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STUDIES ON THE ESTIMATION OF UPLAND SOIL FERTILITY

3. On the Estimation of Soil Nitrogen Fertility

Masatoshi SAWAGUCHI & Matsuo MINAMI
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%A 12 1/2000a@ 7 7 v R B2 FEbT
U, S EHc ULTA AL GAFE M) 2RV T
MARREETE -7, 0, JLBEEELT,
% 1 g/pot, JnHl1g/pot ZThEFIBE, &
MZERCT, fEd 10 emT A HM Lo

DB KL, AR, MELT, WEIRX DK
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ki 10gick 100ml 2z, HHELEOBT
20 100°CIcikD, WENEERRE LS.
(2) ARk 4rERE® (Purvis and Leo’s method)
518 ICHIRR (MAR 2 ml %K T 1 LIZIRT 3)
2ml 2 imA , EFGIH L%, 7k 50ml & 5% Na,
PO, . 12H,0 1% /A TR, WBL, WK
o NH-N 23 25 —Hic k0@it Ui,
(3} T oH Y ER{ESrFRIEY (SHmATA'S method)
A% 1 8 1253 BYA) (Na,COy : KMnO,=4:1) 1 €
&K 150ml 7z, 543RIER L, Miikd o
NH,-N %3 2 5—hic kD& Lizo
4 Bt ot
3o NH,-N & NO;-N % HARPER 3,
7 =/ — VERBREIC R DR L.
B) E—h—ERk
1008 A v—H—12 2D, KPERKEK
atD 60% IWENS LT, 3R 28°C THRL, &
Ut NO3-N Zdihic KDkt LU,

(1) #kiliiaE" (Hot water extraction method) (6) DEREIFIUD URIRL)
Table 1 Physical and chemical properties of 15 test soils
Soil | Soil Soil pH Total Total Carbon | CEC
Soil carbon nitrogen nitrogen
group | No, l class (H;0) %) (%) ratio (me)
1 Wassamu LiC 4.7 6.5 0.34 19.1 25.3
” 2 Kuromatsunai SL 5.0 9.1 .0.5l 17.8 23.5
E 3 | Biei CL 5.8 5.4 0.49 1.0 14.4
) 4 | Tsukigata LiC 5.2 4.5 0.31 45 | 15,9
2 5 Shakotan LiC 5.6 6.0 0.39 15.4 21.1
E; 6 Nayoro CL 5.2 6.9 0.42 16.4 25.3
4 7 | Akaigawa SiCL 6.1 8.3 0.55 15.1 25.3
§ 8 | Bifuka LiC 4.6 7.9 0.51 15.5 28.9
Average 5.3 6.8 0.44 15.6 22.9
9 Mikage SL 5.2 14.3 0.64 22.3 29.8
o 10 Hiroshima CL 5.3 12.1 0.54 22.2 27.1
:g 11 Zenigamezawa SiCL 5.1 22.8 0.96 23.8 46.9
= 12 Bihoro L 5.8 6.8 0.50 13.6 21.7
: 13 Makubetsu SL 5.6 7.0 0.35 20.0 28.9
g | 14 | Monbetsu SL 5.3 8.3 0.3 23.7 18.1
3 15 | Memuro SL 5.4 3.7 1 0.20 18.5 18.9
Average 5.4 10.7 0.51 20.6 27.4
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Table 2 Physical and chemical properties of 6 test soils

Soil Mechanical composition (%) | Soil pH Total | Total Carbon CEC
Soil Coarss | Fine - carbon | nitrogen | nitrogen
group sand sand Silt Clay | class | (H:0) (%) (%) ratio (me)
'§ Rankoshi 5.6 12.1 38.8 43.5 LiC 5.9 4.58 0.31 14.8 29.5
Eg Naganuma 1.0 | 37.4 | 38.6 . 23.0 cL 6.2 1.18 0.10 11.8 | 20.2
Eﬁ Fukagawa 10.2 17.8 36.5 35.5 LiC 5.2 2.18 0.15 14.5 24.8
224 | Yuni 60.2 | 18.3 | 15.5 | 6.0 | SL 5.5 | 3.70 0.24 15.4 | 17.9
§ a Hiroshima 37.6 26.2 29.7 “ 6.5 L 5.6 5.62 0.32 17.6 26.9
;E Memuro 18.0 54.2 23.3 4.5 SL 5.8 3.48 0.20 17.4 18.9

F—Fny KL 58 (G4Meb) &I,
Kik#E LT NO-N gL, <o, ikl
% 28°C THERT 5, 1 B E F1Tkikiex < D
L, #eitho NO;-N 2@hi L, 3MilcamR L
7:NO,;-N £ 43 L Tudaskite L.

2. THYOLPIRBAREOKH

kil 5 3 A (R, =@, N, Kl
M3 AL (b, KRS, 38D D46 D RBIT v
T, AABEURMEHELT /50002 7730
Ry MOk 2HMRINMREE L U 7co EHH
MutE LTid, MEREFEK, (2154 0.5 g/pot,
(313 # 1.0 g/pot, (4513 2.0 g/pot D 4 By %
e, TR O RS REE OB, BIU
AAEDTFRIGHC OO TR L2, U, Hul
BEE LT, &2 0.5g/pot, N1 0.5g/pot %
TNEThBE, #HMTHERA L. Rt Eomit
¥4kid Table 2 IKRTEBDTH S,

m H &R
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R Ufco BT & 2 LA E L

il &k om s DM Ri3 Table 3 i
RLI-EBVTH S,

3Y, RALOERBINEE LIEORFMICS
WTHBE, FEXLE IR TII T 632 mg/pot,
Kl ©id 491 mgfpot L3kl 1 o)y
AEFOTE AR L, M, LIBosE Rt
ALKl LIRDF M kilibk LigIc B B T &Nt
o s, FRIC, 6 FEDRIEIEIC X 3 T
NHAERELMOMBINCHE LTATH, TOF
P v b Ikl LR Ji sk L%
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Table 3 Relation between the values obtained by 6 soil nitrogen tests and

the amounts of N uptake by oats

Soil Soil test values (mg N/100ml) N Grain
oi Soil i
Hot water| PuURrvis Initial Bottle Leaching uptake | yields
group | No, and SHinaTA | mineral incu- incu- by oats | of oats
‘ extraction| Lgo nitrogen bation| bation | (mg/pot) | (g/pot)
1 6.6 6.3 29.4 5.3 6.4 6.9 385 17.7
P 2 7.8 4.9 44.9 7.2 7.9 9.5 490 25.6
e 3 9.3 7.4 23.7 6.5 8.4 1.2 690 29.7
] 4 1.7 6.4 17.6 9.7 1.8 11.6 538 | 26.8
) 5 19.0 5.0 36.3 14.8 18.3 19.5 730 25.8
B
8 6 16.6 5.4 30.0 14.7 16.7 17.4 727 30.6
g 7 12.8 4.9 29.6 9.3 12.6 14.5 796 35.8
;é 8 16.7 10.3 21.0 13.5 14.7 17.4 697 29.4
‘| Average 12.6 6.3 29.1 10.1 12.1 13.5 632 27.7
9 9.5 6.1 18.9 7.4 10.0 11.3 595 21.1
° 10 8.3 5.9 31.6 6.6 9.7 9.7 723 30.6
= 11 8.7 3.7 19.4 7.7 8.4 9.7 526 25.2
= 12 6.2 6.7 25.7 4.6 6.3 8.2 453 22.1
o 13 5.6 3.6 28.1 3.8 5.4 6.0 350 19.7
§ 14 5.9 5.8 15.0 4.1 4.0 4.7 294 17.7
2 15 9.1 8.4 28.3 6.8 | 9.2 9.0 498 23.6
Average 7.6 5.7 23.9 5.9 7.6 8.4 491 22,9
] B
3 5 | Average 10.3 6.1 26.6 8.1 10.0 \! 1.1 566 25.4
5 ]

Table 4 Correlation between the values obtained by the soil tests and the

amounts of N uptake by oats

Correlation coefficients

o fee Al sois Non, voleanc Volcase ask
Hot water extraction 0.756%* 0.739* 0,755%
Purvis and Leo 0.683%*% 0.586 0.634
SHIATA 0.474 0.132 0.616
Initial mineral nitrogen 0.722%* 0.638 i 0.763*%
Bottle incubation 0.808%* 0.628 0.906%*
Leaching incubation 0.84)1%* 0.821* 0.865%

Remarks; 1) On the soil test values by Purvis and Lio's method, and Sunrata‘s method, the

correlation coefficients were calculated with the values added the initial NO,-N

in soils,
2) ** Significant at 1% level, * Significant at 5% level,
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Table § Relation between the soil test values by the hot extraction method and grain yields

of oats
Soil Amount of Grain yields N uptake Soil N extracted
Soil N applied of oats Yield index by oats with hot water
grou .
P (elpot) (afpot) (%) (mgfpot) (mgf100mD)
0 ; 7.3 ! 100 135 ‘ 2.5
t ] L
0.5 27.4 : 375 514 ! 8.6
Rankoshi ? ’ 5
1.0 32.8 449 720 X 16.5
= 2. 31.4 430 1102 ; 40.4
g | e I e
= 0 | 2.9 100 49 4.9
o
o 0.5 23,2 800 406 14.3
-] Naganuma
8§ 1. 30.0 1034 655 15.0
E 2. 27.0 931 832 46.3
e . o [J— N
2 0 4.9 100 76 8.1
0.5 15,7 321 361 13.3
Fukagawa 7!
1.0 25.1 512 486 15.7
l 2.0 23,2 473 821 31.4
1
! 0 5.5 100 77 2.1
K 0.5 22.4 407 469 4,2
Yuni
1.0 27.4 498 17 17.2
" | 2.0 25.9 4 1033 45,4
= i o
a ‘ 0 3.3 , 100 68 7.6
2 L 0.5 15.3 464 365 16.4
Hiroshima
g 1.0 14.4 436 489 39.2
8 2.0 14.3 433 600 56.3
o ——
=
0 3.3 100 70 5.8
0.5 17.0 436 395 11.0
Memuro
1.0 16.8 431 634 29.0
2.0 15.0 385 713 40.5

Remarks: 1) Soil nitrogen test values show the test value on the §0th day after seeding,
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Summary

The nitrogen nutrients in soils are one
of the most important factors that compose
the soil fertility.

In this paper, the authors intended to
estimate the fertility level of upland soil
At first, the most
suitable methods for estimating the soil

with soil nitrogen test.

nitrogen availability were investigated.

Using the fifteen soil samples collected
from the Hokkaido district, the following
six soil tests were evaluated; (1) N extracted
with hot water, (2) hydrolyzable N by sulfuric
acid according to Purvis and LEO’s method,
(3) hydrolyzable N by alkaline KMnO, ac-
cording to SHIHATA’S method, (4) initial mi-
neral N in soils, (5) NO,-N produced on the
bottle incubation, (6) NO,-N liberated on the
leaching incubation according to SAKAYs
method.

The correlation analyses were made bet.
ween the amounts of nitrogen uptake by
oats in the greenhouse culture and the soil
test values.

On the other hand, in the pot experi-
ments we applied different rates of nitrogen
fertilizer, the movements of the available
soil nitrogen at each plant growth stage were
investigated, and the critical level of the
available soil nitrogen content on the crop
yields was assessed.

The obtained results were summarized
as follows;

1) The amouts of available soil nitrogen
determined with six soil tests were ranked

in the following order; (3)> (6)> (1)> (5)>
4)=> (2).

2) The amouts of nitrogen uptake by oats
and the soil test values were higher on the
nonvolcanic ash soils than on the volcanic
ash soils.

3) On all the sojls, NO,.N released on
the leaching incubation and on the bottle
incubation showed higher correlation coeffi.
cients of (0.841 and 0.808 (significant at
12 level, respectively) with the amounts of
nitrogen uptake by oats, respectively, and
among the chemical tests, N extracted with
hot water gave the highest correlation co-
efficients of 0,756 (significant at 19 level).
On the non.volcanic ash soils and the vol-
canic ash soils, NO;-N released on the leach-
ing incubation method and N extracted
with hot water were significantly correlated.

4) It was concluded that the leaching
incubation method and the hot water extrac-
tion method were suitable methods for
estimating the soil nitrogen availability,
and yet, the hot water extraction method
as a quick and easy test was the better test.

5) The results examined on the available
soil nitrogen movements at each plant growth
stage, showed that the most suitable time
of soil nitrogen test was at the 60th day
after seeding.

6) With the results of the pot experi-
ments, it seemed that the critical level of soijl
test to obtain the maximum yield of oats
was about 10~15 mg of N extracted with hot
water per 100 ml soil on the 60th day after
seeding.





