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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is a major industrial crop
with significant economic importance, particularly in
regions such as lIran, where it contributes to both
agricultural output and sugar production industry.
Despite its potential, average sugar beet yield remains
suboptimal, emphasizing the need for improved crop
management strategies. Nitrogen is a critical nutrient
that enhances vegetative growth, root development, and
sugar accumulation, and its efficient uptake and
utilization are strongly influenced by cultivar-specific
characteristics. Humic acid, as an organic amendment,
has been shown to stimulate enzymatic activity, enhance
nutrient absorption, and improve root architecture,
thereby increasing both vyield and quality. The
integration of mineral nitrogen and humic substances
not only boosts biomass and sugar yield but also
improves nitrogen use efficiency, offering agronomic
and environmental benefits. Considering these factors,
the present study aimed to investigate the combined
effects of ammonium nitrate and foliar-applied humic
acid on the quantitative and qualitative traits of three
sugar beet cultivars.

Materials and Methods

This study was conducted to evaluate the effects of
foliar-applied humic acid and ammonium nitrate
fertilizer on the quantitative and qualitative performance
of three sugar beet cultivars in Farooj, Iran, during the
2021 growing season. The experiment was arranged in
a split-split plot design based on a randomized complete
block design with three replications. The main factor
was cultivar, including Aria, Marinia, and Ernstina. The
sub-factor was nitrogen fertilizer (ammonium nitrate)
applied at three levels: 0, 100, and 150 kg ha™'. The sub-
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sub-factor was foliar application of humic acid at three
levels: 0, 2.5, and 5 L ha™'. Planting was carried out in
early April using a six-row pneumatic planter, with 50
cm row spacing and 7 cm between plants within each
row. Buffer zones were established between plots and
replications to minimize edge effects. Irrigation was
applied using a sprinkler system immediately after
planting, repeated every four days until emergence, and
subsequently every 10 days. During the growing season
and at harvest, root length and diameter, as well as fresh
and dry biomass of roots and above-ground parts, were
measured. For qualitative analysis, root pulp extracts
were prepared, and sodium and potassium
concentrations  were  determined using flame
photometry, while alpha-amino nitrogen was measured
with a Betalizer. White sugar yield was calculated by
multiplying recoverable sugar by root weight. Data were
checked for normality using XLSTAT 2016, analyzed
via ANOVA in SAS 9.1, and mean comparisons were
performed using LSD at P < 0.05.

Results and discussion

Results of the variance analysis indicated that the
interaction of cultivar x ammonium nitrate x humic acid
was significant (P < 0.01) for shoot dry weight. Mean
comparisons showed that, in all three cultivars, shoot
dry weight increased with higher humic acid application
under ammonium nitrate treatments. The highest shoot
dry weight was recorded in Ernestina with 150 kg ha™!
ammonium nitrate combined with 5 L ha™ humic acid
(48.2 t ha''), whereas the lowest was observed in the
control treatment (NOHO) at 25.1 t ha™'. The interaction
of cultivarx ammonium nitrate and humic acidx
ammonium nitrate was sig nificant (P< 0.01) for root
yield. Low ammonium nitrate levels resulted in the
lowest root yield, and higher levels enhanced it.
Ernestina exhibited superior performance across all
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nitrogen levels, reaching 74.61 t ha™ at N150, with the
highest nitrogen use efficiency, whereas Aria required
higher nitrogen levels to achieve optimal yield. The
interaction of cultivarx ammonium nitrate X humic acid
was also significant for root sodium and potassium
contents. Increasing ammonium nitrate and decreasing
humic acid led to higher accumulation, with maximum
sodium and potassium contents of 2.94 and 41.7 meq per
100 g fresh weight in Ernestina under N150HO, and
minimum values of 1.46 and 3.7 meq per 100 g in Aria
under NOH5. The interaction of cultivarx ammonium
nitratex humic acid was significant for sugar yield,
while interactions of cultivarx humic acid, cultivarx
ammonium nitrate, and ammonium nitratex humic acid
significantly affected white sugar yield. Sugar yield
decreased with increasing ammonium nitrate but
increased with humic acid, with the lowest value of 8.43
t ha™ in Aria under N150HO and the highest of 21.41 t
ha? in Ernestina under NOHS5. White sugar yield
consistently increased with humic acid across all
nitrogen levels, reaching a maximum of 12.44 t ha™ in
Ernestina. These findings indicate that the combination
of 150 kg ha™ ammonium nitrate and 5 L ha™ humic
acid produced the greatest improvements in both
quantitative and  qualitative traits.  Integrated
management of nitrogen and humic acid, considering
the genetic characteristics of cultivars, plays a critical
role in enhancing growth and increasing sugar beet
performance.

Conclusion

The results of this study demonstrate that the combined
application of ammonium nitrate and humic acid
significantly influenced vegetative growth, root yield,

VY

and sugar quality of sugar beet. Increasing ammonium
nitrate up to 150 kg ha™ enhanced shoot dry weight, root
yield, and sugar production, while excessive nitrogen
could reduce sugar quality. Humic acid, particularly
when applied with high nitrogen levels, improved
vegetative growth, sugar content, and the uptake of
beneficial nutrients while reducing the accumulation of
harmful compounds. Among the cultivars, Ernstina
showed the highest nitrogen use efficiency, highlighting
the importance of integrated management of these inputs
to maximize yield.

Keywords: Root vyield, Sugar content, Organic
fertilizer, Nitrogen.
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Fig 2 Comparison of mean root yield under the effects of cultivar and ammonium nitrate
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Fig 3 Comparison of mean root yield under the effect of ammonium nitrate and humic acid.
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Fig 4 Comparison of mean sugar content under the effects of ammonium nitrate, humic acid, and cultivar.
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Fig 5 Comparison of mean extraction coefficient of sugar under the effects of ammonium nitrate and humic
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Fig 6 Comparison of mean extraction coefficient of sugar under the effects of ammonium nitrate and
cultivar.
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Fig 7 Comparison of mean root sodium content under the effects of ammonium nitrate, humic acid, and
cultivar
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Fig 8 Comparison of mean root potassium content under the effects of ammonium nitrate, humic acid, and
cultivar
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Fig 10 Comparison of mean sugar yield under the effects of ammonium nitrate, humic acid, and cultivar

08 3l Seogd sl US> i @y By S HSe 53 op
AN 1:ko b ons ol s jlado oy oS Cpoicmed g L)l
Rl 5l S0ke dumlio s Jols byl o8, 51,8 55
e onieS 0> LS 55 (W JS3) o8, 9 posgel iz
Mo o3Vl Cizmen b Juols L)l o8y )0 podgel oyt
25U cod L)l o8 51 (LS j0 (5 Vo/AY) o oL o
Aol o 4 posgel @lyis liSa 15 p SekS Voo B pne
5 posgel Sy Jite Sl Sl dumlio I Juol> ol
Lol plis (VW USKE) it S0 0 Slos p Saogad ol
ok oled )3 oo oyl e SKnogud duusl b ymo ]33
sl yhio o 53 4 (550 4 Bl Il (5905 By

s 553 Slos
Sl 08y Jlie 1oy (Lt (uilly o0 Joio gl
lizo 515 (P<O.01) 1oy Sy Jlain! gdaws 55 Sogen
5 (P<0.05) nop> gy Jhoun! axaw > posigal @l s xa3,
S g 53 Sage Al Xp ol Sl Llite Bl pizeen
Sy b pze Mt S 3 Sles Cis p (P<0.01) so)d
Sl g3 08y blite S iSle awglie @mls (Y Joi2)
iz ol @ pBl Fuly o5 2l (L5 (M) JSK5) Sngen
Al ilises plio (pized g 092 Cglitte i b Suoged el
duglie MBS b S5 3 Shos y (Solite U 5 Shogun
ORI Lol ol Sengn sl 5 08y Jlite Sl (5Kl
il 8l a8 3 Slas e «Syoged Sl Bpae (500
WIFY 5k b Cdo ol Jlade o VL &S'igpsbar cdly



e Spaget ol 5 posigel Sl 358 1

daw oYL 53 0554 Niso g Nioo e 3 Sles M| &S
S35 Sl wlgie & ol il il Sioged dyus
ol Gpae QL5 il 5 0igym gldl s> 4 olS A5
Sl &S 0l Glis (L8 Gladllas il YL polie ) pais
cdale yljly (2l sl ol mudgilio g U b Shogun
(El-Hassanin 1,55 5 Slos yiuli8l coge S Jido)lS
i dawed (6l A8 jaes A5 ol micees €T AL 2016)
Sl 035 392y Jb el b3y (g 358 &l ad)
Olie 9 088 ) (Bl Jhl38l cage 135 0095 Bl >
(Marchetti and Castelli. sy jialS 1) Jliascwl L8

2011)

2R e
® O N B

M 5 3l

Whiet sugar yield (t.ha't)

~ O

Arya

mH_O

Marynia
)

YA

8 9 93 4 Syoged el (LIBIL 8L (38 Niso jles
Olsrs gohw (olad ) b S 0 Sles LS > il
oW 1Sk b Nioo jlews cp ol 50 5 0 olis i3l
b yo S5l 308 soalyd 13 (5595 (B (el Cupmnl ]
S s Cudls (il g Sy e drwgs ¢ agy A5 L
My Ui iy YU zolaw duwslds ¢ Jla (! b Loyls olS

mH_25 EHS

b bc

Ernestina

Cultivar

Seoge ol 5 03 5 o8 s S5 3 Shos (3 Siks Al 1Y IS5
Fig 11 Comparison of mean white sugar yield under the effects of cultivar and humic acid.
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