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Investigating the effect of silicon and potassium foliar spraying and
additional soil application of potassium on quantitative and qualitative
yield of sugar beet (Betavulgaris L.) under moisture stress conditions
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Table 1. Physical and chemical characteristics of soil at the experimental farms of Mashhad agricultural college and Fariman sugar factory and agricultural

company
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8 1.34 13 0.62 46 26 18 0.06 17.6 170 J¢ie Mashhad
8.2 2.02 17.1 0.62 43 18 39 0.06 7.4 231 Oley
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Table 2. The fertilizer recommendation for the experimental farms of Mashhad agricultural college and Fariman sugar factory and agricultural compan
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Potassium sulfate (kg.ha!) Super triphosphate (kg.ha™!) Urea (kg.ha™!) Region
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250 150 420 Mashhad
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150 250 420 i
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Figure 1. Irrigation calendar chart based on 100% irrigation requirement in Mashhad (A) and Fariman (B)
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Table 3. The results of combined analysis of variance (mean squares) of sugar content, molasses sugar, sodium, potassium, alkaline, amino nitrogen, white
sugar yield, root yield, stomatal conductance, chlorophyll index, leaf silicon and potassium content
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Fertilizerxirrigation 6 0.99 2.25 0.89 0.96 0.28 6.55 31.98 15.16 60.91 1.37 3.82 0.397
adlaiaX 295X rm»rL ns n.s ns ns ns ns ns ns ns ns o ns
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ns, * and ** are not significant, significant at 5% and 1% probably levels, respectively.
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Table 4. Comparison of the effect of fertilizer treatment at each level of irrigation treatment on root yield, sugar content, sugar molasses, leaf silicon and
potassium content, potassium, stomatal conductance, white sugar yield and chlorophyll index
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Effectof  — yig - Leaf Potassium P Chlorophyll index (4 4/ o
content% Leaf Stomatal . .
moi:ﬁm.a m.ﬁ om.or (ton.ha™") potassium " o) (meq.100gr") d White sugar Sodium Amino nitrogen
level of irrigation (mgkg!) silicon(mgke™) AMMHSWMW% va yield(ton.ha™") (meq100gr.beet™)  (meq.100gr beet')
Fi 72.754 19.242> 2.052 2.68°¢ 1.3¢ 4,982 25.56° 12.48¢ 47.952 1.372 2.142
F2 75.41¢ 19.08% 1.77* 4/22 1.3¢ 4.542 26.06% 12.69% 47.392 1.082 1.812
I Fs3 80> 18.57¢ 2.222 3.2b 4.3b 5.37* 26.75°2 13.07° 47.332 1.532 1.97%
F4 82.16% 19.822 1.582 4.12 4.6* 3.86% 25.82 14.95% 47.82 1.332 1.42°¢
Fi 54.75¢ 20.52 1.942 2.55¢ 0.94 4,762 12.4¢ 9.27° 37.924 1.35% 1.912
F2 58.25b 19.27° 1.882 2.982b 1.86¢ 4.492 18.042 10.21# 40.78°¢ 1.412 2.032
I F;3 61.16% 19.41° 1.92 2.743be 2.78b 4.522 14.8° 10.69% 43.68° 1.512 1.712
F4 61.582 19.15° 2.36% 2.992 32 6.33? 17.032 10.34# 45.182 1.172 1.77%
Fi 34.082 18.92 2.66% 2.1¢ 0.5¢ 6.57* 8.12 5.532 30.58¢ 1.51° 2.37%
F2 33.52 18.292 1.96b¢ 2.852 0.4¢ 5.04¢2be 7.28 5.46° 29.277 1.19° 2.19%
I Fs3 34.082 18.56% 2.41% 2.5b 1.06* 4.88b° 7.782 5.45° 28.75% 2.232 2.642
F4 34.09% 18.4% 1.4¢ 2.842 1.08? 3.5¢ 7.43? 5.932 29.7* 1.02° 1.84°¢
LSD 0.63 0.66 0.91 0.21 0.16 1.86 1.15 0.50 2.03 0.86 0.5
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Values with common letter(s) in each column are not statistically significant different at 5 % probability level based on LSD test. Fi: no fertilizer, F2: potassium, Fs: silicon, Fa:
potassium + silicon and I «<I2and I3: 100, 75 and 50% of water requirement, respectivel
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Extended Abstract
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and potassium foliar spraying and additional soil application of potassium on quantitative and qualitative
yield of sugar beet (Betavulgaris L.) under moisture stress conditions
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Introduction: Deficit of water resources is one of the limitations for sugar beet
cultivation in arid and semi-arid regions (Shahbazi ef al., 2015) and therefore the
use of compounds that can improve growth and yield of sugar beet under these
restricting conditions is of the most important research priorities. Potassium
plays an important role in ameliorating the injurious effects of water deficit on
plants. Potassium along with other anions is involved in maintaining turgor in
guard cells of stomata so that increasing concentrations of potassium in guard
cells causes their osmotic potential to become more negative, resulting in the
absorption of water from the surrounding cells. This makes guard cells turgid and
consequently leads to stomatal opening. Silicon (Si) is a non-essential nutrient
for most plants. However, in field crops, it is known to affect plant growth and
quality, photosynthesis, transpiration and to enhance plant tolerance to stresses
such as drought. Si increases physical and chemical defense power of plants. Si
plays a significant role in modulating physiological and metabolic responses in
plant. This study was conducted to investigate the role of foliar spraying of silica
and potassium on sugar beet (Beta vulgaris L.) under deficit irrigation.

Materials and Methods: In order to study the effects of foliar spraying of
silicon and potassium on yield and qualitative traits of sugar beet root under water

Email address of the corresponding author: —goldani@um.ac.ir
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deficit conditions, two experiments were conducted in a split plot arrangement
based on a randomized complete block design with three replications in two
regions of Mashhad and Fariman. The main plots were allocated to irrigation
treatments including: 100 (I,), 75 (1) and 50 percent (I,) of water requirement and
the sub plots were allocated to four fertilizer levels including: control (no fertilizer
application) (F), potassium (F,), silicon (F,), potassium together with silicon (F,).
Promoter system (OS-1 model) and chlorophyll meter system (Minolta 502 model)
were respectively used to measure chlorophyll content and stomatal conductance.
Sodium and potassium concentrations were determined by the flame photometer
method and amino nitrogen content was measured by water number method using
betalyzer device. Data obtained from the two regions were subjected to combined
analysis using MINITAB. 17 software after confirming homogeneity of variance
of the two experiments.

Results and Discussion: The results showed that interaction effects of foliar
spraying of fertilizers and irrigation treatments on yield, root potassium and sodium
and amino nitrogen, chlorophyll index, sugar content, extraction coefficient of
sugar, leaf silicon and potassium contents and white sugar yield were significant at
1% probability level. Stomatal conductance and sugar molasses were significantly
affected by the treatments at 5% probability level. Under full water application (1)),
simultaneous spraying of potassium and silicon produced synergistic effects so that
root yield and white sugar yield were raised by 12.9 % and 19.79 %, respectively
and amino nitrogen was lowered by 33 %. Under the mild water stress (1,), foliar
application of potassium together with silicon increased chlorophyll index by 21 %
and stomatal conductance by 37 %, which resulted in increased root yield (12.5 %)
and white sugar yield (11%) as compared to control. Gunes et al, (2008) reported
that silicon can increase dry matter content in sunflower grown under drought
stress. Mehrandish ez al, (2012) showed that foliar spraying of potassium enhanced
chlorophyll content in sugar beet subjected to osmotic stress. Under the severe
water stress (1), although the simultaneous use of potassium and silicon decreased
sugar molasess, sodium and amino nitrogen contents by 47 %, 26 % and 21.5 %,
respectively, it did not have any significant effect on the sugar beet root yield and
white sugar yield. The results indicated that when the plant was fully irrigated,
the correlation between leaf potassium and silicon contents and the root and white
sugar yields was positive. It seems that to obtain optimal root yield (82.16) and
sugar yield (19.82), potassium and silicon contents in leaf should be at the rates of
4.5 and 3.5 mg / kg, respectively.

Conclusions: In general, it can be stated that increasing amounts of silicon and
potassium in leaf through foliar spraying can improve sugar beet root yield and
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white sugar yield performance under mild water stress conditions.

Keywords: Drought stress, chlorophyll index, stomatal conductance, amino
nitrogen
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