Results indicated that under river water irrigation (Karun River), the Sepehr cultivar treated
with 3 L ha™ L-amino acids exhibited a 53% higher seed yield compared to the untreated
Soheil control. The lowest yield was observed under sugarcane drainage water irrigation.
However, the Soheil cultivar showed a 35% yield advantage under sugarcane drainage water
when treated with 3 L ha™ L-amino acids compared to the untreated Sepehr control. The
highest seed yield over the two years was obtained from river water irrigation combined with
a foliar application of 3 L/ha of amino acids in the Sepehr cultivar (3609 kg/ha). In contrast,
the lowest seed yield was recorded for the Sepehr cultivar under irrigation with sugarcane
drain water. The best seed yield in the Soheil cultivar was also achieved with a foliar
application of 3 L/ha of amino acids (1691 kg/ha). The Sepehr cultivar demonstrated higher
grain and biological yields under river water irrigation conditions. The foliar applications of
amino acids and salicylic acid positively influenced seed yield, biological yield, harvest



index, 1000-seed weight, number of siliques per plant, number of seeds per silique, silique
length, and plant height under both drain water usage conditions and non-usage conditions.
Notably, the Sepehr cultivar yielded less than Sohail under drain water conditions. It seems
that foliar application of L-amino acids and SA acted as potential growth regulators,
mitigating stress effects by enhancing nutrient uptake and improving seed yield.

Conclusion

This study concluded that foliar applications of amino acids and salicylic acid enhanced the
growth and development of Camelina by improving nutrient absorption, mitigating stress
effects, and increasing seed yield. The integration of L-amino acids and SA alleviated stress
under unconventional water irrigation, demonstrating their potential for sustainable Camelina
production. River water with amino acid supplementation yielded optimal results, while
sugarcane dranage water required amino acid amendments to enhance productivity.
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yield
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Table 1- Certification of the studied cultivars

o3, U SolE 4 pb wd) S B Jlw wdy S
Name of the The name of the . Year of Cultivar
. Owner of the cultivars
cultivars breeder release code
et SRS Jubs 355 el (gt (299> QLS drwgi 9 CuiS S 5
. . - Beeston Shafa Medicinal Plants Cultivation and 1396 1271
Sohail Dr. Danial Kahrizi
Development Company
e SRAS Juls 555 Ll (gt (29)1 QLS drwg g cuiS <8 pd
ini ivati 1396 1.2.75
Sepehr Dr. Danial Kahrizi Beeston Shafa Medicinal Plants Cultivation and

Development Company
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Table 2- Meteorological information of the experiment region of Hakim Farabi sugarcane cultivation and industry in
the south of Ahvaz (2022 and 2023 years)

oo Jlas Al ke Jlas S

slo Month Mean Min Max Mean Min Max

C° 51,8 Jilw s y» Co 518 gilw as
2022 2023

298 April 14.9 13 38.4 134 14 36.4

Sl 3! May 19.2 32.1 41 18.86 33.2 42
al3,5 June 36.5 21 49.7 36.18 16.8 48.7
P July 39.4 17.2 50.5 38.24 23.3 50.6
31540 August 39.69 25.2 51.3 40.15 29.4 50.1
29 R September 36.52 15.7 485 29.9 19.4 41.7
R October 31.6 12.2 43 28.02 15.1 42.1
obf November 24.13 11.7 35.3 21.41 8.8 38.6
P December 18.2 6.5 26.4 16.82 53 30.4
@ January 11.65 24 18.2 11.8 3 18.4
oo February 14.6 -0.2 23 10.7 4 16.2

K] March 19.2 1 30.7 19.1 2 31.8
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Table 3- Physiochemical properties of experimental site soil

Jlo Gos Syl cylan JotS oo s ey 388 o Che o
Depth EC ocC N P K S Sand  Silt Clay
Year pH
(cm) (ds. m™) (%) (%) (mg.kg?) (mgkg?!) (mgkg? (%) (%) (%)
2022-23 0-30 2.69 7.2 0.34 0.09 12.9 269 147 23 46 31
30-60 1.42 75 048 0.08 9.9 192 155 25 47 28
2023-24 0-30 2.63 7.1 0.41 0.08 13.6 256 141 23 47 30
30-60 1.48 7.3 0.52 0.09 10.2 229 14.6 24 49 27
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Table 4- Average of water electrical conductivity in irrigation treatments during 2022-2023

T 0 T d)Lﬁi d;‘-a-!j d)la-ri d;‘-ﬁj =
Skl e Jol bl e93 5yl . e
©g ek ] ol
R first second third fourth fifth sixth
irrigation source Lo L L - o oo Average
irrigation irrigation irrigation irrigation irrigation irrigation
ySins A,:ia)‘
Sugarcane water 6.27 5.3 6.76 7.1 8.13 5.42 6.49
drainage
09/ &g, Ol b (5l
3.1 3.03 3.28 3.05 3.7 1.94 3.01

Irrigation with Karun
River water
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Table 5 - Average of chemical properties of irrigation water during 2022-2023

s N\ © . e " Culaa
wtlossd Slooguad ) e I S s elus oly,s S
SAR K* Mg*2 Na* Ca*? cL? HCO® CO03% pH EC
Chemical properties meq|™? meglt  megl? meglt meql? meql?! meql? meql? ds.m?
098 Wby, ol 43 13 43 87 41 488 39 0 7 301
Karun River water
,Sww‘"‘_’ gio}
Sugarcane drainage 129 3.7 13.7 51.8 6.4 75.6 175 0 7.2 6.49
water
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Table 6- Mean square analysis of traits under the conditions of using different water resource and foliar spray conditions on some Camelina cultivars during two years.

uApoves 91 NEEYSY) 4l 3 ,Sdos s Dy Slos Cwild g sl &g lis JgwS Job JgwnsS 3> &ild Dy Wg 43 JgmeS dlaxd &l 438 59
S.0vV df Seed Biological yield Harvestindex Plant height capsuleslength  Number of capsules Numtl))eerrc:)flgﬁi)sules 1000-Seed weight
yiled
Ju year 1 3146.5ns 4116ns 1.24ns 0.06ns 0.003ns 1.2ns 7.0ns 0.01ns
Sobx Jl
6 3505.6ns 5911 ns 1.3ns 0.05ns 0.26ns 1.08ns 10.6ns 0.008ns
block X year
o ebked 2 67547913**  415168821** 202.2%* 22209%* 248.6%* 260.11%* 1015838** 0.03**
T ol x U yearxd
o glex Jly 9 604.9ns 845.4ns 0.43ns 13.5ns 0.005ns 0.43ns 6.5ns 0.001ns
S T 2l ™
X ol e J 12 2330.9ns 1940ns 0.66ns 49.7ns 0.119 0.59ns 16.2ns 0.003ns
Block x d x year
w5V 1 182988** 1584365 ** 43 ** 0.81ns 1.18** 17.60%* 1606.** 0.03**
Jlex o8, Year x v 1 2413.0ns 320.2ns 0.43ns 16ns 0.008ns 0.5ns 2.604ns 0.01ns
o e x o8, dxv 2 1228588** 6308150.1%* 200** 574.1%% 12.0%* 97.5%% 29035%* 0.03**
T 2l ) ™
ol e oy 2 2100.6ns 6550.3ns 0.37ns 2.6ns 0.001ns 0.45ns 2ns 0.001ns
Year x dx v
Sl o)lusdls 3,88 4 5545596.0%*  26487596.2** 126 ** 7611.5%* 38.6%* 175.69** 128636** 0.67**
Slojludls 3,8 x JL yearxs 4 2824.3ns 3470.1ns 0.62ns 0.9ns 0.004ns 0.35ns 3ns 0.004ns
o i X glo)lus s 5,18 dxs 8 1554484.9%*  6409040.6%* 32.81%* 251.7%% 6.42%* 4.39%* 17034780%* 0.06**
™ (PN lo ylus L Y
Jloxial gl x loylusls 35 8 2129.0ns 4030.9ns 0.35ns 4.2ns 0.003ns 0.059ns 3.2ns 0.001ns
yearxdxs
SlojludLs 3,18 x5, VXS 4 59368.8** 985980.1** 30.05%* 41.2%* 0.65%* 0.43ns 4465.9%* 0.03**
™ lo b L IS x 43
Jlox slo)ludl 3,115 8, 4 433.4ns 894.6ns 0.13ns 9.6ns 0.003ns 0.63ns 4.39ns 0.003ns
Year Xxv x s
G b x (gloyluslis 3,0)8 x o8, dxsxv
8 86716.3%* 409415.1%* 29.13** 95.6%* 0.77** 5.25%* 2443** 0.023**
Lo o golie X (loyluiilis 530,18 x o3
Jlox ol o x slojlusla 36 o5 8 557.8ns 655.5ns 0.19ns 1.6ns 0.002ns 0.38ns 3.702ns 0.002ns
yearxdxvxs
Sl o po CV (%) 9.42 6.91 7.63 5.43 6.98 5.95 5.80 493

=% ,%and ns have significant differences at the Y and ®percent levels of probability, respectively. Ns: non-significant.
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Figure 1. Mean Comparison of different water resources and foliar application effect in Camelina cultivars on plant
height during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 2. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on seed
yield during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 3. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on
Biological yields during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 4. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on
harvest index during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 1. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on
Number of buds per plant during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 5. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on 1000
Seed weight during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 6. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on
capsules length during two years.

Means in each column and for each treatment, followed by at least one letter in common are not significantly
different at the 5% probability level using Duncan' s Multiple Range Test.
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Figure 8. Mean Comparison of different water resources and foliar applications effect in Camelina cultivars on
capsules number during two years.

different at the 5% probability level using Duncan' s Multiple Range Test.
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