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Dynamics of tannin concentration and nutrient resorption for branchlets of

Casuarina equisetifolia plantations at different ages
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Abstract: Casuarina equisetifolia is characterised by high primary productivity in coastal sandy soils, which are generally
low in nutrient contents. High tannin production and nutrient resorption may be important strategies for C. equisetifolia in
coastal environments. Despite the widespread planting and known ecological and physiological properties of C. equisetifolia,
there is scant information about the nutrient resorption patterns and tannin concentrations for branchlets of C. equisetifolia
plantations during stand development. Since plant ecophysological traits are associated with ageing, tannin content and
nutrient resorption efficiency could change with stand development. Therefore, tannin level and nutrient resorption of C.
equisetifolia at different developmental phases (juvenile, mature and senescent) were examined to evaluate possible nutrient
conservation strategies under nutrient limitation in Huian County, Fujian Province. The results showed that total phenolics
(TP) contents, which were in the order juvenile stand > senescent stand > mature stand for senescent branchlets and
decreased from 218.52 to 180.49 mg/g during stand development for mature branchlets, decreased during branchlet
senescence in all stands. The extractable condensed tannin contents ( ECT) in mature and senescent branchlets of C.
equisetifolia were juvenile stand > senescent stand > mature stand. The ECT contents of C. equisetifolia increased during
branchlet senescence both in the mature and senescent stands but decreased in the juvenile stand. The protein-bound
condensed tannin ( PBCT) contents of branchlets increased during senescence in juvenile and mature stands and remained

the same in senescent stand. The fibre-bound condensed tannins ( FBCT) of branchlets increased during senescence in

EEWA  EEKARREEEEGTH (41201293, 41176092) ; E 5K« +— 0" BHE A5 H (2009BADB2B0302 ) ; & M0l Ry ma 77 LU FH A AR
S0 B R A A MR T SRR N TR R S e B E

Y #5 A #A:2013-05-28; f&iT A #A:2013-07-18

« WINEE Corresponding author.E-mail ; yegongfu@ 126.com

http ://www.ecologica.cn



6108 JAE = 3%

mature stand and did not change in juvenile and senescent stands. Total condensed tannin ( TCT) followed similar pattern as
ECT during stand development. Protein precipitation capacity (PPC) in mature and senescent branchlets were significantly
higher in juvenile stand than in mature and senescent stands. PPC decreased during branchlet senescence in the three
stands. Significant positive linear correlations were found between PPC and TP or TCT. Nitrogen ( N) concentrations both in
mature and senescent branchlets obviously increased during stand development. Phosphorus (P) concentrations in mature
branchlets were similar in juvenile and mature stands but lower in senescent stand. Phosphorus concentrations in senescent
branchlets of juvenile stand were significantly higher than those of mature and senescent stands. Nitrogen ; phosphorus ratios
(N :P ratios) of mature branchlets, were all above 20, also increased during stand development. Nitrogen resorption
efficiencies ( NRE ) in three stands were basically below 50%, the lowest in senescent stand. Phosphorus resorption
efficiencies (PRE) were above 70% with the highest in mature stand (78.08% ). There were significant negative
correlations between N and P concentrations in mature and senescent branchlets. Nitrogen resorption efficiency had a
particular strong relationship with the N :P ratios of branchlets. On the other hand, PRE was not significantly related to N :P
ratios of branchlets. There were significant correlations between TP or TCT and N or P concentrations in branchlets except
for the relationship between TCT and P concentrations in senescent branchlets. The above results indicated that the tannin
level, nutrient concentration and resorption were affected by stand age. C. equisetifolia could adjust their nutrient

conservation with stand development at intraspecific level.

Key Words: Casuarina equisetifolia ;tannin ; nutrient resorption ;stand development
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SRR ( Casuarina equisetifolia ) J& AR T 1 168 55 B A B XU VDA Rl A5 AF 98 26 B 89 SRR R B M R A B R BT A
RIS PR | 3 AT AR RIS N PR VO H A B BRAAE . T OC T AR B & B A R B i R sh AR b, DL R SR A
TR S MRS AR SV AR AT i R LR . 3T UL, AR 9T B FEHR I AS IR MO S A AR B TR B 7 0 N P PRI A3k 3%
A, NTTHE 7R AR BRI K 1 T 8 IR R A SR, D16 J2 Al A JRR o 7 4P R ) 38 7 LR R 2R AT
1 #R5FE
1.1 R HAE AL

TR MR AE AR A B B R IR (23°45'N, 118°55'E) AL TR AR M HITHIE: , J8 L MG i e e S, T 1B &,
AERRE K B RIZE R B 5300 1029 mm T 2000 mm , 48 X7 55 e FIE AR SR 4300 37 CR1 2.2 °C, A4E TR R, 22 3 H 3 10
A, 22011 A2 A, A58 508 ¥ — KB £ 1 1+ 2R 80—100 em, 14 pH {E K 5.00, LR IR LR ET &
1 AW 0.25 mg/kg, BT 13.27 mg/ke, &4 0.24 g/kg, 205 2.48 g/kg, IRIGEEHIBE B TELIWS (5 4E4E) R (21 4E4F)
I (38 4R ) SR AR R EE A T4 P, BRATHEE 2.0 mx2.0 m, B 2500 F/hm® WK FHEA AR 3 Mgk
FESHPSNE 1,

F1 ERAREFREHRNEERHE
Table 1 Main features of the C. equisetifolia stands at Chihu Forest Center

i/ a I P E I s Mtz
Forest age Canopy density Tree density/ (#k/hm?) Height/m Diameter at breast height/cm
5 0.5 2350 6.05 5.35
21 0.8 1535 13.50 17.32
38 0.9 825 15.00 21.42
1.2 FEACRE

2009 4 10 A ,7E 3 AFEHL N4> BIBEHLEEE 50 MR IE 8 8 R A KR DL o — BOAY S A AR R, 45043 10 ki 1 4, 3L 5 4
YR 5 AEE  TRRIC ., FERERICHIIE MO S MR BOSC I T /NG BN A0 B /N 43 1SR4 50 g 2247, LAGRE S~
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ZIAH 2SR
1.3 b2t ik
S (TP) BN 5 S & s kT ATV PR 4R A 8T (ECT) , B AR 45 & 4 A 8T (PBCT) MG 4 R85 5 i T
(Fiber-bound condensed tannins, FBCT) FHIE T E-h e et , B45E T (TCT) iy ECT .PBCT #11 FBCT ZFU TP DL
TR NPRUEYISL , ECT PBCT F1 FBCT (I 2 4 LAl Ak B A RR B/ S 48 6 30T b Y . SRR P 317 5 PPC (49l 2 >R F°F-
Mk P EAR I E A BRI Lin 251 ARvEY) BOFRIBOM 4l4L J7 5 W, Hagerman' ) 45 KM RE FL 22 H,S0,-H,0, 7l 1k
Ji , R FHAN FGIF B gk s NS Bt SRFAREA P W kil sz P i
1.4 EE
NP FHCR (RE) I NP AEE I P BT A DG 3 5 B o hoe R & B B ok s R A R
RE = (A1-A2)/A1x100%
A, AL RCAR R N B P S i ;A2 I NP &,
1.5 Sitortr
ARSI/ R A SPSS 15.0 for Windows , #H 3¢ 53477 2R FH 2t AH I 4387 5 76 B IR 38 5 25 43 BT ( One-Way ANOVA) 1Y) L fi
b IR Z 58 R 7 (S-N-K) R gs ko & & i B v e 37 R 40 ik MO TR 2 [ () 25 5
2 #ERSHW
2.1 RIFIBRGT /NS B AR AL 250 ¢
WEVINE R TP & & ((180.49£7.70)—(218.52+6.06) 2723 Fi ML
N . A N T m— N
me/g) B 0 K B REAR . S/ M TP & i R h Al Ak
STEEMS PR (B 1) . FERTE MG TP & B B /N 3
Z0M FRE(P < 0.05)
2.2 RIS /INEAR G 207 B AR AL
AN KB BB o N R/ INELR B P T S R AR Ak
2 fliR, BCARIEE /M ECT & R AL 2 4 ph> T8 %
MRS AR, U MRS P R E /NS S 2 ECT & &
B ABFELIR AR R R RERa S, PBCT & B 7 LI AR bk
Wl /INVEL R R Z I (P < 0.05) |, M7 3 &M A B 5781k, 5 21 38
FBCT % 5t 7 UK B /NS 38 T T8, S I8 PRORT s 2 K b il Age/a
BRI Z B 2 R AR, AW, AR H 1 REHE ARSI S S BT,
/NVBCHTY ECT 2 54 3% = T PBCT Al FBCT, TCT & Bthi% Fig.1 Changes in TP contents in branchlets of C. equisetifolia
Moy kB ARG S ECT A2, branchlets of different forest ages
2.3 AR RACRBR B /R FTLSS G Re 0 AR AL
LEE PRSI 3 /S PPC W35 1 T LRI AR (1B 3) o 7 3 ASBR43rh PPC YR /INVBLR ST T %
A HTIIEE LB PPC 5 TP(TP 1 PPC: y = 3.035x-11.629, r = 0.983, P < 0.001) HI TCT(y = 1.505x + 248.403,
r=0.438, P < 0.05) A WFHIEAHICKLR(E 4),
2.4 ORIRIARUE R JRR B /MR R 3 B U LU R IR O A AR AL
Wil 2 A 3 0, RN S /IS N S R B2 T T P A R MR FRAR (3R 2) o FHRE M, v VB N« P LB BRor &
B RETE, KT 20, 3 MR/ MERFRER /N T 52% , AR AR 28 B AR eb sk R RS & T 70% , il
((78.08+1.96) % ) AR MR, FEE/IER N 8K T 0.7%, P & EIKT 0.03%, WAL/ NMIP N SEMP S8
HERFEAMIE(ES), /MNP LS NRE 2 5K, 15 PRE J6 & E A0 e,
B INVEC R TCT F it 5 Wl 3 5t 22 [A)AH G M AN 0 38 A0, S A R BR # /B TP A TCT % i 5 20 i & i 3 2 | 3 A ¢
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B, W 5 2 BN BRI . ABIESE RV IVEL TP 75 BB R 26 T R (BT 1), 3R WP X J A AR JRR /IS
TP & BRI FEAA IR B 1 5 S 1 52 AR 3 O 4y e RN 30T 36 2o 49 5im B A5 0 A A 0 B B TSR 4 T 1 s 1 e
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Fig.2 Changes in condensed tannins contents in branchlets C. equisetifolia of different forest ages
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Hp o R KA S F Ik 5 B AN 7 A S8 I i eI o
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KA SIS A S FRBR G S 25 PE AR A 23 8 s 1) LA Ry SR A Uk A A QI I Ph (4 43 T, 5 B07E BOR5 7
AT AL IR E R AT A T, IR IR 70 2 MO ST M A PE T 8L B 300 & 5w T B 7 A1

AMFFE T JEAARR VB PR N S BB AR R K R B WM (% 1), 31X 5 Yuan F1 Chen™ X 11147 9 F 58 4516 —
., MR N S RRE M & T N 88 RN A RN RS R R o R B N SR — S R b R e TR -
FRIIEF7Y, {H Yuan FT Chen™ A [RIBRHE BRI LLAZ BOBFSE s, 38 N B e IR AR REBE 2 AR 4E I8 OB e A . - A op
N & ISR T e S BN A O, IR A Sl bR A i A i 0 S R BRI T DR A R 3 4 48 % IR IBORAR & (L e
SR B SR AR R B

3 TRARRERARENMNMIBZEORESREINETL
Fig.3 Changes in protein precipitation capacity in branchlets of

C. equisetifolia of different forest ages
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Fig.4 Relationships between TP and PPC; TCT and PPC in branchlets of C. equisetifolia

R2 FAEKRERARENMPEHEE BREERABLAOTN
Table 2 Changes in N, P concentrations, N :P ratios, NRE and PRE in branchlets of C. equisetifolia of different forest ages

Ak JNKE MUE Forest Ages/a

Variable Branchlet 3 21 38

A N/ (mg/g) MB 15.16(0.95)C 18.81(0.65)B 20.07(0.81) A
SB 7.67(0.38)C 9.12(0.16)B 11.65(0.15) A

W P/ (mg/g) MB 0.76(0.05) A 0.72(0.05) A 0.59(0.04)B
SB 0.22(0.01) A 0.16(0.01)B 0.16(0.01)B

FBELL N 2P ratio MB 20.01(1.13)C 26.06(1.54)B 34.08(3.01) A
SB 34.63(1.34)C 57.81(3.71)B 73.72(4.06) A

AL NRE/ % 49.19(4.54) A 51.47(2.50) A 41.88(2.26)B

WEFIR IR PRE/ % 70.68(2.40)B 78.08(1.96) A 73.10(2.59)B

AR FHEFREFVERE P < 0.05; MB 8 VL, SB R 3 /M
R3 EARARE/NMUPEBRSE, ARBRER BB 2 B8 X

Table 3 Correlations among N and P concentrations, N and P resorptions and N :P ratios in branchlets of C. equisetifolia

AF B Variable R? F P A5k Variable R? F P
N,,-P, 0.370 7.650 0.016 N,-P, 0.518 13.983 0.002
NRE-N,, 0.052 0.713 0.414 NRE-N, 0.516 13.839 0.003
PRE-P,, 0.047 0.634 0.440 PRE-P, 0.484 12.194 0.004
NRE-N,:P_ 0.310 5.829 0.031 NRE-N_:P_ 0.279 5.023 0.043
PRE-N,:P, 0.009 0.124 0.730 PRE-N_:P, 0.153 2.339 0.150

N, Hl N 435 3 A &/ BT Y N &8 PR P 43 5l 308 EVRIEE 2/ VBT Y P it

R4 EEARFNMAPBETESRSEEZEBEXGE

Table 4 Correlation of tannins and nutrient contents in branchlets of C. equisetifolia

AZ B Variable R? F P A5 1 Variable R? F P

TP, -N,, 0.577 17.759 0.001 TP.-N, 0.370 7.637 0.016
TCT,,-N,, 0.680 27.603 <0.001 TCT,-N, 0.501 13.062 0.003
TP, -P,, 0.485 12.243 0.004 TP,-P, 0.859 79.144 <0.001
TCT,,-P,, 0.162 2.518 0.137 TCT,-P, 0.799 51.575 <0.001

TP, TP, TCT,, F TCT 735378 /I B A B B 5828/ B 9.8 B R IVE P SR & BT I8/ VR B B 40 5 3T A i

TER Z Rt A= 25 R Ge AU A ACHERR ) TR B A 4G, U EE (N <P ) AT DATIR SRR v B 3R R Atk e ) NP
ANF 14 375 N BRI, B 16 FoR PR S s AR NP SRR R R DS AT RE S RO S I TR OCR A
BERFR , AUFF PRV NP BIRT 20, B R BBORIREE 3 Fobk 3 29)@ P BRI, A1 19, PRE (75 T 70% ) .3 & T NRE
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