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Effects of Soil Types and Fertilizer Application on Mineral Contents of Wheat Grains and Flour II.
The relationship between quality and mineral content of grains : Akiko SATO, Atsushi OYANAGI* and Michihiro
WADA** ( Tohoku National Agricultural Experiment Station, Morioka 020- 01, Japan ; * National Agriculture Research Center,
Tsukuba 305, Japan)
Abstract : The relationship between quality and mineral contents in grain was investigated with Asakazekomugi
and Norin 61 cultivated in 4 soil types : Gray lowland soil, Red soil, Thick High-humic Andosol and Light-colored
Andosol. There were negative correlations between potassium content and 1000-grain weight (r= —0.49*~ —0.
80**), or test weight (r= —0.80**~ —0.90**). Since test weight was related to milling quality, potassium content
probably affects milling efficiency. There were negative correlations (r=—0.79**~—0.95*) between nitrogen
content and brightness and chroma of grain color. Brightness and chroma of grain color were decreased with
increase of nitrogen content. There were negative correlations (r= -0.45*~ —0.64**) between potassium
content and whiteness of flour color. Whiteness of flour color was also correlated with 1000-grain weight (r=0.
47*~0.80**) and test weight (r=0.50*~0.78**). In the plots which 1000-grain weight were over 33 g in
Asakazekomugi and 32 g in Norin 61, there was low correlation in only Asakazekomugi (r= -0.31*) between
whiteness of flour color and potassium content. These results indicate that decrease in 1000-grain weight and test
weight with the increase in potassium content decreased milling efficiency and increased broken pieces of bran
in flour and decreased whiteness of flour color. There were significant correlations between extensibility or the
ratio (R/E) of microextensogram and nitrogen content or the N+ Mg ‘K ratio. Since the improvement in available
phosphoric acid in Andosol decreased 1000-grain weight and test weight, it seems to decrease milling efficiency.
Key words : Flour color, Grain color, Mineral, Nitrogen, Potassium, Quality, Soil type, Wheat.
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Table 1. Amounts of fertlizer applied and grain yield (kg/10a).
Fertilizer . Stable Nitrogen® Phos.- tas- Grain yield
application Soil name manure 1 2 3 4 pho.nc Asakaz'e- Norin 61
acid komugi
1987
Control Gray Lowland soil — 5 — 2 - 7 7 628+ 26 438* 38
Red soil — 5 — 2 — 7 7 483+ 43 434+ 16
Thick High-humic Andosol — 5 — 2 — 7 7 528+ 48 477+ 11
Light-colored Andosol — 5 2 - 7 7 538+ 27 428+ 38
Improved Gray Lowland soil 1500 4 — 3 — 7 7 588+108 445+ 59
Red soil 1500 5 3 3 3 7 7 609+ 26 575+ 90
Thick High-humic Andosol 1500 4 - 3 - 14.8 7 679+ 41 530x111
Light-colored Andosol 1500 4 — 3 3 26.2 7 757+ 32 565t 44
1988
Control Gray Lowland soil — 5 — 2 - 7 7 560+ 40 499+133
) — - = = = 7 7 468+ 54 —
Red soil — 5 — 2 - 7 7 358+ 21 372+ 46
) o - - = - 7 7 160+ 16 —
Thick High-humic Andosol — 5 — 2 - 7 7 354+ 39 270107
n — - = = = 7 7 132+ 60 -
Improved Gray Lowland soil 1500 4 — — — 7 7 614t 26 494% 30
) 1500 - = = - 7 7 477+112 —
Red soil 1500 5 3 3 3 7 7 603+ 63 510+ 19
) 1500 - - = - 7 7 233+ 28 —
Thick High-humic Andosol 1500 4 — 3 — 20.2 7 439+ 14 363* 57
) 1500 - - - - 20.2 7 262+113 —

*Nitrogen 1: Basal, 2: Dressing at tillering stage, 3: Dressing at floret differntiation stage, 4 : Dressing at

the stage flag leaf ligule just visible.
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Table 2. Correlation coefficients between mineral and ash contents in grain and quality

characters (1).

1000-grain Test Grain color Flour Specific
weight weight Brightness = Chroma yield surface area
N ®  -053""  0.60 | —0.94* | —0.90* | ~0.16 ~0.23
@ -0.21 0.03 L —0.79** 1 —0.83** | —0.55%* 0.30
®  —0.30 0.05 P —0.90"" | —0.95** | —0.02 0.53**
@  —-0.79"*  —0.49* —0.86%* | —0.94** —0.64** —0.17
P @ -o0.38 —0.68"* 0.19 —0.01 —0.21 —0.06
@ 0.29 0.25 0.10 0.15 0.13 —0.17
@  —0.55**  —0.82** 0.55** 0.43* ~0.51* 0.21
@ 0.22 0.48* 0.46 0.35 0.63** —0.35
K ® | -0.49° | —081* | 0.25 0.06 ~0.29 0.12
@ | —0.80** : —0.80** | —0.29 —0.37* —0.64** 0.67**
@ | —0.69°* | —0.90** | 0.44* 0.30** ~0.61*" 0.14
@ | -0.80** | —0.71** —0.37 —0.48* —0.41 —0.01
Mg ® -0.80** -0.17 —0.40 —0.53** —0.32 —0.16
) 0.21 0.20 0.13 0.08 —-0.10 0.22
® -0.67**  —0.60** —0.33**  —0.42* —0.47* —0.20
@ 0.46 0.60%* 0.42 0.39 0.48* —0.05
Ca @  —-0.79**  —0.30 —0.36 —0.48" —0.23 —0.03
@ -0.12 -0.14 0.37* 0.28 0.17 —0.49**
®  —0.68**  —0.69** —0.09 —0.24 ~0.39 —0.19
@ —0.06 0.02 0.19 0.16 0.39 —0.37
Mn ® 024 —0.80"* | 059 | 0.45° | —0.02 0.34
) 0.26 0.10 L0571 0.63** | 0.66** —0.64**
@  —0.00 —0.35 L0761 070" | —0.24 0.43*
@ 0.52° 0.38 L 0.58* 1 0.55% | 0.71%* —0.58"
Mg/K @® -0.18 | 0.79** | —0.67° —0.58** 0.02 —0.30
©) 0.61** ' 0.60%* ! 0.27** 0.27 0.24 —0.16
® 0.28 | 0.58°* | —0.75**  —0.67** 0.34 0.33
@ 0.65** | 0.71** | 0.46 0.48" 0.51** —0.01
N-Mg/K @ —0.42* 0.6 [ —0.88 | —0.83"* |  —0.10 ~0.26
® 0.08 0.29 P —0.56** | —0.60** | —0.36" 0.18
® —0.08 0.26 Po-0.91% i —0.92"* | 0.12 0.52%*
@ —o0.28 0.10 L —0.49* | —0.56" | —0.20 —0.20
Ash @ —0.43° —0.71** 0.21 0.02 —0.22 0.02
®@ -0.19 —-0.27 0.09 0.06 —0.13 0.22
®  —0.65**  —0.86"* 0.49* 0.38 —0.47* 0.23
@ -0.29 0.08 0.12 —0.04 0.22 —0.31

@ : 1987 Asakazekomugi (n=24), @ : 1988 Asakazekomugi (n=36),
® : 1987 Norin 61 (n=24), @ : 1988 Norin 61 (n=18)
* and ** indicate significance at the 5% and 1% levels, respectively.
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Table 3.
characters (2).

R EBE

B2 RICER - SFEFNICFEDON, P, K, Mg,
Ca, Mn &H%, Mg/K, N*-Mg/K 8 X VIK5&H
FeTfhE, )y MVE, REOEE-EE, 8%
B, HREREE OMMEGRBE R LU, 7, Ak
B 3 RITKIEO R455 (1 X) & R455 (B% &),
A4 70T F ATV IS5 LD Area (HEHE), R

Correlation coefficients between mineral and ash contents in grain and quality

Flour color

Micro-extensogram

Riyss Risq Area Rinax E R/E
N ®  -0.10  —0.42" 0.25  —0.36 | 051" | —0.52° |
@ -0.17 —0.27 0.73%* 0.13 ¢ 0.66** | —0.53""
® -0.48 —0.45* 0.45* —=0.39 | 0.60** | —0.67"*
@ -0.60" —0.58* 0.55* —=0.18 | 0.66"* | —0.68""
p @  -0.68"" 0.35 —0.58**  —0.21 —=0.31 —-0.14
@ 0.44"" 0.43** —0.22 —0.22 ~0.06 ~0.09
@  -0.32 —0.17 —0.54*" 0.29 ~0.69%" 0.53*
@ 0.38* 0.46 0.01 0.14 —0.12 0.12
K @ | -0.64° | —0.25 ~0.47° 0.2  —0.40 0.31
@ | -0.49*" | —0.16 0.01 0.04 —0.06 —0.05
@ | -0.45* ~0.29 —0.49" 0.25 —0.63"* 0.46*
@ | -0.57" —0.42 0.08 0.37 —0.11 0.07
Mg @®  -0.64""  —0.53"" ~0.29 —0.39 0.07 —0.18
@ 0.22 0.25 ~0.10 —0.22 0.13 —0.18
®  -0.68*  —0.46* ~0.16 —0.16 =0.09 —0.13
@ 0.39 0.36 ~0.10 —0.21 ~0.04 0.05
Ca ®  -0.57"" —0.30 —0.13 —0.39 0.23 ~0.33
@  -0.02 0.01 0.14 0.18 —0.33* 0.35*
®  -0.67**  —0.46" ~0.07 0.09 ~0.19 0.08
@  -0.04 0.10 0.12 0.38 —0.12 0.18
Mn @® 027 0.02 —0.49 0.13 —0.46 0.35
@ 0.01 0.01 —0.57**  —0.12 —0.54"* 0.43**
® 0.13 0.10 ~0.25 0.49* ~0.51" 0.58**
@ 0.60 0.55* —0.12 0.33 ~0.29 0.31
Mg/K ® 0.14 —0.23 0.26 —0.41* 0.53" —0.53*
©) 0.45% 0.30 —0.09 —0.22 0.15 —0.19
®  -0.01 —0.03 0.45* —0.42* 0.66**  —0.64"
@ 0.51* 0.44 —0.12 ~0.31 —0.01 0.02
N-Mg/K @ -0.02  —0.38 0.26  —0.40 | 0.53* | —0.54% |
@ 0.05 ~0.10 0.59** 0.02 0.94** | —0.54** |
® -0.34 —0.33 0.49* ~0.43" 0.67** | —0.71** |
@  -0.20 ~0.23 0.49" —0.42 0.70°* | —0.70** |
Ash ®  -0.71**  —0.30 —0.52* ~0.12 —0.32 0.19
@ 0.13 0.37 —0.32"*  —0.14 ~0.04 0.13
@  —0.40 —0.24 —0.51* 0.25 —0.64"" 0.48"
@  -0.07 0.09* 0.01 0.22 0.01 —0.02

Notes are same in Table 2.
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Fig. 1. Relationships between potassium content
and 1000-grain weight and test weight (Norin 61

in 1987).
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Fig. 2. Relationships between nitrogen content and
brightness and chroma of grain color (Norin 61
in 1987).
Symbols are same as Fig. 1.
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Fig. 3. Relationships between manganese content

and brightness and choroma of grain color
(Norin 61 in 1987).
Symbols aer same as Fig. 1.
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Table 4. Correlations between R455 of wheat
flour and 1000-grain weight and test
weight.

Asakazekomugi Norin 61

1987 1988 1987 1988

n 24 36 24 18
1000-grain weght  0.47* 0.67** 0.72** 0.80**
Test weight 0.50* 0.67** 0.60** 0.78**

*and **indiate significance at the 5% and 1%
levels, respectively.
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® : 1988, 1000-grain weight are over 33 g in Asak-

azekomugi, 32 g in Norin 61,

(1988, 1000-grain weight are under 33 g in Asak-
azekomugi, 32 g in Norin 61,

A 31989, 1000-grain weight are over 33 g in Asak-

azekomugi, 32 g in Norin 61,

421989, 1000-grain weight are under 33 g in Asak-
azekomugi, 32 g in Norin 61.
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Fig. 5. Relationships between nitrogen content and
E and R/E of micro-extensogram (Norin 61 in
1987).
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Table 5. Quality characters of wheat grown in different fertilizer application in Thick High-humic

Andosol and Light-colored Andosol (1).

. Truog  1000-grain  Test Grain color Flour  Specific
. Ferilizer . . - .
Soil type application P,Os weight  weight Brightness Chroma Yield surface
(mg/100 g) (g) (g) % % (9%) area(cm?/g)

Thick High-humic  Control 2.0 34.5 814 42.5 19.3 60.4 3576
Andosol Improved 19.5 32.9 804 42.6 * 19.6 61.1 3657
Light-colored Control 1.8 * 36.3 808 40.9 19.0 62.7 3542
Andosol Improved 12.9 33.8 794 41.8 19.4 61.1 3513

The examinations were carried out in Thick High-humic Andosol in 1988 and 1989 and in Light-colored

Andosol 1988 only.

* : The value with this symbol was higher than the other at the 5% level.

Table 6. Quality characters of wheat grown in different fertilizer application in Thick High
~-humic Andosol and Light-colored Andosol (2).

Flour color

Micro-extensigraph

Fertilizer

Soil type application Riss Rsss Area Rimax E R/E
% % (cm2) (B.U.) (mm)

Thick High-humic Control 51.8 65.9 * 96 * 513 120 4.5

Andosol Improved 51.6 66.1 83 493 112 4.5

Light-colored Control 52.1 66.5 * 104 397 142 2.9

Andosol Improved 51.9 66.4 76 412 109 4.0

Notes are same in Table 5.
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