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Effects of different management methods on carbon, nitrogen, and phosphorus contents and
their stoichiometric ratiosin tea plants
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Agricultural Sciences, Beijing 100081, China

Abstract

Aims The content of carbon (C), nitrogen (N) and phosphorus (P) in different plant organs and their stoichio-
metric characteristics can reflect the nutrient allocation and balance within the plant. In this paper, the response of
C, N and Pin different organs of tea plants to three management modes was investigated by field experiment. The
purpose was to explore the variation characteristics of C, N and P contents and their stoichiometric ratios in roots,
stems and leaves of tea plant and its allometric growth relationship under different management modes.

Methods We set up three different management modes in Tieguanyin tea plantations in Anxi, Fujian: routine
management mode (M 1), intercropping mode (M2) and modern technology mode (M3). In this paper, we investi-
gated C, N, and P contents in the roots, stems, and leaves and their stoichiometric characteristics, nutrient varia-
tions and the allometric relationships of tea plants under different management modes.

Important findings The results showed that the N and P contents in roots, stems and leaves of tea plants under
M2 and M3 management mode were significantly higher than those under M1 management mode, but no signifi-
cant differences were observed for the C contents; the order of C:N, C:P and N:P ratios in roots, stems and leaves
of tea plants was M1 > M2 > M3. The contents of C, N, and P varied significantly among different organs of tea
plants. According to the analysis of variation sources, the management mode factors showed significant impacts
on the content variation of al the three elements. The allometric relationships of N and P in roots, stems and leaves
(N-P~"® p < 0.01; N-P"% p < 0.01; N-P*%% p < 0.01) suggested that the nutrient requirements of different
organs were similar. Soil pH and bulk density were important factors affecting C:N, C:P and N:P, while soil water
content and salinity had great impacts on C content in roots and leaves of tea plants. In general, intercropping, as
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well as modern drip irrigation and fertilizer management technology, can improve the nutrient absorption effi-
ciency of tea plants, and have positive effects on solving the problem of soil nutrient imbalance.
Key words organ; ecological stoichiometry; source of variation; allometric relationship; tea plantation

Yin XL, Liu XY, Jin Q, Li XD, Lin SY, Yang X, Wang WQ, Zhang Y X (2021). Effects of different management methods on carbon,
nitrogen, and phosphorus contents and their stoichiometric ratios in tea plants. Chinese Journal of Plant Ecology, 45, 749-759. DOI:
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Fig. 1 Characteristics of carbon (C), nitrogen (N) and phosphorus (P) contents in tea plants under different management modes
(mean + SE). M1, routine management mode; M2, intercropping mode; M3, modern technology mode. Different lowercase letters
indicate significant difference between treatments (p < 0.05).

R AFREEBRIIR(C) . BUN) BE(P) & A LA IR 148 5 R HL(CV, %)
Table1l Coefficient of variation (CV, %) of carbon (C), nitrogen (N) and phosphorus (P) contents and the stoichiometry of tea plants under different manage-
ment modes

AR c N P CN C:P N:P
Marogement TR = wr W = o W = o W % o | % o | % o
Root Stem Leaf Root Stem Leaf Root Stem Leaf Root Stem Leaf Root Stem Leaf Root Stem Ledf
M1 1761 020 117 517 542 1398 217 978 215 1563 532 1490 1922 952 114 6.56 15.01 12.27
M2 126 122 153 406 547 402 335 1610 7.93 465 618 256 372 1410 920 096 11.16 11.03
M3 1803 317 076 1463 607 235 1581 241 480 1147 311 259 2756 544 285 2063 824 526

M1, HHE M2, EEEMEER; M3, BLEIRE AR,

M1, routine management mode; M2, intercropping mode; M3, modern technology mode.
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Fig. 2 Stoichiometric characteristics of carbon (C), nitrogen (N) and phosphorus (P) in tea plantations under different management
modes (mean + SE). M1, routine management mode; M2, intercropping mode; M3, modern technology mode. Different lowercase

letters indicate significant difference between treatments (p < 0.05).
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R2 RO AN) BEP) S SR L AR 7 R i
Table2 Variation source analysis of carbon (C), nitrogen (N), phosphorus (P) content and their stoichiometric ratios of tea plants

Az Sk Source of variation df B PSS ¥175 MS F p

C(gkg™® ¥\ Management mode 2,12 20017.89 10 008.94 421 0.04
#7 Organ 2,6 87 690.42 43 845.21 40.03 <0.01"
FH 7 x#%'E Management mode x Organ 4,12 3 785.61 9 346.40 3.93 0.03"

N (gkg™) #3755\ Management mode 2,12 476.04 238.02 91.00 <0.01”
#H Organ 2,6 992.25 496.13 138.98 <0.01"
TR x 2T Management mode x Organ 4,12 90.47 22.62 8.65 <0.01”

P(g-kg™) 7 Management mode 2,12 6.95 3.48 67.28 <0.01"
#%E Organ 2,6 0.27 0.14 2.68 0.15
HHT R xEE T Management mode x Organ 4,12 245 0.61 11.84 <0.01”

C:N #3778 Management mode 2,12 2 926.23 1 463.12 2342 <0.01”
48 Organ 2,6 2 501.42 1250.71 70.82 <0.01"
I x#E Management mode x Organ 4,12 574.02 143,51 2.30 0.12

cP 775, Management mode 2,12 1101 790.54 550 895.27 50.32 <001"
#H Organ 2,6 10 833.52 5 416.76 110 0.39
)T x 3 E Management mode x Organ 4,12 18 979.84 4 744.96 0.43 0.78

N:P #7377 Management mode 2,12 137.92 68.96 16.11 <0.01"
#B Organ 2,6 471.81 23591 41.13 <0.01"
FH 7 Ux % 'E Management mode x Organ 4,12 43.98 11.00 257 0.09

*, p<0.05; **, p<0.01. MS, mean square; SS, sum of squares of deviations.
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Fig. 3 Standardized major analysis (SMA) of carbon (C), nitrogen (N), phosphorus (P) contents of different organsin tea plants.
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TR, X5TESKEMBEE L. BB R SR,
RPN 2 5o BT 7 22 DTk % N 73%, 32 A ST
RPN F R AR 22C. N PR R LI E
Ei BTk . MR b 25 b A A R C
#. CN. CPi ), X5 -pHMEEA K. K4C
SEREIR, BIPRASERr BT T 2 TR % N 76.5%,
R AT E B 2 AFMC. Ny P
AR EE TR E . o, MUERMAE
HABZEIN:P. CNAIC:PH &, X5 - HEpHAI 7 &
AR WAL, FEWHCEES LIRS /KEMELEALE
FHRK R,

T A FEAE T AFMC. Ny PE & LA
Ot I S 255 M (E15), BATRIL, 18
M1Z [, RMCENE & 2IEZ FHLXR
(p<005), CHPEEEIMEZ IEMKKR(P <
0.01)(EI5A). M2ZEECHING & 2 B E IFAH L &

(p<0.01), C:P5 LIS /KEFPIFIF /KR 2 B3 IE
A% & (p < 0.05)(KI5B) . FEM3%SE , ZAHCHEN
FREWEZ IEMHKXKR(p < 0.05), C5PEERIL
3 U R & (p < 0.05)(EI5C)
3 g
31 AEREEEXNTERMC, N, PEEFIE
HEYAFREEFRTGRETEULEFRIOREAR
[ 245 B 0 230 32 B AR K SR RN B B 25 A AR AIE ) ) 24,
NZEIE BN DL B 7K S8 A 5 il R 35t 256
A (Maet al., 2016; Zhang et al., 2020a). {E74
WHFF, RN TFHERZIIM2, M3 A%
MR, 220 N PEESE TMIE B, 3ME
HEATHCH EEF WAL . M2 B A%
G N LIEEEME, EEEMTT R0 F AR
TV TR AL, B8 50T i 5 LA R0t
Fror BT, B i A0 7R o6 3R BRI AR
(Deng et al., 2013; Mortimer et al., 2015). % — 51,
ANFEEYD 2 18] e % AH BRI PR AR 2 73 At 1Y) 1 4857
gy, BEME R EYIX T35 7 AL AR (Gitari et al.,
2018). AHFt H E A EEF FIVEVI AT . Bk S5
RIS, AT DARR A — AN I BE B R, AR
FE, TR R E R RS T 2% [ i e s L
Perm 7 AR RS, TS B A R T
ZRRT B (Ku et al., 2010; Deng et al., 2013).
FWAE N — P A BRI IR0 TR SR ECK, 1R
H g S B, 75 0 A7 it A R CRAUE A0 1) A2
(T3 K5, 2017). FEMIEHAEF, R 25, N,
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Fig. 4 Principal component analysis (PCA) of the relationship between environmental factors and carbon (C), nitrogen (N), phos-
phorus (P) contents and their stoichiometric ratios in different tea plant organs. M1, routine management mode; M2, intercropping
mode; M3, modern technology mode. BD, soil bulk density; SWC, soil saturated water content; TC, soil total C content; TN, soil total

N content; TP, soil total P content; WC, soil water content.
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(Méller & Weatherhead, 2007). AHFFEHR, IR0
HRHMET I, M2, M3EEAMC. N, PERI R
T ML EA A (E6) . XA AE K, 1
VIR T & NS [ (AR AT R B B T T TR 48 B 95 o
[ 43 it (Zhang et al., 20200), tHiEH T ZH7E
A FEREEUR, RERSIE I I 5 AR X 37 43 R
BE 7D, IX A AW BRI e 8L ) — b od AL . — M
M, UAEY AR A2 TR BRI, bt 0 AR 2 3
TP 0 AR 2B 3R BN DR 2 13
(Graciano et al., 2005). AHF 70 th 2 56GAE 1 [A/EE
TR E S5 B M B = T R IR R R S 5
AR =2
32 AEIEEEATERREMC, N, PitEEE4FHIE

HYZEHC, Ny PEREL AT RGN
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Fig. 5 Comprehensive correlation between carbon (C),
nitrogen (N), phosphorus (P) contents and their stoichiome-
try and environmental factors under three management
modes. M1, routine management mode; M2, intercropping
mode; M3, modern technology mode. BD, soil bulk density;
SAC, soil saturated water content; TC, soil total C content;
TN, soil total N content; TP, soil total P content; WC, il
water content.

i EAE Y E 75 0 = IR FE AR, 1T DU BE P 1 77
SRR KA K E R (Wang & Moore, 2014;
Luoetal., 2020). b7k, VMR, 22, a3 EHH)FR
O B B FLRRAE 52 B 3 9% 4y OB R R (1) 52 1)
(He et al., 2015; Ma et al., 2019a), XA [ jifi AR A5
3, A R V& AR AE o) AR A0 7% 43 I IROSAF 7 2 35 5
Wi o ASHIFE I, 3PP BB AN FMIAR L 25, HHCIN,
C:P.N:PHRILAML > M2 > M3, % HIM 1 HA
AR PRIFI R BAR, RSO P, FR A
HEC. NZEFR A I WIS AR 2 kA A8 b (BR 88 F0 45
2009). RAEAFEHBELZFCN, CP. N:PZER:
BOK, EAH R 2 (AN [F) 2% B e s & e AR FF
AN — B AL (2) o X2 ORI 3h 2T
W, YRR I H S 5R 1  BCAR AR
ReIE N AN TR AR, AR EAARC, Ny P
T2 AR B IR RF— B A P REAE (K oojiman, 1995;
Maet al., 2019b). 7EMEY)AFEEC. N, Pt &L
FRERFFC 7, ARECRIIAR . 2. HC:NFICP
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Fig. 6 Conceptua model of nutrient characteristics of tea plant under three management modes. M1, routine management mode;

M2, intercropping mode; M3, modern technology mode.

RE 0% RAEAE Y WU 779 53 P e % [R1 A6 C 1Y) g
FE— € 12 FE b AT DUAR R AE W56 77 43 1 R H 2%
(Tessier & Raynal, 2003), 7EAHF 7L, AR HAR
THEMR. 2. HCN. CPHERIAML> M2 > M3,
Ui T AR Bl DA S AR A A PSS X R A 184 i 7 4
XTCHIFILRE J1, HEME AW A A 28 B Y &
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e B B KRS IN, i O A 3% 40 R 2
[ P& (Sardans et al., 2012). ASZIGAESZ, M2, M3
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B, BRI A 53— 7 T B, TRVE B b DL R HE 55
BUARE AR RIS R A0S 72 (IR o 45 R IE TR B,
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T T Al g2 S8t b+ 3 EpH A 25 5 R B 2028, M
X80 & Bt E = A . EYINPR] LUE A
S WA ) 2 N B PRR i (48 A%, B8 R AE L 580 AE
Y7 - BERCIR (von Oheimb et al., 2010; Yan &
Lu, 2020). ZEASHIF 7T 1, ML B 2 25N P T3
fib kbR, RIEMLE BB R A K AT RE 2
Hh 52 2P FR 1], 45 5 AR 3R B M 1 B U 2 A
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FW AR CEIRE TR —.
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BSR4 KT
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H B £ K5 1 MR UL E ) 70 28 43 e A (Han et al.,
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ORRER, LA 34 fdn o, adkifg ml LAY /b H 3 )
FEO RN . AR, MR, 2. 1R
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(Leishman et al., 2007; Liu et al., 2010). ZEARF5¢ 1,
FRZEHN-P (N-PY™® p < 0.01; N-P"%¥ p < 0.01;
N-P"%% p < 0.01) 1 & 3 5 4 K RAF W W AR
A 3% B 90 T SRAZAEARAUME . TIC-N. C-PHEH
ROH B EA KR, X582 AT
KB 22 i 52 BN P PR 1] o

4 g

D#FEM2, MIFEBR . 25, N, PER
B TFMUE RS (p < 0.05), CH &AM
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TR LR AR, SR EERL N AR . 25
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