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Studies on the Photosynthesis of Korean Ginseng

I. Seasonal Changes in Photosynthetic

Ability of Youngaged Korean Ginseng
(Panax ginseng C. A Meyer)

Jo, J.S. and J. Y. Won*

ABSTRACT

This study was carried out to investigate the effect of seasonal changes on some of the morphological and

physiological characteristics, including the photosynthetic abilities and dark respiration, of young ginseng plants

due to planting location under shading. The results obtained are as follows:

1.

w
h

Seedlings and 2-year old plants planted in the back rows appeared to have broader leaf area, and their leaf
weight greatly increased in September. Chlorophyll content was significantly reduced in September rather
than in June and the plants in the back rows had more chlorophyll content than those in the front rows.

. There was no difference in the light compensation point between the front and back rows in June, while in

September the light compensation point of 2-year old ginseng leaves was much lower for plants in the back
rows compared with those in the front rows. A difference in the light saturation point was not noticeable
between plants in the front and back rows in June and September. But the light saturation point of 2-year
old ginseng leaves at 15°C was high in June, while it was high at 20°C high in September.

Maximum photosynthetic ability was attained at 15°C in June and at 20°C in September. During June no
significant difference in photosynthetic ability was found between plants in the front and back rows, but in
September the amount of photosynthesis was significantly increased at the leaves of seedlings as well as

2-year old plants planted in the back rows.

. The optimum temperature for maximum photosynthesis in 2-year old plants ranged from 14.0°C to 14.5°C

in June and from 19.5°C to 20.5°C in September. However, the optimum temperature for maximum pho-
tosynthesis in the seedlings was from 21.2°C to 21.6°C in September, but a significant difference in the
optimum temperature for the maximum photosynthesis in seedlings and 2-year old plants was not noticeable

between the front and back rows.

. The respiration rate was rather high in seedlings compared with 2-year old plants. During September the

respiration rate in seedlings was much lower in the back rows than in the front rows. The rate of increase in

the respiration of 2-year old plants was higher at September than June. The increase in respiration rate due to
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temperature was more significant in seedlings than 2-year old plants.

6. In September, the level of Qo in 2-year old plants was much lower than that found in seedlings. During

June, 2-year old plants showed lower Qjo levels at a temperature difference between 15°C and 25°C; but in

September this occurred at a temperature difference between 20°C and 30°C.
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Table 1. Seasonal changes in the stem diameter, the stem length, the stem angle to surface, and
the length and the width of the middle leaflet of seedlings and 2-year old ginseng plants

at two locations under shadings.

Location Seedlings 2-year old plants
. S.p.”» S.L.» S.A» L.L» LW S.D"» S.L» S.A» L.L® LW»
Season under shading "y 4y () (@) (@) @) (@ ) (@) ()
June Front row 1.4 6.3 101.9 3.7 2.1 1.9 31 5.0 2.8
Back row 1.5 6.4 98.0 3.6 2.2 2.2 2.0 49 30
Average 1L4* 64 1000 37 2.1 2.1% 26 5.0 2.9
Sept. Front row 1.3 6.2 1108 34 2.0 1.8 33 1326 5.4 2.7
Back row 1.4 6.9 88.7 4.0 2.1 1.6 39 101.7 5.8 29
Average 1.3 6.5 99.8 3.7 2.1 1.7 36 117.2 5.6* 2.8
Average of Front row 1.4 6.2 106.4* 35 2.0 1.9 32 132.6 5.2 2.8
Average of Back row 1.4* 6.7 934 38 2.2 1.9 3.0 101.7 5.4 3.0*

1) 8.D. : Stem Diameter

2) S.L. : Stem Length

3) S.A. : Stem Angle to surface
4) L.L.: Leaf Length

5) L.W.: Leaf Width
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Table 2. Seasonal changes in the area, fresh wight and dry weight of the palmate leaves and in the
specific leaf wight and ratio of dry weight to fresh weight of the palmate leaves of seed-
lings and 2 - year old ginseng plants at two locations under shadings.

2-year old plants

Location Seedlings
Season under shading L.A"” L.FWPLDWY»SLW® DW/” LA" LFW?»LDW»SLWY DW.”
(cd) (wg) (ng) (mg/cd) F.WS (o) (mg) (mg) (wg/cd) F.WS
June Front row 136 207.7 48.3 36 234 298 3697 102.7 3.5 278
Back row 149 2193 46.0 31 210 293 3723 99.3 34 26.7
Average 143 2135 472 33 22.2 295 3710 101.0 34 272
Sept. Front row 15.1 2357 597 4.0 254 278 4667 1423 51 305
Back row 16.3 2297 51.0 31 222 309 4860 150.0 49 31.1
Average 157 2327* 553* 36 238% 294  476.3%F 146.2** 50* 308*
Average of Front row 144  221.7 540%* 38* 244*™ 288 4182 1225 43 29.2
Average of Back row 156 2245 485 3.1 21.6 301 4292 124.7 41 289
1) L.A. : Leaf Area
2) L.F.W. : Leaf Fresh Weight
3) L.D.W. : Leaf Dry Weight
4) S.L.W. : Specific Leaf Weight

5) D.W./F.W. : Ratio of Dry Weight to Fresh Weight
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Table 3. Seasonal changes in the number and size of the stomata, the content of chlorophyll a and b
and the ratio of chlorophyll a to b in the leaves of seedlings and 2- year old ginseng plants
at two locations under shadings.

Location Seedlings 2-year old plants

Season under shading S.NP 8.S» Chl.a® Chl.b? Chl. S.NP 5.8 Chl.a®¥ Chl.b*> Chl.
ea/ud) (um) @/ %) (w/9) a/b? (a/uf) (um) @ ¥ @/ %) a’b

June Front row 339 292 1.8 L0 L7 406 25.6 18 11 1.8

Back row 349 217 2.0 L3 1.6 388 25.6 1.9 1.3 1.5

Average 344* 285 1.9*. 1.2 1.6** 397 25.6 1.8** 1.2* 1.6

Sept. Front row 330 480 0.8 0.7 1.1 382 386 09 0.7 1.3

Back row 29.0 38.6 09 1.2 08 425 433 0.8 0.8 1.0

Average 31.0 39.3%* 09 1.0 1.0 404 41.0* 09 0.8 1.2

Average of Front row 33.4 346 1.3 0.9 1.4 39.4 32.1 1.3 0.9 1.6
Average of Back row 320 331 1.4** 1.3* 1.2 40.7 34.5 1.4 1.1 1.2
1) S.N. : Stomata Number
2) 8.S. : Stomata Size

3) Chl. a : Chlorophyll a
4) Chl. b : Chlorophyll b
§) Chl. a/b: Ratio of Chlorophyll a to b

Table 4. Seasonal changes in the photosynthetic abilities of seedlings and the leaves of 2-year old
ginseng plants at two locations under shadings at different temperatures.

A Location Tempe Light intensity (lux)
ge of Se d
plant ason under raoture
shading (§o)] 0 250 500 1,000 2,000 4000 8000 10,000

Sept. Front row 15 —0834 —0.834 —-0607 —0.076 0303 0948 1138 1.404
20 ~-1197 -0898 —0.598 —0.188 0.225 0898 1907 1683

25 ~—1.506 —1469 -0.955 —0.258 0.147 0955 1616 2167

. 30 —1767 —1478 —1.478 —0865 —0.361 0397 0649 0829

Seedlings Back row 15 —0664 -0611 —0559 0080 0532 1.383 1.651 1835
20 —0865 —0839 —0472 0079 0500 1417 2442 2128

25 -—1134 -1108 —0.773 —0.182 0392 1468 1.984 2447

30 -1.414 —1.339 —1339 —0.709 —0.253 0658 0861 1338

June Front row 15 —0.501 -0.286 —-0.215 0.143 0358 1.288 1.574 1.645
20 -—0564 -0353 —0282 0071 0353 0917 1129 1341

25 —0.762 —0485 —0346 0069 0346 0832 1039 1.525

30 -1.020 —0680 —0408 —0.136 0.136 0.340 0340 0340

Back row 15 -0515 —0.295 —-0.221 0147 0368 1326 1694 1694

20 -—0.581 -0363 —0291 0073 0363 1017 1235 1453

25 -0.785 —0428 —0.357 007! 0357 0856 1070 1.498

2-year 30 -1.050 —-0630 —0420 —0.140 0.210 0280 0.280 0.280
old Sept. Front row 15 —0726 —0600 —0302 —0.150 0250 1101 1.602 1075
plants 20 -0889 —0.592 —0.445 —0.148 0231 1037 1950 1.950

25 —1188 —-0970 —0.656 —0.242 0.267 0629 1159 1.233
30 -1.159 =1143 —1.000 —0.547 —0.284 0213 0499 0.262
Back row 15 -0764 —0620 —0.248 0062 0620 1612 2143 1675
20 —0914 -0612 —0.306 —0.061 0489 1795 2669 2855
25 —1202 —1.902 —0.600 —0241 0561 1161 1942 2285
30 -1219 -—-1121 —-0.787 —0590 0.277 1179 1360 1041
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Table 5. The effect of seasonal and locational changes on the estimated light intensity reguired for
maximum photosynthesis, the maximum amount of photosynthesis and the light compensa-
tion point for photosynthesis in ginseng leaves at different temperatures.

T Light intensity Maximum Light ]
Awoof s Seon Lomion Tempraiwe e masimun | smountof - compansaton
: (ux) (ng CO,/100cdhr)  (lux)
Sept . Front row 15 7816 1.415 1581
20 8301 1.833 1655
25 8998 2.000 2047
30 7630 0919 3076
Seedlings Back row 15 7805 1.896 1135
20 8081 2.353 1186
25 8650 2.348 1530
30 8496 1.225 2734
June Front row 15 8076 1.702 895
20 8165 1.322 1128
25 8921 1.369 1383
30 6473 0.611 2097
Back row 15 8055 1.780 893
20 81N 1.434 1102
25 8672 1.376 1342
2 -year 30 6328 0.569 2112
old Sept . Front row 15 7055 1.533 1250
plants 20 9349 1.973 1436
25 7812 1.305 1926
30 6969 0.566 2992
Back row 15 7095 2.174 972
20 9163 2.840 1092
25 8829 2.188 1523
30 7138 1.462 1925
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Table 6. The effect of seasonal and locational changes on the relationships between the temperature
and the estimated light intensity required for maximum photosynthesis in the leaves of
seedlings and the leaves of 2-year old ginseng plants.

Temperature for

Location Re . . !
Age of plant Season under gression equation x;naxu::;:m_ pix_o—ht
. . 2 osynthesis lig
shading Equation R intensity (C)
seedlings Sept. Front row =—678.05+836.13X—18.53X* 0.7683 226
& Back row Y= 5026.60+246.34X~4.30X? 0.8845 28.6
2-year June Front row  Y=-2318.15+1060.59X—25.37X* 0.7644 209
old Back row Y=-177250+1013.40X—246X®> 08333 20.6
plants Sept . Front row  Y=-6296.75+137575X-31.37X* 0.7191 219
Back row =-—9706.75-+1687.45X—37.59X* 0.9848 22.4

Table T. The effect of seasonal and locational changes on the relationships between the temperature
and the estimated maximum photosynthesis in the leaves of seedlings and the leaves of 2-

year old ginseng plants.

Temperature re-

Location Regression equation . .
Age of plant  Season under § g:‘;xdp}{g: o’:yi’;;_
shading Equation R? sis )
. Sept. Front row Y=-—4984+06481X—00150X% 0.9289 21.6
seedlings Back row =—4.641+06706X—00158X?  0.9747 21.2
June Front row Y= 0.907 +0.1056X —~0.0038X* 0.8799 140
2‘{3‘”’ Back row  Y=0.761+0.1336 X~ 0.0046 X? 0.9318 145
olants Sept. Front row Y=—2655+0.4596X—0.0118X*  0.9485 195
Back row =-3.191+05706X —0.0139X® 09186 20.5
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Table 8. Seasonal and locational changes of the relationships between the temperature and the dack
respiration of the leaves of seedlings and 2-year old ginseng plants.

Location Regression equation Qo
Age of plant Season under

shading Equation R? 15°C 20°C
Seedlings Sept. Front row =—00726+0.062X 0.9946 1.806 1.476
Back row  Y=—01143+0.050X 0.9946 1708 1.635
June Front row Y=—00780+0035X 0.9402 1521 1.809
Back row Y= —00813+0036X 0.9413 1524  1.807
2 "yf;t‘s"d Sept. Front row Y= 02714+0032X 0.8647 1636 1.304
P Back row Y= 0.2803+0033X 0.9144 1573 1334
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