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ABSTRACT

Seasonal changes of symbiotic nitrogen-fixation activity and growth characteristics of four dif-
ferent natural populations of Kummerowia striata were quantitatively analyzed during the growing
period. The nitrogen-fixation activity of root nodules attained the maximum rates of 148, 132, 102
and 100uM C,H, - g fw nodule™!- hr™!, respectively for sunny, multibranched, shade and
unibranched populations at the optimum growth conditions. And the seasonal changes showed
fluctuations by environmental conditions such as light, temperature, nutrient contents, water
stress and plant ages, etc. The multibranched plant showed the greater amount of leaf and root
nodule biomass, and the higher nitrogenase activity than the unibranched plant. The optimum
conditions of leaf chlorophyll and water content of each organ indicated the active growth and the
maximum fresh biomass of 4 different populations were 1.92, 1.85, 0.97 and 0.56 g fw- plant ! for
shade, multibranched, sunny and unibranched populations, respectively.
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1990).

Rhizobium sp. ol &1 /o] 43 dLug8go] B 3489 A54d £ 832
Aot BHE FAAAE o] T, IRFYH YUA A 5 AWAYE e Ao R FHHI 3
t}H(Song and Monsi, 1974). 38 E Yol EAlsh= A4 stgE o) ko] g 2H7o I 2
2088E AaE, HEe] AL ARINEH FiHe 2AasgEd oE=sA fr
(Streeter, 1985; Wong, 1980; Bender et al., 1985; Kim et al., 1987). E %] A4 sl= g8
o] ZAEof oA FYAe] FT a8 M3HA] 7] 1L (Fageria ef al., 1989), #ejol JoiM H/T
o] AT E2 A7) FdEFe 7 7%] HrH(Caetano-Anolles ef al., 1989). 28] W3} 25, Ak

dl

2, Y 2 FEEY ol FFY A F LG AN viA e Gl A g8 drr st
1 tH(Schweitzer and Harper, 1980; Williams and Phillips, 1980; Sinclair and Weisz, 1985).
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E #olx Porapark R column{182cmx0.32cm)& ©| €38 Shimadzu GC 8 APF gas
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1949; Hiscox and Israelstam, 1979). 2B E %L 2,589 &F 58 #erslo] glass electroded)
o8] pHE =438t 1, FHUESS] NH, —N¢ $Hake Nesslerization o g2 =739 o
(Nichols and Foote, 1931), 919 @& clxmaHiy oz =431 HGreenberg ef al.,
1985).
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olof] W& Fgo 2 A,
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ol 3Lt PZ—?—? HE eI, 279 AADFEAHLE 89 A3 tBo] 74 o]
Fo A4 E Bk #A 2 SA9] Ao Hgde 747t 1489 102uM CH, - g
fw nodule ! - hr AT, B AMH Y] 3159 GEAMAT ¢ Ao SRR Ee AeA
< 247} 132 2 100 M C,H, - g fw nodule '- hr 't} =9t 2x)¢o] Holx FF ) upa 3
A ko] 2polo] whE A olw (Eckart and Raguse, 1980), AFH 9] 3}39} AE o)A X2 Q)
el A 2 goko] EAC wlE zlolof whE Aoz AztEt}(Patterson ef al., 1979).
HEE SHe 194 SREA U8 949 Al 2H vae o HQAgsr)de
HE2A4 S 2ot 8571 109 ol Fol= /9 Feale) dA danFgA ol
2 tH(Hong and Song, 1990).
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Table 1. Seasonal changes of plant heights(cm) and acetylene reduction activities(ARA, uM C.H, -
g fwnodule !+ h™!) in the root nodules of 4 different K. striata populations

Jul, Aug. Sep. Oct.
17 31 15 28 11 25 9 26

Sunny Height 7+x1.2 9+1.4 13+ 14 16+1.4 22424 23+24 2422 25421
ARA 78+54  32+3.8 148+12.5 40+4.2 59+6.8 39+4.2 3+05 O

Shade  Height 2426 32+35 40+ 42 48+49 51+55 53+57 55453 56+54
ARA 76+4.8 29+31 102+11.2 52+45 56+6.6 39+45 6+07 0

Populations

Jul. Aug. Sep. Oct,
13 28 10 24 10 21 5 19
Lower Height 15+1.2 18+1.5 22+2.1 29x28 32+3.1 33+ 3.4 33+3.5 33+3.7
ARA 32+£3.3 73+7.5 21x1.2 65x6.2 98+8.9 132+15.5 12+1.5 0
Upper Height 14+1.3 16+1.4 21+2.0 2425 25426 26+ 2.8 27+29 27+28
ARA 84+7.5 100+£9.8 19+2.3 45t42 9296 74+ 7.7 10+1.3 0

Populations
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X2t danHEA
B AbE 9 shof Ao ASste MFEES 47 GEXSH ] AT GEA-H 9
AFor FEHI, E7]9 Exgo e 3} 279 4 2 AL G WsE & 5 U
(Table 2). ¥2o] Mz EX41, 2, 3, 4 2 50 thsl] 24z} 70, 160, 210, 360 & 445mg fw
plant 124 ZEx) 5o BH SR THTE L), 2/ FAFL AMAHo 7} A5 A Fe wE A
#A o] g,

ZHY AxmFgde HileE Z7|de 1~3702 BX$E z2te A EA oA 88~98uM
C.H, - g fw nodule™ - hr 12 EQOWH7Y), AEF|o& 4~5709 tpERFE e Aol
90~92uM C.H, - g fw nodule ™ - hr 124 G- 9] A ZA BT} & %"é—% e S TH8Y
o), B AR GRS ko] T2 9 SR A Fagle] ®H 4 o, gi-A]4
Zo vlaf Qo] dEFo) Jomz A Lr)e viw At whE FAF g F 7 9

3 =59 A FaS nxe Aoz YzdatH(Duke ef al., 1979).
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Table 2. Seasonal changes of leaf amounts and nodule fresh weight and acetylene reduction activity
along branch numbers of K. striata

Jul. Aug. Sep. Oct.

Items 28 10 24 21 5

Branch No.

Leaf (mg fw - plant ') 1 70 74 110 190 180
2 160 220 360 560 370

3 210 300 420 600 440

4 360 440 700 1,050 650

5 445 595 860 - -

Nodule (mg fw - plant ™) 1 16 17 19 30 20
2 18 20 25 60 73

3 20 23 26 52 59

4 34 36 47 105 56

5 12 35 28 - -

ARA(uM CHy - g fw™l-hr!) 1 98 20 42 78 16
2 90 22 38 146 16

3 88 21 42 154 18

4 60 20 92 138 12

5 40 16 90 - -
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Table 3. Seasonal changes of fresh weight of each organ of 4 different K. striata populations

Jul. Aug. Sep. Oct.
Items g - plant™
17 31 15 28 11 25 9 26
Sunny Leaves 0.11 0.14 0.12 0.26 0.30 0.33 0.09 0.02
Stems 0.06 0.10 0.09 0.22 0.20 0.33 0.21 0.17
Roots 0.03 0.04 0.05 0.06 0.08 0.07 0.05 0.05
Nodules - - - 0.01 0.02 0.02 0.01 -
Flowers - - - - 0.06 0.22 0.14 0.04
Total 0.19 0.28 0.25 0.55 0.66 0.97 0.50 0.28
Shade Leaves 0.20 0.32 0.36 0.75 0.70 0.65 0.52 0.05
Stems 0.10 0.24 0.33 0.80 0.81 0.86 0.58 0.45
Roots 0.03 0.04 0.06 0.08 0.09 0.10 0.07 0.12
Nodules - - 0.01 0.02 0.03 0.04 0.03 0.03
Flowers - - - 0.02 0.05 0.24 0.30 -
Total 0.41 0.60 0.76 1.65 1.68 1.92 1.50 0.65
Jul. Aug. Sep. Oct.
Items g - plant™!
13 28 10 24 10 21 5 19
Lower Leaves 0.23 0.29 0.37 0.64 0.79 0.69 0.50 0
Stems 0.23 0.27 0.36 0.52 0.72 0.70 0.60 0.34
Roots 0.04 0.05 0.07 0.09 0.12 0.14 0.13 0.11
Nodules - - 0.01 0.01 0.02 0.04 0.03 0.01
Flowers - - - - 0.10 0.25 0.60 0.22
Total 0.50 0.61 0.82 1.25 1.75 1.80 1.85 0.68
Upper Leaves 0.10 0.10 0.09 0.18 0.17 0.18 0.14 0
Stems 0.06 0.11 0.15 0.18 0.19 0.25 0.21 0.15
Roots 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.01
Nodules - - - - 0.01 0.02 0.01 -
Flowers - - - - - 0.03 0.18 0.01
Total 0.18 0.23 0.26 0.38 0.42 0.51 0.56 0.18

A Ao} A3k o] Bl &L S| A& AP 3hR-Y] tHEA A Bl A 10 °]”°]9&1°f‘1 G2 E
o APA AR TR ES 5 YR Aadgort, Foe g A B HF 2 goE o
Ebtth(Song and Monsi, 1974).

7+ gz WE Ao Ty FAol v 54 g AdEwge A2V 21, &4
A Eo A= 792 54 mg - Chl-g fw 19 R < E29] 3.6 mg-Chl-g fw o]
Hia) oF 158 EATh APH L slel ARoAe 79 FE 2 529 42 mg-Chl- g
fw! AR E Bk AF271(8E) e EUY FEEP o3& 229 26 mg - Chl - g fw &

2 #agtdon, 48370 (109 8¢ ol %)= F438] 7H438kth(Table 4).

zt 7188 3ol Wik Table 59 vk FAAE AT &, £7], e 2 279 &

segre A8 7)7E 7Vz) 175~110%, 200~112%, 112~85% 2 300~130%% $iolA €43kt ©
832 BT, SXAE AT o, 7, e 2 IFE 47 210~78%9 206~76%,

i)
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Table 4. Seasonal changes of chlorophyll contents of 4 different K. striata populations(Unit : mg Chl -

gfw™l)
Jul, Aug. Sep. Oct.
Items
17 31 15 28 11 25 9 26
Sunny 3.6 2.2 3.0 2.6 3.2 2.8 0.6 0.2
Shade 4.2 5.4 4.7 3.8 4.2 3.6 4.1 0.2
Jul. Aug. Sep. Oct.
Items
13 28 10 24 10 21 5 19
Lower 5.2 4.3 2.2 3.8 4.2 3.7 2.4 0.4
Upper 4.2 3.3 2.6 3.6 3.2 3.5 2.9 0.4

Table 5. Seasonal changes of water contents(%) of each organ of 4 different K. striata populations

Jul. Aug. Sep. Oct.
Items
17 31 15 28 11 25 9
Sunny Leaf 175 150 124 146 110 144 142
Stem 200 148 115 144 112 116 130
Root 105 85 98 90 110 112 108
Nodule 130 175 200 210 300 290 270
Shade Leaf 210 200 142 104 83 78 98
Stem 206 178 112 98 76 78 77
Root 92 100 102 88 84 102 80
Nodule 254 235 314 276 254 374 366
Jul. Aug. Sep. Oct.
Items
13 28 10 24 10 21 5
Lower Leaf 152 162 165 145 138 128 145
Stem 185 198 142 140 114 100 120
Root 76 80 82 105 100 104 78
Nodule 170 252 165 204 254 270 198
Upper Leaf 162 132 174 150 152 102 150
Stem 140 138 146 134 114 85 134
Root 70 95 82 92 100 A 80
Nodule 174 176 220 262 264 292 230

102~80% 2 374~235%¢2] WA wastg o, tizr)o A& F7]d F47 FaE 2H
o} AbE ERe] GEAAEAA Y FRe SRR ERAZY FEFS v AL
B, Q& 102~174%, %7)= 85~198%, Bel= 70~105%, HE 165~292%2] ¥ Yol A
WElE wgrh olF 2z} 71w F5FL oMY Soll Hlistel A AK7IE 50~100%
A e gogx vwy Az 2ANA H &) de Rez YZAdrH(Hong and Song,
1990).
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&E WA ESE

A&7 F 457 dEE MATe d4ade=zM 7|2y B¢ &5, B9 8, pH,
obmUol 9l elate] gtk Sof AWt Table 631 2ok ¥x o] MA TS S| 7R 2o B3]
Az zrt 2o A U3, 712 HH A E 39.5~19.0CEA SA8T 2~8C %o,
CHE AN 0 GEA A T V)28 38.5~22.5T 2 MM HE H3E Ryt 294
S FRA A FHa 38T A, S0 FHa 0CEA 3~8T Y HolE HYPon, thEA)
A GRAMNA LS HALT7F 31~32.5TEA B3} durd oz Bk 2xE= 2
Fol ALY Mg T2% 2022 A 15T oM E EFF A HAH 1, ArHe
2E20~35C B, @r1H o2 15~38C BN AR 4L FAlste Ao B g
A1 2 tH(Sinclair and Weisz, 1985; Rainbird et al., 1983).

Table 6. Seasonal changes of the soil environmental characteristics of 4 different K. striata populations

Jul. Aug. Sep. Oct.
Items
17 31 15 28 1 25 9 26
Sunny  Air temp.(TC) 32.0 39.5 32.0 33.3 30.3 21.5 23.0 19.0
Soil temp. () 29.5 38.0 29.0 28.0 26.0 22.5 17.0 12.0
W.C.(%) 22 13 20 13 23 24 14 16
pH 7.3 6.8 6.9 6.7 6.5 6.8 7.1 7.1
NH,*(ppm) 11.5 25.0 7.5 6.9 3.9 17.9 5.6 54
PO~ (ppm) 1.3 2.5 1.1 1.3 1.2 1.9 2.5 L6
Shade  Air temp.(C) 30.0 34.0 28.5 28.0 24.0 20.5 22.0 22.0
Soil temp. () 27.0 30.0 27.0 26.0 24.0 21.0 15.0 9.0
W.C.(%) 21 23 27 17 31 30 16 17
pH 5.3 4.4 5.3 4.9 4.8 5.4 4.2 4.4
NH,*(ppm) 1.3 33.2 19.7 5.1 4.0 2.7 2.4 1.5
PO, (ppm) 5.7 114 6.9 2.8 3.7 3.5 5.9 3.8
Jul. Aug. Sep. Oct.
Items
13 28 10 24 10 21 5 19
Lower Air temp.(C) 32.0 38.5 28.5 32.0 26.5 27.0 22.5 25.0
Soil temp. (C) 27.0 31.0 28.5 30.0 25.0 22.0 18.5 13.0
W.C.(%) 10 23 15 17 21 16 13 9
pH 6.0 6.1 6.2 6.4 6.2 5.2 6.5 7.0
NH,* (ppm) 8.8 12.3 16.4 22.7 2.5 19.9 4.9 5.3
POy~ (ppm) 9.4 5.0 4.7 4.3 3.1 3.5 3.0 2.4
Upper Air temp.(C) 32.0 38.5 28.5 34.0 26.5 27.5 22.5 25.0
Soil temp. () 29.0 32.5 28.5 29.0 25.0 25.0 20.0 14.0
W.C.(%) 9 22 14 15 18 14 11 8
pH 6.2 6.3 6.2 6.3 6.9 6.4 6.6 7.0
NH,*(ppm) 14.9 18.4 18.6 15.1 7.7 4.9 11.4 8.6

PO, (ppm) 6.4 7.4 5.5 4.9 4.7 5.4 4.1 4.7
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Eke gHd FAMAN AN 13~24%2A FAMNAFS 16~31%) vld) BT 3~7%
SQkal, AFA ERRo] cHEA| AT A9 TEIINA T v o B golen, B3
AzA 7N FAH LR BTl 2o ofst JFo] & Ao g, EFPE] 4y
2 FHAA B A= AR Ahng g disl 1A At e Rez &
# X1 Qlvh(Patterson et al., 1977). £%9] pHe I o)A 6.5~7.39 42 9tA &AM
T 4.2~5.49 el n, ER B GEAMNA TS 212} 5.2~7.0 @ 6.2~7.09] 4 E U0
T E%e] pHe 2l & ] Ao d8g 71 Pejo A EFF F33 2/59 g4 2 A4
Ao sl o3 TS F= Ao s A AT ArH(Fageria ef al., 1989).

Ede dryolstas dxlet X9 A A zhzt 3.9~25.0ppm$ 1.3~33.2 ppm <]
HIPH A5 BY T, X9 &= 2 A2l e 2.5~22.7ppm 4.9~18.6 ppme] H ]9
A Fr AR AskE Bk Qlate] @2 g9} 1.1~2.5ppmol] W) Sx9] 2.8~11.4ppmE
2~4nf o] F2 $FE BT, A 2 GEXIRAZME 247t 2.4~9.4ppmF 4.1~7.4
ppme] HHZA FAISAT o8 Ede] TrIH TS A Eoko) nldte o) & e Hol
Ao B3] dAnAdgde gdrvote] AS ImMeolstdA 2XxE Aoz AT 9}
(Grove and Malajezuk, 1987).
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st Pl G334k A el A s v EZ (Kummerowia striata) ) WA 70 i A
B 540 wet IAALuA G AHY HelE FFgFow 2Ystn, SR 4A

Ao oA 9@ A A ol tha) AS el g ey 25
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=X L X 2] AlA ol thal 2h2t 148, 132, 102 2 100 M C,H, - g fw nodule™! - hr™'$3 1,
J57105 AEA AS5dud W, &%, B9 pH, 349 ¢ 221 5 A2 8748
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s A, FA B R A QA ol A ZhzE 1,85, 0.97 2 0.56g fw-plantTi¥ o, JE4
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