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Summary : The Abashiri area in Hokkaido Prefecture is one of the most important agricultural areas in

northern Japan. Due to long-term fertilization, most of the agricultural soil in this area has highly
accumulated available P and K. In addition to this, typically about 450kg P,Osha ' and 780kg K,Oha ™'
have been applied with 30 Mgha ' of animal manure every three years. In order to assess the possibility

of decreased P and K fertilization using this accumulated P and K, we evaluated the effects of three years

of continuous low or no P and K fertilization on crop productivity by a field experiment. From 2009 to

2011, sugar beet, potato, wheat and barley were cultivated using the major crop rotation system in this

area. Four fertilization methods were used: i) Conventional NPK application, ii) Half P fertilization; iii) No
P fertilization; and iv) No P and no K fertilization. Two Andosol fields (Urashibetsu A, B) and two
Cambisol fields (Yasaka A, B) were used for this study. 30 Mgha ™! of manure was applied to Urashibetsu
A and Yasaka A field before the experiment. For Urashibetsu B and Yasaka B field, the same amount of

manure was applied in 2007 and 2010, respectively. Especially in Urashibetsu B field, in 2010, oat was

cultivated as green manure and plowed back into the field. The crop yield, soil available P and

exchangeable K amounts, soil P fractions (Al bound P, Fe bound P, Ca bound P) were measured. As a

result, almost no significant effects of P/K fertilization on crop yield were observed during three years.

Due to manure application, soil available P and exchangeable K amount did not decrease because of the

three years of no P and no K application. Manure application for Urashibetsu A and Yasaka A fields also

increased Ca bound P fraction and decreased Fe bound P fraction. These results suggested that manure

application increased soil P availability not only as an organic P source but also as a contributor to Fe

bound P utilization. From these results, we considered that decreased or no P/K fertilization method

should be started the next year after manure application in Abashiri area.
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1. Introduction

The Abashiri area in northeastern Hokkaido Prefec-
ture is one of the most important agricultural areas in
northern Japan. Most of the agricultural soil in this area
has highly accumulated available phosphorus (P) and po-
tassium (K) due to long-term fertilization. YOSHIDA et al.

reported that no decrease of yield was observed for sug-
ar beet when P and K were not applied in one year of
cultivation in the Abashiri area’ (Abashiri, Hokkaido
Prefecture, 44.0° North, 144.2° East). On Japanese farms,
reducing P fertilization is a recent trend. MisHIMA el al.
reported that the average P fertilizer use in Japan de-
creased from 315kgP,0;ha”' in 1985 to 227 kg P,O;ha ™
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Table 1 Crop rotation system and fertilization (kgha™') method of each test field in the experiment from 2009-2011.

Manure ' (Sep.2008) 2009 2010 2011
N PzOs Kzo N P205 Kzo N P205 K2O N P205 K2O
Urashibetsu A Applied in 2008 Sugar beet Potato Winter wheat
Conventional 420 450 780 160 250 160 100 180 130 100 150 100
P12 420 450 780 160 125 160 100 90 130 100 75 100
-P 420 450 780 160 0 160 100 0 130 100 0 100
-P-K 420 450 780 160 0 0 100 0 0 Green manure’ 100 0 0
Urashibetsu B Potato Oat as green manure N P,Os K,O0 Winter wheat
Conventional 100 180 130 60 0 0 22 9 48 100 150 100
P12 100 90 130 60 0 0 22 9 48 100 75 100
-P 100 0 130 60 0 0 22 9 48 100 0 100
-P-K 100 0 0 60 0 0 22 9 48 100 0 0
Yasaka A Applied in 2008 Sugar beet Potato Barley
Conventional 420 450 780 160 250 160 100 180 130 60 100 80
P12 420 450 780 160 125 160 100 90 130 60 50 80
-P 420 450 780 160 0 160 100 0 130 60 0 80
-P-K 420 450 780 160 0 0 100 0 0 Manure (Sep.2010) 60 0 0
Yasaka B Potato Winter wheat N  P0Os KO Sugar beet
Conventional 100 180 130 100 150 100 420 450 780 160 250 160
P12 100 90 130 100 75 100 420 450 780 160 125 160
-P 100 0 130 100 0 100 420 450 780 160 0 160
-P-K 100 0 0 100 0 0 420 450 780 160 0 0

"Manure (average N, P,0s, K,O content =1.4, 1.5 and 2.6%) 30 Mg ha™ was applied to Urashibetsu A and Yasaka A before the experiment. For Urashibetsu B and Yasaka

B field, same amount of manure was applied in 2007 and 2010, respectively.

*Green manure (N, P,Os, K>O content =1.4, 0.6 and 3.1%") was applied at average yield of Urashivetsu B in 2010 (1.6 Mg ha™)

Table 2 Soil properties for four test fields at the beginning of the experiment (2009) and root number density.

pH Available P,0;' Phosphate adsorption Exchangeable K,0! Root number density

(H,0) (mg P,0s kg™) coefficient” (mg K,0 kg™) (roots cm™)

Urashibetsu A (Light-colored Andosol) Sugar beet
0-20 cm 6.5 193 1351 1175 0.29
20-40 cm 6.2 202 1329 1398 0.60
40-60 cm 6.2 100 1338 1243 0.45
60-80 cm 6.3 13 752 615 0.13

Urashibetsu B (Light-colored Andosol) Potato

0-20 cm 55 297 1233 838 0.36
20-40 cm 5.9 337 1164 907 0.36
40-60 cm 6.4 29 784 908 0.34
60-80 cm 6.3 32 669 723 0.08

Yasaka A (Gray Upland soil (Cambisol) ) Sugar beet
0-20 cm 69 538 1233 465 0.52
20-40 cm 6.7 485 1164 449 0.36
40-60 cm 6.5 5 784 145 0.18
60-80 cm 6.5 7 669 180 0.06

Yasaka B (Gray Upland soil (Cambisol) ) Potato

0-20 cm 5.6 458 1092 679 1.18
20-40 cm 58 368 1111 691 0.47
40-60 cm 65 15 761 665 0.26
60-80 cm 6.6 8 531 308 0.07

TResults are for the -P-K fertilization method of each field in June 2009.
2Results are for the Conventional fertilization method of each field in August 2009.

in 2005, and P efficiency increased from 15.0% in 1985 to
20.1% in 2005”. Though the Hokkaido Prefectural gov-
ernment has also recommended reducing P/K fertiliza-
tion, many farmers have tended to continue conventional
P/K fertilization because of fear of the decline of yield
and limited data on the long-term effects of low P/K fer-
tilization. In order to test the possibility for decreased P/
K fertilization, we evaluated the effects of three years of
continuous low or no P/K fertilization on crop productiv-

ity with a field experiment. In this study, under three
years of continuous decreased P/K fertilization, the crop
yield, P/K uptake of crops, soil available P/K amount, and
changes of soil P fraction (Al bound P, Fe bound P, Ca
bound P) were measured for fields of the two soil types.

2. Materials and Methods

In the Abashiri area, the root distribution of subsoil
was identified as one of the most important factors influ-
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Table 3 The crop yield (Mgha ") ! of each test field in the experiment from 2009-2011.

Fertilization method 2009 2010 2011
Urashibetsu A Sugar beet (root) (Sugar production) 2 Potato (tuber) Winter wheat (grain)
Conventional 71.1+2.3a° (11.5+0.8a) 23.1+4.1a 9.4+1.9a
P12 69.0+8.2a (11.1£1.6a) 23.1+1.2a 9.0+2.7a
-P 74.844 3a (12.1£0.72) 23.6+3.9a 8.3+1.9a
-P-K 77.0£10.7a (12.0+1.5a) 28.243.5a 9.4+1.6a
Urashibetsu B Potato (tuber) Oat as green manure Winter wheat (grain)
Conventional 63.0+£9.8ab 1.44£0.31a 9.8+3.1a
P12 75.2£14.7a 1.87+0.55a 10.6+2.9a
-P 67.2+5.1a 1.72+0.49a 8.2+2.9a
-P-K 54.3£11.6b 1.20+0.25a 11.0+1.6a
Yasaka A Sugar beet (root) (Sugar production) > Potato (tuber) Barley (grain)
Conventional 68.0+3.4a (11.3+0.7a) 58.7+14.6a 6.1+2.4a
P12 68.3£9.7a (11.5+1.7a) 55.6+4.8a 5.6+2.8a
-P 66.1+9.8a (11.2+1.4a) 50.4+6.2a 6.3+1.8a
-P-K 61.3+3.6a (10.4+0.7a) 49.0+5.0a 5.5+1.0a
Yasaka B Potato (tuber) Winter wheat (grain) Sugar beet (root) (Sugar production) >
Conventional 43.1+12.4a 5.7£0.7a 64.9+11.9a (9.8+2.1a)
P12 45.0+11.3a 5.6+0.6a 67.2+15.6a (10.1+1.8a)
-P 44.4+10.9a 5.6+0.9a 62.7+26.6a (9.3£3.6a)
-P -K 52.0+4.0a 5.5£0.7a 59.1£12.6a (8.8+2.0a)

'Results are the average value and  + standard deviation of four replications. *For sugar beet, sugar production is also indicated.
3Values followed by different letters were found to be significantly different when comparing four fertilizations (ANOVA; P<0.05 by Bonferroni ‘s method).

encing crop productivity® and it was considered that the
effective root depth affected the P and K availability to
crops. Therefore, to test the effects of root distribution,
four upland fields in the Abashiri area having two types
of soil, Andosol and Cambisol, were used. The soil profile
and root distribution of each field were investigated in
2009. According to the major crop rotation system used
in the Abashiri area, sugar beet (Beta vulgaris ssp.
vulgaris), potato (Solanum tuberosum L.), winter wheat
(Triticum aestivum L) and barley (Hordeum vulgare 1.
were cultivated in this experiment. Four fertilization
methods were used: i) Conventional NPK application, ii)
Half P fertilization (P 1/2); iii) No P fertilization (-P); and
iv) No P and no K (-P -K) fertilization. The experiment
was started in May 2009, and each fertilization method
was continued to November 2011. Especially in
Urashibetsu B field, in 2010, oat (Avena sativa L. was
cultivated as green manure and plowed back into the
field and so not harvested. The fertilization method and
crop rotation system are summarized in Table 1. These
four treatments were applied as four replicates in a
randomized block design, resulting in a total of 16
experimental plots each in Urashibetsu A, B, Yasaka A
and B field. Nitrogen (N) was added as Chilean saltpeter
for sugar beet, and as ammonium sulfate for other crops.
P and K were added as superphosphate and potassium
chloride, respectively. According to the conventional
fertilization method of this area, cow manure (average N,
P,O;5, K,O content=14, 1.5 and 2.6%) was applied as
30Mgha ' every three years after the wheat harvest.
After the cultivation, the crop yield and P and K uptake
to plant were measured. Soil was sampled during

cultivation. Soil samples taken from a depth of 0 to 20 cm
were collected from each of the 16 plots in each of the
field sites; soil was sampled monthly in the plant growing
season (May to October) from 2009 to 2011.

Soil available P, Al bound P (Al-P), Fe bound P (Fe-P),
Ca bound P (Ca-P), and exchangeable K were also mea-
sured. The soil available P was measured by the Truog
method using pH 4 (NH,),SO,—-H,SO, solution as an
extractant®”. The Truog method was used because it
has been shown to be a suitable method for estimating
plant available P of Japanese Andosols”. The Al-P, Fe-P
and Ca-P were measured by the sequential extraction
method using 1 molL ™" NH,F for Al-P 0.1 molL ™' NaOH
for Fe-P, and 0.5mol L' H,SO, for Ca-P¥. The exchange-
able K amount was determined by the semi-micro Schol-
lenberger method”.

3. Results and Discussion

1) Soil properties of tested fields

According to the soil profile survey of each field in 2009,
it was confirmed that the Andosol fields (Urashibetsu A,
B) had a deep root zone (up to 1m depth), while in the
Cambisol fields (Yasaka A, B), the root zone was limited
by a clayey B horizon at 40 cm depth. The soil chemical
properties and root distribution patterns (root number
density) of the four test fields are shown in Table 2.
Yasaka A and B were Cambisol fields and their root
density was low in the subsoil. Soils in tested fields were
found to be acidic and both exhibited high phosphate
adsorption coefficients (1164-1351 mg P,O5 adsorbed to
100 g of soil) in the 0-40 cm depth.
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2) Effects of decreased P/K fertilization on crop yield

The crop yields of each field in the experiment from
2009-2011 are shown in Table 3. For the three years,
except for Urashibetsu B field in 2009, there was no
significant statistical difference among the yields with
four fertilizations for all the fields (The results are
presented as the average of four replicates. The
statistical software program used for ANOVA test by
Bonferroni ‘s method was “Uchu-Yuki's UFO test version
1.0.”). These results showed the possibility of decreased
P/K fertilization in Abashiri area, however, for the
recommendation of decreased fertilization to famers, the
risk of the fertilization should be considered carefully.
We thought that the soil property of Cambisol field could
be one of the risk factors. In the Cambisol field (Yasaka
A), average potato yield was lower at the end of the
second year for -P and P 1/2 methods. In the third year,
no decrease of yield for the -P -K method was observed
in the Andosol fields (Urashibetsu A and B), but in the
Cambisol fields (Yasaka A and B), the barley and sugar
beet yields of the -P -K method were relatively lower
than that of the -P method. This result should be due to
the lower exchangeable K amount in Yasaka A and B
fields than in Urashibetsu A and B fields (Table 2).
However, even though Yasaka A and B fields had more
available P (400-700 mg P,Oskg™") than Urashibetsu A
and B fields (200-500 mg P,Oskg™}), the decrease of crop
yield with decreased P/K fertilization was more likely to
occur in the Yasaka A and B fields. For the P uptake by
plants, root length is the dominant factor controlling P
uptake because of the low P solubility in soil solution'”.
Possibly the limited root distribution in Yasaka A and B
fields could be the major factor to explain the lower

Table 4
cultivation in 2009-2011.

yield, due to the lower efficiency of P uptake.

3) Effects of decreased P/K fertilization on soil

available P and exchangeable K content

The changes of soil available P and exchangeable K
during the experiment are shown in Table 4. For soil
available P, though the Conventional fertilization method
tended to result in higher values, for Urashibetsu A and
Yasaka A fields, the values increased in 2010, and then
decreased in 2011, for all four fertilization methods. For
Urashibetsu B and Yasaka B fields, values increased in
2011. These trends could be attributed to the application
of animal manure and green manure. In 2008, animal
manure was added to the soil of Urashibetsu A and
Yasaka A fields, and in 2010, green manure and animal
manure was applied for Urashibetsu B and Yasaka B,
respectively (Table 1). The increase of available P would
be explained by the mineralization of organic P in the
manure.

For the soil exchangeable K content, though irregular
changes were observed for all fields from 2009 to 2011,
the -P -K fertilization method gave relatively lower values
than the other methods. During the cultivation from 2009-
2011, both available P and exchangeable K values were
within or beyond the recommended values set by the
Hokkaido Prefectural government (100-300mgP,0skg '
and 150-300 mg K,O kg, respectively). In the Abashiri
area, another field cultivation experiment of potato without
P/K fertilization from 2007 to 2009 also showed that no P
fertilization could not decrease soil available P immedi-
ately'”. In that experiment, the annual decreases of
available P and exchangeable K were —6mgK,0kg ' and
88 mgK,0kg !, respectively.

Soil available P* and exchangeable K' (0-20 cm soil) of each plot at the beginning and the end of the

Available P (mg P,Os kg™)

Exchabgeable K (mg K,0 kg™)

2009 2010 2011 2009 2010 2011
Urashibetsu A 29-May  15-Oct  25-May 11-Aug 16-May  21-Jul 29-May  15-Oct  25-May 11-Aug 16-May  21-Jul
Conventional 237 180 426 345 296 228 1350 973 1010 1270 880 1160
P12 238 168 366 470 277 284 1216 1228 1190 1090 1120 1431
-pP 245 193 228 359 209 263 1322 1053 1060 1040 1340 1341
-P-K 193 173 224 297 191 196 1175 1228 890 940 1130 1325
Urashibetsu B 29-May  15-Oct  21-May  11-Sep 16-May  21-Jul 29-May  15-Oct 16-May  21-Jul
Conventional 596 325 109 147 237 273 1300 811 910 759
P12 375 233 95 130 238 237 1247 784 970 784
-P 303 200 138 133 237 215 1250 910 1020 811
-P-K 297 203 164 135 244 250 838 701 940 974
Yasaka A 2-Jun  16-Oct  25-May  30-Sep 2-Jun  28-Jul 29-May  15-Oct  25-May  11-Aug 2-Jun  28-Jul
Conventional 708 529 754 789 478 471 705 462 910 380 572 346
P12 583 496 674 671 525 421 693 500 600 260 377 391
-P 479 373 589 556 444 385 833 457 740 380 387 343
-P-K 538 406 604 705 449 408 465 333 570 170 295 246
Yasaka B 2-Jun_ 16-Oct  22-May  20-Jul 9-Jun  13-Oct 29-May  15-Oct  22-May  20-Jul 9-Jun  13-Oct
Conventional 623 400 476 678 476 619 594 612 610 566 680 677
P12 521 380 461 468 555 754 627 556 590 573 770 689
-P 447 371 444 455 511 453 610 596 630 571 630 611
-P-K 458 344 407 456 420 405 679 520 620 575 570 435

'Results are the average value of four replications.
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4) Changes of phosphorus fraction of soil during
2009-2011

Changes of soil Al-P, Fe-P, Ca-P are shown in Table 5.
While soil total inorganic P and Al-P amounts did not
change clearly for any of the fields, Ca bound P was
increased during three years, and the increase was
especially obvious for Urashibetsu A and Yasaka A fields.
The amount the Ca-P fraction increased in Urashibetsu
A and Yasaka A fields was around 300 mg P,0skg ', and
was almost the same level as the increase of soil available
P. These increases of Ca-P and available P could be
explained by the manure application in the Urashibetsu
A and Yasaka A fields. On the other hand, the amount of
Fe-P decreased, and the decrease was 253 mgP,0skg
and 236 mgP,0skg ™! for Urashibetsu A, and Yasaka A
fields, 93 mg P,Os kg ' and 142mgP,0skg ' for Urashibetsu
B, and Yasaka B fields (average of four plots), respectively.
This would be explained by the manure application in
2008 for Urashibetsu A, and Yasaka A fields. Many studies
have reported a similar effect of organic fertilizer on soil
P fraction. HIRATA ef al. reported that application of
manure decreased Fe-P fraction in a 9-year continuous
experiment on a Japanese upland Andosol field”?. L1 et
al. also reported that the amount of Fe-P decreased with
the application of organic fertilizer in a pot experiment;
they explained that the manure application increased
organic P mineralization due to microbial activity'™,
which was also reported by TAKEDA et al', and Li et al.
also mentioned that the reduced P adsorption contributed

¥ The present field experi-

to increased P availability
ment results also suggested that organic fertilizer could
enhance soil P availability not only as a P source but also

as a contributor to increase P availability.

5) The P and K uptake of crops and the P and K
balance of the tested fields

The P and K uptake of crops and the balance of P and
K in the experiment are shown in Table 6. The P and K
balance was calculated by the P and K uptake and the
fertilized P and K amount shown in Table 1. The uptake
values were calculated for sugar beet root, potato tuber,
wheat grain and shoot, and barley grain and shoot. The
P balance data did not accounted the green manure ap-
plication in Urashibetsu B field because there was no
input and no output of P and K by green manure. For P,
the P uptake values did not decrease clearly with the
decreased P fertilization except for the potato P uptake
for Yasaka A in 2010. However, the P balance was a neg-
ative value for the Urashibetsu B and Yasaka B fields in
2010. The value of Yasaka B field turned to be positive
in 2011 but the value of Urashibetsu B field remained
negative in 2011. These results were due to the manure

application in 2008 and 2010 (Table 1) and corresponded
to the results of the changes in soil available P. For the
K uptake by crops of Urashibetsu A and Yasaka B in
2011, the values for the -P-K fertilization method tended
to be lower than the other fertilization method. K balance
also reflected the manure application; the Urashibetsu B
and Yasaka B fields had negative values from 2010.

These P/K balance and soil available P and exchange-
able K data showed that the conventional manure appli-
cation (10 Mgha™' yv7") could maintain soil P and K
amount without fertilization in Abashiri area. With the
results of crop yield data in Urashibetu area, winter
wheat yield of no P and/or no K plots in Urashibetsu A
and Urashibetsu B were the same level though the P and
K balance was negative in Urashibetsu B field. This
suggested that the soil accumulated P was sufficient to
maintain wheat productivity even under the three years
of no P and/or no K application.

4. Conclusion

The crop yield in four fields did not change significantly
when decreased P/K fertilization was used during a
3-year experiment regardless of the different soil type.

For the soil available P/K, the accumulated P/K in soil
did not decrease significantly for the three years of No P
and no K fertilization, and was increased by the manure
application. Therefore the decreased P and no K fertiliza-
tion method should be started the next year after manure
application.
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BEICEWVWTHIEOKRAT CIER[D >,
Hh LzaEIEE U725 (7)1'15%1]2%1’5 LU
TEB{EFEHEANDZE

AU - NREF B A - FHERZ - HHT-E* - Javkhlantuya ALTANSUVD®
FisEA - e - 3 R
CFRE 26 4E 1 H 10 H 324/ 1% 26 45 7 7 25 H2#)

B bl s b HAROR D BE R BT O 1O TH b, BIHICTH722 /I X - CRMEOI1Z
EACOEPIEICITERBICER L TREY ¥, A ARRDENDL, S5, ZOMTIE 3EM
WZ1E, BXZ30Mgha ' OHEORHIZE 5T, U EeH U AHH 450ke P,Osha !, 780kg K,Oha™'
BERAINTWS, COERLZY) YBLOCAYT22F8HL, Ve h )T 20BIERTRETHSL0E
IR 5720, BEREEEI T/, T A, N A va, aAFBIOFT A LAFEH W Z OIS
OMIE) B VEARROPCTHEE L 7ze TOBMESMELS LT, ) BT NPK IR, i) VU v PR ;i)
M) VeI iv) MY v, S ) iR A E ek Ao, BRI & LT, BAR 2 LI 2 M3 (Urashibetsu
A B), Kt Y 2 MY (Yasaka A, B) O 4B &M L 72, RERBFIAET (2008 4) 12 HE T
30Mgha ™' # Urashibetsu A 3 X Uf Yasaka A B35\2HiH L7z Urashibetsu B 3 & Uf Yasaka B B2
WTIE, 2007 4E & 2010 4EIC[RBRICHENE 30 Mgha ' 25 S MTH Y, I Urashibetsu B B 121Z, 2010
FIREEE LT oz psgEEsh, S 2 EnTwd, INSBBICBWTEYOIE, TEdhTGREY
Mg, REMEA ) T A EE L OREN ) VEE (Al P, FeflP, CaP) #llE L7, AEHRELT, 34
BORBIZBNTY Y BLIOHY 7 AW X 2 PUERAOEEIZIZ LA ERD SN ah oz, HIROKEH
W2ED, 3EMOY Y, AV AEELEIZEWTH THEOWGREY VI, RS ) T A EROEAIE
D BN o Tz HEMONEH X F 72, Urashibetsu A 3 X U Yasaka A B2 BWTC Ca Bl P 03N &
O FeMI PO ED70 Lz, DLEOREIIHIOIGHAH KD » OMFREE L ToARR S TR
METH D Fe TP OWHALIZ L o TTEDOWHEY Y2 RMS I L E2RB LI, INLORRPS
VY BIUOAY T 2OBED B CIFEFEEIZHEROHZICIT) SEREF LVWEEZ bR,
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