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Abstract

Introduction

Broccoli is a one of the vegetables that has a very high nutritional value and it is cultivated in
many countries all around the world. Due to the intensification of climate change, sudden drops
in temperature during the winter in northern countries pose a serious threat to some vegetable
species, including broccoli. In this study, an experiment was conducted to investigate the effect
of sucrose, potassium silicate, and Bordeaux mixture on increasing the tolerance of broccoli
seedlings to sudden cold stress.

Materials and Methods

The experiment was conducted in a completely randomized design with eight treatments, three
replications, and three samples per each replication. The treatments included: control, sucrose1%,
potassium silicate 0.2%, Bordeaux mixture 0.2%, sucrose + potassium silicate, sucrose +
Bordeaux mixture, potassium silicate + Bordeaux mixture, and sucrose + potassium silicate +
Bordeaux mixture.

Results and Discussion
The effect of the treatments on the growth of broccoli seedlings one week after exposure to low
temperature stress, including stem height, leaf number, shoot dry weight, root fresh weight, and

root dry weight, was not statistically significant. The highest concentration of chlorophyll b
(1.647 mg/g fresh weight) was obtained in the Bordeaux mixture treatment which along with the

combined treatment of sucrose + potassium silicate + Bordeaux mixture were the only treatments
that showed a significant superiority compared to the control. The highest transpiration rate
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among the tested treatments was observed in the sucrose + Bordeaux mixture treatment, which
did not show a significant difference compared to the three-component treatment of sucrose +
potassium silicate+ Bordeaux mixture, but showed a significant superiority compared to the other
treatments. The foliar application of Bordeaux mixture caused a higher stomatal conductance
compared to the control after a temperature stress of -2 °C, but the other treatments did not show
a significant difference compared to the control. In terms of the non-photochemical quenching
(Y(NPQ)), the highest Y(NPQ), was observed in the control and potassium silicate treatments,
which was significantly higher than all other treatments. Meanwhile, the lowest level of this
index was observed in the potassium silicate+ Bordeaux mixture treatment, which did not show a
significant difference compared to the sucrose + potassium silicate, sucrose + potassium, and
silicate+ Bordeaux mixture treatments. The highest level of antioxidant activity was observed
only in the sucrose treatment and the sucrose + potassium silicate and Bordeaux mixture
treatments, which were superior to all other treatments without any significant difference among
them. In terms of total phenolic content, only the sucrose+ Bordeaux mixture treatment showed a
significant superiority compared to the control, and the other treatments did not show a
significant difference from the control. In the trait of soluble sugar content, the sole potassium
silicate and the three-component treatments were better than the control, and the other treatments
did not show a significant difference compared to the control. The highest ion leakage was
observed in the sucrose + Bordeaux mixture treatment, which was higher than the control and all
other treatments. The lowest ion leakage was also observed in the sucrose + potassium silicate
and potassium silicate+ Bordeaux mixture treatments, although the difference between them and
the control and potassium silicate-only treatments was not significant. The highest level of
proline was observed in the sucrose+potassium silicate treatment, which was significantly
superior to all other treatments.

Conclusion

Sucrose+potassium silicate treatment improved the defense system of the plant against sudden
cold stress by increasing the amount of carotenoid and proline, and as a result of these activities,
the antioxidant of the whole plant and higher chlorophyll also increased. Also, this treatment
showed low ion leakage and low non-photochemical quenching, which can show higher sudden
cold tolerance. Another favorable treatment was potassium silicate + bordeaux mixture which
produced a higher assimilation rate, although this photosynthetic production did not affect the
biomass, but since the ion leakage was low and caused the lowest Y(NPQ), it can be said that the
plant in this treatment receive lower stress. Overall, considering all the evaluated traits, the top-
performing treatment in this experiment was the potassium silicate+ Bordeaux mixture treatment,
followed by the sucrose + potassium silicate treatment.

Keywords: Cole crops, Carbohydrate, Ice maker bacteria, Silica.
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Table 1. Analysis of variance of the effect of treatments on morphological traits and biomass

. Aerial fresh Aerial dry Root fresh Root dry
S.0Vv df Stem height  Leaf number weight weight weight weight
Treatment 7 0.61404762™ 0.32738095™  0.3629500™  0.01919048™ 2.07834048™ 0.02986429"™
Error 16 0.56125000  0.16666667  0.39567083  0.07159167  1.72042500  0.02844583
CV% - 4.42 7.71 9.98 18.91 16.97 12.08

" " and ": non-significant and significant at the 0.01 and 0.05 probability levels, respectively
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Figure 1. The effect of treatments on the amount of chlorophyll b in broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 2. The effect of treatments on the amount of carotenoid in broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 3. The effect of treatments on the transpiration rate of broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 4. The effect of treatments on the stomata conductance of broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 5. The effect of treatments on the rate of photosynthesis of broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 7. The effect of treatments on the antioxidants in broccoli after sudden cold stress (columns
with the same letters are not significantly different)
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Figure 8. The effect of treatments on the sugar content of broccoli after sudden cold stress (columns
with the same letters are not significantly different)
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Figure 9. The effect of treatments on the amount of ionic leakage of broccoli after sudden cold stress
(columns with the same letters are not significantly different)
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Figure 10. The effect of treatments on the amount of proline in broccoli after sudden cold stress
(columns with the same letters are not significantly different)

u‘clé"(""“‘“»* Lﬁjﬁ)v@jﬂ)gb‘j@;ﬁrw&mc’ﬁ QS);“".‘;’
S5 pals bl ol e b 30 |y oS Er b ol Ot 5,5 jles ki 0
S 013 O oS plad b (Aaal 5 b G Sl 5 il Iy o nl €02 O e

oS 3 SLSL (slojw (15 i o go ol a5 L 5 o35ms oslizul 4y o g 4 35 (s oS



Yvy

gl 5 5 (SO I B s ey gy 0L 5 5 ST

el 5 ok (s ol it 14 Yl Ok K3 sl Ll 338 Wy, WS
s Ui Sl s 8y YU Ol 5 & 5p oSs0 it penlsy
5892 ey, DS 5 sy DSt 5,05 L S YINPQ) 5 gy ot pmpen 3305 bl
20 B Ghala3T ol S slsles 1y D5 Sled ol 3 oS & LS Olg e 1 (sl
slas 53 S ST 1.l 03 ga5 S8y 1) (5 S
SHF ol Sloarls Candy oS ey SISk
a5 Ciglae 3l dkspts b bl 08 iy 5 0355 YU (6 jw 5 (180355, 5 SIkenSTT 5T Catliee
JuS" ol b mle 5 G55S psle oKl Sl 25 ke 53 sled ol 3 S 10 e
LB e s G108 o355 o8 S BT (28 (2 b a3 0 SUSTS

References

Altuntas, C., Sezgin, A., Demiralay, M., Terzi, R., Saglam, A., & Kadioglu, A. (2019). Application of
sucrose modulates the expressions of genes involved in proline and polyamine metabolism in maize
seedlings exposed to drought. Biology Plantarum, 63: 247-252.

Araghi, H., Tehranifar, A., Abedi, B., & Shoor, M. (2014). Seasonal changes of electrolyte leakage,
carbohydrate contents and Re-growth in four cultivars of grape vine (Vitis vinifera 1.) cuttings, under
freezing stress. Plant Productions, 37: 49-61.

Badawy, A.A.l. Roby, M.H.H. Mahdy, H.A.A., Abdou, N.M., El-Tahan, A.M., El-Saadony, M.T., EI-
Tarabily, K.A. & El-Saadony, F.M.A. (2022). Improvement of selected morphological, physiological,
and biochemical parameters of Roselle (Hibiscus sabdariffa L.) grown under different salinity levels
using potassium silicate and Aloe saponaria wxtract. Plants, 11(4): 497.

Bates, L.S., Waldern, R.P., & Tear, 1.D. 1973. Rapid determination of free proline for water stress studies.
Plant and Soil, 39: 205-207.

Carter G.A. & Knapp A.K. (2001). Leaf optical properties in highest plants: linking spectral characteristics
to stress and chlorophyll concentration. American Journal of Botany, 88(4): 677-684.

Ding, J., Jiao, X., Bai, P., Hu, Y., Zhang, J. & Li, J. (2022). Effect of vapor pressure deficit on the
photosynthesis, growth, and nutrient absorption of tomato seedlings. Scientia Horticulturae, 293:
110736.

Dixon G.R. (2017). The origins of edible brassicas. Plantsman,16(3):180-185.

Ebrahimzadeh, M.A., Nabavi, S.F., Nabavi, S.M. & Eslami, B. (2010). Antihemolytic and antioxidant
activities of Allium paradoxum. Central European Journal of Biology, 5: 338-345.

Gao X., Zou C., Wang L., & Zhang F. (2006). Silicon decreases transpiration rate and conductance from
stomata of maize plants. Journal Plant Nutrition, 29: 1637-47.

Habibi, G. (2015). Effects of soil and foliar-applied silicon on the resistance of grapevine plants to freezing
stress. Acta Biologica Szegediensis, 59(2): 109-117.

Hegazi, A.M., & El-Shraiy, A.M. (2017). Stimulation of photosynthetic pigments, anthocyanin, antioxidant
enzymes in salt stressed Red Cabbage plants by ascorbic acid and potassium silicate. Middle East
Journal of Agriculture Research, 6(2): 553-568.

Kalisz, A., Sekara, A., Grabowska, A., Cebula, S. & Kunicki, E. (2015). The Effect of Chilling Stress at
Transplant Stage on Broccoli Development and Yield with Elements of Modeling. Journal of Plant
Growth Regulation, 34, 532-544.


tel:2010
tel:338-345

Yvy

VE ¥ Ol oYl FY Al ¢ ol Sl 5

Karlidag H., Yildirim E. & Turan M. (2009). Salicylic acid ameliorates the adverse effect of salt stress on
strawberry. Journal Agriculture Science, 66(2): 271-278.

Lagriffoul, A., Boudenne, J.L., Absi, R., Ballet, J.J., Berjeaud, J.M., Chevalier, S., Creppy, E.E., Gilli, E.,
Gadonna, J.P., Gadonna-Widehem, P. & Morris, C.E. (2010). Bacterial-based additives for the
production of artificial snow: What are the risks to human health? Science of the Total Environment,
408(7): 1659-1666.

Lemoine, M.L., Chaves A.R. & Martinez, G.A. (2010). Influence of combined hot air and UV-C treatment
on the antioxidant system of minimally processed broccoli (Brassica oleracea L. var. italica). LWT-
Food Science and Technology, 43(9): 1313-1319.

Li, Y.H., Lee, K.K., Walsh, S., Smith, C., Hadingham, S., Sorefan, K., Cawley, G., & Michael W. (2006).
Establishing glucose- and ABA-regulated transcription networks in Arabidopsis by microarray analysis
and promoter classification using a Relevance Vector Machine. Genome Research, 16: 414-427.

Liang, Y., Nikolic, M., Belanger, R., Gong, H. & Song, A. (2015). Silicon in Agriculture, from Theory to
Practice. Springer, pp. 1-325.

Lichtenthaler, H.K. & Buschmann, C. (2001). Current Protocols in Food Analytical Chemistry. Unit
F4.3.1-F4.3.8.

Ma. J.F. (2004). Role of silicon in enhancing the resistance of plants to biotic and abiotic stresses. Soil
Science and Plant Nutrition, 50:1, 11-18.

Siddiqui, M.H., Mukherjee, S., Al-Mungedhi, B.M.A. Kumar, R. & Kalaji, H.M. (2023). Salicylic acid and
silicon impart resilience to lanthanum toxicity in Brassica juncea L. seedlings. Plant Growth
Regul, 100: 453-466.

Tan, D.K.Y., Wearing, A.H., Joyce, D.C., Rickert, K.G. & Birch, C.J. (1999) Freeze-induced reduction of
broccoli yield and quality. Australian Journal of Experimental Agriculture, 39: 771-780.

McCready, R.M., Guggolz, J., Silviera, V. & Owens, H.S. (1950). Determination of starch and amylose in
vegetables. Analytical chemistry, 22.9: 1156-1158.

Rajabi, R., & Pourdad, S. (2011). A study on cold resistance in safflower varieties and lines by
physiological and biochemical indices. Plant Productions, 33(2), 1-14.

Sturm, Arnd. 1999. Invertases. Primary structures, functions, and roles in plant development and sucrose
partitioning. Plant physiology, 121: 1-8.

Tan, D.K.Y., Joyce, D.C., Wearing, A.H., Rickert K.G. & Birch C.J. (1999). Freeze-induced reduction of
broccoli yield and quality. Australian Journal of Experimental Agriculture, 39: 771-780.

Uemura, M. & Steponkus, P.L. (2003). Modification of the intracellular sugar content alters the incident of
freeze-induced membrane lesions of protoplasts isolated from Arabidopsis thaliana leaves. Plant, Cell
& Environnent, 26: 1083-1096.

Wang, L., Yu, X., wang, H., Lu, Y.Z., de Ruiter, M., Prins, M. & He, Y.K. (2011). A novel class of heat-
responsive small RNAs derived from the chloroplast genome of Chinese cabbage (Brassica
rapa). BMC genomics 12: 1-15.

Xiong, Z.T. & Wang, H. (2005). Copper toxicity and bioaccumulation in Chinese cabbage (Brassica
pekinensis Rupr.). Environ. Toxicol, 20: 188-194.

Yoon, J.,, Cho, L.H., Tun, W., Jeon, J.S. & An, G. (2021). Sucrose signaling in higher plants. Plant
Science, 302: 110703.

Yuanyuan, M., Yali, Z., Jiang, L., & Hongbo, S. (2009). Roles of plant soluble sugars and their responses
to plant cold stress. African Journal of Biotechnology, 8 (10).

Yusuf, M., Almehrzi, A.S.S., Alnajjar, AJ.N., Alam, P., Elsayed, N., Khalil, R. & Hayat, S. (2021).
Glucose modulates copper induced changes in photosynthesis, ion uptake, antioxidants and proline in
Cucumis sativus plants. Carbohydrate Research, 501: 108271.



