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Growth and Dry Matter Production of Pasture Plants
Grown under Reduced Light Conditions of Summer Season

Osamu MoriTa, Masakazu Goro and Hiroshi EHARA

Faculty of Bioresources, Mie University

Abstract

To determine dry matter production in pasture plants under reduced light intensity, the seedlings
of three warm-season grasses, five temperate grasses and two temperate legumes were grown in pots
under full sunlight and 35 and 60% shade, respectively, for 20 to 24 days. Conditions of 35 and 60%
shading were brought about covering the plants with two and six layers of white cheese cloth,
respectively. Morphological features and dry matter production were determined three times at 10 or
14 day-intervals.

1. On reducing light intensity, plant height and leaf blade length significantly increased and the number
of leaves and stems per plant remarkably decreased in most species. Total leaf area per pot in-
creased under shaded condititons significantly in the grass species, but only slightly in the legumes.
Root length was not affected by shading in most pasture plants.

2. Total weight of dry matter of temperate grasses was not affected by shading, while that of warm-
season grasses and legumes decreased with severe light reduction. Leaf dry weight of most grass
species did not differ significantly for all shading conditions, but that of legumes decreased greatly by
shading. Root dry weight decreased significantly by shading in most species.

3. RGR (relative growth rate ) for most species remained constant though LAR (leaf area ratio) in-
creased and NAR (net assimilation rate) decreased with shading. Increase in LAR was due primarily
to increase in LWR (leaf weight ratio) for warm-season grasses and to increase in SLA (specific leaf
area) for temperate grasses and legumes, respectively.

4. Based on dry matter production data, warm-season grasses and legumes adapt to light reduced by
30% or less in the summer season, and temperate grasses adapt to light reduced by as much as
60%.

Key words: Dry matter production, Growth analysis, Shading, Temperate grass and legum,
Warm-seasrn grass.
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Table 1 Materials used, light levels applied, and some meteorological data during treatments
Relative Air temperature®** ,
pasture i it €0 oy
asture plant of light’ %
P (%) M ) Max. Min. Mean (%)
Dallis grass (DG) Cont. 100.0 21.2 36.3 23.8 3.4 68.5
Bahia grass (BG) S-1 65.3 13.8 36.9 24.1 33.3 65.5
Barmuda grass (BMG) S-1I 37.8 8.0 35.9 24.0 34.5 66.5
Perennial ryegrass (PRG) Cont, 100.0 22.8 36.1 24.6 35.4 66.3
Tall fescue (TF) S-1 65.6 14.9 37.4 25.1 34.7 62.6
Redtop (RT) S-1I 37.0 8.4 36.2 24.9 35.4 65.1
Orchardgrass (0G) Cont, 100.0 22.5 36.1 24.7 35.4 66.6
Kentucky bluegrass (KBG)  S-I 65.7 14.8 37.5 25.2 34.8 63.2
Red clover (RC) S-1I 36.6 8.3 36.1 25.1 35. 4 65.9
White clover (WC)
* : Relative intensity of light during the 2nd to 3rd sampling.
#% 1 Daily means during the 2nd to 3rd sampling.
#4%: Maximum, minimum and mean air temperatures between the 2nd and 3rd sampling
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Table 2 Comparison of pasture plants for the changes of plant height, tiller number and leaf morphological charac-

ters as affected by the shading treatments

Character Treat. DG BG BMG PRG TF 0G KBG RT RC WC
Cont.  40.2° 27.6° 72.6 19.1¢ 25.5° 20.3° 18.3° 28.0° 18.6° 19.6°
Plant height (em)  S-I  55.1° 32.6° 71.6° 284> 330> 260" 22.9° 35.0° 20.3° 22.9°
S~ 67.8° 36.4° 73.9° 39.6° 46.6° 37.8 30.0° 43.2% 21.9° 25.4°
Cont.  28.0° 20.9® 3.0° 157° 20.1° 159> 152> 17.6° 3.9 o7
Leaf bade length (em)  S-1  37.3°  25.0° 5.4 231> 26.8 20,5 19.1® 19.1* 3.9* 3.0
S~ 4420 28.0° 10.7° 321" 37.2° 30.0° 24.1* 2.9 3.9* 2.8
Cont. 10.9° 6.0° 32> 48 7.4 61° 42 60 2.5 2.2
Leaf bade width (mm)  S-I1  10.8° 6.2  3.4° 5. 1* 7.6 6.4 422 620 2.4 2.4
S-m 1.2 6.0 37" 5.4% 7.5 6.4°  3.9° 6.8 2.6 2.9
Length/ width Cont. 26.1° 34.8 9.4: 35.0° 27.2°  26.0° 36.5° 29.3f .68 L3
of s-1 34.6° 40.5° 158 459" 353" 320" 4.9 308 16 1.2
leaf blade S-I 3.7 46.9° 29.0° 50.6° 49.9° 46.6° 6L.9° 323 15 L3
Cont. 58.8 51.8 119.4° 09.8 37.2° 25.2° 33.2° 123.8 87.6" 143.4°
Tiller number S-1  45.2°  48.4° 106.4* 86.6° 31.2* 23.0° 32.6° 95.6* 80.0° 9.8
S-I  40.8" 40.8" 74.2° 67.4° 202" 26.2° 24.2°  82.2% 75.0° 104.0°
Cont. 223.6" 310.0° 857.0° 307.8" 116.8* 96.4° 96.0° 411.6* 95.6° 138.6°
Leafnumber .1 191.8° 3p2.2' 695.2° 205.2° 108.0° 944 02.4° 403.6" 828" 90.6"
S-II 175.2" 313.6* 635.2° 253.0" 109.0° 118.4" 71.8" 388.6° 79.0° 100.0°
b b b a b ¢ a — —_—

Leaf number Cont. 3.81# 6.06" 7.18 3.1l 3.81’ 3.18°  3.36° 2.87
/ tiller S-1 4,27 670" 6.64° 3.42°  4.07% 3.44™ 4.20° 2.87° — e
number S- 4.29°  7.67* 8.70° 377" 4470 378 476" 3.08¢ — e
Cont. 1558" 926" 635"  731° 448> 321" 200 1272° 1052* 894
Leafarea (em”)  S-I  1764° 1111° 616" 1069° 497  432° 234" 153" 911" 847"
S-11  2179°  1145° 1028 1295 722°  B44® 230" 1844° 923" 874"

Cont. 45" 41° 48*
$-1 44 44 48
S-11 42¢ 48" 38"

Root length (em)

31° 39° 28° 38" 47 39° 31°
46 46* 38 4% 54 410 3
51 48 36 345 BT 420 4°

Values within a column fllowed by the same letter are not significantly different at 5% level according to Duncan’s

multiple range test.

Abbreviations of plant names are the same as those in Table 1,
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Fig. 1. Effect of shading on the relation between the

width and length of leaf blades.

Leaf blade width in S-1 and S-II was plotted
against leaf blade length in S-1 and S~IL
Both values are expressed in percent of control
at the 2nd sampling.

@ —, dallis grass; # —, bahia grass; B—,
barmuda grass; O- -, perennial ryegrass; &- -,
tall fascue; [J- -, orchardgrass; ®- -, Kentucky
bluegrass; 4 - -, redtop; @---, red clover; &
-+-, white clover.
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Table 3 Changes in dry weight of plant parts of pasture plants, and their top/ root (I/R) ratio and non-photo-
synthetic system/photosynthetic system (C/F) ratio as affected by the shading treatments

Plant part Treat. DG BG BMG

PRG TF OG KBG RT RC wC

Cont. 17.53* 8.75* 9.72¢
Whole plant weight ()  S-I  15.90® 8.55° 8.82°
S-I 13.92° 6.72° 6.52°

6.01° 4.71* 241 1.83 13.35* 8.55° 7.50°
7100 4.26° 2.49% 1.78° 11.66® 6.72° 6.11°
6.30° 4.36* 3.29° 1.37° 10.16° 5.20° 5.35°

Cont. 4.92° 2.60° 1.36°
Leaf blade weight (g) S-1  5.02° 2.97* 1.28°
S-II  5.21* 2.58° 1.86°

2.63" 1.89" 1.02* 0.85" 4.24*° 3.27* 2.21°
3.05° 1.78 1.14* 0.86° 4.30° 2.49* .88
3.23% 2.16* 1.56° 0.71" 4.21* 2.17° 1.72°

Cont. 6.69° 3.94* 6.95°
Stem weight* (g) S-I  6.03* 3.66° 6.24*
S-II  5.72° 2.79° 3.99°

2.09" 1.65 1.01* 0.46° 4.91* 2.61* 3.40°
2.04° 1.45% 0.97" 0.48° 4.23° 2.36* 2.94®
1.68* 1.40° 1.27* 0.35* 3.98 1.84* 2.75°

Cont. 5.92° 2.21* 1.42°
Root weight (g) S-1 4.94% 1.922 1.30°
S-II 2.99° 1.35° 0.67°

1.29° 117 0.38° 0.52° 4.20° 2.67° 1.89°
2.01* 1.03* 0.38* 0.44* 3.13° 1.87° 1.29°
1.3 0.80* 0.46 0.31* 1.97° 1.19° 0.8

Cont. 1.92° 3.00° 5.93°
T/R ratio S-1 2.26° 3.48® ©5.68°
S-I 3.69° 4.12* 8.95°

3.72%  3.41° 598 2.50° 2.17° 2.24® 2.7¢6°
2.62° 3.2 5622 3.36° 2.73° 2,83 309"
361" 4.49* 6.60° 3.33° 4.45* 3.45° 4.38°

Cont. 2.56* 2.37* 5.98°
C/F ratio S-1  2.18° 1.8 5.85°
S-0I  1.67° 1.60° 2.51°

1.30* 1.48 1.39° 1.19° 2.17* 1.61° 2.38
1.3 1.41° 1.21° 1.11* 1.72® 1.69* 2.25°
0.95° 1.03° 1.10° 0.98 1.41° 1.39° 2.11*

*: Leaf sheathes for grasses and petioles for legumes were included.
Values within a column followed by the same letter are not significantly different at 5% level according to Duncan’s

multiple range test.

Abbreviations of plant names are the same as those in Table 1.
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which are the compostion of RGR.
Curved lines indicate RGR (g g7 d™Y).
Symbols are the same as those in Fig. 1.
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Table4 Response of RGR, LAR, NAR, LWR and SLA to the shading treatments in pasture plants
Growth parameter Treat. DG BG BMG PRG TF 0G KBG RT RC WwC
Cont. 0.069 0.123 0.096 0.050 0.051 0.084 0.082 0.058 0.042 0.056
(gg@g%-—z) S-I  0.08% 0.125 0.090 0.059 0.068 0.096 0.082 0.069 0.070 0.070
S-1I  0.084 0.115 0.096 0.066 0.071 0.099 0.066 0.072 0.082 0.050
Cont. 0.962 1.529 2.337 0.466 0.592 0.709 0.939 0.724 0.551 0.573
(mg em? d™Y) S~ 1.079 1.206 1.648 0.455 0.661 0.693 0.836 0.606 0.545 0.634
S~ 0.756 0.875 0.909 0.387 0.506 0.588 0.483 0.488 0.529 0.363
Cont. 72.1 8.0 42.8 106.3 8.5 1185 87.1 80.3 101.0 98.2
(mﬁaAgR..l) S 8.5 973 549 130.6 1025 130.7 105.0 113.1 1187 1115
S- 111.4 133.4 105.8 171.9 139.6 171.7 136.4 147.5 148.5 139.1
Cont. 0.220 0.245 0.099 0.410 0.387 0.409 0.425 0.288 0.359 0.269
(é‘g’ﬁ) S-I 0,272 0.300 0.120 0.374 0.392 0.408 0.430 0.333 0.370 0.246
S-II  0.333 0.372 0.206 0.466 0.447 0.459 0.452 0.349 0.366 0.270
Cont. 332.5 330.7 432.5 259.2 221.1 289.9 204.9 278.6 281.8 366.6
(cmSngA“l) S-I 3029 315.3 455.7 355.2 261.6 345.9 245.9 3411 314.2 464.2
S-11  336.2 360.4 514.3 368.7 312.6 369.9 301.9 422.8 399.5 526.1
Abbreviations of plant names are the same as those Table 1.
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