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Fig. 1 3 types of ferns (from left to right:C. interruptus (Willd. ) H. Ito. P. ensi formis Burm. and O. siliculosum (Desv. )

C. Chr.)
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Table 1 Species and content of root secreted organic acids of common ferns under 2 types of karst soil Unit:pg + mL™"
e & ) Hi R AR R [ PR R JES
Soil type Plant specie Oxalic axid Tartaric acid Malic acid Malonic Citric acid Total
Lime soil ~ C.interruptus (Willd.) H.Tto 14,7445, 22" 35,37413.40" 6.41+£1.39°  1.29740.37 - 57.81419.11°
P. ensiformis Burm. 15.16+3.90" 40.92412.05" 6.37+1.32° 1.4540. 29 1.84+0.21° 65.74+20.15"
O. siliculosum (Desv.) C.Chr.  13.9474,01" 35.18%13.31" 5.85%1.01° - 1.2240.23°  56.194-14.30"
Yellow soil C.interruptus (Willd. ) H. Ito 3.88+1.44° 12.01+4.21° 9.67+2.12" 3.114+0.45 5.78=+1.64" 34.45+10.04¢
P. ensi formis Burm. 3.91+1.10°  11.98+4.19¢ 11.66%2.27a — 5.347+1.44" 32,8949, 56
O. siliculosum (Desv.) C. Chr, 4,1441.96° 13.53£3.85° 12.0542.90" 3.0440.23 8.30+2.81" 41.064+11.03°

Note:different small letters in the same column indicate significant differences between different treatments at 0. 05 level.
2 AAEREMNKREEYRZFINBSDEZWME F KK

Table 2 F test of the effects of different factors on the secretion of organic acids in ferns roots

A% L A R R W@ FriE R JESTTy
Factors Oxalic axid Tartaric acid Malic acid Malonic Citric acid Total
Soil type 4219.84" "7 877.94" " 224.08" " " 5.03" 190.16" " © 151.02° " "
Plant specie 3.05 3.99" 3. 67 2.83 7.61"" 1.07
Soil type X Plant specie 7.04" 7.91° 1.69" 5.33" 0.91" 2.57"

Note: * means significantly correlate at P<C0. 05 level, * * means significantly correlate at P<C0. 01 level, " "~

relate at P<C0. 001 level.
RI 2HEBENSIEXBTELRLXEVEYENRBT RIS

Table 3 Biomass,nitrogen and phosphorus nutrients efficiency of common ferns under 2 types of karst soil

means extremely significantly cor-

. AR WMt/ WER Wit/
—_— TR e R TR e BT e 0 =
+ g Yy i (mg * plant ) (mg * plant )
; . Leaf dry matter Root dry matter Total dry matter . .
Soil type Plant specie ; ; : N absorption/ P absorption/
quality/g quality/g quality/g = -
(mg * plant ') (mg * plant™ )
Lime soil C. interruptus (Willd. ) H. Ito 0.9140. 26a 0.5240. 14a 1.4340. 44° 41,9448, 33" 4,6140. 85"
P. ensi formis Burm, 0.67+0. 19" 0.35+0. 10" 1.02+0.40° 34.25+6. 10" 3.2240, 62"
O. siliculosum (Desv.) C.Chr 0.36+0.08° 0.2040, 04° 0.56+0. 11" 33.78+6. 23" 3.1340.66"
Yellow soil  C.interruptus (Willd.) H. Ito 0.1640.06d 0.1140.05¢d 0.274+0.09" 30.36+5. 40" 2.59+0.41"
P. ensi formis Burm, 0.2470.10% 0.16+0.09% 0.40+0. 10" 31.07+4.11° 3.0440, 39"
O. siliculosum (Desv.) C.Chr 0.0840. 02" 0.06+0. 03" 0.14=+0.05° 22,6743, 89° 1.99+0. 30°
Note:different small letters in the same column indicate significant difference between different treatments at 0. 05 level.
x4 FTAEEMNRELEYEYENRBRFIRUEZ WA F KR8
Table 4 F test of the effects of different factors on biomass,nitrogen and phosphorus nutrient uptake of ferns
I = = o4 = . o N o
Factors Leaf dry Root dry Total dry N absorption P absorption
) matter quality matter quality matter quality sorp o
Soil type 86.30" " " 61.93° " 77.07" " 70.10° "7 30,73
Plant specie 13.02" 12.09" 12.71° 19.83" " 8.97"
Soil typeX Plant specie 24.04" 37.87" " 23.95" 26.38" 13.52"

Note: " means significantly correlate at P<C0. 05 level. * " means significantly correlate at P<C0. 01 level, " "~

relate at P<20. 001 level.
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Table 5§ Distribution and content characteristics of nitrogen and phosphorus nutrients of common ferns under 2 types of karst soil

ﬂiﬁﬁgﬁazwﬁwﬁﬁi mﬁ%ﬁﬁﬁ/ﬂT%ﬁﬁﬁa ”
%O%?i;% Pl:ﬁj%ztcie A(b?\%e‘ g%oul)ld U(ridlir.ggrour)ld A(br:)l\gf;e.ggrour)ld U(;:iir.ggrou;d i/%‘b%\?elg ?roNuéfl)
part N content/ part N content/ part P content/ part P content/ part N/P

(mg+g b (mg+g b (mg+g b (mg+g b

Lime soil  C.interruptus (Willd.) H. Tto 29.4745.12° 13.47+2.10 2.504+0. 22° 2.0940. 34 11.80+1. 64
P. ensi formis Burm. 23,8544, 90" 10. 441, 67 1.7940. 29" 1.432+0. 20" 13.3241.41
O. siliculosum (Desv.) C.Chr 23,4644, 43" 10.32+1. 83 1.6240.11" 1.5140. 33" 14.40+1.26
Yellow soil  C.interruprus (Willd. ) H. Tto 17.5944. 39" 12.7741.45 1.5240. 14" 1.0740. 22° 11.57+2.23
P. ensi formis Burm. 18.7544. 32" 12.324+1.23 1.7140.19" 1.334+0.21" 10.96+2. 10
O. siliculosum (Desv.) C.Chr 11.86+3.01°¢ 10.81+1.99 1.03+0.11°¢ 0.9640.19°¢ 11.51+2.55

Note:different small letters in the same column indicate significant difference between different treatments at 0. 05 level.

R6 FREFRMNFEEMEHRFTSDEEFERLME F 185K

Table 6 F test of the effects of different factors on distribution characteristics of nitrogen and phosphorus nutrients of ferns

b e s HF A i 743 B A Hu R S B s B N/P

Flﬂf . Above ground Under ground Above ground Under ground Above ground
actors part N content part N content part P content part P content part N/P
Soil type 129.51" "7 3.97 31.19" "7 30.75° "7 35.35° "7
Plant specie 16.71" " 27.82" " 16.44" " 3.977 5.85"
Soil type X Plant specie 25.17° " 13.68" 15.71°7 18.34" 17.57"

Note: * means significantly correlate at P<C0. 05 level, * * means significantly correlate at P<C0. 01 level, * * " means extremely significantly cor-

relate at P<C0. 001 level.
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Fig. 2 Available phosphorus in the rhizosphere and non-

rhizosphere of ferns under 2 types of karst soil
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Fig. 3 Hydrolyzed nitrogen in the rhizosphere and non- E*Hﬂéo

rhizosphere of ferns under 2 types of karst soil
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Table 7 Correlation between fern's nitrogen and phosphorus nutrient and soil nutrients under lime soil condition

B i U L S w1 L 1 W4

=1 =1 11 o1 s s
#am  moR aaer mek SR maw g LREBNCTHME AR
He ) Above Under Above Under [llg= g R /e AL
; Above Soil Soil Organic
Biomass ground ground ground ground P absor- N absor- . :
ground . . available hydrolyzed acids total
part P part P part N part N ption ption
part N/P P content N content amount
content content content content
Biomass 1
Above
ground part 0.938" 1
P content
Under
ground part 0.721 0.785 1
P content
Above
ground part 0.906 " 0.927" 0.910" 1
N content
Under
ground part 0.735 0.651 0.944"  0.954" " 1
N content
Above
ground part  —0.531 —0.947° —0.546  0.758 0. 685 1
N/P
P absorption 0.876" 0.901" 0.976""" 0.908"° 0.950" "  —0.714 1
N absorption 0.875" 0.899" 0.929" 0.931" 0.953" " 0.712 0.950" " 1
Isf"l available o g5a-+ o 970" " 0.643 0.805 0.768  —0.943" 0.961°°  0.899" 1
content
Soil hydro-
lyzed N con- 0. 885" 0. 859 0.358 0. 831 0.517  0.963"*  0.712  0.892°  0.945" 1
tent
Organic acids — gop o g0p* 0947 0.874°  0.918"  —0.733  0.941°  0.915°  0.976"°  0.902° 1

total amount

Note: * means significantly correlate at P<C0. 05 level, * * means significantly correlate at P<C0. 01 level, * * " means extremely significantly cor-

relate at P<C0. 001 level.
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Table 8 Correlation between fern’s nitrogen and phosphorus nutrient and soil nutrient under acid soil condition

BNl o 7 1 7 ) I

a0/ A 2 55 5
g wman  maw  mam ST g ga  BRAKC LRBE ASE
He ) Above Under Above Under I I kR S e
. Above Soil Soil Organic
Biomass ground ground ground ground P absor- N absor- . :
ground - . available hydrolyzed acids total
part P part P part N part N ption ption
part N/P P content N content amount
content content content content
Biomass 1
Above
ground part 0.863" 1
P content
Under
ground part 0.897" 0. 807 1
P content
Above
ground part 0.880" 0.877" 0. 834 1
N content
Under
ground part 0.513 0.628 0.562 0.929" 1
N content
Above
ground part —0. 341 —0. 145 —0. 358 0.558 0.212 1
N/P
P absorption 0,927 " 0.925" 0.952" " 0.893" 0. 789 —0.786 1
N absorption 0.908" 0.902" 0.779 0.955" " 0.956" " 0. 489 0.909" 1
Soil available x x x x . fag* x x »
P content 0.939 0.966 0. 809 0.632 0.245 —0.588 0.934 0.919 1
Soil hydro-
lyzed N con- 0.895" 0.718 0.713 0.852 0.173 0.956" " 0. 824 0. 567 0.512 1
tent
Organic acids ) g0 go7% 950" 0.902°  0.921° —0.710 0.948"*  0.878°  0.960" "  0.897" 1

total amount

Note: " means significantly correlate at P<C0. 05 level, "~
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Differences in Nitrogen and Phosphorus Nutrients Strategies of
Common Ferns under Different Karst Soil Types and Their Rela-
tionship with Soil Nutrient Supply

PANG Li',ZOU Qiongli' s WU Xia', LI Jiaxin' »ZHANG Minghao' ,ZHANG Hongxia’
(1. College of Agriculture, Anshun University, Anshun, Guizhou, 561000, China; 2. College of Chemistry and Chemical Engineer-
ing, Anshun University, Anshun, Guizhou,561000,China )

Abstract: Ferns are pioneer plants in karst ecosystems. It is of great significance for the restoration and recon-
struction of degraded ecosystems to study their adaptation strategies to barren karst soils. In this study, the
common fern plants,Cyclosorus interruptus (Willd. ) H. Ito, Pteris ensiformis Burm. and Onychium siliculo-
sum (Desv.) C. Chr. ,distributed on both zonal yellow soil and non-zonal calcareous soil in Guizhou Botanical
Garden,were used as test materials. The differences of nitrogen and phosphorus nutrient strategies of three
common ferns in two karst soil types and their relationship with soil nitrogen and phosphorus nutrient supply
were studied. The results showed that: D Tartaric acid,oxalic acid and malic acid were the main organic acids
secreted by the roots of ferns on calcareous soil, while tartaric acid, malic acid and citric acid were the main
organic acids secreted by the roots of ferns on yellow soil. The total amount of organic acids secreted by roots
on calcareous soil was much higher than that on yellow soil. @ Compared with the ferns growing on yellow
soil, the dry matter accumulation, nitrogen and phosphorus uptake of ferns on calcareous soil were higher,
which were 2. 7 times,30. 8% and 43. 8% higher than those on yellow soil, respectively. @ The average con-
tents of nitrogen and phosphorus in the aboveground part of ferns were higher than those in the underground
part under the two soil conditions. The N/P ratio of the aboveground part of ferns on calcareous soil was
13.17,and that on yellow soil was 11. 35. @ The nitrogen uptake of ferns under the two soil conditions was
significantly positively correlated with the soil available phosphorus content, indicating that the absorption
and utilization of soil nitrogen by ferns was limited by the content of available phosphorus in soil. In summa-
ry.there were significant differences in the utilization and distribution strategies of nitrogen and phosphorus
nutrients in ferns on the two soil types,and their effects on soil nutrient cycling were greater on calcareous
soil than on yellow soil.

Key words: karst areas;different soil types;the common ferns; N and P nutrient characteristics; nutrient adap-

tation strategies

CRERTLEIS S - $d

] MEAXRSKEREEEE
H BX R E{E 07712503923
BB #E : gxkxyxb@gxas. cn




