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Research Article

Effects of elemental sulfur and some chemical fertilizers on activity of
the sugar beet cyst nematode Heterodera schachtii under microplot
conditions

E. Dehghan Goodzaghi?, A. Karegar?*, R. Ghaderi3, H. Hamzehzarghani?, and R. Ghasemi®

(Received: 11.5.2021; Accepted: 16.8.2021)

Abstract

Reducing the damage of the cyst nematode Heterodera schachtii is one of the research fields in sugar beet
producing countries. Using chemical fertilizers can improve soil fertility and reduce damages of plant
parasitic nematodes. In this study, the effects of ammonium sulfate, calcium sulfate, zinc sulfate, potassium
sulfate, potassium nitrate, sodium silicate, triple superphosphate, iron sequesterine and sulfur on H. schachtii
and growth parameters of susceptible sugar beet cultivar (cv Sharif) were investigated in two experiments.
The first experiment was performed in plastic pots containing 6 kg of pasteurized field soil and river sand
(1:1), and the second one in pots filled with 9 kg of field soil for four and five months, respectively, both
under microplot conditions. Fertilizers were mixed with pots soils before sowing and the nematode was
inoculated by adding 200 g of infested soil containing 18 cysts with 4200 eggs. The results showed that
chemical fertilizers and sulfur did not have significant effects on growth of the infected sugar beet plants in
pasteurized mixed or field soils, and some of them reduced it. In the pasteurized soil, zinc sulfate 50 kg/ha,
iron sequestrene 5 kg/ha, sodium silicate 10 kg/ha and triple superphosphate 100 kg/ha caused a relative
decrease of more than 67% in the nematode final population and reproduction factor. In the field soil, these
indices in triple superphosphate 100 kg/ha and sulfur 100 and 200 kg/ha were lower than other treatments,
but were at the same statistical level with the control. The third experiment was performed in small
containers filled with infested soil to investigate the effects of treatments on nematode egg hatching in
greenhouse. The results showed that the highest hatching was happened in the treatment of ammonium
sulfate 200 kg/ha, which was statistically at the same level with triple superphosphate 100 kg/ha.

Keywords: Management, plant parasitic nematode, sugar beet
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Table 1. Chemical properties of soil used in the present study.

K*Solution  K* Available

Soil type pH Ec (dS/m) Na* (mg/liter) (ma/liter) (ppm) P (mg/kg)
Mixed soil*  7.29 0.42 38.91 6/9 189.4 16
Field soil 8 0.34 19.02 3.36 386.8 8.2

*: Mixture of field soil and river sand (1:1).
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Table 2. Effects of chemical fertilizers and elemental sulfur on plant growth parameters of the sugar beet, cv. Sharif infected with the cyst nematode Heterodera

schachtii in pasteurized mixed soil under microplot conditions (first trial).

Root fresh weight (g) Shoot fresh weight (g) Shoot dry weight (g)
Treatments™ Without nematode With nematode % Without nematode With nematode % Without nematode With nematode %
Control 353 450 - 331 422 - 48.3 58.7 -
Ammonium sulfate 200 552 292 -35.1 371 335 -20.6 429 442 -24.7
Calcium sulfate 50 285 82.1 -81.8 228 155 -63.3 29.8 14.0 -76.1
Iron sequestrene 5 478 253 -43.8 377 292 -30.8 479 347 -40.9
Potassium nitrate 100 488 173 -61.6 642 148 -64.9 72.1 17.9 -69.5
Potassium sulfate 50 102 102 -77.3 133 67.2 -84.1 15.2 94 -84.0
Sodium silicate 10 480 344 -23.6 421 300 -28.9 46.0 37.1 -36.8
4 Sulfur 100 287 127 -71.8 289 172 -59.2 38.0 19.2 -67.3
=] Sulfur 200 384 396 -12.0 538 394 -6.6 60.7 492 -16.2
/,wr Triple superphosphate 100 421 528 17.3 521 378 -10.4 583 453 -22.8
= Zinc sulfate 50 361 156 -65.3 284 133 -68.5 37.7 239 -59.3

*: The numbers 200, 100, 50, 10 and 5 indicate the amounts of fertilizers or sulfur (kg/ha).
**: The percentage increase or decrease (-) of plant growth parameters of the infected sugar beet, compared to theirs controls. Data are the means of six replicates.

4 be&mﬂ 3

3y Daa3l) SV Sen Ll 3 55 g b slsee S el i b o3, Wi olS 55 Heterodera schachtii poww 55l gl asls s S48 8 5 olas glassS O J1Y i
/K_u .AL.w_
A% Table 3. Effects of chemical fertilizers and elemental sulfur on nematode indices of the cyst nematode Heterodera schachtii on sugar beet. cv. Sharif in
u_, pasteurized mixed soil under microplot conditions (first trial).
. . . Eggs/g of Total Number of  Number of Final Reproduction **
: Treatments* Cysts/pot soil - Eggs/eyst soil eggs/pot soil _I2s/pot soil _males/pot soil _population _ factor (Rf) % (Rf)
,wf Control 316 413 19.1 114404 27660a 290ab 142354 333 -
3, Ammonium sulfate 200 279 171 8.0 48267 18445a 570a 67282 15.7 -52.9
‘M. Calcium sulfate 50 272 225 143 85843 3540abc 225ab 89608 20.9 -37.2
Y Iron sequestrene 5 97.3 212 4.0 24144 7970ab 70.0bc 32184 7.5 -77.5
~ Potassium nitrate 100 217 269 9.7 58332 10132ab 0.0¢c 68464 16.0 -52.0
3 Potassium sulfate 50 384 454 31.8 190750 30070ab 435a 221255 51.7 553
..\w. Sodium silicate 10 124 265 5.6 33480 5113be 140abc 38735 9.1 =727
3 Sulfur 100 164 352 13.4 80519 5380abc 65.0be 85964 20.1 -39.6
3 Sulfur 200 136 242 6.4 38203 13726ab 110be 52039 12.2 -63.4
\ Triple superphosphate 100 131 287 7.2 43314 3545abc 20.0be 46879 11.0 -67.0
Mu Zinc sulfate 50 101 236 4.2 25261 1358¢ 205abc 26824 6.3 -81.1
. *: The numbers 200, 50, 100, 10 and 5 indicate the amounts of fertilizers or sulfur (kg/ha).
.uw **: The percentage increase or decrease (-) of the nematode reproduction factor compared to the control.

s Data are the means of six replicates. Values in each column followed by the same letters are not significantly different (P < 0.05), according to Duncan’s Multiple Range
Test.
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*: The numbers 200, 100, 50, 10 and 5 indicate the amounts of fertilizers or sulfur (kg/ha).

*#: The percentage increase or decrease (-) of plant growth parameters of the infected sugar beet compared to theirs controls,
Data are the means of six replicates. Values in each column followed by the same letters are not significantly different (P < 0.05), according to Duncan’s Multiple Range

Test.
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/,.M_o. Table 4. Effects of chemical fertilizers and elemental sulfur on sugar content and plant growth parameters of the sugar beet. cv. Sharif infected with the cyst
Av nematode Heterodera schachtii in unpasteurized field soil under microplot conditions (second trial).
/ Root weight (g) Shoot fresh weight (g) Shoot dry weight (g) Sugar content (%)
ubn. Treatments* Without ~ With 0y Without ~ With o Without  With ot Without  With o™
nematode nematode nematode nematode nematode nematode "’ nematode nematode
3 Control 336 389ab - 304 297ab - 39.2 37.7 - 17.8 16.8ab -
- Ammonium sulfate 200 197 41.6de -89.3 167 98.7ab -66.8 239 10.3 =727 18.6 12.4¢ -26.2
uw Calcium sulfate 50 92.1 130a -60.6 122 151ab -49.2 18.7 19.0 -49.6 17.3 15.0abc  -10.7
< Iron sequestrene 5 248 215abc  -44.7 324 282ab -5.1 39.7 31.4 -16.7 18.7 13.2bc -21.4
Z Potassium nitrate 100 282 225bed 422 261 305ab 2.7 35.9 35.9 -4.8 19.3 16.3bc -3.0
3 Potassium sulfate 50 825 121e -68.9 1043 274b -7.7 119 32.0 -15.1 16.2 13.7bc -18.5
- Sodium silicate 10 389 225cde 422 437 287b -3.4 47.1 31.2 -17.2 16.9 13.9bc  -17.3
m\ Sulfur 100 453 222c¢de 429 493 220b =259 59.8 30.3 -19.6 16.8 17.2a 24
- Sulfur 200 529 165cde  -57.6 485 154b -48.1 58.4 18.2 -51.7 17.6 15.4abc  -8.3
a Triple m:_un_.v:wmﬁ_sﬁ 100 166 12labc  -68.9 202 91.2b -69.3 249 13.5 -64.2 18.2 16.5ab  -1.8
o Zinc sulfate 50 410 229bcd  -41.1 290 155a -47.8 37.0 31.3 -17.0 17.9 15.9ab -5.4
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Table 5. Effects of chemical fertilizers and elemental sulfur on nematode indices of the cyst nematode Heferodera schachtii on sugar beet, cv. Sharif in
unpasteurized field soil under microplot conditions (second trial).

Cysts/pot Eggs/g of  Total eggs/pot Number of Number of Final Reproduction o
Treatments™ wow_.__ P Eggs/cyst mon__w ¢ soil® P J2s/pot soil’ males/pot soil’ ﬁo?__m:osm 9%2. (Rf)’ % (RD)
Control 120d 162 3.9b 34700b 6900¢ 2050ab 43650¢ 10.2¢ -
Ammonium sulfate 200 1185abc 323 53.3a 479990a 14600bc 1450b 496040ab 116ab 1037
Calcium sulfate 50 1035abc 276 35.0a 314755a 51950abc 700b 367405ab  85.9ab 742
Iron sequestrene 5 1222ab 220 37.3ab 335325ab 82750ab 2350ab 420425ab  98ab 861
Potassium nitrate 100 1222ab 279 56.3ab 507140ab 110800a 1400b 619340ab 145ab 1322
Potassium sulfate 50 1290a 360 53.9a 485350a 59450abc 1850ab 546650a 128a 1155
Sodium silicate 10 1177abc 277 45.5a 409605a 41300abc 2200ab 453105ab 106ab 939
Sulfur 100 585cd 241 25.2ab 226930ab 11150abc 3150a 241230bc  56bc 449
Sulfur 200 660abc 316 27.3ab 245700ab 19600abc 1950ab 267250abc  62.5abc 513
Triple superphosphate 100 337bed 242 9.2ab 82850ab 43850abc 1400b 128100abc  30abc 194
Zinc sulfate 50 1365a 326 64.9a 583775a 104750ab 1800b 690325ab 161ab 1478

*: The numbers 200, 50, 100, 10 and 5 indicate the amounts of fertilizers or sulfur (kg/ha).
**: The percentage increase or decrease (-) of the nematode reproduction factor compared to the control.
Data are the means of six replicates. Values in each column followed by the same letters are not significantly different (1: P < 0.01, 5: P < 0.05),

Multiple Range Test.
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Table 6. Effects of chemical fertilizers and elemental sulfur on egg hatching and number of the cyst nematode
Heterodera schachtii in soil and roots of sugar beet, cv. Sharif under greenhouse conditions.

Second stage juveniles in soil Nematodes in roots

Treatments* Number %** Number %**
Control 310e - 1.3 -

Ammonium sulfate 200 1207a 389 3.3 254
Calcium sulfate 50 552bcd 178 3.0 231
Iron sequestrene 5 558b-e 180 2.2 169
Potassium nitrate 100 592b-e 191 3.2 246
Potassium sulfate 50 657bc 212 5.2 400
Sodium silicate 10 367de 118 4.2 323
Sulfur 100 334de 108 25 192
Sulfur 200 536¢de 173 7.7 592
Triple superphosphate 100 827ab 267 3.8 292
Zinc sulfate 50 943bc 304 4.2 323

*: The numbers 200, 50, 100, 10 and 5 indicate the amounts of fertilizers or sulfur (kg/ha).

**. The percentage increase in numbers of the second-stage juveniles in soil and different stages of the nematode in
roots compared to their controls.

Data are the means of six replicates. Values in each column followed by the same letters are not significantly different

(P <0.05), according to Duncan’s Multiple Range Test.
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