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Background and Objectives: Sugar beet (Beta vulgaris L.) is one of the most important

sugar-producing crops in arid and semi-arid regions, where water scarcity is a
major limiting factor for yield and quality. Drought stress often reduces root
growth and sugar yield, necessitating the development of sustainable
management strategies to enhance drought tolerance. In recent years, organic
growth stimulants such as amino acids and humic substances have attracted
increasing attention due to their environmentally friendly nature and potential to
improve plant performance under abiotic stresses. These stimulants not only
promote physiological and biochemical processes in plants but also enhance soil
health and nutrient availability, contributing to overall crop resilience. The
objective of this pilot study was to preliminarily assess the effectiveness of
different organic growth stimulants in alleviating drought stress effects on sugar
beet and to identify superior treatments using an integrated multi-criteria
decision-making approach. The findings of this research are expected to provide
valuable insights for developing practical, eco-friendly strategies to improve
sugar beet productivity under water-limited conditions.

Materials and Methods: This study was conducted at the Kamalshahr Research Station,

Karaj, Iran, using a split-plot arrangement within a randomized complete block
design. Two irrigation regimes, including normal irrigation and drought stress,
were assigned to main plots, while four nutritional treatments (control, amino
acid, humic acid, and combined application of growth stimulants) were allocated
to subplots. Several quantitative and qualitative traits related to root yield and
sugar quality were measured during the growing season. In addition to
conventional analysis of variance, the Technique for Order Preference by
Similarity to ldeal Solution (TOPSIS) was employed to rank treatments by
simultaneously considering multiple criteria with equal weights. To evaluate the
robustness and stability of the rankings, Monte Carlo simulation was applied
based on repeated random perturbations of the input data.

Results: The results showed that drought stress markedly reduced root yield and root

weight, while increasing root dry matter content (dry root pulp weight / fresh root
pulp weight) and pure sugar percentage. Growth stimulant treatments generally
improved root yield under both irrigation regimes, with humic acid and the
combined application showing more pronounced positive effects. Multi-criteria
analysis indicated that under normal irrigation conditions, the amino acid
treatment achieved the highest closeness to the ideal solution. In contrast, under
drought stress conditions, the combined application of growth stimulants was
clearly identified as the superior treatment and ranked first in more than 95 % of
Monte Carlo simulation runs, demonstrating a high level of ranking stability.
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Conclusion: Although the outcomes of this research are preliminary and derived from
a pilot study, the results suggest that organic growth stimulants, particularly the
combined application, have considerable potential for mitigating drought stress
effects in sugar beet. Moreover, the integration of TOPSIS with Monte Carlo
simulation proved to be a powerful and reliable framework for multi-criteria
evaluation and early-stage screening of management options. These findings
provide a scientific basis for designing more comprehensive field experiments
and developing sustainable irrigation and nutritional strategies for sugar beet
production under water-limited conditions.
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Table 4. Decision Matrix of Multi-Criteria Analysis under Stress Irrigation
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“ () ) " “
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Table 5. Analysis of Variance (Mean Squares) of Some Quantitative and Qualitative Traits of Sugar Beet

. ¥31)
oo P}
5 J i " Ofa s o : O ks lilep .
oMo i3 o - 5LE ™ o Degrees 35 2o
. Jlasciw! Jlasciw! g ol R el 0 g0 ) N iy Ay
oA ) Molasses o Alkalinity Na K ) Fresh Ay, of Source of
Purity Recoverable Extraction sugar %) Re_:ducmg b Dry Root Root freedom variation
sugar coefficient Root nitrogen weight : weight yield (df
ofroot ~ Weight
pulp dry of root
matter pulp
pulp
02" 046" 652™ 01 12m 008" 011 gg3ns Qoo 211" 007™  0003% 1327 2 Soh
ns Block
d)lﬁj
1449 1301" 4064 0,041 39.99 143 034 gggrns 79" 151™  056™ o440 212064 1 (ol ©55)
ns Irrigation
(main plot)
Skl s
0.83 1.07 9.74 0.12 1.24 0.25 0.56 0.16 0.90 3.16 0.18 0.00 0.28 2 )
(el » Sob)
Ay d)zu
- ) pos
262" 2727 1527 0.06" 324 013™ 044 g2 o4gr 328™  026™  ooe7~ 21082 3 loe2 &)
ns *x Growth
stimulator
(sub-plot)
S X sl
252 357M™ 3085 "™ 012" 363™ 042" 042 0.38 " 083™ 658" 012" 00035 ™ 1759 "™ 3 : M)
’ ’ : ’ . ’ ns ’ : ’ ’ : ’ Irrigation x
Growth
stimulator
12 1.68 1843 0.26 1.86 0.15 0.82 043 0.45 153 0.12 0.0002 5.28 12 Il
Total error
727 119 5.96 144 6.06 208 196 125 125 795 1003 1.69 326 - Coefficient of
variation
Q%)

ns, * and ** indicate non-significant, significant at 5%, and significant at 1% levels, respectively.
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Table 6. Comparison of means of main effects of irrigation treatments for significant traits

Sis oobe L 0 p0 (359 30 5 09 3,Slos
SRV Lasciw! JsB W3 R - Reducin .
o : J J M) Alkalinity nitro eng ) ) &l o
Purity Recoverable sugar  Root pulp 9 i
(%) (%) d tt (%) (mmol per Root Root  |rrigation levels
A A ry matter 100 g root weight yield
. 9 -
(%) pulp) (kg) (tha™)
143° 102° 212° 22% 47° 103 7998° (Normal) Jle
158* 118* 238° 17" 592 0.76° 612° (Drought) S5
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Means sharing the same statistical letters are not significantly different according to Duncan's test.
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Table 7. Comparison of means of main effects of growth stimulant treatments for significant traits

ey (939 ks 25
o Root yield ) S S e
Root weight Y Growth stimulators
(kg) (t ha™)

0.76 ¢ 629°¢ (Control) sl

086° 689" (Amino acid treatment) il sl
0.94° 743% (Humic acid treatment) S.ogu sl
101% 763% (Combined treatment) &l b a0
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Means sharing the same statistical letters are not significantly different according to Duncan's test.

bl Ll )3 ) 09 e 0 LS sald 4y S S g 05 Ol iy S yome g g5kl Jiliie 51

Jlie 1 ad odalie Ad) Syowe 2l Bpas b Jby N3 ke

29292 )ldine b Aoy e 5 (39 My S yme g (5l WU cos aday o9 b gl (A Jse) mls

3 455 S e G o Ja el bl s g b 9 30 S g ]
25 S 1y 4y cp VL aald jleg (Suis 5 balyd Sy plie 03y Symme e lajlog ()bl o 99

S5 e Clho (gl iy S pe 45 (65l o O 51 (pile Ao — A Jouo
Table 8. Comparison of means of the interaction effects of irrigation and growth stimulants for significant traits
ady ) pod 5 039

Ay O3 . i
Fresh weight of root * 03 o Skl zohw
Root weight L
pulp K Treatment Irrigation levels
@ (kg)
157 ® 093¢ (Control) asls
139° 098°¢ (Amino acid treatment) wiel sl (Normal) L
161 1.06° (Humic acid treatment) o g spusl
174 114¢ (Combined treatment) _a.ab (b yao
167° 0591 (Control) asls
151%® 0.74°¢ (Amino acid treatment) wiel sl
Drought) s
153 ® 0.82° (Humic acid treatment) e g spusl (Brought
140° 0872 (Combined treatment) il b pae
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Means sharing the same statistical letters are not significantly different according to Duncan's test.
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Table 9. Irrigation schedule for different irrigation treatments
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Table 10. Ranking of Growth Stimulator Treatments Using TOPSIS Method with Different Sets of Criteria and Equal
Relative Weights

(05 9) Loy (55l
Normal irrigation (no stress)

L, Lo
criteria

(0.661) il g 1)) 45,

Rank 1: Amino acid treatment (0.661)
(0.588) walis :pgs a4,
Rank 2: Control (0.588)
(0.577) Sioge 3l ip5s 453,
Rank 3: Humic acid treatment (0.577)
(0.380) 13) S o (hlS 8o ip)lox 453,
Rank 4: Combined growth stimulator treatment (0.380)

A oy il e Sid o3lo o yd LIS 0 pda 59y ity )9 iy 3,Slas

oAl A8 oy g Jlasawl LB

Root yield, Root weight, Reducing nitrogen, Alkalinity, Root pulp dry

matter, Recoverable sugar, Purity
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Figure 1. Ranking and Sensitivity Analysis of Growth Stimulator Treatments under No-Stress Irrigation
Conditions
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Figure 2. Ranking and Sensitivity Analysis of Growth Stimulator Treatments under Drought Stress Conditions
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Table 11. Ranking of Growth Stimulator Treatments Using TOPSIS Method with Different Sets of Criteria and Equal
Relative Weights

SwS i5 b gll
Drought stress irrigation

L, Lo
criteria

(0.883) 13 S o dls S yao s g 45,
Rank 1: Combined growth stimulator treatment (0.883)
(0.648) Seogud dpawl 1p5> 4,
Rank 2: Humic acid treatment (0.648)
(0.501) aisal sl 1pgu 43,
Rank 3: Amino acid treatment (0.501)
(0.115) sals :p o 4,
Rank 4: Control (0.115)
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Root yield, Root weight, Reducing nitrogen, Alkalinity, Root pulp dry

matter, Recoverable sugar, Purity
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