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Calcium-tolerance type and adaptability to high-calcium habitats of Rosa roxburghii
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Abstract

Aims  Rosa roxburghii is a special economic tree species native to southwest China, and it has been taken as a key
fruit tree in karst mountainous areas of Guizhou Province. However, it is unclear whether R. roxburghii can adapt to
high-calcium habitats in the karst areas. To provide scientific evidence for determining the potential planting sites of R.
roxburghii, the calcium-tolerance type and adaptability to high-calcium habitats of R. roxburghii were needed to be
clarified.

Methods In this study, different organs from 50 R. roxburghii individuals and different calcareous soils where R.
roxburghii grew were sampled in karst areas of Guizhou. The pH, exchangeable calcium and magnesium contents in the
soil, total calcium and calcium oxalate contents in the plant organs, and calcium and magnesium contents in the leaves
were determined, and the proportion of calcium oxalate in different organs to total calcium content was calculated.
Then, the correlations between the exchangeable calcium and magnesium content in the soil with total calcium in
different organs, and calcium and magnesium content in the leaves were analyzed. In addition, the distribution of
calcium oxalate crystals in different organs as well as on the leaf surface was observed in samples collected from
low-calcium and high-calcium habitats.

Important findings The soil at R. roxburghii sites in karst areas had a high pH, and the content of exchangeable
calcium and magnesium was abundant and varies greatly. In different calcareous habitats, the total calcium content in
different organs of R. roxburghii was significantly and positively correlated with the exchangeable calcium content in
the soil. Similarly, the contents of total calcium and magnesium in the leaves were correlated with those in the soil. The
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branches and leaves were the organs that accumulated the most calcium, whereas the calcium enrichment in the roots
and fruit were relatively low. The total calcium and magnesium contents of all the sample leaves ranged from 1.71% to
2.73%, among which, the proportions of calcium oxalate in branches and leaves were 55.81% and 52.76% of the total
calcium, respectively; while only 29.34% and 34.30% were in roots and fruit. In samples from a high-calcium habitats,
calcium oxalate prismatic crystals were abundant in the branches, leaves, and around stomatal pores, while few needle
crystals were observed in the fruits. However, in samples from a low-calcium environment, no calcium oxalate crystals
were observed in the roots, fruit, and leaf stomatal pores. In this study, we clarified that the R. roxburghii is an
intermediate type of calcium-tolerance, which has strong adaptability to different calcium habitats in karst areas. The
physiological characteristics of storing abundant calcium oxalate crystals in branches and leaves, and excreting calcium
through leaf stomata play important roles in reducing the calcium concentration in R. roxburghii tissues and alleviating
damages from high-calcium stress. The results of this study provide important guidance for the determination of

suitable planting sites for R. roxburghii in karst areas.
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BRI AHA T o TR B T A 2R TR SRR T 4
AR SRR IE REALAR, R R AL PR X e B B
a5 =

124, A IR BN AN [R5 AR 1 A 3 S e LR
1o (HUDVERIRE LRI, B 2 B I ) B A 4
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LR . B B A W 22 S 10 B A B AR
Je e EURE 5, S S A BORE A i v 50
Ao HULFER, SPEURE SR A I B AR AR G 4
FORMBEHTMEL . 103k,
12 TIERIEREHE
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K&, 2017), SHIGE B R IEREA AT IR ME . S B
PG BEERERANK.
142 BFERFUR, . M. RIPHPRESEHM
MEFESENE
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338 v 58 i 1k A S [ 7E 406.41-9 425.98 mg-kg ™
2 I8, SPHI{E N3 839.36 mg-kg™, kiSRG
Fil £ 23.04-1 354.48 mg-kg ™2 ], ~F1914 J315.01
mg-kg?, TR HMEAS . BT A BN
60.59%. 97.80%. X4 [E 5 — Y 45 A0t 1 4%
NS . BEE R RARFR (BRSNS, 2013; #E
JE &%, 2018), A FUHURE LR AC AT . BE
2K R B R VS R A, U SR v R
X 5 A T AL ST b - S pH AN AT . BE S B R A,
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22 BEHFHMXFERUIEREPLEHNEE
5%

W5 45 TR W 5O HURE £ 1) BT A= fi LA Fn
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Tablel Characteristicsof pH, exchangeable calcium and magnesium content of wild Rosa roxburghii site soil in karst area (n = 50)

izt S FEAEYL FiEA Akt A BN
Index Classification Number (1) Range Percentage Mean Coefficient of variation (%)
(%)
pH i Acid (<5.5) 5 4.73-8.58 10.00 7.28 14.77
R Faintly acid (5.5-6.5) 7 14.00
i Neutral (6.5-7.5) 8 16.00
itk Alkaline (7.5-8.5) 29 48.00
HHTE Highly alkaine (>8.5) 1 2.00
RPN S = = Lack (<250) 0 406.41-9 425.98 0.00 3839.36 60.59
Exchangeable calcium e
content (mgkg‘l) & Suitable (250-1 000) 5 10.00
& High (1 000-2 000) 5 10.00
i Superfluous (>2 000) 40 80.00
LR = = Lack (<50) 4 23.04-1 354.48 8.00 315.01 97.80
Exchangeable magnesium
content (mgkg‘l) & Suitable (50-100) 8 16.00
& High (100-200) 13 26.00
i Superfluous (>200) 25 50.00
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25 HERRERAEREFHNERGSEMS
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FEAN RS AR AR AR B L R, R
, ERESNSREEL. SRTHIE. R R
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F2 WEHTRSBXEAERIZR. B o R RESE BIEHE . R RBU S ATRHE
Table2 Range, coefficient of variation and distribution characteristics of total calcium content in root, branch, leaf and fruit of wild Rosa roxburghii in karst

area

BE Ren | FEIE NG AR5 R S E B IR

Organ Range Mean Standard Coefficient of Sample number of total calcium content distribution ()
(9-kg™ (9-kg™ deviation variation (%) ” " "

<10g-kg 10-20 g-kg >20 g-kg

il Root 3.87-13.47 6.51° 2.25 34.64 45 5 0

1% Branch 11.01-24.96 19.92% 3.27 16.41 0 25 25

it Leaf 13.95-24.95 19.72% 2.96 15.01 0 28 22

S Fruit 3.21-11.50 6.19" 181 29.22 27 2 0

R B MHREARERS0, WELHEAR29. ARG FRRRAF S B2 7 2% @ < 0.05).
Sample number of root, branch and leaf is 50, and the sample number of fruit is 29. Different lowercase | ettersindicate significant difference among organs (p < 0.05).
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Fig. 1 Calcium and magnesium content in leaves of 50 wild Rosa roxburghii plantsin karst area (mean + SD).
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Fig. 2 Correlation between calcium and magnesium content
in leaf of wild Rosa roxburghii and exchangeable calcium and
magnesium content in soil in karst area (n = 50). **, p < 0.01.
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Fig. 3 Correlation between total calcium content in branches, leaves, fruits, and roots of wild Rosa roxburghii and exchangeable

calcium content in soil in karst area. *, p < 0.05; **, p < 0.01.
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3 AL XEFAERIZR . B b RSt RERE S RV R AN E SRS RN E ST
Table 3 Content range, coefficient of variation and percentage of calcium oxaate in total calcium in root, branch, leaf and fruit of wild Rosa roxburghii in

karst area

HHE FERAT B SETE P2 B A E S 4 L

Organ Content range of Content mean Standard Coefficient of Percentage of total
calcium oxalate (g-kg™) (9-kg™ deviation variation (%) calcium in organs (%)

& Root 0.35-5.64 1.91° 1.09 57.02 29.35°

F Branch 3.34-16.88 11.12° 2.82 25.39 55.81°

- Leaf 7.16-13.67 10.41% 164 15.73 52.76%

L Fruit 0.52-4.96 212° 1.01 4752 34.30°

Ry B RS0, RIFEARRE29, RE/NG FREFRRAF 3R H 0 % 7 23 (p < 0.05).
Sample number of root, branch and leaf is 50, and the sample number of fruit is 29. Different lowercase | ettersindicate significant difference among organs (p < 0.05).

Fed ARV A B v b B S e AT e R T A ) B R AN [ B8 B v 1 A R R R & B (P AR HE )
Table4 Exchangeable calcium content in soil, total calcium and calcium oxalate content in different organs of wild Rosa roxburghii plantsin different calcium

conditions (mean £ SD)

AR 2T WA R EE FRE &
Condition Exchangeable calcium Total calcium content (g-kg™) Calcium oxalate content (g-kg™)
content (mg-kg™) JES— =
i Leaf ¥ Branch  SZ Fruit  # Root i Lesf  #% Branch 82 Fruit @ Root

[t . A
High calcium 5938.12 + 185.04
(2 B
Low calcium 406.41 + 14.41

19.92 + 0.70" 20.90 + 0.10" 11.50 + 0.14* 10.07+0.13* 9.75+0.14* 10.10+0.14* 4.96+0.02" 2.34+0.03"

14.07+0.37° 12.03+0.08% 3.86+0.02° 564+0.13° 753+057° 570+0.23° 052+0.04% 1.91+0.06°

PP A 558 10 U0 5 b ) 1) 22 S5 S8 38 R 00 s SR FH e 38, TR B AR [) K5 3 s AN T 475 A 55 ) 22 53 8% (p < 0.01) 6
Significance of the difference between the two measurement indexes of calcium conditions was determined by ¢ test, different uppercase letters in the same

column indicate significant difference between calcium condition (» < 0.01).
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mg- Ko 10  5 A 35 B A ) BN [ 28 B A B T ) B R R AR SR A SR A, T LGP R B ERA B B B, R S
TR Med. C, RSP RRESE & . D, MAL P RA TR M. E, IALUGHEHEREHER A, F, SAIMNIEHIRES
Bedhe G-L, EHEATHNES, & R 406.41 mg-Kg AT A 55 H B A o RLAS (7] 248 B P R I T A1) S A R SR 5 . G,
MY P B . H, BRI rP BRRA M o |, RSCHGUERER Sk . J, WAL LR k. K, AL
TCERRESHERAR . L, fEM 3R AR ALR L T SRR A AR

Fig. 4 Observation results of calcium oxalate crystals grown in the organs of Rosa roxburghii and at the stomata margins of leaves
in two calcium conditions. A—F, Observation results of calcium oxalate crystals in different organs and leaves of R. roxburghii in high
calcium conditions with soil exchangeable calcium content of 5 938.12 mg-kg™. A, Calcium oxalate prism in leaf tissue. B, Calcium
oxalate prism in branch phloem. C, Calcium oxalate raphid in fruit tissue. D, Root tissue without calcium oxalate crystals. E, Calcium
oxalate deposits at the edge of the stomata. F, Calcium oxalate prism outside stomata. G-L, Observation results of calcium oxalate
crystals in different organs and leaves of R. roxburghii in low calcium conditions with soil exchangeable calcium content of 406.41
mg-kg™. G, Calcium oxalate prism in leaf tissue. H, Calcium oxalate prism in branch phloem. I, No calcium oxalate crystals were
observed in fruit tissue. J, Root tissue without calcium oxalate crystals. K, No calcium oxalate deposits were observed around the
stomata. L, No calcium oxalate crystals were observed around the stomata on the leaf surface.

M IR LA £ SEUEARSE T (White & Broadley, 2003;  FS2md (SR biE 4%, 2021), HlAL A 2L I N, BE
BEDEFIZET 75, 2019). SR1, WEATRRE YR RIS P R ACE AW S, I RURE AR AR
DL Py sUE N AR, o, B L E B ok (s A st T, 2022), 1% — R 2%
SEI L R AR B LR S A T B SRR RS AR A AR sE e A HE T RRAER .
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B5 PR AT AR A AEKAEPH 5.020 S & B NA32 mg-kg AR B P BT AR AL, AR A K
HREZ MBI R Y. A A KAEPH 8.24, A bE4S & 5246 631 mg-kg ™ IR A A 1 Hh 1 B AL AL

Fig. 5 Rosa roxburghii in two calcium conditions. Left: R. roxburghii grows on acidic low calcium yellow soil with pH 5.02 and
exchangeable calcium content of 432 mg-kg™, there were more acidic indicator ferns around the plant. Right: R. roxburghii growsin
alkaline cal careous soil with pH 8.24 and exchangeable calcium content up to 6 631 mg-kg™.
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