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Abstract: To investigate the effects of 12 essential mineral elements (including N, P, K, Ca, Mg, S,
Fe, Mn, Cu, Zn, B, Mo) on the growth and physiological indexes of Dendrobium officinale Kimura et
Migo, three-month-old tissue culture seedlings of D. officinale were taken as the materials, different
treatments namely the control with total nutrition ( CK), single element deficiency treatment, and
deficiency recovery treatment were set based on MS medium, and the variations of phenotypic
characteristics and physiology of D. officinale under each treatment condition were analyzed. The results
show that the tissue culture seedlings of D. officinale in the N, P, Ca, Cu, and Zn deficiency treatment
groups exhibit evident symptoms of element deficiency, and the growth status of the whole plant as well as
the anatomical structures of the leaves and pseudobulbs are affected; except for Zn, the symptoms of
deficiency in the other elements show obvious improvement after the recovery treatment. The pseudobulb
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length in the N, K, Ca, S, and Zn deficiency treatment groups, as well as the leaf number in the N and
Ca deficiency treatment groups, are evidently inhibited. Except for P, the chlorophyll contents in the
leaves of the other elements deficiency treatment groups obviously decrease, and the contents of
chlorophyll @ and chlorophyll & in the leaves of most deficiency recovery treatment groups extremely
significantly ( P <0.01) or significantly ( P <0.05) increase compared with the element deficiency
treatment groups; the ratio of chlorophyll @ content to chlorophyll b content in the Fe deficiency treatment
group obviously decreases, and is close to CK after the recovery treatment. Except for Fe, the superoxide
dismutase ( SOD) activities in the leaves of the other microelement deficiency treatment groups are
obviously inhibited, while the SOD activities in the macroelement deficiency treatment groups increase to
different degrees; the peroxidase ( POD) activity in the P deficiency treatment group obviously
decreases, while the POD activities in the N, Mg, S, Mn, Zn, and Cu deficiency treatment groups
obviously increase, and except for Mn, the POD activities in the other elements deficiency recovery
treatment groups all increase. N and P deficiency can greatly increase the soluble sugar content in leaves,
while N, Mn, and Cu deficiency can greatly increase the soluble protein content in leaves. The
polysaccharide contents in pseudobulbs of N and Cu deficiency treatment groups are greatly higher than
that in CK, and the polysaccharide contents in pseudobulbs of Ca and Mo deficiency recovery treatment
groups extremely significantly increase compared with the element deficiency treatment groups; the total
flavonoids content in pseudobulbs of Mg deficiency treatment group is greatly higher than that in CK. In
conclusion, when ensuring the normal growth of D. officinale, the polysaccharide content in pseudobulbs
of D. officinale can be increased through the deficiency recovery of Ca and Mo; the total flavonoids
content in pseudobulbs of D. officinale can be increased through appropriate Mg deficiency treatment.

Key words: Dendrobium officinale Kimura et Migo; element deficiency; pseudobulb; polysaccharide;
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Fig. 1 Effects of element deficiency and deficiency recovery on morphological characteristics of each part of tissue culture seedlings of
Dendrobium officinale Kimura et Migo
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Fig. 2 Effects of elements deficiency and deficiency recovery on pseudobulb length and leaf number of tissue culture seedlings of
Dendrobium officinale Kimura et Migo
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Supplementary table 1 Nutrient solution formula for the control with total nutrition ( CK) and element deficiency treatments of Dendrobium
officinale Kimura et Migo

E}fiﬁfﬁ ﬁ%ﬁ%dﬁfg/( mmol « L7} ) Macroelement concentration
tdri;‘;:rfty NH,Cl NaNO, KNO,  CaCl, - 2H,0  MgS0, - 7H,0 KH,PO, KClI  MgCl, - 6H,0 NaH,PO, - 2H,0 (NH,),SO0,
CK 2061 20.61  18.80 2.99 1.50 1.25
N 2.99 1.50 125 18.80
P 20.61  20.61  18.80 2.99 1.50 1.25
K 20.61  39.41 2.99 1.50 1.25
Ca 20.61 20.61  18.80 1.50 1.25
Mg 17.61  20.61  18.80 2.99 1.25 1.50
S 20.61  20.61  18.80 2.99 1.25 1.50
Fe 2061  20.61  18.80 2.99 1.50 1.25
Mn 20.61 20.61  18.80 2.99 1.50 1.25
Cu 2061  20.61  18.80 2.99 1.50 1.25
In 20.61  20.61  18.80 2.99 1.50 1.25
B 2061 20.61  18.80 2.99 1.50 1.25
Mo 20.61  20.61  18.80 2.99 1.50 1.25
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4iKt®X 1 Supplementary table 1 ( Continued)

B b A

Element

deficiency

W ICR MR/ (ol + L71)

Microelement concentration

{reatment FeSO, - 7H,0 Na, -EDTA H;BO; MnSO, - H,0 ZnSO, - 7H,0 CuSO, - 5H,0  MoO, KI CoCl, - 6H,0
CK 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
N 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
P 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
K 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Ca 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Mg 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
S 100.00 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Fe 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Mn 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Cu 100.00 100.00 100.00 100.00 30.00 1.18 5.00 0.10
Zn 100.00 100.00 100.00 100.00 0.10 1.18 5.00 0.10
B 100.00 100.00 100.00 30.00 0.10 1.18 5.00 0.10
Mo 100.00 100.00 100.00 100.00 30.00 0.10 5.00 0.10
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