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Effects of Long Term Fertilizations on Growth,
Yield and Grain Development of Rice

Hee Suk Han*, Moon Hee Lee* and Jai Sung Shim**

ABSTRACT : This study was conducted to determine the effect of 20 years long term fertilizations on the physical
and chemical properties of paddy soil and the growth, vield, yield components and grain development of rice.
Non-fertilized, PK, NK, NP, NPK, NPK +compost, NPK +straw and NPK +lime have been applied since 1968
after surface paddy soil was removed. NPK +compost and NPK +straw applications increased the content of
organic matter, available P and CEC, and lime increased soil acidity and SiO, content. While chemical contents
in non-fertilized treatment were low as compared with other treatments. Soil porosity was higher in NPK +straw
(51.4%) and NPK+lime(53.1%) than in NPK application(49.8%) . Soil hardness was highest in the NPK
application and was lowest in the NPK +lime . Continuous application of straw with NPK markedly increased the
content of aggregate with over 1mm(19.6%) as compared with NPK application(7.1%). Plant height, tiller
number, root number, leaf area index and total dry weight were higher in the applications of compost, straw and
lime with NPK than in any other treatments,

Brown rice yield in non-fertilized, PK and NP applications was decreased 45, 55, 15 and 5% of that in NPK
application, respectively, while application of compost, straw and lime with NPK increased the yield by 11, 14
and 4%, respectively, during 20 years, The number of differentiated rachis branchs in the application of compost,
straw and lime was 17 to 21 and that in the other application was 13 to 15, whereas the degenerated rachis branchs
was low in the application of compost, straw and lime with NPK, The applications having higher level of perfect
rice grain such as non-fertilized, NPK +compost, NPK+straw and NPK +lime had high grain weight and had
low level of white core rice, white belly rice. The white core and belly rice was highest in the NP application and
notched belly rice kernel was markedly increased in NK and NP applications. The period of grain filling was 30
DAH at NP and NPK applications, 35 DAH at NK and NPK+lime, 40DAH at NPK+compost and NP K+
straw, and 45DAH at non-fertilized, respectively.
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Table 1. Methods of fertilizer application.
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Treatment

Amount of fertilizer (kg/10a)

N P,O; K,O compost straw lime
Non-fertilizer (FO) - - - - - -
P.K (PK) - 6(5) 9(6) - - -
N.K (NK) 10(8)* - 9(6) - - -
N.P (NP) 10(8) 6(5) - - - -
N.P.K (NPK) 10(8) 6(5) 9(6) - - -
N.P.K+compost (TC) 10(8) 6(5) 9(6) 1000 - -
N.P K+straw (TS) 10(8) 6(5) 9(6) - 750 -
N.P.K+lime (TL) 10(8) 6(5) 9(6) - - 360

( )* . Amount of fertilizer applied from 1968 to 1972.
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Table 2. Chemical properties of soil affected by 20 years long term fertilization (1988) .

pH P,0Os oM Exchangeable (me/100g) Sio, CEC
Treatment .
a:1n (ppm) (%) K Ca Mg Na  (ppm)(me./100g)
Non-fertilizer (FO) 4.79 13 1.19 0.24 6.94 0.98 0.29 103 8.8
P X (PK) 5.24 17 1.22 0.34 6.44 1.16 0.21 108 7.6
N.K (NK) 5.26 12 1.27 0.30 6.64 1.07 0.25 112 9.6
N.P (NP) 5.20 14 1.36 0.15 6.49 0.93 0.26 112 5.8
N.P.K (NPK) 5.14 17 1.37 0.25 6.54 1.02 0.26 114 8.1
N.P.K+compost (TC) 5.43 22 1.73 0.23 6.09 1.23 0.33 115 10.4
N.P.K+straw (TS) 5.01 35 1.94 0.42 6.19 0.85 0.25 103 12.2
N.P K. +lime (TL) 6.80 29 1.60 0.26 7.78 0.86 0.34 130 10.5
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Fig. 4. Changes of cone resistance in each soil depth
after 20 years of continuous fertilization.
TC(NPK + compost), TL(NPK + lime),
TS(NPK +straw) .
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Table 3. Heading date and yield components for 20 years successive application of N, P, and K with organic

matter and lime amendment (1988) .

s . i i 9, wn i
Ferlzacion Headng o, o i e b1 000 % o B Yo
date (cm) (cm) (per m?) panicle weight  grain yield (%)
(g) (kg/10a)
Non-fertilized (FO) Aug.21 69.9 18.0 155 66 10,230 24.7 91.7 258 ¢ 45
P K (PK) Aug.21 72.0 18.0 210 73 15,330 24.7 90.3 330 ¢ 58
N.K (NK) Aug.20 80.7 20.5 273 79 21,567 25.5 91.7 482 b 84
N.P (NP) Aug.17 80.8 20.6 299 80 23,920 25.0 86.4 552 ab 97
N.P.K (NPK) Aug.20 82.3 20.7 295 88 25,960 25.1 87.6 568 ab 100
N.P.K+compost (TC) Aug.19 86.0 19.9 324 93 30,132 25.0 85.1 641 a 112
N.P K+straw (TS) Aug.20 86.1 21.0 324 91 29,484 238 87.4 625a 110
N.P K+lime (TLY Aug.15 82.2 20.6 284 94 26,696 24.9 91.7 550 ab 96

* Mean within a column followed by the same letters are nots significantly different at the 5% level using

Duncan’s Mutliple Range Test,
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Table 4, Changes in brown rice yield under differently fertilized condition for 20 years(1968-1988) .

Brown rice yield (kg/10a)

Treatment '68 69 70 71 72 73 74 75 76 77 78
Non-fertilized (FO) 114 117 142 163 144 124 146 176 152 140 277
P.K (PK) 113 136 152 180 170 146 165 214 176 196 358
N.K (NK) 299 259 238 288 332 315 383 364 388 337 432
N.P (NP) 300 280 223 333 368 368 368 352 404 341 489
N.P.K (NPK) 308 280 247 341 369 360 430 418 429 373 490
N.P_K+compost (TC) 313 286 337 412 392 453 491 437 468 427 535
N.P K+straw (TS) 304 307 308 39 435 511 550 451 452 412 536
N.P K+lime (TL) 331 370 303 475 405 429 425 366 392 404 519
Brown rice yield (kg/10a) Yield
Treatment Mean index
79 '8 81 82 83 84 85 '8¢ 87 88 (%)

Non-fertilized (FO) 205 250 260 279 355 314 232 208 233 258 204 47
P.K (PK) 202 251 259 275 383 365 310 248 267 330 233 54
N.K (NK) 320 244 489 444 463 507 377 449 449 482 374 87
N.P (NP) 305 299 498 497 499 524 531 509 495 552 406 95
N.P.K (NPK) 402 289 540 500 515 540 542 511 500 568 426 100
N.P K +compost (TC) 495 412 513 558 548 568 562 532 536 641 472 110
N.P K+straw (TC) 534 453 570 512 579 579 571 565 537 625 484 113
N.P.K+lime (TL) 43¢ 315 521 499 548 548 485 482 457 550 441 103
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Table 5. Effect of 20 years long term fetilization on number of branch and spikelet of rice.

Treatment N\?(r)r%ber No. of 2nd rachis branch Spikelet Sterilizing
prm}lla.\ry Differen- Degener Exist Different- Degener- Exist  Percentage
t:?;n; iation ation iation ation

Non-fertilized (FQO) 7 15 5 10 62 1 61 6.5

P.K (PK) 8 16 1 15 91 1 90 5.4

N.K (NK) 8 20 3 17 89 0 89 4.4

N.P (NP) 7 13 1 12 68 2 66 1.5

N.P.X (NPK) 8 16 1 15 68 0 68 25.0

N.P K-+ compost (TC) 8 20 2 18 97 0 97 7.2

N.P K-+straw (TS) 8 21 2 19 101 1 100 16.0

N.P.K+lime (TL) 8 17 3 14 78 0 78 1.2
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Table 6  Grain quality affected by 20 years long term fertilization.

Treatment Perfect rice White core White belly Imperfect Notched-belly
grain(%) rice (%) rice (%) rice (%) rice kernel (%)

Non-fertilized (FO) 91.0 1.0 13.0 3.6 5.4

P.K (PK) 89.5 16.0 26.0 3.4 7.1

N.K (NK) 82.9 22.0 32.0 6.8 10.3

N.P (NP) 82.0 28.0 33.0 5.8 12.3

N.P.K (NPK) 84.1 21.0 29.0 6.8 9.2

N.P_.K-+compost (TC) 86.0 17.0 30.0 6.8 7.2

N.P.K-+straw (TS) 86.9 18.0 26.0 9.1 4.1

N.P.K+lime (TL) 87.9 21.0 13.0 4.1 8.1

—~ 48—



XEAE & EBE Ft fAmoE Jehva Qo
#imst TE2 BB R OREBRERY oA 4
7 BEE vAe des Ay TRLKkE
TS, TC, NPK ¥ NKE Eo® &9ton, PK,
FO 3 TLEAAE wskeh ol2g  BHkE
A Adre] Qe Ao BRMERK JEE K
ke wyth 4o AEd wdds BHEEL
kel LEREBE, ZHE, BE Solvtu sldoen
10 F9, Juliano® F-& HEHRHF wAulA &
B B4 BRel sd oldzs 83 ¢
e BEESY dolln KREHAAE FoRle
2 g &9 FL ohidEs REL BRES
Be EHEST AR EY MM 2y ohx sy
ot

Kol MBS AT Bk kel glelA £
*, 8% 2 ZEREY BAE(OY 12) ¥4 &
R FET BXK ToKM vixstgen dE K
Aol Hsld FEEFH ek @ 2EL B

‘s 800[ C—1: Brown

I : Milled
400
200
0

[~13

(=4

[=]
.

Nitrogen (kg/10

80r

Phosphate (kg/10a)
[=1]
=3

=

(kg/10a)

Potassium

FO PK NK NP NPK TC TS TL
Fig. 12. Amount of N, P, K production in brown rice
and miller rice.
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