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Abstract

Sugar beet is the third most widely produced crop in Iran after forage corn and wheat, making it a
strategically important agricultural commodity. This study used the Deviation from Optimum Percentage
(DOP) method to assess nutritional status and optimize fertilizer management in sugar beet fields across
Khorasan Razavi Province during two agricultural years (2018-2020). The research covered 61 fields
(30 in the first year and 31 in the second year), representing the region's diverse soil conditions. Leaf
samples were collected in both years to determine nutrient concentrations. To establish DOP thresholds
and indices, the entire sample population was divided into two groups based on yield performance: low-
yield and high-yield fields. The results showed that 67%, 52.5%, 82%, 62%, 59%, and 53% of the fields
had phosphorus, potassium, iron, manganese, zinc, and copper deficiencies in the soil, respectively. The
average yield across all fields was 5.58 tons per hectare. According to the DOP method, the priority of
macronutrient deficiencies in low-yield fields was phosphorus (75%) > potassium (71%) > nitrogen
(37%), while for micronutrients it was boron (69%) > manganese (58%) > zinc (54%) > copper (46%)
> iron (42%). The Nutritional Balance Index (NBI) calculated for sugar beet fields in Khorasan Razavi
(273.36) indicated a relative imbalance among the nutrients absorbed by the crops, highlighting
inadequate fertilization management in these fields. Therefore, the DOP approach can serve as a valuable
tool for assessing nutrient status, diagnosing nutritional disorders, and improving fertilizer
recommendations for sugar beet cultivation in this region.
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Table 1. Soil analysis results of sugar beet fields in Khorasan Razavi province, Iran (61 fields)

Abundance  Abundance
Variable unit Min Max Mean SD less than more than

critical (%)  critical (%)
pH 75 8.2 7.9 0.11 - -
EC dS.m* 0.6 11.1 2.5 0.21 - -
CaCO0s3 % 6.1 37 19.7 6.4 - -
ocC % 0.18 1.66 0.81 0.41 - -
Available P mg.kg? 3.6 56.4 14.6 10.8 67 33
Available K mg.kg? 67 780 276 139.7 52.5 475
Available Fe mg.kg?!  0.46 13.6 3.16 3.10 82 18
Available Mn mg.kg? 1.9 70.4 8.6 7.1 62 38
Available Zn mg.kg?  0.26 6.2 1.06 0.01 59 41
Available Cu  mg.kg* 0.28 3 11 0.64 53 47
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Table 2. Soil analysis results of sugar beet fields in Khorasan Razavi province (13 fields)

Abundance  Abundance
Variable unit Min Max Mean SD less than more than

critical (%)  critical (%)
pH 7.6 8.2 7.6 0.18 - -
EC dS.m* 0.7 55 24 1.6 - -
CaCO3 % 12.7 35 21.8 6.7 - -
oC % 0.37 0.66 1.03 0.5 100 -
Auvailable P mg.kg? 4.4 56.4 234 182 61.5 38.5
Available K mg.kg? 133 656 339 1752 385 61.5
Available Fe mg.kg™? 0.5 13.6 3.3 3.7 84.5 155
Available Mn mg.kg™? 1.9 29.6 6.6 12.1 69 31
Available Zn mg.kg? 0.5 2.2 1.1 0.09 31 69
Available Cu mg.kg? 0.4 2.8 1.1 0.7 0.46 0.54
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Table 3. Summary statistics of sugar beet yield and leaf nutrient concentration data for high-yielding fields in

Khorasan Razavi province

Variable Unit Min Max Mean SD CV (%)
Root Yield Mg.ha 80 96 85.2 6.12 10.41
N % 3.22 5.34 4.28 0.73 17.02
P % 0.18 0.52 0.26 0.08 26.9
K % 1.61 3.95 2.54 0.81 28.52
Fe mg.kg? 51 290 161 80.8 49.84
Mn mg.kg? 54 205 114.2 50.34 44.1
Zn mg.kg*? 14 34 23 6.06 26.33
Cu mg.kg* 4 15 10.7 3.09 28.91
B mg.kg™ 31 101 60.9 23.85 32.94
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Table 4. Summary statistics of sugar beet yield and leaf nutrient concentration data for low-yielding
fields in Khorasan Razavi province

Variable Unit Min Max Mean SD CV (%)
Root Yield Mg.ha! 15 78 51.7 17.07 33.03
N % 3.08 5.81 4.38 0.7 15.89
P % 0.1 0.52 0.31 0.08 31.58
K % 0.91 5.44 2.84 1.07 42.27
Fe mg.kg* 25 410 192 99.42 51.78
Mn mg.kg* 30 310 114.6 54.81 47.03
Zn mg.kg* 5 189 28.1 26.68 94.6
Cu mg.kg* 4 18 11.2 3.26 29.08
B mg.kg! 26 141 72.4 25.41 41.72
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Table 5. DOP norms in high-yielding sugar beet fields in Khorasan Razavi province

B Cu Zn Mn Fe K p N .
nutrient
mg.kg? %
72.4 10.7 23 114.2 161 2.84 0.31 4.28 Norm
! -Wilding
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Table 6- Yield, DOP indices and priority of nutrient requirements for low-yielding sugar beet fields.

Yield Indices Priority of nutrient $DOP
N P K Fe Mn Zn Cu B requirements
78 4.21 2.72 -43.4 559  -30.82 -17.39 -6.45 18.78 K>Mn>Zn>Cu>P>N>Fe>B  129.36
77 2.57 -9.68 -37.26  60.87 2259 -13.04 1225 -116 K>Zn>B>P>N>Cu>Mn>Fe 169.86
77 35 4.24 -1092  29.81 5324 435 29 -15.75 B>K>Cu>N>P>Zn>Fe>Mn  124.71
75 -3.88 -16.13 -3059 5404 2872 5217 3096 2431 K>P>N>B>Mn>Cu>Zn>Fe  240.8
75 -2430 -50.59  -3.87 9193 -27.32 4348 -1581 -43.47 P>B>Mn>N>Cu>K>Zn>Fe 300.77
72 8.57 -3.23 -58.97 6.21 -15.06 -4.35 -1581 -21.27 K>B>Cu>Mn>Zn>P>Fe>N  133.47
72 491 -17.32 -10.21  -61.49 -5447 -17.39 -40.32 16.02 Fe>Mn>Zn>P>K>N>B>Cu 222.13
70 17.94 16.13 14.89 4224 3748 21.74 2161 -4751 B>K>P>N>Cu>Zn>Mn>Fe 219.54
70 -12.38 -545 -10.92 154.66 -57.97 -13.04 30.96 -39.23 Mn>P>B>Zn>N>K>Cu>Fe 373.66
70 7.24 -26.66 42,01  -77.64 -69.35 -78.26 -43.78 -64.09 Zn>Fe>Mn>B>Cu>P>N>K  409.03
68 16.82 -2954 -4756 -37.89 -4483 -30.43 40.32 2293 K>Mn>Fe>Zn>P>N>B>Cu 270.32
67 9.44 -2581 9142  -7516 -73.73 -7826 2.9 -5856 Zn>Fe>Mn>B>P>Cu>N>K  415.28
66 -25.33 -32.77 -4648 14091 -6.3 -17.39  -3452 -22.65 K>Cu>P>N>B>Zn>Mn>Fe 200.35
65 -17.29 -2411  -398 11988 7163 5217 1225 65.75 P>N>K>Cu>Zn>B>Mn>Fe 367.06
61 1187 -3548 -20.76 9255 6112 -13.04 29 17.4 P>K>Zn>Cu>N>B>Mn>Fe  255.12
61 1154 61.29 5.63 -41.61 -9.81 -13.04 -25.16 -35.08 Fe>B>Cu>Zn>Mn>K>N>P  203.16
60 1547 9.68 -7.39 11553 2785 -17.39 2161 -58.56 B>Zn>K>P>N>Cu>Mn>Fe 273.48
60 -2243 -2243 -30.63 63.98 -3.68 247.83 4032 -35.08 B>K>N>P>Mn>Cu>Fe>Zn 466.38
55 35.75 17.15 -24.06  -1553 26.09 -34.78 1225 38.12 Zn>K>Fe>Cu>P>Mn>N>P  203.73
55 -4.67  -20.71 2.87 -29.19  -12.43 1739 1225 13.26 Fe>P>Mn>N>K>Cu>B>Zn 112.77
55 9.91 6.45 -54.68  -25.47 -50.96 -8.7 4032 94.75 K>Mn>Fe>Zn>P>N>Cu>B 291.24
55 8.2 6.45 -33.8 5528  -38.7 21.74 49.67 -30.94 Mn>K>B>N>P>Zn>Cu>Fe 244.78
55 -0.75  -2258 15.14 2795 -3257 4783 -6258 -26.8 Cu>Mn>B>P>N>K>Fe>Zn  236.2
54 2012  -3.23 26.41 -40.37 4186 -39.13 -6.45 -37.85 Fe>Zn>B>Cu>P>N>K>Mn 21542
53 -229 -28.69 -30.63 4224 36.6 -3043 68.38 -39.23 B>K>Zn>P>N>Mn>Fe>Cu  299.1
52 1474 2581 42.19 14224 1033 78.26 30.96 -37.85 B>Mn>N>P>Cu>K>Zn>Fe 382.38
52 -28.04 -4211 -30.63 3733 -1156 3043 -2516 -10.22 P>K>N>Cu>Mn>B>Fe>Zn 215.48
50 -18.88 -25.81  -3.98 -0.62 -4221 72174 1225 27.07 Mn>P>N>K>Fe>Cu>B>Zn 852.56
50 17.8 6.45 -27.46 60.87 -64.97 435 -6.45 -558 Mn>B>K>Cu>Zn>P>N>Fe 244.15
48 9.35 -46.52 -1585 -42.24 858  -13.04 -3452 -26.8 P>Fe>Cu>B>K>Zn>Mn>N  196.9
48 -13.79 -10.7 56.85  -49.07 -34.33 -65.22 1225 -40.61 Zn>Fe>B>Mn>N>P>Cu>K 282.82
45 21.31 0.00 14.89 86.34 -20.32 0.00 -25.16 -41.99 B>Cu>Mn>P=Zn>K>N>Fe 210.01
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Yield Indices Priority of nutrient SDOP
N P K Fe Mn Zn Cu B requirements
45 0.72  -35.48 -27.46 -2484 -1156 435 4967 -61.33 B>P>K>Fe>Mn>N>Zn>Cu 215.41
44 21.03 -2496 -65.14 3292 4711 -2609 -25.16 -10.22 K>Zn>Cu>P>B>N>Fe>Mn  252.63
43 -18.15 -35.48 7585  -84.47 -4221 -26.09 -3452 -50.28 Fe>B>Mn>P>Cu>Zn>N>K  367.05
41 173  -2258 -67.96 8447 7513 -4338 -6.45 -19.89 K>Mn>P>B>Cu>N>Mn>Fe 32159
40 421  -1800 -50.35 10497 -455 -34.87 -4387 -193 K>Cu>Zn>P>Mn>B>N>Fe  262.75
38 2773 -4941 -4023 13.04 508 147.83 -25.16 2155 P>K>Cu>N>Mn>Fe>B>Zn  330.03
36 18.9  -129  -49.69 -1242 -2995 60.87 1225 1326 K>Mn>P>Fe>Cu>B>N>Zn  210.24
34 841  -37.9 810  -68.32 -2294 1304 -2516 -30.94 Fe>P>B>Cu>Mn>N>K>Zn 214.81
30 1682 681 7972 4410 1 1739 6838 635  FesZn>B>N>P>CusK>Mn 41802
30 1542 -119 4219 9876 -1.93 5217 4032 -46.13 B>P>Mn>N>Cu>K>Mn>Fe 308.82
30 023  -10.00 -3059 3851 070 7826 2161 3812 K>N>P>Mn>Cu>B>Fe>Zn  218.02
28 107 -161 1489 528 2347 -435 1225 -61.33 B>P>Zn>N>Cu>K>Mn>Fe 195.89
20 3579 -129  -4331 3851 -20.32 -17.39 3096 -43.37 B>K>Mn>Zn>P>Cu>N>Fe 24255
18 2360 -52.6  -11.97 -3292 -4133 1739 -645 -30.94 P>Mn>Fe>B>N>K>Cu>Zn  217.2
18 1353 -452  -49.69 -1925 2609 2609 -1581 9.12  K>P>Fe>Cu>N>B>Mn=zZn 204.78
15 1404 -676 035 5830 4 1304 2516 2056 P>Fe>B>CusZn>K>N>Mn  379.59
Mean of DOP Indices
51.60 104.33 -777.14 -503.92 927.44 161 10565 142.84 -760.1 P>B>K>Mn>N>Cu>Fe>Zn 273.36
Nutrient Deficiency Based on Abundance
N P K Fe Mn Zn Cu B
3750 7500  70.83 4167 5833 5417 4583 68.75 P>K>B>Mn>Zn>Cu>Fe>N

" Low-yield fields
B High-yield fields

a

Nutrients concentration (%)

b
. RYAY =
N P K

Macronutrients
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Figure 1. Mean comparison of macronutrients

concentration in the leaves of sugar beet in the low and

high yielding fields in Khorasan Razavi province
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Figure 2. Mean comparison of micronutrients concentration in the leaves of sugar beet in the low and high yielding
fields in Khorasan Razavi province

ol Jlade yiol8l b .ciils 0szg (s5u0, Ll > bl
o Gals wid e o Slee (EDOP) gl Jolas
Sl oaaliie BB jlogai o Jo aig) S D jguo 4 aS
sladss Jolw a5 o)l 00 o jle a0 (¥ JS0)
QL_....,.; G;YL;. oJSJ..o.c 5(].)0.\JLJ >DOP) J_j)b Sy
(Feo YL ) YU Lo ZDOP L ¢ l50 5 i oo
ol GBS jo i Ve ) asale GWL: S 0 Soe
aiile goulS olic Wl slosgeeS Lds & Yol s lge

DOP glasiass Jolas aslis
sz gl gl XDOP L (NBI) el Jobs asl i
Jobss pas cams )i g awloe liul ol (gl a3
aS 59 oL (1l lags oud Qi Slie swlie o
Ghoreyshi et al., ) o )lSe § —i0,8 mli b gillas
0,Sles b g,l50 adS 0 0uis 5,51, ZDOP .ol (2024
S a5 sl Cwdas AOY/E JINVVY/A sogame ,5 b
odd ol olae slie o wad 4 dx Jolw pac
5 &okol canlinl Co paw 4 Caxsg w0 Yl ol ool
aaf, ¥ S @y azgi b ooyls o)Ll g)l5e cnl 5o (p336S
a8 jaise o Sles 5 2lie Jolbs (el ueSae



VE0 Gl oF oles N F al> S o p)l5 wlides

90 +
80 -
70 -
60 -
50
40
30 +

y =-0.1204x + 82.793
R2 =0.2045

Yield (t/ha)

10

80 180 280 380 480

nutritional balance index (NBI)

Sy olwlys lawl jo w3 jusas o )Sdos g glde Jolay ol (pw abaly Y &
Figure 3. Relationship between sugar beet yield and nutritional balance index (NBI)
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