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Table 1. Treatments

Treatment N-P,05-K,0 DCD

reatments (ke ha'l) (kg ha'l)
ABRREBEHEGE - L7 4 i) 800-200-300 —
B.&HYLIACECER ~ $FAESY 4 k) 400- 90-180 —
C.[5] B B, ~ $FREST 6 ZKi) 400- 90-180 —
D.E g :%%(EH%DCD W AEHNEIERE A > & - $7AE K& DCD 400- 90-180 60
E.[E D R (EHE+DCD B ENHEI &R o & SRR 200-90-180 30

DCD 77 6 Kiff)
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Table 2. Soil property by different fertilizer treamtents after harvesting cabbage

pH EC OM Bray 1l Exchangeable Total NH', NO;
Treatment' 1:1 1:1 P K Ca Mg N
dSm' gkg! —mgkg!————— (%) —mgkg' —

6.45a> 1.48a  3lbc 369a 312a 1,380a 126a 0.17ab 153a  3lab
6.5la 1.39ab 35ab 325a 344a 1,81la 139a 0.19a 133a  29ab
6.59a 1.4lab 33bc 325a 2932 1,497a 142a 0.18a 113a 34a
6.49a 1.34ab 30c 336a 254a 1,445a 135a  0.15b 88a 35a
6.47a 1.22b  38a 356a  296a 1,604a 129a 0.19a 12.8a 25b

moaQw >

" The same as Table 1.
2 Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple Range
Test (P=0.05).
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HEE > 736t ) R Epa B (& B b e AC & R i AL F Rk HL 53 6 I Ht Y ) 385 EUR e de (X -
AEHIHIBIDCDJR B T $17 J $ e //J\\DDDCDFQEE%P%m MEFRERIRNIGaRER - £
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Table 3.The concentration of cabbage leaf nutrition elements

Treatment! P K Ca Mg Cu Mn Zn Fe Dry Wt
g kg mg kg g/leaf
A 35.5a> 7.8ab 40.9ab 11.5a 3.5b 3a 152a 57a  157ab  31.9ab
B 3572 7.5b  389b 11.7a 3.4b 4a 140a 55ab  168a 31.06ab
C 32.1b  73b  39.8b 11.6a 3.7b 3a 103ab  43ab 142b 34.52a
D 364a 83a 43.6a 1l.6a 4.7a 3a 84b 48ab  125b 29.12b
E 329 79ab 434a 119a 4.9a 2a 54b 36b  180a 33.12ab

' The same as Table 1.
? Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple Range
Test (P=0.05).
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Table 4. The effects of different fertilizer treatment on the nutrient uptakes of cabbage leaf

Nutrient elements contain in leaf

| P K Ca Mg Cu Mn Zn Fe
Treatment
g mg
A 1.142>  0.25a 1.31a 0.37a 0.11a 0.10a 4.84a 1.80a 5.01a
B 1.11a 0.23a 1.20a 0.36a 0.11a 0.11a 4.26a 1.69a 5.19a
C 1.10a 0.25a 1.37a 0.40a 0.13a 0.09ab 3.52b 1.49b 4.83a
D 1.09a 0.24a 1.27a 0.34a 0.13a 0.09ab 2.44c 1.39b 3.62a
E 1.06a 0.26 a 1.44a 0.39a 0.17a 0.07b 1.80d 1.18¢c 6.08a

' The same as Table 1.
? Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple Range
Test (P=0.05).

HHEEEREEMRZZE

HEEEREEGERORT > & EEHHEH 2 BREE) 2 N-P,05-K,055400-90-180 kg ha™ »
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it PR R P o EE R A BRI 0 > B ZEDCD i AR o BUn e L& 2 SRR S B R ER Ak
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Table 5. The characteristics and yield of cabbage after treatement

Width of  Fresh wt.  Diameter Sugar

Height Yield Ind
Treatment' €& head of head thickness content © 1 neex
(cm) . (kg ha™) (%)

(cm) (kg) (cm) (°Brix)

A 16.8b 15.0a 1.31b 11.7ab 5.1ab 22,703¢ 100.0
B 14.7¢ 13.1b 0.90c 11.6b 5.5a 15,440d 68.0
C 16.8b 15.2a 1.33ab 12.7ab 5.1ab 22,933c 101.0
D 17.3b 14.9a 1.35ab 12.7ab 4.7 23,520b 103.6
E 18.4a 15.6a 1.51a 13.0a 5.0ab 26,643a 117.4

! The same as Table 1.
2 Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple Range
Test (P=0.05).

TN HHEAREEFH RS KINERE
Table 6. The height and width of cabbage in different growth stage

| Plant height (cm) .
Treatment Plant width(cm)
30 day 60 day
A 20.3a 38.2b 57.9b
B 19.3a 37.2¢ 53.8bc
C 19.2a 36.5cd 55.5bc
D 19.4a 35.7d 52.2¢
E 20.1a 39.1a 66.4a

' The same as Table 1.
? Within columns, numbers followed by the same letter are not significantly different, using Duncan’s Multiple Range
Test (P=0.05).



10.
11.
12.
13.
14.

15

17.

18.

19.

FHCRE S H AR 2 8 7

ZE 3R

LR WY - PREAME - £FRE - THE C MEE 2001 BEEERERGEME p244
TTERE R R ZE B RTE R L ARED -

BN 1966 KEMEISEAR - B - P2 E#IEE PEREMK 1515

MREECF: ~SHECHE ~ 6% L 2001 KESEKE ST EEEARTIE LK M p.15-1~15-18
55U JE E PR AR R 7KK B A P e R PR Al A e e s

AE - HEM 1996 HAEEEKE TEOKCEMENEZE p51-65 EEEMEREATK
T ORFFERSR -

TROBR ~ FNE ~BEER 2001 SEKEFRECR S EAAEEEMATT1) p9 TEREEZRE
BHEEGRTERFLERED -

TERE 1981 AKBITHEDESNE p53-59 EYEEZE =8R8 T135E
2 =8

REEE 1981 AEWITHEHEE p9-26 (EYEEZE =Z@REsBrsTingg =
B =E

YRR - EEIME - BRIES  fAIHEE 2001 ARHUOR[E LRI HEESIERG M S M p.55-62
-+ K TAZE Eam sl -

BPKAS ~ BB EE - TRUA - BA - ZIHRZE - MiEE - B 2001 EROKEEEKIESEIUHEA
BROAHETEKESNEIEE p378 TEIEFREEZR EGRATER T O4RED -

PfREE 1987 EATIEE fREREegHR =16 28 -

PRESEY ~ BREEFEK 1995 {EAEUKEMSEKEKERESEA() p.190 KBEH/KEFE R -
Fhtt 1990 LR pEEE =L =ZE-

g 1986 Gt EEARZERZR =2 Z2E-

TELS 1996 =R B RO ALRR KK L R B 2 W98 p.107-118 N HTOAERE/K £
TR K E B FeE T E R R 4R -

B 2002 EEKEUKGSEESES  p.18-1~18-6 WK NS EanoCdE -
16.

Rl TRARME ~ BREBIE 1996 /KECRFFmIEHIER RE R L E KRB ERS ZHZE
p.119-141  J\-FPUAEREK +Ordss e B K@ B i FEa B R 524

Bremner, J. M. and C. S. Mulvaney. 1982. Nitrogen-total. p.595-624. In: Page, A. L. H. Miller and D.
R. Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd edition. ASA. Madison. Wisconsin. USA.
Davies, D. M. and P. J. Williams. 1995. The effect of the nitrification inhibitor dicyandiamide on
nitrate leaching and ammonia volatilization: A U.K. Nitrate Sensitive Areas perspective. J. Environ.
Manage. 45: 263-272.

Di, H. J. and K. C. Cameron. 2004. Effects of the nitrification inhibitor dicyandiamide on potassium,

magnesium and calcium leaching in grazed grassland. Soil Use Manage. 20: 2-7.



3 ETEREL RS —

20. Friedrich, S., N. P. Platonova, G. 1. Karavaiko, E. Stichel and F. Glombitza. 1991. Chemical and
microbiological soluiblization of silicates. Acta. Biotedh. 11: 187-196.

21.Hauck. R. D. 1980. Mode of action of nitrification inhibitors. p.19-32. In: Hauck, R. D. (eds).
Nitrification Inhibitors-Potentials and Limitations. Am. Soc. Agron. Pub. Madison. WI. U.S.A.

22.Irigoyen. 1., J. Muro., M. Azpilikueta., T. P. Aparicio and C. Lamsfus. 2003. Ammonium oxidation
kinetics in the presence of nitrification inhibitors DCD and DMPP at various temperatures. Australian
J. soil Res. 41: 1177-1183.

23.Keeney, D. R. and D. W. Nelson. 1982. Nitrogen-Inorganic Form. p.643-698. In: Page, A. L. H.
Miller and D. R. Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd edition. ASA. Madison.
Wisconsin. USA.

24.De Klein, C. A. M., R. S. P. van. Logtestijn, H. G. van de Meer and J. H. Geurink. 1996. Nitrogen
losses due to denitrification from cattle slurry injected into grassland soil with and without a
nitrification inhibitor. Plant Soil. 183: 161-170.

25.Kundsen, D., G. A. Peterson and P. F. Partt. 1982. Lithium, Sodium and Potassium. p.225-246. In:
Page, A. L. H. Miller and D. R. Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd edition. ASA.
Madison. Wisconsin. USA.

26. Lanyon, L. E. and W. R. Heald. 1982. Magnesium, Calcium, Strontium, and Barium. p.247-262. In:
Page, A. L. H. Miller and D. R. Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd edition. ASA.
Madison. Wisconsin. USA.

27. McTaggart, 1., H. Clayton and K. Smith. 1994. Nitrous oxide from fertilized grassland: strategies for
reducing emissions. Non-CO, greenhouse gases: Why and how to control? Proceedings of an
international symposium. Maastricht, Netherlands, 13-15 December 1993. Non-CO, greenhouse
gases: Why and how to control? Proceedings of an international symposium, Maastricht, Netherlands,
13-15 December, 1993. p.421-426. Kluwer Academic Publishers, Dordrecht., Netherlands.

28. McTaggart, 1. P., H. Clayton, J. Parker, L. Swan and K. A. Smith. 1997. Nitrous oxide emissions from
grassland and spring barley, following N fertilizer application with and without nitrification inhibitors.
Biol. Fert. Soils. 25: 261-268.

29.Merino, P., J. M. Estavillo, L. A. Graciolli, M. Pinto, M. Lacuesta, A. Munoz-Rueda and C.
Gonzalez-Murua. 2002. Mitigation of N,O emissions from grassland by nitrification inhibitor and
Actilith F2 applied with fertilizer and cattle slurry. Soil Use Manage. 18: 135-141.

30.Nelson. D. W. and L. E. Sommers. 1982. Total Carbon, Organic Carbon and Organic Matter,
p-539-579. In: Page, A. L. H. Miller and D. R. Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd
edition. ASA. Madison. Wisconsin. USA.



FHCRE S H AR 2 8 9

31.0lsen, S. R. and L. E. Sommers. 1982. Phosphorus. p.403-430. In: Page, A. L. H. Miller and D. R.
Keeney (eds.). Methods of Soil Analysis. Part 2. 2nd edition. ASA. Madison. Wisconsin. USA.

32. Prakasa Rao, K. V. and K. Puttanna. 1987. Nitrification and ammonia volatilization losses from urea
and Dicyandiamide treated urea in a sandy loam soil. Plant Soil 97: 201-206.

33.Prasad, R. and J. Power. 1995. Nitrification inhibitors for agriculture, health and the environment.
Adv. Aron. 54: 233-2281.

34. Puttanna, K., N. M. Gowda and E. V. S. P. Rao. 1999. Effect of concentration, temperature, moisture,
liming and organic matter on the efficacy of the nitrification inhibitors benzotriazole, o-nitrophenol,
m-nitroaniline and dicyandiamide. Nutr. Cycl Agroecosys. 54: 251-257.

35.Rodgers, G. A., K. N. Wickramasinghe and D. S. Jenkinson. 1985. Mineralization of dicyandiamide,
labeled with 15N, in acid soils. Soil Biol. Biochem. 17: 253-254.

36.Rogers, G. A. and J. Ashworth. 1982. Use of nitrification inhibitors to improve recovery of
mineralized nitrogen by winter wheat. J. Sci. Food Age. 33: 1219-1226.

37.Sheng, X. F. and L. Y. He. 2006. Solubilization of potassium bearing minerals by a wild type strain of
Bacillus edaphicus and its mutants and increased potassium uptake by wheat. Canadian J. Microbiol.
52(1): 66-72.

38. Stelly, M. 1980. Nitrification Inhibitors- Potentials and Limitations. In: ASA Special Publication
No.38. American society of Agronomy, Soil Science Society of America, Maddison, Wisconsin.

39. Styriakova, 1., 1. Styriak, I. Galko, D. Hradil and P. Bezdicka. 2003. The release of iron bearing
minerals and dissolution of feldspar by heterotrophic bacteria of Bacillus species. Ceramic. Silicaty.
47(1): 20-26.

40.Ullman, W. J., D. L. Kirchman and W. A. Welch. 1996. Laboratory evidence by microbioally
mediated silicate mineral dissolution in nature. Chem. Geol. 132: 11-17.

41. Velthof, G. L., O. Oenema, R. Postma and M. L. van Beusichem. 1997. Effects of type and amount of
applied nitrogen fertilizer on nitrous oxide fluxes from intensively managed grassland. Nutr. Cycl
Agroecosys. 46: 257-268.

42. Webb, J., M. Froment and R. Sylvester-Bradley. 1991. Effects of cultivation and nitrification inhibitor
on soil nitrogen availability after a grass ley and on the response of the following cereal crop to
fertilizer nitrogen. J. Agr. Sci. 117: 9-21.

43. Williamson, J. C., M. D. Taylor, R. S. Torrens and M. Vojvodic-Vukovic. 1998. Reducing nitrogen
leaching from dairy farm effluent-irrigated pasture using dicyandiamide: a lysimeter study. Agr.
Ecosyst. Environ. 69: 81-88.



10 ETEREL RS —

Rational Nitrogen Fertilization Efforts on
Cabbage Yield*

Wen-Lung Lay and You-Hong Zeng®
ABSTRACT

In order to maintain a low pollution and produce high quality and yield of crops in
the alpine area, the rational fertilization practice should be established. An rational
fertilization expeiment on cabbage was conducted in Renai township, Nantou County.
Five treatments in different amounts of nitrogen (N) supply including: A treatmen as
farmers’ regular amount (4 times supply with 800 kg N ha') , B treatment as rational
fertilization (4 times with 400 kg N ha) , C treatment as the same as B treatment (six
times with 400 kg N ha'). D tgreatment as C treatment but with addtional nitrification
inhibitor, 60 kg ha™' Dicyandiamide (DCD), E treatment as D treatment but half nitrogen
fertilizer (200 kg N ha™). The results showed the cabbage yield of applying 200 kg N ha™'
combined with DCD (treatment E) can be increased to 17.4% compared with farmers’
usual fertilization (treatment A). The yield between farmers’ usual fertilization (treatment
A) applied in four times and rational fertilization applied in six times (treatment C) was
similar. The results indicated that applying 200 kg N ha with 30 kg ha! DCD obtained
17% increase of cabbage yield and the frequently applying nitrogen fertilizer with reduced
amount of nitrogen fertilizer could produce the similar yield with no difference in farmer’s
regular one. Moreover, downstream water pollution trend caused by applying excessive

fertilizer in the alpine area can be reduced.

Key words: rational fertilization, cabbage, nitrification inhibitor

! Contribution No. 0846 from Taichung DARES, COA.
2 Associate soil scientist and Assistant Researcher of Taichung DARES, Changhua, Taiwan, ROC.



