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Eco-stoichiometric Characteristics of Soil and Leaves Carbon,
Nitrogen and Phosphorusin Different Tree Ages of Coffee

CHEN Xiao, CUI Xianliang, LUO Yating*, ZHAO Likun, LI Xueling

Pu’er University, Pu’er, Yunnan 665000, China

Abstract: In order to understand the C, N and P eco-chemometric characteristics of different tree age groups, the coffee
from the Manxieba Xiaoaozi Nanpingzhen a Coffee Estate in Pu'er Simao District was studied in four tree age groups:
1a,7a,10aand 20 a, the C, N, and P levels in coffee leaves and soil were determined, as well as the chemometric ratio
between them.The N and P content of coffee leaves was proportional to the age of the tree, gradually increasing with the
age of the tree, inversely proportional to the C content, gradually decreasing with the age of the tree. The differences in
N and P content of coffee reached significant levels (P<0.05), and the chemometric ratios C : N and C : P decreased
with tree age, among which C : P was significantly different in different tree ages (P<0.01). Leaf N : P threshold analysis
found that the leaf N : P ratio was less than 14 in all four tree age segments, indicating that the growth of coffee was
mainly limited by N elements. There was significant variability (P<0.05) in SOC content between tree age groups, with
7 a coffee having the highest C, N and P content. The mean values of C, N and P content were slightly higher for 0-10

cm soils than for 10-30 cm soils and 9.79 for 0-10 cm soils than 6.87 for 10-30 cm soils. The range of C : P variation for
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coffee was 11.51-46.80 for 0—10 cm soils and 4.53-20.82 for 10-30 cm soils, with large inter-soil variations. The range
of N : P variation was 1.00-5.12 and 0.81-2.08 for different soil layers, respectively. The correlation showed that N : P
and P elements were significantly correlated and P element was the main cause of C : N variation. From the correlation
analysis, coffee leaf C was significantly negatively correlated with N, P (P<0.05), leaf N was extremely significantly
positively correlated with C : N, C : P (P<0.01) and leaf P was extremely significantly negatively correlated with C : P
(P<0.01). The SOC and TN of different soil layers were positively correlated (P<0.05), and the C, N, and P
of the blade were not correlated with the TOC, TN, and TP of the soil, and the ratio of measurements was rarely correlated.
It can be seen from the above that the SOC, TN and TP of coffee soil were relatively low, the soil was mainly limited by
N nutrients. In addition, the absorption of N and P by coffee leaves had a synergistic effect, and there was a broad quan-

titative coupling relationship between coffee leaves and soil elements.
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Tab. 1 Basic situation of coffee in different tree ages

i F i i e
age/a Plant height/cm Plant diameter/cm Crown width/cm
1 92.4 4.70 64x83
7 196.3 16.50 85x64
10 213.5 19.60 127x117
20 220.4 36.65 154x167
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56 80 CHLTZE T, MpEHLI L 100 Hf 4 H o

123 A 2P SRR R A -
PO E R YIER (C) M HIEAAPLER (SOC) &
it 1 k9840 H Zhdll R e BAGHAT HIEL A (TN)
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BT A5 805 % F SPSS 26 AR A42E47 40 o i
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& 2 oA, Mh C F&EAT 247.08~
388.07 g/kg Z[H], C Fr&I{H N 329.76 g/kg, Hr
1a PAERE - C & e, BRI B 3sm C &
BT, 20 a AUEIHEER R C EE AR 3 A4
W B 2= R % (P<0.05); N &k 2.87~10.13,
BIE R 2.76 g/kg, RERIE RN, N S 280, 1a
FHEA 3 AP Bk 31 i 37K F- (P<0.05), 7. 10,
20a MESAHE; P &M 0.79~2.70, ¥MEH
1.54 g/kg, BEEMERIGIM, P& BRI, 2
SIRF) B EKE (P<0.05), Hdr 1, 7. 10, 20 a
DU 1 2 SR 3 i K SF (P<0.05); C N 3
HH 64.66, FEANFMIEEZFHA, 7a Fl 10a
HHEES, M la, 20a ZRMEBEKFE (P<
0.01), C: PN 282.39, FIMEEEIZ L, HER
WA, H (ARSI, R [RIAR I B 25 S iR B
HEK (P<0.01); N:PIEN 4.69, 7a FIE
AAFIE B 22 Sk 3 B E /K F (P<0.05 ),
22 AEHEEMEELE SOC, TN, TPEER
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& 3. £ 408, HEHE 0~10cm 19+
H SOC FEYH N 8.15 g/kg, 10~30 cm +)ZHY
¥IEH 5.88 g/kg, HF I H SOC FEORIETF
JRHIEYIRIAE , 15w A AR R IR B,
FFLL 0~10 cm )2/ SOC &5 T 10~30 cm
T2, Br1af10adh, HazR B (P<0.05),
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Tab. 2 Content and stoichiometric ratio of carbon, nitrogen and phosphorus in coffee leaves of different tree ages

W Tree age/a chgkg™ Ni(g-kg™h Pi(g-kg ) C:N c:P N:P
1 388.07+10.25%° 2.87+0.12" 0.79£0.05" 135.3142.09% 492.38+18.19" 3.64+0.08"
7 318.74%5.10" 7.01£1.26" 0.97+0.02"° 46.88+7.67"° 330.30+0.15 7.24+1.197°
10 365.13+3.85° 7.01x0.08"° 1.70£0.015¢ 52.13+0.014° 254.41+1.69"° 4.13+0.03"
20 247.08+31.80%  10.13£1.11*° 2.70+0.47% 24.34+0.474 91.45+9.60 3.75+0.32%
P<0.05 P<0.01

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05), different
capital letters indicate extremely significant difference among treatments (P<0.01).

®3 0-10cm X EAREMEMHELEE SOC. TN, TP EERLZFITEL
Tab. 3 Content and stoichiometric ratio of carbon, nitrogen and phosphorus in coffee soil of different
tree ages in 0—10 cm soil layer

Wi Tree age/a A HLEE SOC/(gkg™") 4% TN/(gkg") 48 TP/(gkg™) C:N C:P N:P

1 7.54£0.41%° 1.09£0.017° 0.23+0.02%° 6.95+0.35" 33.53+0.435 4.84+0.30%°

7 9.66+0.05"¢ 1.34+0.14%¢ 0.84+0.02%* 7.29£0.73% 11.51+0.224 1.59+0.13%

10 8.13+0.724° 0.90+0.13% 0.18+0.30% 9.15+0.48 46.80+2.60° 5.12+0.025°

20 7.26+0.06" 0.46+0.00"" 0.46+0.01% 15.78+0.127¢ 15.78+0.234° 1.00£0.02%¢
P<0.05 P<0.01

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05), different
capital letters indicate extremely significant difference among treatments (P<0.01).

®4 10-30cm L EAREREEPIHELEE SOC, TN, TP EBRUFITEL
Tab. 4 Content and stoichiometric ratio of carbon, nitrogen and phosphorus in coffee soil of different
tree ages in 10-30 cm soil layer

Wi Tree age/a 5 HLER SOC/(gkg ") 4 TN/(gkg") 4 TP/(g-kg ™) C:N C:P N:P
1 2.65+0.13% 0.47+0.01*¢ 0.60£0.09% 5.63£0.15% 4.53+0.514 0.81£0.114
7 11.62+0.65" 1.20+0.18% 0.60+0.19"* 9.86+0.91" 20.82+5.30"° 2.08+0.35%
10 2.98+1.28" 0.88+0.04" 0.62+0.95" 3.33£1.30™ 4.63+1.36™ 1.46+0.16™
20 6.26+0.12"° 0.73+0.06™ 0.39+0.00" 8.67+0.50" 16.05+0.294° 1.86+0.14%

P<0.05 P<0.01
Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05), different

capital letters indicate extremely significant difference among treatments (P<0.01).

1 a iy 14 SOC & &A% ; 0~10 cm 12 TN & &
PIE M 0.95 g/kg, 10~30 cm 2K 0.82 g/kg, A
FEZRICHB2ZES, 1, 7, 10 a [MEREEH
(P<0.05); A[FLZEE TP & &0%10 0.43,
0.56 g/kg, A [FEA A BLAY 0~10 cm + )2 TP S8 %
FBE (P<0.05), 10~30cm +E2TLREER;
0~10cm +/ZH C:N ¥{EHR 9.79, W& T
10~30 cm, H:H1 0~10 cm + /2 AU [RI B4 BEAETE
WEEESE (P<0.01), 10~30 cm +ETLREE
55 C:P{HO0~10cm i F 10~30cm )2, 7
W ;0~10cm + 2 N 2 P T 10~30 cm )2,
Hr0~10cm HJZH 1 afl7a, 10aF20a2
SRR FM B E K (P<0.01), 10~30 cm +J27C
BEXES,

23 WIHERHF C. N, PEEf 11 SOC. TN,
TPEEMUFITELEZBNXFR

2 5 AlAl, M C AN, P 2B EHAHX
XKF (P<0.05), 5C:IN, C:PEEFEMERX
F(P<0.05 ); N 5 P 2 i 3 IEAH I R(P<0.01),
HCIN, C:PEWMBERMILCKR (P<0.01);
PHM C:IN, C:PE2EBEFEFAHILKER (P<0.05),
HCIPEWMBEAMILKR(P<0.01), 5 C N,
C:PEIFMAHXKLR (P<0.01),

h#E6TH, 0~10cm HERWC:PEN:P
BB IEAR KR (P<0.01), SOC 5 TN £ i
FIEMEKAR (P<0.05), TN 5 C N 2B
AR ZR (P<0.01), TP 5 N : P & W EMAHE
XFH (P<0.05), 5 C:P EMBEENMELR
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(P<0.01); C:P 5 N:P EWMEFEMHILKR

(P<0.01 ),

3 7 7%, 10~30 cm 12 13 SOC 5 TN

BEREFMELR (P<005), 5C:N.C:PE
W B IE A ZR(P<0.01 ;C:NEC:P,C:P
5N:IPEMEEFEMHILLR (P<0.01),

®5 MAC. N, PEERNFITEILZ A Pearson 13X 5317

Tab. 5 Pearson correlation analysis between C, N, P content and stoichiometric ratio of leaves

b Index C N P C:N C:P N:P
C 1
N —0.744" 1
P -0.735" 0.835" 1
C:N 0.749" -0.932" -0.720" 1
C:P 0.755" -0.906" -0.935" 0.901" 1
N:P —0.440 0.186 -0.376 -0.307 0.130 1
’ P<0.05 P<0.01

Note:  indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).

%6 0-10cm ti#EC. N, PEERLZIT=IL Z B H Pearson #HX 547
Tab. 6 Pearson correlation analysis between C, N, P content and stoichiometric ratio of 0-10 cm soil
& b5 Index H LK SOC 2% TN 2 TP C:N C:P N:P
soc 1
N 0.767" 1
TP 0.699 0.390 1
IN -0.522 -0.919™ -0.032 1
C:P —0.344 -0.058 —0.879™ -0.287 1
N:P -0.216 0.232 -0.792" -0.570 0.929" 1
P<0.05 P<0.01

Note: " indicates significant correlation (P<0.05), ™ indicates extremely significant correlation (P<0.01).

Fz7 10-30cm t#EEC. N, PEERLFEITELL Z B Pearson HHX S

Tab. 7 Pearson correlation analysis between C, N, P content and stoichiometric ratio of 10-30 cm soi

& b5 Index H WLk SOC 4% TN 4§ TP C:N C:P N:P
socC 1
TN 0.792" 1
TP 0.080 0.371 1
C:N 0.837" 0.346 -0.277 1
Cc:P 0.854™ 0.496 —0.415 0.915" 1
N:P 0.695 0.615 —0.482 -0.599 0.860" 1
* P<0.05  ** P<0.01

Note: * indicates significant correlation (P<0.05), ** indicates extremely significant correlation (P<0.01).

H 2% 8 W0, WMMERE R A C &5 0~10 cm
TJER NP B EEFEFEMEILKLERE (r=0.852,
P<0.01), 5 C: NZBEFARMILEKR (r=-0.793,
P<0.05), 5 10~30 cm + )2+ A9 &I 45 b5 JCAH
Kb HA NSRS 10~30cm +)Z HIEAYN T P
B R FIEMFERXR (r=0.808, P<0.05); "4 P
TS 0~10 cm )2 M) TN B4R 3% e
X F& (r=—0.897, P<0.01), 5 C:N 2B EIE

HFXKZR(r=0.967, P<0.01 ); M H C : N 5 10~30
em )2 N © P 2 E AR (r=—0.846,
P<0.01); A C:P 5 0~10cm +)2+HEH TN
B FIEA LR ZR(r=0.726, P<0.05 ), 5 0~10 cm
+ER C N EWMBEAHLKER (r=—0.857,

P<0.01 );M A N : P 5 0~10 cm + )2+ SOC .,
TP 2R FIEMIEKER (r=0.803, r=0.799,

P<0.05), 5 10~30 cm +JZ2+3EK) SOC, C: P
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Tab. 8 Correlation of C, N, P and stoichiometric ratio between leaves and soil
+ 8 Soil M H Leaf
RJE Depth/cm 1645 Index C N P C:N C:P N:P
0~10 SOC 0.104 —0.026 —0.467 —0.198 0.180 0.803"
TN 0.542 -0.627 -0.897" 0.426 0.726" 0.545
TP —0.466 0.323 —0.109 —0.441 -0.790 0.799"
C:N -0.793" 0.811 0.967" ~0.652 -0.857" -0.337
Cc:P 0.679 ~0.402 -0.138 0.391 0.173 -0.510
N:P 0.852" ~0.690 —0.459 0.669 0.511 —-0.415
10~30 SoC —0.468 0.346 -0.081 ~0.490 -0.131 0.784"
TN -0.218 0.326 —0.062 —0.572 —0.249 0.662
TP 0.516 -0.570 —0.538 0.363 0.416 -0.025
C:N —0.648 0.386 0.09 —0.388 —0.147 0.582
Cc:P —0.638 0.601 0.179 -0.615 -0.312 0.754"
N:P -0.605 0.808" 0.381 —0.846" —0.574 0.697
P<0.05 P<0.01

Note:  indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).

EREFMELER (r=0.784. r=0.754, P<0.05 ),

3 iTig
31 AREWEEWMHEMF C. N, P 2RI
=tk

e B C fE 247.08~388.07 g/kg ZIH],
H 329.755 g/kg, IR TEERMPMTH C LEST =
462 g/kg, N &A1 T 2.87~10.13 g/kg ZIH], #ifH
H 6.76 g/kg, HBART2ERNE 12.20 mg/g, M
A P &HAE 0.79~2.70 g/kg 2 [a], YJ{H 1.54 g/kg,
PR TR (1.8 g/kg) FBAK TP E 55
AR A SR AR A P P & E
(2.0 g/kg ) PO,k Fr e 3 RO R R SR A Sl
M+ 3855 53 KPR (A G o

BER I S, BME - C & B e D,
D] Ay Wi e s 2 R B A, OB R R R
fiX, Wl B FReE FEEBEEMGE, HT
FIFRRE , B C S, A A 34 hn
B NEHOI, AN R R R R AR K R
MRS N e, JGEEENR, RN, AR
AR A K R A, (H BRI 3G, A
Fhndk, wmME P S R RER S RN, B
i, 20 a 9 P iR, O R T AR KIS
PRAE R HOREM, A iR, HEA MR
(o AR RN, o B AR R, E
C MEHHEMRER, R N, P TR S ERIE
BTt

WNMEERE F C D N BIE N 64.66 g, & TaERK
F- 25 oBPU Ci P MEN 28239, T AERAKT
232, SRR, ARERS5EKNCIPE
fAHSE, NP K 4.13~7.24, YIEH N 4.69, KT
EEOKF, ERKERIES ( growth rate hypothesis,
GRH) AN, AR BFRMRAATI AR C. N,
P b, A KR P A
R C:N.C:PHN:P, Il P LA H
BEIR RNA, 1 AR AT A iR 1 5 DA SR
WA mieEr A C D NLC P N P BEMIR
BRAPTREAR, RAEARYIIEAREY B, mirEA A=
KM, X CLNL P FRATRRE, AR BB,
A 2 4 ARG 1 R A . R IFST B,
NP HE/NT 148, FEZ NIGEZR, Hi
7alN:PHmE, U2 NITRRTRER,
32 A REAEEWMEELEE SOC, TN, TPEER
L=it=Ett

AFEAEEIHE 0~10, 10~30 cm +)2 SOC &%
HE A 8.15, 5.88 g/kg, M+ ZARYIG N,
SOC &g/l , JE T SOC FZ R IE T IEH
38, A& S e e 2R, R ] 4
B Tz Witk T B B2 £ 18 R 42 f ik
TN & EHE 54 0.95, 0.82 g/kg, 7E+H)2 FTC
W25 4 RS 0~10. 10~30 cm )2 TP &
HTE 0.18~0.84. 0.47~1.20 g/kg Z[a], AN[FE+)Z
XA, IR TARERAF 3.90 g/ke, 15
FRE 3 P & EFIME 0.56 g/kg, XN T
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WX LRI E R, &S ran . 2k i
FACI R IR PR L PR BRI I E e g, &
HHRX P TR EED 4 MR EH, 7a iy C.
N. P & hmeEm, HEM C. N P %
VR T AR TE A U 3R FIAR 2R 4 JR %, 7 a B i
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