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Dry Matter Production and Mineral Nutrient Absorption
of Sugar Beet and Maize at Arid-Land

Yukindo Tsuno®, Hideyasu Fusrvama™, Hideki Sucimoro™**

and Masao Toyama”®

A growth analysis was made relative to sugar beets and maize, which were
cultivated in a field at the Karadj Station, Soil Institute of Iran, and this
growth analysis was compared with the uptake pattern of nutrients.

The maximum values in the relative growth rate (RGR) were 0.101 g/g/day
with sugar beets and 0.139 g/g/day with maize, and the maximum values in net
assimilation rate (NAR) were 19.2 g/m’-leaf area/day and 15.9, respectively.
The maximum value in NAR with maize was very similar to that with maize in
Japan, but with sugar beets it was far higher compared with sugar beets in
Japan (Table 7).

From the relationship between the crop growth rate (CGR) and the uptake
rate of nutrients during the experimental periods, it was shown that CGR was
proportional to the uptake of nitrogen with sugar beets (Fig.11), and was
proportional to the uptake rate of phosphorus with maize (Fig.12). The coef-
ficients of correlation between NAR and the contents of three primary nutrients
in leaves were high with N and K in the case of sugar beets and were high with
P and K in the case of maize. In order to keep NAR high, therefore, it will
be necessary to promote the uptake of such elements in the latter stage of
growth that were closely related to NAR. Also, in order to raise LAI, it will
be effective to promote nitrogen uptake until the middle stage of growth.
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in sugar beets and maize.
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Table 1 Weight of dry-matter, Specific leaf area (SLA) and Leaf area index (LAI)

Crop Dry-Weight, g/plant SLA LAI
(Planting Date 2
density) Leaf ’ Stem lTuberous 1'oot{Dead leaf\ Total em/g nf/mf
Sugar beets 6.22 3.3 1.1 1.1 0.1 5.6 151 0.28
(5.53 7.9 9.0 4.6 16.9 0.7 31.2 125 0.62
plants/m?) 7.26 13.9 8.8 41.1 0.7 64.5 107 0.82
Sowing date, 8.15 16.8 10.6 95.1 6.1 128.6 112 1.04
May 14 9.3 16.4 13.8 108.8 8.8 147.8 101 0.92
10.5 14.1 16.5 120.1 11.4 162.1 102 0.80
Maize 6.22 1.3 0.7 - — 2.0 243 0.13
(4.29 7.9 11.3 10.0 - - 21.3 161 0.78
plants/m?) 7.25 45.1 62.9 - 0.9 108.9 126 2.4
Sowing date, 8.15 41.2 166.0 - 4.4 211.6 111 1. 96
May 15 9.3 34.4 183.5 - 8.7 226.6 104 1.49
10.4 1.8 189.4 - 38.9 230.1 100 0.77

(1978), Karadj, Iran, Stem of Maize included ear
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Fig. 4 Change in potassium uptake
in sugar beets and maize.
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Table 2 Nutrient uptake in sugar beets.

Table 5 The contents of nutrients in maize.

Date ] N P K Ca Mg
(g/plant) |(mg/plant) | (g/plant) {(mg/plant) |(mg/plant)
6/22 0.08 7 0.09 11 7
7/9 0.65 53 1.00 105 61
7/25 2.21 251 3.94 340 294
8/15 2.51 515 5.33 738 412
9/3 2.53 569 5.15 772 424
10/ 4 2.50 563 4.92 721 422
Table 3 Nutrient uptake in maize.
Date N P K Ca Mg
(g/plant) |(mg/plant) |(g/plant) |(mg/plant) |(mg/plant)
6/22 0.22 21 0.33 52 46
7/9 0.53 59 1.21 191 188
7/26 1.03 119 2.03 401 305
8/15 1.70 318 2.99 600 451
9/3 1.85 345 3.43 573 436
10/ 4 1.90 370 3.55 570 427
Table 4 The contents of nutrients
in sugar beets.
Date | Part | Noa | Pos | Koo | Catd | Math
6/22 | Leaf 4.85 0.42 5.63 1.17 1.09
Stem 3.08 0.34 8.75 0.75 0.40
Root 2.06 0.29 3.71 0.22 0.26
Dead part 2.35 0.14 6.25 2.53 1.83
7/9 |Leaf 3.28 0.22 5.78 1.35 1.42
Stem 1.63 0.18 6.88 0.63  0.40
Root 0.8 0.18 1.99 0.15 0.16
Dead part 1.88 0.09 5.55 2,20 2.13
7/26 | Leaf 3.63  0.22 5.23 1.59 1.32
Stem 1.63  0.25 6.33 0.74 0.35
Root 0.90 0.16 1.72 0.24 0.18
Dead part 1.53  0.11 5.16 2.33 2.36
8/15 | Leaf 3.31 0.33 3.99 1.38 0.98
Stem .82 0.30 4.10 0.69 0.28
Root 0.87 0.23 1.69 0.19 0.17
Dead part 2.08  0.20 4.53 1.87 1.55
9/3 |Leaf 2.89  0.34 3.65 1.11 0.81
Stem 1.79 0.30 3.8 0.68 0.25
Root 0.85 0.21 1.78 0.16 0.17
Dead part 2.24 0.22 4.00 1.38 0.94
10/4 | Leaf 2.57 0.35 3.52 1.02 0.69
Stem 1.80 0.32 3.66 0.59 0.17
Root 0.83 0.20 1.69 0.15 0.18
Dead part 2,15  0.24 3.70 1.30 0.75

Note. Root: Tuberous root only.

Date| Part | NG9 | Pta | K09 | Calh | Mgt®
6/22 | Leaf 4,28 0.31 3.64 0.56 0.30
Stem 428 0.44 578 0.60 0.49
7/9 | Leaf 3.06 0.24 3.61 0.59 0.21
Stem 3.08 0.26 5.95 0.38 0.37
7 /25| Leaf 2.15 0.22 3. 40 0.33 0.22
Stem 1.95 0.24 3.78 0.28 0.30
Dead part 1.45 0.10 3.44 1.70 0.70
8/15 | Leaf 1.43 0.15 2.85 0.70 0.20
Stem 1.13 0.27 2.43 0.25 0.19
Dead part (.98 0.11 2.76 0.78 0.33
9/3 | Leat 118 0.09 279 0.8 0.19
Stem 1.11 0.29 2.18 0.23 0.18
Dead part  0.96 0.07 2.22  0.82  0.32
10/4 |Leaf 1.16 0.08 2.70 0.85 0.17
Stem 1.11 0.28 2.09 0.20 0.17
Dead part  0.98  0.08 2.35 0.84 0.25
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Table 6 Growth analysis of sugar beets and maize.
Cro Period Days AW F RGR NAR LAR CGR LAI Period
P Y$ \g/plant/day| dm*/plant | g/g/day | g/m¥day | m®/g g/m?/day m?/m? No.
6.23— 7.9 17 1.506 7.69 0.101 19.6 51.5 8.33 0.43 1
Sugar beets |7.10— 7.20| 17 1.959 12.99 0.043 15.1 28.5 10. 83 0.72 2
(5. 53 7.27— 8.15| 20 3.205 16. 67 0.035 19.2 18.2 17.72 0.92 3
plants/m®)|8.16— 9.3 19 1.011 17.54 0.007 5.8 12.1 5.59 0.97 4
9.4 —10.5 32 0.447 15. 38 0.003 2.9 10.3 2,47 0.85 5
6.23— 7.9 17 1.135 8.62 0.139 13.2 105.3 4. 87 0.37 1
Maize 7.10— 7.25| 16 5.475 34.48 0.102 15.9 64.2 23.49 1.48 2
(4. 29 7.26— 8.15| 21 4.890 50. 00 0.032 9.8 32.7 20.98 2.14 3
plants/m?) | 8.16— 9.3 19 0.789 41.67 0.004 1.9 21.1 3.39 1.79 4
9.4 —10.4 31 0.113 11. 36 0.0005 1.0 5.0 0.49 0.49 5
AW : Increased amount of dry weight per day. LAR: Leaf Area Ratio.
¥ : Leaf area per plant. CGR: Crop Growth Rate.
RGR : Relative Growth Rate. LLAI : I.eaf Area Index.
NAR: Net Assimilation Rate.
201 Sugar beets
18 B 18 -
Maize
16F 16
141 14

—_ -
Lo (=} [e2] [=) N
i T T T T

RGR(g/g/day) X 1072, NAR(g/m?*/day) X1, LAR(cm?/g)x 10
[\~

i

3

4
Time, Period No.

Fig. 7 Changes of relative growth rate (RGR), net assimi-
lation rate {NAR)and leaf area ratio (LAR) of sugar
beets with the time indicated.

Note. Time was shown with period No. of table 6.
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Fig. 8 Changes of relative growth rate (RGR), net assimi-
lation rate (NAR)and leaf area ratio (LAR)of maize
with the time indicated.
Note. Time was shown with period No. of table. 6
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Table 7 Comparison of dry matter production of Iran and Japan.

Maize Sugar beet

JAPAN IRAN JAPAN IRAN

1967 | 1968 | 1969 | 1977 | 1967 | 1960 | 1969 | 1977

Maximum standing crop (ton/ha) 18.38 16.68 14.58 9.87 16.37 16.37 21.78 8.96
Maximum Leaf Area Index 4.61 4.35 4.13 2.44 3.83 3.83 7.79 1.04
Crop Growth Rate (g/m’/day) 35.79 28.62 30.53 | 23.49 | 24.03 24.03 25.38 17.72
Maximum RGR (g/g/day) 0.138 0.158 0.167 | 0.139| 0.121 0.121 0.128 0.101

Maximum NAR (g/m?—Leaf Area/day)| 16.66 13.35 19.50 | 15.9 9.67 9.67 12.20 19.2

Note. Data of Japan were obtained from the report of International Biological Programing
(IBP) and its experimental places were shown with table 8.
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index and maximum standing crop of sugar
beets and maize.
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Table 8 Location of experimental place in Japan and Iran.

Crop Location name| Latitude | Longitude | Elevation Pla(g;ziir:lgtsd/;r:zs)ity Sowing date GrO\E'c‘lc:yztiriod
Sapporo 43°35'N  141°20°E 17 m 4.4 May 15 141
Maize Morioka 39°45'N  141°08'E 178 m 6.67 May 10 130
Kikyogahara | 36°07'N 137" 57'E 710 m 5.56 May 20 146
Tanashi 35°33'N 139" 33'E 57.7m 6.15 May 20 108
Sugar beets| Sapporo 43°35'N  141°20'E 40 m 8.80 April 30 176
Karadj 35°46'N  50°56'E 1,321 m
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Table 9 The uptake rate (mg/plant/day)
of nutrients in sugar beets.

Periods Days‘ N ‘ P ‘ K ‘ Ca ‘ Mg
6/23—7/9| 17 18.2 2.24 51.8 8.18 8.35
7/10—7/26| 17 29.4 3.53 48.2 12.35 6.88
7/27—8/15| 20 33.5 9.95 48.0 9.95 7.30
8/16—9/3| 19 7.9 1.42 23.2 - -
9/4—10/5| 32 1.6 0.78 3.8 - =

Table 10 The uptake rate (mg/plant/day)
of nutrients in maize.

Periods |Days| N ‘ P } K. l Ca Mg
6/23—7/9| 17 33.5 2.7 54 55 3.18
7/10—7/25| 16 97.5 12.4 184 14.7 14.56
7/26—8/15| 21 14.3 12.6 66 19.0 5.62
8/16—9/3| 19 1.1 2.8 — 1.8 0.63
9/4—-10/4 | 31 — - - — -
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Fig.11 The relationship between the uptake rate of
nitrogen and the crop growth rate.
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Fig. 12 The ralationship between the uptake rate of
phosphorus and the crop growth rate.
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