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Mineral Nutrition of the Field-Grown Rice Plant

[I] Recovery of Fertilizer Nitrogen, Phosphorus and Potassium
in Relation to Nutrient Uptake, Grain and Dry Matter Yield

Hoon Park
Institute of Plant Environment. Suwon 170 KOREA

(Recived Jan., 22, 1973)

SUMMARY

Percentage recovery of fertilizer nitrogen, phosphorus and potassium by rice plant(Oriza
sativa L.) were investigated at 8, 10, 12, 14 kg/10a of N, 6 kg of P,Os and 8 kg of
K;O application level in 1967 (51 places) and 1968 (32 places). Two types of nutrient
contribution for the yield, that is, P type in which phosphorus firstly incereases silicate
uptake and secondly silicate increses nitrogen uptake, and K type in which potassium
firstly increases P uptake and secondly P increases nitrogen uptake were postulated accord-
ing to the following results from the correlation analyses (linear) between percentage
recovery of fertilizer nutrient and grain or dry matter yields and nutrient uptake.

1. Percentage frequency of minus or zero recovery occurrence was 4% in nitrogen, 48%
in phosphorus and 38% in potassium. The frequency distribution of percentage recovery
appeared as a normal distribution curve with maximum at 30 to 40 recovery class in
nitrogen, but appeared as a shew distribution with maximum at below zero class in
phosphorus and potassium.

2. Percentage recovery (including only above zero) was 33 in N (above 10kg/10a), 27 in
P, 40 in K in 1967 and 40 in N, 20 in P, 46 in K in 1968. Mean percentage recovery
of two years including zero for zero or below zero was 33 in N, 13 in P and 27 in K.

3. Standard deviation of percentage recovery was greater than percentage recovery in P
and K and annual variation of CV (coefficient of variation) was greatest in P,

4. The frequency of significant correlation between percentage recovery and grain or dry

matter yield was highest in N and lowest in P. Percentage recovery of nitrogen at 10 kg

level had significant correlation only with percentage recovery of P in 1967 and only with



that of potassium in 1968. , o

5. The correlation between percentage recovery and dry matter yield of all treatments
showed only significant in P in 1967, and only significant in K in 1968, Negativee
correlation coefficients between percentage recovery and grain or dry matter yield of no
or minus fertilizer plots were shown only in K in 1967 and only in P in 1968 indicating
that phosphorus fertilizer gave a distinct positive role in 1967 but somewhat negative
role in 1968 ‘while potassium fertilizer worked positively in 1968 but somewhat negatively
in 1967.

6. The correlation between percentage recovery of nutrient and grain yield showed similar
tendency as with dry matter yield but lower coefficients. Thus the role of nutrients was
more precisely expressed through dry matter yield.

7. Percentage recovery of N very frequently had significant correlation with nitrogen
uptake of nitrogen applied plot, and significant negative correlation with nitrogen uptake
of minus nitrogen plot, and less frequently had significant correlation with P, K and Si
“uptake of nitrogen applied plot.

8. Percentage recovery of P had significant correlation with Si uptake of all treatments
and with N uptake of all treatments except minus phosphorus plot in 1967 indicating
that phosphorus application firstly increases Si uptake and secondly silicate increases
nitrogen uptake. Percentage recovery of P also frequently had significant correlation with
P or K uptake of nitrogen applied plot.

9, Percentage recovery of K had significant correlation with P uptake of all treatments,
N uptake of all treatments except minus phosphorus plot, and significant negative
correlation with K uptake of minus K plot and with Si uptake of no fertilizer plot or
the highest N applied plot in 1968, and negative correlation coefficient with P uptake
of no fertilizer or minus nutrient plot in 1967. Percentage recovery of K had higher
correlation coefficients with dry matter yield or grain yield than with K uptake. The
above facts suggest that K application firstly increases P uptake and secondly phosphorus
increases nitrogen uptake for dry matter yied.

10. Percentage recovery of N had significant higher correlation coefficient with grain
yield or dry matter yield of minus K plot than with those of minus phosphorus plot,
and had higher with those of fertilizer plot than with those of minus K plot. Similar
tendency was observed between N uptake and percentage recovery of N among the above
treatments. Percentage recovery of K had negative correlation coefficient with grain or-
dry matter yield of no fertilizer plot or minus nutrient plot. These facts reveal that
phosphorus increases nitrogen uptake and when phosphorus or nitrogen is insufficient
potassium competatively inhibits nitrogen uptake,

11. Percentage recovery of N, Pand K had significant negative correlation with relative
dry matter yield of minus phosphorus plot (yield of minus plot x 100/yield of complete
plot) in 1967 and with relative grain yield of minus K plot in 1968. These results su-
ggest that phosphorus affects tillering or vegetative phase more while potassium affects
grain formation or Reproductive phase more, and that clearly show the annual difference
of P and K fertilizer effect according to the weather.

12. The correlation between percentage recovery of fertilizer and the relative yield of
minus nutrient plot or that of no fertilizer plot to that of minus nutrient plot indicated

that nitrogen is the most effective factor for the production even in the minus P or K
plot.
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13. From the above facts it could be concluded that about 40 to 50 percen of paddy

fields do not require P or K fertilizer and even in the case of need the application

amount should be greatly different according to field and weather of the year, especially

in phosphorus.
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Table 1.

ntage recovery of fertilizer nutrient. .

Mean and standard deviation of perce-

Ny Niz No Ns Ps K

1967(48)* Mean — 29.7 31.8 24.6 12.2 23.1
S.d — 19.6 18.7 20.5 20.9 32.2
cv 66 59 83 171 139

1968(28) Mean 38.7 — 38.2 — 11.4 27.8
Sd 19.5 — 19.5 — 14.1 34.6
CV 50 51 124 125

*Sample size
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Table 2. Percentage occurence of positive percentage recovery of fertilizer nutrient and

mean of recovery,

Sample Percentage recovery
Year . Ny Ny, Nis-s Pe Ke
size Nio Nu-10 Ns
1967 51 — 94 100 98 88 94 51 61
(30.1) (32.6) (31.4) (25.5) (29.4) (14.0) (24.8)
1968 33 94 - 97 95 - 95 55 64
(37.3) (39.0) (38.2) (38.2) (10.8) (29.1)

Total

94 94 99 96 88 95 52 62
(37.0) (30.1) (385.1) (34.1) (25.5) (32.9) (12.7) (26.5)

Number in parenthesis indicates mean value of percentage recovery. Ny, indicates percentage recovery

at 14 kg N/10a, Nis_qo includes 14, 12, 10levels.
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Fig. 1. Ferquency distribution of pecentage

recovery of fertilizer by rice plant.
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Table 3.

the value less than zero were not included.

Percentage recovery of fertilizer when

Nu Ni» Nio Ns Ps Ks

1967 — 326 32.6 29.6 27.4 40.7
@n G @ @6 GL

1938 39.7 —  40.2 — 19.8 45.8
3y (32) as) (21)
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Table 4. Correlation between percentage recovery

B N n K

1967

N 0. 424%% 0.663** 0.059 0.135
Nio ’ 0. 541%% (.289%* 0.117
Ns 0.138 0.155
Pe 0.233*
Ks
1968

N 0.573** — 0. 407** —0.003
Nio - 0.144  0.455%*
Pq 0.133
Ks

N, Pe, Kg indicate each percentage recovery
at 10,6, and 8kg/10a level.
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Table 5. Correlation analyses between yield and percentage recovery of fertilizer nutrient

by rice plant.

Percentage recovery

|
|

Grain yield

0-0-0 0-6-8 10-0-8 10-6-0 8-6-8 10-6-8 12(14)-6-8
1967
Ny, 0.078 0.014 0. 284** 0.148 0.199 0.210* 0. 406**
Nio 0.002 —0.057 0. 310** 0.332%* 0 240* 0. 368*%* 0.372%*
Ns 0.070 0. 005 0.172 0.144 0. 302%* 0.216* 0. 286**
Ps 0.028 0.082 0.148 0. 256% 0.217*% 0. 143 0.229%
Ks —0.058 —0.029 —0.087 0.100 0.019 —0.063 ~0.072
1968
Nu —  —0.210* 0.177 0. 317%* - 0. 387** 0. 096
Nio —  —0.096 0.235% 0. 418%* — 0.573%* 0. 244%
Ps — —0.083 —0.179 —0.042 — 0.118 0.236*
Ks —  0.400**  0.09 0.238* — 0.182 0.330%*
‘ Total dry matter yield
Percentage recovery
! 0-0-0 0-6-8 10-0-8 10-6-0 8-6-8 10-6-8 12(14)-6-8
1967
Ni» 0.001 —0.080 0.221* 0. 252* 0.157 0.231* 0. 414%*
Nio 0.122 0. 105 0. 369%* 0. 350** 0. 345** 0. 484** 0. 449%*
Ng -—0.047 —0. 069 0. 150 0. 233* 0. 271%* 0.207* 0.232%
Ps 0.231* 0. 215*% 0.227% 0.219* 0. 241* 0. 411%* 0. 293%*
Ks —0.026 —0.063 —0.011 0. 069 0.010 0.149 0. 001
1968
Nu — —0. 230% 0.217* 0. 440%* — 0. 398%* 0.184
Nio — —0.176 0.242* 0. 285%% — 0. 566%* 0.197
Ps — —0.043 ~—0.163 0.106 — 0.166 0.140
Ks — 0. 417%* 0.270* 0. 269% — 0. 578%* 0.518**

2 Significant at p=0.01 *;at

(14) indicates nitrogen level in 1968
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Fig. 2 primary nutritional path for yield, a
schematic expression of the relationship
of nitrogen phosphorus potassium and
silicate for dry matter yield.
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Table 8.

recovery of fertilizer nutrient.

Correlation analyses between percentage yield of minus-nutrient plot and percentage

1967 (48) Percentage

Percentage yield *

recovery 1968 (28) Percentage recovery

Nio Py Ks Ko Pg Ks

Grain

No ~—0.379** —0.061 —0.003 —0.632%* —0.170 0.122

Po —0.021 0.137 0.182 —0.282** —0.236* 0.070

Ko —0.199 —0.274% —0.225 —0.391%* —0.358%* —0.379%*
Total

No —0.047 —0.010 —0.097 —0. 359%* —0.368%* —0.088

P, —0. 473%* —0.220* —0. 288** —0. 754** —0.206* —0.170

Ko —0.188 —0.224* —0.031 —0. 449** —0. 065 —0.501%*

** Significant at p=0.01

* Significant at p=0.05

* Percentage yield of minus plot as the yield of applied plot (10-6-8) is 100.
Number in parenthesis is samplesize in each year.

Table 9. Yield type of rice plant in relation to mineral nutrition.
Effective | Main nutritional | Weather during growth |Nitrogen| Effective | Effective yield
Type temp. rainfall. solar
factor path to yield f radiation |response |growth phase; component
P Phosphorus, vegetative .
high P P-Si»N—Y | high, small, abundant | low ) Panicle number
Type | response tillering
K | Potassium, K—P—S§i—»N— reproductive| . .
high K low, heavy, limiting | high | grain form-| Panicle weight
Type | response Y-K ing
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Table 10. Correlation analysis between percentage recovery and .relative yield of ne

fertilizer plot to minus nutrient or complete plot (1967). -

Percentage Grain Yield ; Total Yield
recovery ‘ NPK No Po Ko NPK No Po Ko
Nio —0.314%*  0.102 —0.317* —0.322%% —Q.325%* 0.061 —0.219* —0.193
Pg —0.113 —0.08¢ —0.142 —0.184 | —0.116 0.063 0.073 0.058
Ks —0.037 0.000 0.013 —0. 127] —0.181 0.034 —0.050 —0.096
Table 11. Correlation coefficient between percentage recovery and relative yield of no
nitrogen plot to no phosphorus or no potassium plot. (1968)
Grain yield Total yield
Percentae recovery
No/Po No/Ko No/Po No/Ko

Nio —0.377%* —0. 502%* —0. 439%* —0. 475%*

Ps 0.100 —0.056 0.097 —0.150

Ks 0.168 0.074 0.131 0.153
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