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Effects of Light Environment on Dry Matter Production and
Growth of Zoysia japonica
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ABSTRACT

This study was carried out to investigate the interaction between productivity and light
condition and to analyze the material productivity and productive charactaristics under
different hours of light in Zoysia japonica.

1. Rate increasement of leaf number and total leaf length was remarkably high at the
carly growth stage in the control and 9 hour light treatment. The rate gradually decreased
as growth proceeded. But 3 hour treatment was very low in the rate from its early growth
stage through the whole test period.

2. The increasing rate of leaf area ratio (LAR) in all the experimental plots was remark-
ably high at the early growth stage after transplanting the grass. The shorter photoperiod
resulted remarkable lower increasement of LAR.

3. The rhizome growth rate of the 9 hour photoperiod was high contrast to the 3 hour
photoperiod treatment. The increasing rate of node number was also showed similar trend.

4. Chlorophyll content was very high at the 36days after transplanting and then
decreased gradually. Chlorophyll content on 3 hours photoperiod plot severely decreased.
The ratio of chlorophyll a to b was decreased significantly at short day treatment.

5. The content of soluble sugar was increased at shorter photoperiod. The highest ratio
of sugar content was on August, 28 by HPLC method. Such a result was attributed to
accumulation of sugar in spite of low synthesis of ploysacchrides, translocation by low
consumption.

6. The increasing rate of standings in all light treatment was high at the early growth
stage after transplanting. Short photoperiod treatment by 3 hour showed especially low
rate of standing through the growth stage. Thus, shorter photoperiod greatly affect the
organic productivity on Zoysia japonica.
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Table 1. Soil condition of experimental plot before cultivation

Particle size distribution* pH Total P;0O5 OM CEC Exchangeable cations(me/100g)
sand slit clay  (1:5) N(%) (ppm) (%) (me/100g) K Ca Mg Na
75.0 21.6 3.5 6.1 014 132 17 8.4 0.16 5.33 1.97 0.53

*Texture was loamy sand.
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Fig. 1. A section of frame for photoperiod control.
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Table 2, Number of leaves under various photoperiod in Zoysia japonica

Mean number of leaves

Date Control* 9 hrs 7 hrs 5 hrs 3 hrs
July 10 3 3 3 3 3
20 27.2 24.4 15.2 8.9 5.9
30 65.7 54.8 29.0 16.8 8.4
Aug. 9 122.9 95.2 47.2 25.9 12.2
19 175.4 142.6 74.6 37.2 16.8
29 225.6 190.7 109.0 48.2 20.0
Sep. 8 270.2 232.9 130.1 56.8 21.7
18 296.0 256.2 144.6 61.6 22.6
28 311.0 268.7 156.2 62.9 23.2
*Control : Full sun light.
11}
10 ¢
s Control
— 0eememne Ohrs.
2 or o— Thrs.
E o—o Shrs,
S 8f iy
g .
L%
= 7t
3]
=)
:—g 6F
a0
£ 41
g
L
2t
1 -
7/10 20 30 89 19 29 9/8 18 28
Date

Fig. 2. The increasing rate of leaf number under various

photoperiod in Zoysia japonica.
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Table 3. Total leaf length under various photoperiod in Zoysia japonica

Date

Total leaf length (cm)

Control 9 hrs 7 hrs 5 hrs 3 hrs
July 10 22.80 22.80 22.80 22.80 22.80
20 137.45 123.2 93.3 59.2 43.0
30 362.50 3104 184.1 124.8 65.4
Aug. 9 712.9 518.1 332.5 216.8 100.8
19 1052.1 920.0 593.3 386.1 146.9
29 1398.5 1305.8 996.2 587.5 176.2
Sep. 8 1714.7 1655.4 12975 754.8 199.1
18 1914.9 1871.6 1498.7 852.2 208.6
28 2045.2 1991.2 1652.8 894.1 212.7
o——a Control
oo Ohrs,
6 % o——o Thrs.

Increasing rate (fold) of leaf length

o—0 Shrs,

s———s 3hrs.

Date

Fig. 3. The increasing rate of total leaf length under various photoperiod in

Zoysia japonica.
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Table 4. Duncan’s multiple range test for leaf number and leaf length under various and photoperiod in

Zoysia japonica

Control 9 hrs 7 hrs 5 hrs 3 hrs

Leaf number 166.43a 158.19a 88.24b 39.79¢ 16.34d
Leaf length(cm) 1140.0a 1094.84a 831.05b 484.36¢ 143.95d
Table 5. The leaf area index (LAl) under various photoperiod in Zoysia japonica

Plot Jul.10  Jul.20  Jul.30 Aug9  Aug.l9 Aug29 Sep.8 Sep.18  Sep.28

Cont 0.05 0.24 0.64 1.37 2.10 291 3.67 4.14 4.43

Shrs. 0.05 0.23 0.55 1.12 1.87 2.70 347 3.96 4.18

7hrs. 0.05 0.21 0.42 0.70 1.18 1.89 2.38 2.74 3.04

5hrs. 0.05 0.12 0.24 0.40 0.67 1.03 1.36 1.57 1.74

3hrs. 0.05 0.10 0.14 0.19 0.24 0.30 0.34 0.38 0.39
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Fig. 4. The increase of leaf area index under various photoperiod in
Zoysia japonica.
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Fig. 5. The increase of leaf area per leaf under various photoperiod in Zoysia

Jjaponica.
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Fig. 6. The length of rhizome under various photoperiod in Zoysia

japonica.
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Fig. 7. The number of rhizome node under photoperiod in Zoysia japonica.
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Table 6. Effect of photoperiod on the ratio of chlorophyll a:b in the leaves of Zoysia japonica

Days after Control 9 hrs 7 hrs 5 hrs 3 hrs

Treatment TC* a:b TC ab TC ab TC ab TC ab
0 223 2311 2.23 2.28:1 223 23111 223 231:1 105 1.7:1
18 210 1.94:1 1.25 2.01:1 139 18:1 112 18:1 105 1.7:1
36 1.73  1.90:1 1.02 1.8 :1 074 18:1 047 17:1 036 1.6:1
54 1.58 1921 0.97 1.7 :1 0.71 1.7:1 043 18:1 027 16:1
72 1.43 1951 1.04 1.8 :1 07 18:1 048 1.7:1 035 1.7:1
90 1.31 1.93:1 1.06 1.8 :1 088 19:1 072 19:1 048 181

*TC : Total chlorophyll.
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Fig. 8. Changes of chlorophyll content in the leaves of Zoysia japonica grown under various photoperiod.
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Fig. 9. Absorption spectra of photosynthetic pigments in the leaves of Zoysia japonica grown under

various photoperiod.
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Table 7. The content of total soluble sugar under various photoperiod in Zoysia Japonica

Days after Control 9 hrs 7 hrs 5 hrs 3 hrs

Treatment
0 2.366 2.366 2.366 2.366 2.366
18 2.252 1.942 1.066 1.788 1.973
36 2.683 2.184 2.017 1.882 1.854
54 2.935 2.746 2.252 2.065 1.782
72 2.943 2.873 2421 2.314 1.957
90 2.874 2.805 2.987 2.376 2.143
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Fig. 10. Changes of total soluble sugar in the leaves of Zoysia japonica grown under various

photoperiod.
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Table 8. Effect of photoperiod of the content of glucose fructose, and sucrose in the of Zoysia japonica

Plot Fructose Glucose Sucrose Total
0 (% 100g fresh weight)
Control 0.343 0.258 0.495 1.096
9 hrs 0.294 0.134 0.707 1.135
7 hrs 0.373 0.339 0.919 1.631
5 hrs 0.374 0.328 0.908 1.610
3 hrs 0.392 0.323 0.920 1.635
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Fig. 11. HPLC analysis of reducing sugar in the leaves of Zoysia japonica grown under various
photoperiod.
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Table 9. The standing crop under various photoperiod in Zoysia japonica

17

Sampling

Dry weight.g/plant

Mean of leaf

date Plot Top Up* Total g/ area(cm)
Jun. 30 cont 0.16 0.004 0.020 1.28 2.254
9hrs 0.16 0.004 0.020 1.28 2.2564
Thrs 0.16 0.004 0.020 1.28 2.254
Shrs 0.16 0.004 0.020 1.28 2.254
3hrs 0.16 0.004 0.020 1.28 2.264
Jul. 10 cont 0.061 0.020 0.081 5.184 5.826
9hrs 0.059 0.020 0.079 5.056 5.224
Thrs 0.058 0.018 0.076 4.864 4.5603
5hrs 0.053 0.017 0.070 4.48 4.001
3hrs 0.046 0.015 0.061 3.904 3.876
Jul. 20 cont 0.556 0.175 0.731 46.784 37.950
Shrs 0.392 0.105 0.497 31.808 25.5T7
Thrs 0.212 0.096 0.308 19.712 32.622
bhrs 0.111 0.041 0.152 9.728 18.125
3hrs 0.066 0.024 0.090 5.76 15.691
Jul. 30 cont 1.367 0.192 1.5659 99.776 97.397
9hrs 0.973 0.155 1.128 72.192 85.560
7hrs 0.546 0.109 0.655 41.92 65.222
5hrs 0.225 0.055 0.280 17.92 37.003
3hrs 0.090 0.029 0.122 7.808 21.177
Aug. 9 cont 2.666 0.258 2.924 187.136 213.582
Yhrs 1.870 0.211 2.801 133.184 174.544
Thrs 1.008 0.202 1.210 77.44 110.110
bhrs 0.348 0.064 0412 26.368 61.903
3hrs 0.120 0.035 0.165 10.56 29.073
Aug. 19 cont 3.806 0.340 4.205 269.12 327.652
9hrs 2.743 0.324 3.067 196.288 292.042
7hrs 1.582 0.220 1.802 115.328 184.252
bhrs 0.5631 0.074 0.605 38.72 104.568
3hrs 0.158 0.063 0.221 14.144 37.476
Aug. 29 cont 5.336 0.451 5.787 370.368 454.317
9hrs 3.770 0.424 4.194 268.416 422.083
7hrs 2.128 0.284 2.412 154.368 294 846
5hrs 0.736 0.084 0.820 52.48 160.797
3hrs 0.206 0.048 0.255 16.32 46.721
Sep. 8 cont 5.587 0.552 7.139 456.896 573.798
9hrs 4.609 0.518 5.127 328.128 511.855
7hrs 2.575 0.338 2.913 186.432 371.379
5hrs 0.877 0.124 1.001 64.064 212.809
3hrs 0.233 0.054 0.287 18.368 53.790
Sep. 18 cont 7.507 0.631 8.137 520.832 646.191
9hrs 5.238 0.583 5.821 372.544 618.159
Thrs 2.886 0.383 3.269 209.216 482.646
Shrs 1.008 1.101 1.109 70.976 245.095
3hrs 0.237 0.064 0.301 19.264 58.727
Sep. 28 cont 7.906 0.693 8.599 550.336 691.462
Shrs 5.770 0.631 6.401 409.664 652.452
7hrs 3.230 0.414 3.644 233.216 475,073
5hrs 1.109 0.107 1.216 77.824 171.698
3hrs 0.249 0.055 0.304 19.456 61.297

*Underground part.
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Table 10. Duncan’s multiple range test for leaf area and total weight under various and photoperiod in

Zoysia japonica

Control 9 hrs 7 hrs 5 hrs 3 hrs
Leaf area 338.84a 352.78a 245.27b 139.00c 40.49d
Total wt. 4.07ba 3.895ab 2.296¢ 0.746e 0.210f

Table 11. Correlation coefficient for leaf area vs.top part weight, and leaf area vs. total weight under

various photoperiod in Zoysia japonica

r

Control 9 hrs 7 hrs 5 hrs 3 hrs
1:W, 0.987** 0.991** 0.990** 0.978** 0.901**
L:W3 0.987** 0.991** 0.990** 0.977** 0.894**

**: Significant at 1% level.

L : Leaf area Wi : Top part weight Ws : Total weight.
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