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Effect of soil nitrogen on some physiological characteristics and quality of sugar beet
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ABSTRACT

There are different methods for crop fertilizing nowadays. This study was conducted to assess effects of soil nitrogen
on sugar beet traits such as chlorophyll content (SPAD) and also possibility of use of SPAD for sugar beet varieties
differentiation as well as a distinguishing lack of nitrogen. A factorial experiment based on completely randomized
blocks design with four replications was conducted. The first factor was domestic (Zarghan) and foreign (Flores)
sugar beet cultivars and second factor was four nitrogen levels (control, 70, 100 and 130 kg N ha from urea). Sugar
content, root and white sugar yields, SPAD and application of nitrogen fertilizer of Flores were more and its petiole
total nitrogen was less than Zarghan. The most percentage of root yield increase in both varieties was observed in
application of 100 kg/ha in comparison with control treatment. There were positive and significant correlation
between sugar beet root yield with blade and petiole total nitrogenand radiation absorption during harvest time and
also between root and white sugar yield with SPAD at 8-12 leaf growth stage (June) and also SPAD with blade total
nitrogen at the same time. So SPAD could be used in sugar beet establishment growth stage for evaluation of nitrogen
status and also for sooner line and hybrid selection. If the value of chlorophyll meter in the bottom of fifth leaf was
lower than 45 at establishment, root yield would be increased by nitrogen fertilizer application. Also sugar beet
selection would be faster by calibration of this method.
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Swmre | Sad St Clay SP. 0OC K P NH4 NO3 EC oy depth
%) (% (%) () (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (do/m) (Cm)

SiltyClay 156 389 455 57.0 146 6147 153 59 15.2 11 82 030
clay 176 336 488 534 052 49652 9.43 5.79 971 132 812  30-60
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Table 2. Mean square of qualitative and quantitative sugar beet root traits in effects of varieties and different nitrogen
fertilizers levels

. White : White
Amino  Sugar Extraction Root Sugar

Sov df Na nitrogen content CZL:]%:;t coefficient Molasses yield yield i/l:gg

Rep 3 0.45 0.39 0.23 3.55* 3.92 20.56 0.16 189.27* 5.80 1.64
Genotype 1 10.39*  0.00 0.48  15.55** 26.23** 271.50** 1.39*  226.26*  20.69* 21.09**

Nitrogen 3 8.06* 0.40 0.31 3.68* 7.33* 98.08* 0.68*  644.11** 0.27 0.28

Nit.* gen. 3 2.44 0.20 0.06 1.62 2.55 39.94 0.19 10.70 1.98 1.68

Error 21 1.70 0.14 0.15 0.78 1.41 25.37 0.19 53.47 2.52 1.87
C.V. 20.33 6.34 33.56 11.27 5.83 5.83 7.31 10.96 12.3 17.68
*, **: significant in ¢=0.05 and0.01 respectivly deoy ) 90 s,bl e 5o o de o Ay e g

5 08y b Co ot juiiy g eadode (B 5 A JS oS 0 5 Sy sk Slhe Slaje xSilee ¥ Jgo
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Table 3. Mean square of leaf and petiole nitrogen, leaf chlorophyll, absorbed light by sugar beet in effects of varieties
and nitrogen fertilizers during growth season

g 02 g w3 E£Eo oo 8 Es 25 .5 EZ =25 2o =25
22 5 23 g2 £3 E3 s g2 Bz 83 &% E8 B8 g2 =4
sov df §2 2Bs (= B¢ =87 EZ g2 2- E- o 88 E_ EC ET B2
.= 58-, .= 5% OF ag =5 O%F% [al] g o Oog oOg [k 23
—c 153 = c 8 I P a L 2 L2 a = L s L= L= L2 2
£° P2 E£° FEZ 8% &5 £ &% &5 ©%5 §2 §5 &5 & £
P zZ g p= & @ D5 <
Rep 3 018 004 022 006 7720 4212 4215 9931 10756 8525 10157 6490 1317 6144 1081
Genotype 1 028 009 029 075 6897 15177 349217 26226 244.927 41616 172057 663.76” 221.87" 427.78” 685
Nitrogen 3 244" 066" 177" 013 8505 9199° 9533 2425 35577 2096 3131° 1062 2433 017 773"
Nit*gen. 3 026 006 006 009 1800 1406 2602 17.06 1607* 1594 313 652 449 1055 0361
Error 21 039 009 026 006 1744 1963 2596 640 411 570 594 870 673 741 0958
cV. 1313 1413 1266 1196 919 955 1008 463 37 416 532 58 521 492 135
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Table 4. Mean comparison of qualitative and quantitative sugar beet root traits in effects of varieties and different
nitrogen fertilizers levels base on Duncan analysis

Amino White sugar . Sugar White sugar
Na K . Sugar content ECS Molasses  Root yield . .
Treatment nitrogen ol content yield yield
Meq/gr pulp % t/ha

Zarghan  6.99a5.81 129 1444 b 9.65b 66.02b 4.20a 56.78b  817b 544b
Flores 5.85b5.79 1.05 15.84a 1146a 7184a 378b 6209a 9.78a 7.06a
NO 492b6.11 0.88 16.09 a 1193a 7409a 356b 46.26 b 8.72 6.47
N1 6.95a 5.60 123 14.85b 10.14b 67.22b 4.1la 63.27a 8.98 6.13
N2 7.01a5.70 131 1451b 9.74b 66.42b 4.17a 66.28a 9.02 6.06
N3 6.80a5.79 1.26 15.13b 104 b 67.98b 4.13a 61.95a 9.16 6.32
Zarghan NO 5.01 6.29 1.02 15.83 1157 7301 366 44.96 8.34 6.10
Zarghan N1 7.20 5.69 143 14.48 9.64 66.08 4.25 60.50 8.54 5.66
Zarghan N2 8.33 5.60 1.46 13.43 8.22 60.70 461 63.84 8.08 494
Zarghan N3 7.43 5.64 1.26 14.04 9.16 6427 429 57.83 7.72 5.04
Flores NO 4.83 5.93 0.74 16.34 12.29 7518 345 4756 9.11 6.85
Flores N1 6.71 5.50 1.03 1521 10.64 68.37 398 66.04 9.42 6.60
Flores N2 5.68 5.80 1.16 15.59 11.26 7214 374 68.73 9.96 7.19
Flores N3 6.18 5.95 1.26 16.22 11.65 7169 397 66.06 10.61 7.60

RSSO QSJIQ aols Recs u?")i Ja..ay Qoys B @a..; 5 (5)L“] Jloé_:_u: S dl)lo «glaie 6Lhdj:> L LSL“QB:"“ J.KJLM

Columns with different alphabetic letters are statistically significant at a=0.05 based on Duncan analysis.
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Table 5. Mean comparison of leaf and petiole nitrogen (%), total chlorophyll (without unit) and absorbed radiation by
sugar beet (mega joule / m? / day) under cultivar and different nitrogen treatments during the growing season based
on Duncan test

< c u— ' u— u— [ [ u— c
5 g 5 g = g - g g - & g g g g g
g £ g £ t_ % 2 s % 2 s_ % % v £ g £
- = = = 5 — -~ 5 Ey = o =
g 22 22 23 23 £3 23 2= 5B 2% 2% 52 £33 2§ 2% 33 2z 32z
£ 52 ©§2 %<2 $Z 82 B3 23 £ 2T £33 £ TS Tgo T2 £33 w52 52
s 2 £ Z £ 2 £ 5 £ n%s £ = o>~ a8 = E = o~ = 8 £ > £ = E < 5 < 2 £ g £
2 = e = =2 < © [a} < o [a} < o~ o a a 2 = =3
= & sz E 3 5 § & 5 § & 5 § § § < E 3
= S = 2 @ @ @ @ @ @ @ = S
% B Mj/m?d
Zarghan 4.66 2.05 393 216a 4396 4421b 47.24b 5172b 52b 5383b 4354b 4557b 47.13b 5169b 579.13a
Flores 4.85 2.15 412 186b 4690 4856a 53.85a 57.44a 57.53a 6l07a 4818a 5468a 5240a 59.00a 509.66 b
NO 393b  171b  343c 197 4055b 413b 4539b 5224a 518b 5476b 4324b 4858 4854ab 5552 436.98 b
N1 506a 215a 4l4ab 220 4728a 48.18a 5180a 5435ab 548la 57.86a 4582a 5029 50.56ab 55.37 555.36 a
N2 507a 213a 398b 192 4675a 48.08a 5245a 5555a 5582a 57.88a 464a 5024 4812b 5532 591.3a
N3 496a 24la 457a 195 4714a 4797a 5254a 56.2a 56.62a 59.35a 4800a 51.38 5l84a 5517 593.95a
Zarghan NO 4.01 1.66 331 2.26 3949 3996 4357 5111 5073 5324 4161 4533 4508 5243 451.80
Zarghan N1 4.88 2.08 4.06 2.38 4419 4485 4665 5017 5102 5333 4349 4495 4850 5293 595.07
Zarghan N2 5.09 2.19 3.99 1.96 4462 4481 4790 5159 5175 5349 4326 4536 4505  50.24 622.83
Zarghan N3 4.66 2.26 4.38 2.05 4755 4722 5085 5401 5448 5536 4581 4664  49.89 5115 646.83
Flores NO 3.85 177 3.55 1.68 4162 4264 4722 5336 5287 5627 4486 5184 5200 5861 422.16
Flores N1 5.23 2.22 4.22 2.01 5036 5152 5696 5853 5860 6238 4815 5564 5261  57.81 515.65
Flores N2 5.04 2.07 3.97 1.87 4888 5136 5700 5950  59.89 6227 4954 5512 5119  60.40 559.77
Flores N3 5.27 2.56 4.76 1.86 4673 4873 5423 5839 5876 6335 5018 5611  53.78  59.19 541.07

A Sl glasals s Qy):\ g aoy0 0 mhaw (o G)LJ Sl gire BT lls wglane slacd > b slaygin 2 Kle

Columns with different alphabetic letters are statistically significant at «=0.05 based on Duncan analysis.
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Nitrogen Fertilizer
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Figurer 1. Percentage of Changes in root yield (Sx=0.14) (a), white sugar yield (Sx=0.17) (b), leaf chlorophyll (Sx=0.60) (c),

Root alkality coefficient (Sx=0.29) (d), petiole nitrogen (Sx=0.46) (e), blade nitrogen (Sx=0.35) of Zarghan and Flores
Varieties under different nitrogen fertilizers levels including: control (N1), N2= 130, N3= 160, N4=190 kg/ha.
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Figure 2. Absorbed photosynthetic active radiation during sugar beet growth stage in Zarghan and Flores varieties
(Right) and different nitrogen levels (Left)
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Table 6. Correlation coeficient of sugar beet different traits

sC WsC ecs ms ry sy wsy shy btn8 ptn8
Sugar 1.00
WSC 0.994** 1.00
ecs 0.975**  0.991** 1.00
ms -0.915*%*  -0.954**  -0.976** 1.00
ry -0.29 -0.34 -0.39 0.48 1.00
sy 0.71 0.65 0.59 -0.46 0.46 1.00
wsy 0.891**  0.860**  0.817*  -0.718* 0.17 0.945** 1.00
shy -0.61 -0.65 -0.66 0.713* 0.70 -0.06 -0.31 1.00
btn8 -0.35 -0.42 -0.49 0.59 0.962** 0.38 0.08 0.743* 1.00
ptn8 -0.25 -0.34 -0.43 0.56 0.795* 0.38 0.10 0.61 0.853** 1.00
chimid4 -0.18 -0.11 -0.07 -0.07 0.07 -0.26 -0.18 0.18 -0.03 -0.09
chlup4 -0.20 -0.23 -0.28 0.30 0.863** 0.38 0.18 0.59 0.802* 0.720*
chllow51 -0.03 -0.06 -0.12 0.15 0.880** 0.55 0.37 0.52 0.795* 0.69
chimid51 0.14 0.11 0.05 -0.02 0.803* 0.66 0.51 0.33 0.71 0.63
chlup51 0.41 0.39 0.33 -0.28 0.63 0.786* 0.711* 0.05 0.52 0.51
chimid52 0.50 0.45 0.38 -0.30 0.63 0.880** 0.795* 0.07 0.55 0.54
chlup52 0.36 0.32 0.25 -0.16 0.708* 0.816* 0.70 0.21 0.61 0.67
chimid61 0.65 0.62 0.56 -0.49 0.46 0.907**  0.885** -0.10 0.32 0.38
chlupél 0.60 0.58 0.51 -0.46 0.48 0.872**  0.844** -0.08 0.36 0.39
chlmid62 0.62 0.60 0.53 -0.49 0.46 0.870**  0.852** -0.12 0.34 0.33
chlup62 -0.04 -0.06 -0.13 0.15 0.56 0.30 0.19 0.41 0.52 0.709*
chimid7 0.49 0.45 0.37 -0.31 0.43 .749* 0.70 0.19 0.38 0.40
chlup7 0.57 0.53 0.45 -0.39 0.34 0.755* 0.736* 0.00 0.25 0.46
chlmid8 0.70 0.69 0.64 -0.62 0.02 0.65 0.736* -0.34 -0.12 0.09
chlup8 0.733* 0.712* 0.68 -0.60 0.37 0.929**  0.936** -0.11 0.22 0.18
abs4 -0.834**  -0.861** -0.859**  0.885** 0.60 -0.33 -0.58 0.812* 0.63 0.62
abs7 -0.43 -0.51 -0.61 0.70 0.723* 0.17 -0.12 0.707* 0.855** 0.782*

*, **significant in 0=0.05 and0.01 respectivly (df=6)
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Sugar content (SC), white sugar content (WSC), extraction coefficient (ecs), molasses (ms), root yield (ry), Sugar yield (sy), white sugar yield (wsy),
shoot yield (shy), blade nitrogen at Nov (btn8), petiole nitrogen at Nov. (ptn8), SPAD Chlorophyll (chl), bottom of leaf (low), middle of leaf (mid),

top of leaf (up), July (4), First Aug (51), Last Aug (52), First Sep (61), Last Sep. (62), October (7), Nov. (8), Absorbed light (abs)
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Table 7. Regression (r) and correlation coefficients (R?) of SPAD read at top, middle and bottom of the sugar beet
leaf in Aug with different traits based on fitted models

SPAD Root Yield Blade nitrogen in harvest time petiole nitrogen in harvest time

() (1) sig () 0] sig () 0] sig

Bottom of leaf 0.89 0.79 0.02 0.80 0.63 0.02 0.74 0.54 0.04

Middle of Leaf 0.84 0.72 0.04 0.71 0.50 0.05 0.66 0.43 0.07

Top of leaf 0.80 0.64 0.08 0.52 0.28 0.18 0.50 0.25 0.21
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