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Effects of different calcium supply levels on growth, mineral element ab-
sorption and related physiological and biochemical characteristics of Ro-

sa roxburghii seedlings
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Abstract: [Objectivel Rosa roxburghii Tratt. is widely cultivated in Karst areas of Guizhou, where cal-
cium contents in soil are very high and varied. So far, the calcium requirement characteristics, adaptabil-
ity to low or high calcium levels, and the effects of calcium deficiency or excessive calcium supply on
growth, mineral element absorption and related physiology of R. roxburghii have been unclear. To ex-
plore the effects of different calcium levels on the growth, mineral element absorption and related physi-
ological and biochemical characteristics of R. roxburghii seedlings, the experiment was undertaken,
which was beneficial to not only understanding the calcium requirement characteristics, but also reveal-
ing adaptability and physiological and biochemical mechanism of R. roxburghii seedlings in calcium-de-
ficient or calcium-excessive environments. Furthermore, this research can provide physiological basis
for nutrient management and help to develop regulation practices for the cultivation of R. roxburghii in

Karst areas. [Methods] In this research, the seedlings of R. roxburghii Tratt. Guinong 5 were treated
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with different calcium supply levels by substrate situation method. Six different calcium supply levels
(0, 50, 100, 150, 200 and 250 mg - L") were applied in this experiment. The growth indexes, the root
morphological indexes and root activity, the content of mineral elements in whole plants, the activities
of NR, GS, APase, SOD, CAT, POD and the content of MDA in leaves and roots were determined. The
correlation between different calcium supply levels and the above indexes were analyzed, and the subor-
dinate function values of the above indexes were calculated. [Results] The results showed that the R.
roxburghii seedlings treated with 50 mg- L' calcium supply level performed the best as compared with
other treatments, with the biggest plant height and base diameter, the greatest biomass of whole plant,
shoot and root, and the largest total root length, total root surface area, total root volume, root average
diameter and total root tip number. The concentrations of N, P, K, Fe, Cu, Zn and B of seedlings treated
with 50 mg- L' calcium supply level were the highest, and the contents of Mg and Mn of seedlings treat-
ed with 100 mg- L' calcium supply level were the largest. The activities of NR, GS, SOD, CAT, POD in
leaves and roots of seedlings all were inhibited when the supplying level of calcium was lower or more
than 50 mg- L', but the APase activity, MDA content and root/shoot ratio increased. Different calcium
supply levels showed quadratic nonlinear regression relationship, significant or extremely significant
higher than the indexes. There was an extremely significant and positive correlation between the Ca con-
tent in R. roxburghii seedlings and calcium supply levels. In addition, the plant height, the base diame-
ter, the biomass and the root morphology indexes in R. roxburghii seedlings under these treatments with
calcium supply levels higher than 100 mg-L" were all lower than those under the treatment without sup-
ply calcium. The subordinate function comprehensive analysis showed that at the 50 mg - L' calcium
supply level, the subordinate function values and comprehensive ranking of the growth indexes, the root
morphology, the mineral element content, the nutrient absorption related physiological and biochemical
indexes and the physiological and biochemical indexes related to stress resistance of R. roxburghii seed-
lings were the biggest. [Conclusion] R. roxburghii had the characteristics of excessive absorption to cal-
cium, but the quantity demand of calcium was not high. Under this experiment conditions, the calcium
supply level of 50 mg- L' was the most beneficial to the growth and mineral element absorption by R.
roxburghii seedlings. The growth was inhibited significantly when these calcium supply levels were
more than 100 mg- L. The mineral element absorption except Ca® of R. roxburghii seedlings was inhib-
ited after it absorbed too much Ca*". R. roxburghii seedlings had an adaptability to low calcium stress or
high calcium stress, but this adaptability was not very strong. The tolerance of R. roxburghii seedlings
to high calcium stress could be realized by the change of biomass allocation. The decrease of shoot
growth and the increase of root/shoot ratio were important strategies for R. roxburghii to adapt high cal-
cium stress. In conclusion, the results of this study could provide a scientific basis for nutrient manage-
ment and regulation of R. roxburghii cultivation on high calcium soil in Karst area.
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Table 1 The plant height, base diameter, biomass and root-shoot ratio of R. roxburghii seedlings

under different calcium supply levels

P KT Z3c Az

ficf J5i 55 2E ) & Fresh weight biomass/(g-plant™) FHE

Ca supply levels/(mg-L")  Plant height/cm Base diameter/mm  #§f Plant Hb I3 Shoot i & Root Root-shoot ratio
0 24.33+0.32 b 3.3240.22 b 13.91+0.46 b 6.50+0.31 b 7.41+0.21 b 1.14+0.04 be
50 29.40+1.32 a 3.82+0.16 a 16.39+0.24 a 8.04+0.39 a 8.35£0.39 a 1.04+0.09 d
100 17.63£0.49 ¢ 2.86+0.08 ¢ 11.48+0.32 ¢ 5.56+0.11 ¢ 5.9240.25 ¢ 1.07+0.04 cd
150 16.00+0.75 d 2.76+0.09 cd 10.96+0.14 d 5.27+0.07 ¢ 5.69+0.08 ¢ 1.08+0.01 cd
200 11.53+£0.64 ¢ 2.64+0.08 d 9.39+0.12 ¢ 4.34+0.14 d 5.05+0.02 d 1.17+0.04 b
250 10.47£0.32 ¢ 2.26+0.09 e 7.38+0.06 3.28+0.02 ¢ 4.10+0.07 e 1.25+0.03 a

W AEFE —HIR A FE NG FRERIR 0.05 SE Z 5K T

Note: Different normal letters in same column mean significant difference at 0.05 level. The same below.
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Table 2 Root morphological characteristics of R. roxburghii seedlings under different calcium supply levels

PLEG K RS R SR T AR HR AR SR RIF B SRREL
Ca supply Root total Root total surface Root total Root average Total root tip
levels/(mg-L™") length/cm area/cm’ volume/cm’ diameter/mm amount/(N - plant™)
0 1611.19+68.89 b 283.24+6.67 b 4.53+0.05 b 0.674+0.01 ab 1 185.67+£71.67 b
50 1813.42+79.54 a 350.09+10.89 a 5.64+0.19 a 0.71+0.02 a 1354.00+£98.38 a
100 1412.79+37.16 ¢ 264.77+4.26 be 4.2340.07 be 0.62+0.05 be 1 031.33£130.62 be
150 1359.25+42.24 ¢ 257.71+4.60 ¢ 4.01+0.28 ¢ 0.60+0.03 ¢ 998.33+57.74 cd
200 1236.48+67.29 d 247.35+14.09 ¢ 3.99+0.34 ¢ 0.59+0.03 ¢ 982.33497.70 cd
250 1099.03+73.63 ¢ 206.87+17.28 d 3.12+0.25d 0.52+0.03 d 834.00+79.22 d
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Table 3 Macroelement content and medium element content of R. roxburghii seedlings under different calcium supply levels

LA K S wCK BTG H) Macroelement content/% w(HE %) Medium element content/%
Ca supply levels/(mg L) N P K Ca Mg
0 1.82+0.02 ¢ 0.33+0.01 ¢ 2.10+0.03 b 1.52+0.05 f 0.31+0.01 ¢
50 2.02+0.09 a 0.44+0.01 a 2.29+0.05 a 1.61+0.01 e 0.37+0.03 b
100 1.91+0.04 b 0.37+0.02 b 1.89+0.01 ¢ 1.98+0.02 d 0.44+0.01 a
150 1.73+0.05 cd 0.29+0.01 d 1.76+0.01 d 2.07+0.04 ¢ 0.38+0.02 b
200 1.66+0.01 d 0.25+0.01 ¢ 1.65+0.02 ¢ 2.19+0.04 b 0.33+0.02 ¢
250 1.52+0.03 ¢ 0.19+0.02 £ 1.58+0.04 f 2.32+0.06 a 0.29+0.02 ¢
x4 TRFEEKFETRHREPRETLZNSE
Table 4 Microelement content of R. roxburghii seedlings under different calcium supply levels
LA K S w( i £ 76 & )Microelement content/(mg-kg™")
Casupply levels/(mg-L")  pe Mn Cu 7n B
0 284.7449.04 b 150.58+9.18 d 12.36+0.89 b 26.32+1.15b 76.83+3.50 b
50 305.00+£9.40 a 185.09+£12.80 ¢ 14.2940.93 a 31.38+1.48a 86.74+0.79 a
100 281.65+11.73 b 219.45£10.59 a 11.03+0.50 ¢ 24.20+1.24 ¢ 74.52+3.01 b
150 270.05+6.33 be 207.4443.78 ab 10.14+0.57 cd 22.50+0.52 ¢ 56.87+1.23 ¢
200 256.05+£3.14 ¢ 189.68+11.17 be 9.13+0.42 de 17.93+0.44 d 51.14+7.76 ¢
250 209.76+£16.20 d 139.14£15.00 d 8.43+0.64 ¢ 15.19+0.77 e 40.96+5.04 d
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Table S The activity of NR, GS and APase in leaves and roots, and the root vitality of R. roxburghii seedlings

under different calcium supply levels

HEAE 7K TR AL JER B 1 A E M A R TR ML R S 1 REAEH
Ca supply NR activity/(pg- g'-min™") GS activity/(U-g"-h") APase activity/(pg-g"'-min™) Root vitality/
levels/(mg L") 1} Leaf H Root I Leaf & Root I Leaf K Root (mg-g"'-h")
0 0.32+0.03 be 0.51+0.01 b 1.02+0.04 b 0.44+0.04 d 8.57+0.29 d 2.16+0.08 e 0.27+0.03 b
50 0.44+0.02 a 0.66+0.03 a 1.91+£0.07 a 0.88+0.02 a 6.87+0.50 ¢ 1.62+0.02 0.34+0.02 a
100 0.35+£0.01 b 0.53+0.02 b 1.09+0.09 b 0.63+0.02 b 8.75+0.66 d 2.44+0.15d 0.28+0.03 b
150 0.29+0.02 ¢ 0.48+0.01 ¢ 0.71+0.03 ¢ 0.56+0.03 ¢ 9.15+0.86 ¢ 2.95+0.05 ¢ 0.25+0.01 be
200 0.21+0.01d 0.38+0.01d 0.68+0.06 ¢ 0.43+0.02 d 10.09+0.67 b 3.94+0.06 b 0.22+0.04 ¢
250 0.16+0.03 ¢ 0.27+0.02 ¢ 0.49+0.02 d 0.33+0.03 ¢ 11.43+0.39 a 5.76+0.22 a 0.16+0.00 d
232 fetAedkF SOD.CAT.POD it & MDA & Az BEAC AN S 0] v 45 ol a6 0 25 2 0 7 S A K
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Different lowercase letters show that the significant difference at 0.05 level of SOD, CAT, POD activity and MDA content in leaves and roots of

R. roxburghii seedlings.
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Fig. 2 The activity of SOD, CAT, POD and MDA content in leaves and roots of R. roxburghii seedlings

under different calcium supply levels

- (p<<0.01) , P B BEES 7K P i v AN 2 40 il il A
A, M HASBUER RIS . R, 5K TS
B A FAR R TE AT AR A 5% R BN DGk
EERETRRH Z 51, B 3 BoR, K- F s
AR U B AH D% R B, A DG RR B S v , IR P SR
T R T A AR RIAF 26 2R 25 L oAt 8 A /D , A S AR
JE ST -

242 LSy RakaEwesmii KT EK
5N.P.K.Mg.Fe.Mn.Cu.Zn M B L& & B 5
LR — o0 IR MEREK R, S Ca 2

TEARDC, AH G R E A BN 3 22 /K F (B 3D, i B
AN A KT v A 2 AR AL P P R Ca o R
PAAM P HABH G R S '

243 LHikpdilkAa X ARG M AN 5K
S I 5 R P NR LGS T PRI 2R 13 24
MR — o ZIRAE R ME RN H OC R L 1T 5 APase il PER
BUA B A AR 7 — 0 R AR M R % R, ML &R
B3y ik B B KPR KT (B 3) . BB
AN A5 R AL 7K S Jok v 2 LR R B FOAR Y NR
GS FR &7 77, 5% APase [ITE £



1898

E S B S 4

5539 %

P LGP SARREE Efn
Physiological indexes
related to nutrient absorption

P PEAR DGR B4R b
Physiological indexes
related to stress resistant

A K KR R A b TR HE S =
Growth and root Mineral element
morphological indexes content
P AiE
Plant height N content
R B i 055
Base diameter P content :
R Y= iy
Plant biomass K content
M AR B o
Shoot biomass Ca content
HREMR BT R -
Root biomass Mg content
et bt B
Root-shoot ratio Fe content
R A A i
Root total length Mn content
v

0,68 MR s <
Root total surface area Cu content

0.697 ML AER BEE R
Root total volume Zn content
HRF~1 35 B4R Wi
Root average diameter B content

<

AR

Total root tip amount

v

<

T F) i 23 JER IV . T F) s A B A B
NR activity in leaf SOD activity in leaf
I PR A U A R 12 . I ) e S P S 1
GS activity in leaf CATin activity leaf
TP R P Tl I T I A B
APase activity in leaf POD activity in leaf
R BRI R I 5 Il U T R P B
NR activity in root MDA activity content in leaf
R B 5 B i R S A B A i i 1
GS activity in root SOD activity in root
AR T R M T R T 11 AR A S R
APase activity in root CAT activity in root
RAT 1 R B T S iV 1
Root vitality POD activity in root
. AR A i
MDA content in root
<

P rp B R e s A D T S 2, 6 R B A AR 7 R 3 B R RIA BB 2 (p<0.05) FIH R 2 (p<0.01D /KT,

The darker the color in the picture respectively were more significant of the correlation. The upper right corner of the correlation coefficient is

marked with “*” and “**” respectively were significant (»<<0.05) and extremely significant (p<<0.01) correlation respectively.
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Fig.3 The correlation heat map between calcium supply levels and growth, mineral element content and related

physiological and biochemical indexes of R. roxburghii seedlings
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Table 6 The subordinate function values of the growth, mineral element content and related physiological and biochemical

indexes of R. roxburghii seedlings under different calcium supply levels
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250 0.08 0.10 0.29 0.25 0.18 6
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