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I. Production and Productivity of C; and C; Type Plants

Lee, Sung-Kyu and Nam-Kee Chang
(Dept. of Biology, College of Education, Seoul National University)

ABSTRACT

The production and productivity of C; and C, type plants in Korea was studied In the areas, in which the

summer temperature is above 30°C, C; type plants showed “M” type productivity curves exhibiting two peaks

in spring and autumn, and Cs type plants showed “Bell” type productivity curves which show one peak

in summer(Figs. 1,2,3,4,5). From the result of researching the standing crop of C; and C; type plants during

August and September in which the standing crop reaches the highest peak, the dominant plants in the

natural grass vegetation were almost all of C, type plants, showing the high standing crop, while the standing

crop of C; type plants shows its high peak in the humid areas, riversides and dams.
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Fig. 1. Monthly change of standing crop and prod-
uctivity of above ground parts in a Phragm-
ites longivalvis grassland. The productivity
curve shows two peaks in spring and
autummn.
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Fig. 2. Monthly change of standing crop and pro-

ductivity of above ground parts in a Misca-
nthus sinensis grassland. The productivity
curve shows one peak in summer,
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Table 1.

Monthly change of standlng crop an

d productlvlty in a Plzragmztes longwalzs grassland -

Standing crop(g/m?*)

Species Krg'glen
A 14 M.14 J 15 J 15 A 15 S 15 0. 13
Phragmites longivalvis 7+ El 276.0 730.0 1445.0 1756.0 2133.0 2560.0 2185.0
Scirpus fluviatilis o = ) 3.0 + -+ 1.6 -+ 4.0
Fimbristylis longispica a5 o] + 0.5 2.0 +
Cyperus glomeratus Eul-5 Ak + + 4.5 2.0
Standing crop Total 279.0 730.0 1445.5 1758.0 2134.6 2564.5 2191.0
Net productivity by intervals 451.0 715.5 312.5 376.6 429.9 4.0
C,4 standing crop 0 0 0 0 0 0 0
C; standing crop 279.0 730.0 1445.5 1758.0 2134.6 2564.5 2191.0
Plant height(cm) 24.0 60.0 180.0 200.0 210.0 235.0 240.0
Table 2. Monthly change of standing crop and productnwty ina Miscanthus sinensis grassland
Standmg crop(g/m’)
Species Ko;;iim -— -
name A.20 M.19 J 19 J 19 A 20 S 20 O 18
Miscanthus sinensis o A 80.8 270.2 525.0 1297.0 2106.0 2515.0 2680.0
Patrinia scabiosaefolia u B} g + + +
Artemisia feddei ul e -+ + +-
Standing crop Total 80.8 270.2 525.0 1297.0 2106.0° 2515.0  2680.0
Net productivity by intervals 189.4 254.8 772.0 809.0 409.0 165.0
C-4 standing crop 80.8 270.2  525.0 1297.0 2106.0 2515.0 2680.0
C-3 standing crop -+ -+ 0 + 0 —+ -+~
Plant height(cm) 13.0 38.0 72.0 115.0 138.0 151.0 158.0
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Fig. 3. Monthly change of standing crop and pro- Fig. 4. Monthly change of standing crop and pro

ductivity of above ground parts in a Echino- ductivity of above ground parts in a Digita-
chloa crus-galli grassland. The productivity ria sanguinalis grassland. The productivity
curve shows one peak in summer. curve shows one peak in summer.

Table 3. Monthly change of standing crop and productivity in a Echinochloa crus-galli grassland

Standing crop(g/m?)

. Korean

Species name M. 20 J 20 J2 A2 S2 015
Echinochloa crus-galli = =] 38.6 89.6 174.0 284.0 360.0 385. 2
Artemisia asiatica = 0.8 + 6.0 + +
Setaria viridis 7ol A F 4.0 6.0 18.0
Agropyron ciliare 7| ul 2.0
Chenopodium album W o F 1.2 1.2 2.0
Kummerowia striata 05 E + -+ + 4.0
Erigeron canadensis w)- S - + + +

Cassia mimosoides

_}ll_‘

i
+
..{_
+

Standing crop Total 43.4 96. 8 183.2 302.0 366.0 385.2
Net productivity by intervals 53.4 86. 4 118.8 64.0 19.2

C, standing crop 42.6 95.6 174.0 302.0 360.0 385. 2
C, standing crop 0.8 1.2 9.2 0 6.0 0
Plant height(cm) 21.0 38.0 82.0 98.0 103.0 106.0
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Table 4. Monthly change of standing crop and productivity in a Digitaria sanguinajis grassland
H 2
Soec Korean Standing crop(g/m?)
pecies name
M. 20 Jo20 Jo21 A 21 S. 22 0.10
Digitaria sanguinalis 1 34.8 69.2 160. 8 404.0 384.0 324.0
Artemisia asiatica % 1.8 14.8 16.0 18.8 8.0 13.2
Polygonum aviculare u ¢ % 1.2 1.2 0.4
Echinochloa crus-galli = 3 + -+
Chenopodium album w3 ol F 6.0 4.0
Setaria viridis 7ot A & +
Kummerowia striata W 5 = -+ +
Standing crop Total 36.6 85.2 176.8 424.0 398.0 341.6
Net productivity by intervals 48.6 91.6 247.2 6.0 5.6
C,4 standing crop 34.8 69.2 160. 8 404.0 384.0 324.0
C; standing crop 1.8 16.0 16.0 20.0 14.0 17.6
Plant height(cm) 12.0 23.0 75.0 110.0 117.0 119.0

Table 5. Monthly change of standing crop and productivity in a Phragmites longivalvis grassland
Site 1.
1 2
Species Korean i I ;,i,sian_diljsrg?(_g/ﬁn:‘,)i,‘uff —
name A 15 M. 15 J 15 L 15 A 15 S 15 O 15

Phragmites longivalvis 7+ o 222.0 796.0 1321.0 1482.4 1852.8 2400.0 2728.0
Eleocharis wichurae v 2 + 4.0 7.5 -+
Fimbristylis cymosa al ok =) 7] + 3.5 2.0 1.5 +
Standing crop Total 222.0 796.0 1325.0 1485.9 1854.8 2409.0 2728.0
Net productivity by intervals 574.0 529.0 160.9 368.9 554.2 319.0
C, standing crop 0 0 0 0 0 0 0
C; standing crop 222.0 796.0 1325.6 1485.9 1854.8 2409.0 2728.0
Plant height(cm) 34.0 65.0 128.0 181.0 210.0 219.0 230.0
Site 2
Phragmites logivalvis 2 ™ 165.2  416.8 820.0 910.4 1296.0 1596.0 1600.0
Ecleocharis wichurae v o —+ + 2.0 +
Scirpus triqueter Al 238 0] 3.8 4.0 -+ 1.0
Juncus effusus = = + 1.0 4.0 7.0 3.0 110 2.0
Standing crop Total 165. 2 417.8 827.8 917.4 1305.0 1607.0 1603.0
Net productivity by intervals 252.6 410.0 89.6 387.6 302.0 5.0
C, standing crop 0 0 0 0 0 0 0
C; standing crop 165. 2 417.8 827.8 917.4 1305.0 1607.0 1603.0
Plant height(cm) 26.0 55.0 103.0 178.0 190.0 195.0 205.0
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Site 3.

Phragmites longivalvis

zZ o 96.0 297.6 574.4 612.0 668.0 908.0 1120.0
Suageda glauca Jd E A + 1.0 3.6 3.0 + + +
Juncus effusus = = + 2.0 2.0 6.5
Suaeda japonica 1 =°4 z + +
Salicornia herbacea £ &y + +
Elymus daluricus A B g -+ -+ 1.0
Standing crop Total 96.0 298.6 579.0 615.0 670.0 010.0 1126.5
Net productivity by intervals 202.6 280.4 37.0 55.0 240.0 216.5
C, standing crop + 1.0 3.6 3.0 + + -+
C; standing crop 96.0 297.6 575.4 612.0 670.0 910.0 1126.5
" Plant height{(cm) 20.0 40.0 69.0 82.0 112.0 128.0 150.0
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Fig. 5. Monthly change of stannding crop and vFig. 6. Comparison of standing crops of C; and
productivity of above ground parts and C, plants according to leaf area index.
productivity curves of three Phragmites Generally, standing crop of C, plants is
longivalvis grasslands. The productivity higher than that of C; plant according
curves also show two peaks in spring and to the same leaf area index.
autumn, % C,4 plants grow in the humid area,
® Site 1, A Site 2, W Site 3. "¢ C; plants grow in the humid area,
@® C, plants grow in the arid area,
O G, plants grow in the arid area.
Table 6.

of Seoul area on August to September

Comparison of standing crops of C, plants according to LAI in various grassland vegetations

. Korean Height DM Habitat
Species name (cm) LAl (g/m?)
Miscanthus sinensis o A 120 6.6 1265 FRPE P
148 14.5 2024 FRPE-BARY)
155 15.3 2194 ok 2 =
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Arundinella hiria

Cymbopogon tortillis
Eleusin indica
Spodiopogon sibricus

Eragrostis ferruginea

Pennisetum alopecuroides

Setaria viridis

Arthraxon hispidus

Pancium dichotomiflorum
Echinochloa hispidula
Echinochloa echinata

Themeda japonica

Digitaria sanguinalis

Phragmites longivalvis

Oryza sativa
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Chenopodium album

Ambrosia artemisiifolia

Persicaria japonica

Kummerowia striata

Cassia mimosoides

Calamagrostis arundinacea

Trifolium vepens

Typha orientalis
Erigeron canadens

Helianthus annui
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133
114
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3
9
0
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7
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0
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709
620
750
960
480
752
284
296
258
678
1144
258
342
880
690
1938
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4 A
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3 7}
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Table 7. Comparison of standing crops of natural grassland in Korea.

researchers’ previous works. According to theses data,

researched grasslands

These data collected from many
C, plants dominated most of the

Standing crop(g/m?)

Ds%rgg?;nt Locality Habitat " - - - s 5 " % Reference
Mis_canti_ms PASC) S Total 273.4 282.7 332.9 Chang et al.
@y R4 E had C 216.3 218.5 269.0 45 1968

£ & 9 Cs 57.1 64.2 63.9
A S T 229.0 334.0 454. 2
28 F kxA C 200.0 173.8 342.5 9 Chang and
A ¥ G 29.9 160.2 111.7 Kim. 1968
4= T 358.7 409.6 482.0 497.5
B o A AF A Cy 188.4 206.0 270.4 397.5 17 Kang. 1971
Cs 170.3 203.6 211.9 100.0
T 351.5 343.2 406.6 382.3
€W 4 A A G 178.8 210.5 256.6 283.5 14
Cs 172.7 132.7 150.0 98.8
T 370.0 383.2 396.5 448.0
L T S B S O 230.4 353.9 266.7 309.6 25
Cs 139.6 129.3 129.8 138.4
9= ¢ ET 304.2 529.5 641.6
A T okxA C, 282.3 428.4 583.1 17 Kim. et al.
N F C. 21.9 101.1 58.5 1969
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A7 = Chang et al.
A 5 T 350.8 431.6 611.0 934.1 1884.5 2363.4 2634.5 33
B e | - 1976
A7 =
AF ok T 33.7 170.0 231.7 247.4 201.5 162.2 20 Park. 1971
#*  F - -
A + AL ¢k T 556. 8 0 Yim. 1975
M. sacchari ) <k A A ok T 1248.8 0
forum
&) F = § 4 ok T 2958. 8 0
Zoysia 73 7]
japonica °kzxx T 847. 4 0
Gt =) 9 F=E
Impereta A F 5 T 79.2 Chang and Yun
cylmdrica ~
=) okzx C4 36. 2 21 1970
A& A Cs 43.0
Themata B & A} okxx T 220. 1
japonica
IES A) Cs 126.7 14
Cs 93. 4
T 93. 8
P S A okzx] C 52.9 16
Cs 40.9
Suaeda 73 7
asparagoides s = T 350.7 0 Yim. 1975
(A = &
Andropoglan bz B4 T 270. 8 44 Chang et al.
brenifoli
@B a g ow=A 176.6 1969
Cs 94.2
Arundinella 7} e T 227.7 244.5 290.7 Chang et al.
h”(iﬁ) A 9 okzA Ce 147.9  157.6 204.6 23 1968
= % 4k C, 79.8 8.9 8.1
&Y = T 142.4 151.6 173.4 .
okxx Cy4 102. 1 105. 1 116.7 25
C; 40.3 46.5 56.7
A4 A T 146.5 152.1 166. 3
obz2x C, 119.7 123.7 133.5 56
Cs 26. 8 28.4 32.8
T £ 9 T 186.4 197.6 307.6 239.8 212.0 Chang et al.
okzx] C, 99.8 96.3 145.1 115.56 115.4 13 1969
Cs 8.6 101.3 162.5 124.3 96. 6
Z & 4 T 187.2 262.0 332.6 261.9 228.6
okzx C, 87.0 931 132.2 101.9 102.0 14
Cs 100.2 168.9 200.4 160.0 126.6

— 122 —



— 123 —

9 T 338.5 347.1 485. 7 Chang et al.
ekzxz G, 11.7 128.5 51.8 19 1968
& 7 T 137.1  241.3 220.5
ok&2 = Cy 59.3 143.6 167.5 13
Cs 77.8 97.7 53.0
AR A T 443.4  569.7 501. 8 Kim et al.
24 7 okzx C, 383.7 386.8 406.5 17 1969
& =y Cs 59.7 182.9 95.3
T 437.4 433.3 472.5
B T opzA C, 296.7 £47.1 388.5 17
Cs 140.7 86. 2 84.0
“Table 8. Comparison of standing crops of natural grassiand in Korea. In these data, C; plants domi-
nated the grassland located in humid area
. Standing crop(g/m?)
Dosm;rcl;r;t Locality Habitat C: Reference
P 4 5 6 7 8 9 0 %
Typha orientalis Chang and
& ) <qA.zx 4¥=A 308.8 412.5 608.6 914.2 1669.6 2011.3 2291.7 0 Chung. 1976
Fimbristylis
longispica Qlal, =R &M 407.2 477.8 589.4 699.1 774.4 795.8 812.7 0
(& stx Ael)
Phragmites
longivalvis olal, Ak A A 244.8 425.6 605.0 649.1 1875.5 2729.9 3400.9 0
CE
Dystaenia Chang and
takesimana A %  7ZA4x 193.5 212.3 325.4 743.0 764.3 1124.3 1413.9 0
@ ok ) Jeo 1977
Phragmites .
longivalvis A= A 7 449.0 751.0 986.0 1821. 0 20 Yim. 1975
(= €T A
Alopeculus
amurensis A7 = 786. 8
E A 8 AE=E
Chenopodium A7 =
album e F 591.0
& % P 94
Plantago A7 =
astatica w5 174.7
@A A oD oA
Erigeron A7
canadents w5 637.2
s ) oA X
Ligularia
fischeri 3F x E 2 A 1207.6
Artemisia
asiatica L S | 812.6
G



Sanguisorba

hakusanensis o) o A A+ R 545. 6
(i 2 o] )
Persicaria
japonica W ook 4k AL R 659. 2
GhedEad#)
Trifolium 7 7)
repens ok %2 308.7
& 71 # q A
Humulus b 7)
japonicus ) 274.5
@49 2 d A
Helianthus b
annus L1 2003. 3
@ ook s & A
Cyperus T 804. 8 Chang and
aridu
(_?J_‘Zx&u&_‘gqs,‘}l/]) + 54 2 G 11.8 Kang. 1977
C; 793.0
Ischaemum T 859. 0
thephoroid
(75”@“’;"5)“ 54 2 G 11.2 17
Cs 847.8
Oenothera T 697.1
lamarkiana
(2wt o] =) C, 2.3 25
C; 694. 8
Phragmites g E 7 9 2 7T 1184. 4
lontors .
(%ongwalms Cs 99.9 97
Cs 1084.5
Miz@ica'go = & 9 T 309.7 328.6 413.9 379.5 342.8 Chang ef al.
S N bz C 106.7 104.6 162.0 146.5 137.7 50 1969
o = g Cs 203.0 224.0 251.9 2330 205.1
Festuca A= T 839. 6
({fmmg] g) H W ok2A G 329.0 25
A= Cs 510. 6
ka4 T 502. 1 Chang et al.
oF2 R C4 340. 8 44 1969
Cs 161.3

Table 9. Chemical composition of Miscanthus sinensis and Phragmites longivalvis grasslands

in Seoul area(on the dried basis)

Crude Crude Crude Crude Moisture
Grassland protein(%) fat(%) fiber(2%) ash(%) Ca(%) P(%) (%)
Miscanthus sinensis o A 6.08 1. 47 35. 40 4.87 0.18 0.10 60. 8
Phragmites longivalyis 7 o 13. 48 2.13 30. 36 9.00 0.15 0.13 62.3
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Table 10. Chemical properties of soil at Miscanthus sinensis and Phragmites lonaivalvis grasslands

in Seoul area

Exchangeable me/100g

Total Available
land O.M(2
Grasslan @) PR Nemg/y Pme/® TR G Mg
Miscanthus sinensis o Al 2.153 5.9 0. 45 65 0.72 5.05 1. 54
Phragmites longivalvis 7+ o 5. 66 6.3 0.91 71 0.65 2.31 0.55
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Productive structure of a Phragmites longi-
valvis grassland in Seoul area on Sept. 7th,
1982. E(Ear), L(Leaf), S(Stem), R(Root),
Rh(Rhizome).
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nsis grassland in Seoul area on Sept. T7th,
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