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Application Method of Nitrogen Fertilizers to Pastures
in Nemuro-Kushiro District
II. Effects of NH,-N and NO;-N on nutrient uptake
and growth of timothy in early spring
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Table 1. Experimental design .

Levels
Factors (Symbols) 1 > 3
Temperature (T) 5C 9C 16°C
Aeration (A) 2 None Light Heavy
pH (P) 3 5 7
Nitrogen conentration {C) 10 ppm 40 ppm 70 ppm
Nitrogen form (F) NH; NH4NQOs NOs

Note 1)Fractional (1/3) factorial design of 5 factors experiment using

orthogonal array table {(Lsi).

2) Culture solutions were aerated for about 0.5 or 1-2 hr/day at the 2nd
(Yight) level or the 3rd (heavy) level, respectively, by monitoring with

a oxygen analyzer.

Table 2. Composition of culture solution used.

Elements N K Ca Mg S
Concentration {ppm) T:{:ljz 1 39 29 24 46

Note) In addition to the above elements, the following elements were added —
Cu, Zn, B, Mo, Mn, Al I | ppm each, Co : 0.5 ppm, EDTA-Fe . 10 ppm,

Si:one spoon per a pot as sodium silicate.
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Table 3. Analysis of variance (ANOVA) of effects of nitrogen formin culture
solution on nitrogen contents and absorbed nitrogen.

7 Source of N content - Absorbed N
7‘73“‘&"0‘3 2 Root Top Root Top Root+Top
" Mean squares -
F 0.15 0.81** 298.0** 1,651* 2,645**
FXT 0.14 0.02 55.0 175 168
FXaA 0.04 0.09 13.9 140 176
FXP 0.04 0.171 5.3 185 250
FXC 0.06 0.07 15.6 343 486
Error 0.07 0.08 26.9 335 473
General meanV 1.66 2.70 8.04 47.9 55.9
C.v. (%?rgﬁ 16.4 104 64.5 8.2 38.9

m& 1) Units : N content, % ; absorbed N, mg/pot.
2) Symbols used are the same as in Table 1.

3) Degrees of freedom : Main effect, 2; interaction,4 ; error, 30.
4) t, * ** 10%, 5%, 1% significant level, respectively.
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Fig. 1 Effects of nitrogen form on nitrogen con-
tent and absorbed nitrogen during the peri-
od of experiment (difference in mg N per a
pot of the initial value from that at the end
of the experiment).
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Fig. 2 Statistically significant effects of nitro-

gen form on mineral contents in timothy top.
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Table 4. ANOVA of effects of nitrogen form in culture solution on mineral contents in

timothy root and top.
Source of . Root Top
variance P K Ca Mg P K Ca Mg
Mean squares x107° X107° x 107" x10°° X107* X107
F 15.0"  1.67™ 31.7" 39.6" 24.8% 3.06* 1.0 3.4
FXT 5.1t 0.28" 2.1t 3.5t 7.6 0.03 0.7 0.1
F XA 1.1 0.01 0.6 1.6 3.8 0.02 1.1 0.1
FXP 0.8 0.06 0.7 1.8 13.3 0.06 1.6 0.3
FXC 0.2 0.04 4.3% 3.9" 7.6 0.24* 0.4 0.4
Error 2.3 0.06 1.0 1.4 7.6 0.04 1.2 0.2
General mean? 0.30 0.81 0.16 0.14 0.32 2.25 0.23 0.17
C.V.(%) of error 16.1 29.9 19.7 26.5 28.6 8.9 15.1 9.0
Note 1) Unit: %.
2), 3), 4) vide. Table 3.
Root Top
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Fig. 3 Statistically significant interaction effects of nitrogen form on mineral
contents in timothy roots and tops.
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Fig. 4 Effects of nitrogen form on dry weight
and length of timothy root.

Table 5. ANOVA of effects of nitrogen form in culture solution on growth of timothy.

Root Top Root + Top
So:);ce Dr Dr New Number of leaf De
variance ” Length weigyht Length weigit tiller 1Ger:fen ir:fwn Total WEig)}llt
Meen squares
F 150.1*  0.833* 93.2™ 0.99 0.05 15.74™ 12.86* o0.21 3.14°
FXT 3.6 0.041 9.8 0.25 0.05 0.08 0.49 0.37 0.41
FXA 6.4 0.030 1.4 0.11 0.38 0.05 0.30 0.22 0.34
FXP 19.3" 0.047 2.6 0.75 0.10 0.02 0.13 0.11 1.34
FXC 2.0 0.037 4.1 0.20 0.19 0.57 0.43 0.17 0.47
Error 4.4 0.058 6.4 0.43 0.20 0.33 0.26 0.23 0.72
General mean" 17.6 1.09 32.0 3.57 1.8 5.7 2.4 8.1 4.66
C.V.(%) of error 11.9  22.1 7.9 18.4 245 10.1 21.4 5.9 . 18.3

Note 1) Units:Length, cm

2),3),4) vide Table 3.

; dry weight, mg/pot.
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Plate 1 Timothy roots grown with culture so-
lutions containing NO,-N (left) and NH,-
N (right).

Plate 2 Transections of timothy roots grown with culture solutions con-

taining NO;-N (left) and NH-N(right).
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Fig. 5 Effects of nitrogen form on the growth of timothy top and whole
plant. Interactions of nitrogen form with other factors were not signi-

ficant.
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Application Method of Nitrogen Fertilizers to Pastures
in Nemuro-Kushiro District

1. Effects of NH,~N and NO;-N on nutrient uptake
and growth of timothy in early spring

Tomoyuki HAKAMATA®* and Toshiaki HIRASHIMA **

Summary

This paper describes the effects of ammonium nitrogen (NH,-N) and nitrate nitrogen (NO;-N) on
nutrient uptake and growth of timothy in early spring. Timothies were grown for eight days with
culture solution containing NH,-N and/or NO;-N in three growth cabinets (2m X 2m X 2m, under
natural light). The experiment was carried out according to the fractional (1/3) factorial design of five
factors with the orthogonal array table (Ls;) to study not only the main effect of the nitrogen forms but
also the two—factor interaction of the nitrogen form factor with other factors, i.e., temperature, aeration,
pH and nitrogen concentrations in solution (Table 1).

The results are summarized as follows:

Nutrient uptake and growth of timothy, especially in the root, were remarkably influenced by the
form of nitrogen in culture solution. Some two-factor interactions were recognized among several
characteristic values.

1) The higher the ratio of NOs-N in solution, the more nitrogen was absorbed by timothy plant.
However, the nitrogen at exposed portions remained low at pH 3, but increased visibly at pH 7, and
moderately at pH 5 as the NO;-N content of the solution was increased.

2 ) Calcium and magnesium contents increased in the root of timothy with the increase in NO;-N
concentration, but decreased with the increase in NH,-N concentration. Similar tendency was ob-
served on the potassium content in the exposed portion of timothy.

3 ) Timothies grown with NH,—N solution had many brown leaves and short greyish-brown roots
having a few branched roots and root hairs.

4 ) The order of yields in the dried plant was as follows regardless of other factors: NH—N <
NH,-N+NO,;-N=NO,-N.

We conclude that the roots of timothy are damaged in NH,-N solution, so that their nutrient uptake
and growth are suppressed compared to those grown with NO;-N solutwon.

* Hokkaido Prefectural Konsen Agricultural Experiment Station, Nakashibetsu, Hokkaido, 086—11
Japan
** Present adress : Hokkaido National Agricultural Experiment Station, Hitsujigaoka, Sapporo, 061 —01

Japan.





