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[Abstract] Objective: To investigate the physiological response of Ginseng Radix et Rhizoma with
different phenotypes to high light stress under farmland cultivation mode, and to provide theoretical support for
breeding of and fine management of new varieties of farmland ginseng. Method: Four-year-old ginseng plants
with different stem colors were used as materials, and blue film was replaced by the colorless and translucent
film for performing high light stress and investigating the change of growth status, light response curve,
photosynthetic and fluorescence parameters of ginseng leaves. Meanwhile, the physiological adaptability and cell
ultrastructural differences of ginseng with different phenotypes for strong light were compared by analyzing the
variation of leaf ultrastructural characteristics before and after the stress. Result: The color of ginseng leaves
became weak and the content of chlorophyll was greatly decreased with burning phenomenon on the leaf margin

under high light stress. The maximum net photosynthetic rate and light saturation point of purple-stem ginseng
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were higher than those of green-stem ginseng. Transpiration rate, water use efficiency and other gas exchange
parameters of purple-stem ginseng had adversity advantages, photosynthetic electron transport rate, maximum
photochemical efficiency, photochemical quenching coefficient and other chlorophyll fluorescence parameters
were higher than those of green-stem ginseng. There were changes in ultrastructure of the two germplasms, and
the plasmolysis of green-stem ginseng was more obvious, its chloroplast membrane ruptured, the contents were
exuded and the accumulation of starch grains and osmiophilic bodies increased. The chloroplast membrane
structure of purple-stem germplasm was relatively stable, and its number of multivesicular bodies increased
significantly by comparing with that of green-stem ginseng under high light. Conclusion: High light stress
inhibits the leaf growth of farmland ginseng with different stem colors. The photosynthetic efficiency of green-
stem ginseng is obviously reduced, and the integrity of chloroplast is damaged, leading to the weak
physiological resistance. The purple-stem ginseng can reduce the damage of the photosynthetic system of plants

under high light stress by its special cell structure and non-photochemical quenching advantages. Therefore, the

purple-stem ginseng can be cultivated into a new resistant variety.
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Fig. 1 Experimental field for selection of ginseng germplasm
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Fig. 2 Leaf morphological characteristics of ginseng at different

stages of light stress
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ginseng
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Table 1 Gas exchange parameters of normal and experimental groups of purple-stem and green-stem ginseng

s 445 P /pmol-m’-s’ C/pmol-mol” E/wmol-m?+s’! G /mol-m™-s’ WUE/g kg VPD,_ /kPa

KZE R 1.115+0.207" 170.327+53.817° 0.000 19+0.000 07° 0.008 71+0.003 43* 6.338+1.593" 1.947+0.003*°
I -0.279+0.150° 456.971+£79.079° 0.000 11+0.000 03* 0.005 03+0.001 12° ~2.05+2.297° 1.985+0.033°

S =S O i 1.341£0.570° 191.956+70.423" 0.000 26+0.000 17° 0.012 27+0.008 13* 5.858+2.055" 1.899+0.033"
X5 -0.320+0.187° 435.670+18.241° 0.000 12+0.000 01* 0.005 76+0.000 35° ~1.45+0.555" 1.968+0.041"

b < I 51 MR SR ) 5 5 97 2 537 6 1 1 S (3R 2 )
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Table 2 Chlorophyll fluorescence parameters of normal and experimental groups of purple-stem and green-stem ginseng

b Jot 2 5] FJF, F/IF, ETR/pmol-m?-s™ [, qP NPQ
) Xif Fig 0.780+0.019° 0.341+0.129° 18.597+4.378" 0.147+0.035° 0.205+0.015° 1.979+0.317°
JENs 0.427+0.192° -0.986+0.501° 8.124+5.921° 0.064+0.047° 0.031+0.02° 2.779+1.523°
ETE S Xif Hig 0.743+0.025° 0.186+0.211° 15.248+0.862" 0.121+0.007° 0.191+0.046° 2.147+0.667°
g 0.408+0.116" -1.270+0.329° 7.86%0.466" 0.062+0.004° 0.028+0.021° 2.863+0.253"
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Table 3  Correlation analysis of gas exchange parameters of

purple-stem and green-stem ginseng

T 25 %g;?ﬁ P, E C, G, VPD,, WUE
K2 WP, 1.000
E 0.989  1.000
C, 0.999"” 0.994  1.000
G, 0.989  1.000% 0.994  1.000
VPD,,, 0.304 0.443 0341 0.439 1.000
WUE  -0.999"-0.995 -1.000" —-0.996 —0.354 1.000
g P, 1.000
0.062  1.000
-0.798 -0.651  1.000
. 0.056  1.000%-0.646  1.000
VPD,,, 0.969 0307 -0.922 0.301 1.000
WUE  0.799 0.649 -1.000" 0.645 0.923 1.000
ZREE WM P 1.000
0.716  1.000
' 0.011  0.706  1.000
. 0.703  1.000"” 0.719  1.000
VPD,_,, 0.879 0.297 -0.466 0.280 1.000
WUE  -0.063 -0.742 -0.999" —0.754 0.419 1.000
e P 1.000

n

-0.992  1.000
0.850 -0.910  1.000

. -0.993  1.000”-0.907  1.000
VPD,, -0.450 0.560 -0.853  0.554 1.000
WUE -0.834 0.898 -1.000” 0.895 0.868 1.000

1 :VP<0.05,2P<0.01,
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