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Abstract This study aimed to explore the vertical distribution of carbon, nitrogen, and phosphorus, microbial
biomass (carbon and nitrogen), and extracellular enzyme activities in the rhizosphere soil of an ancient wild tea
tree species, which urgently needs protection as it is a rare genetic resource. Ancient wild tea communities at
different altitudes of 2 050 m (E1), 2 200 m (E2), 2 350 m (E3), and 2 500 m (E4) in the Qianjiazhai Reserve were
used to study the variation of rhizosphere soil C:N:P stoichiometry, microbial biomass carbon and nitrogen (MBC
and MBN), and rhizosphere soil extracellular enzyme activities (phosphorus acquisition: alkaline phosphatase
(AKP); carbon acquisition: 8-glucosidase (BG); nitrogen acquisition: N-acetyl-B-D-glucosaminidase (NAG); and
leucyl aminopeptidase (LAP), polyphenol oxidase (PPO), and peroxidase activity (PER)). Our results revealed
that C:N was relatively high (11.27-13.35) in rhizosphere soil of ancient wild tea trees in the Qianjiazhai Reserve.
With an increase in altitude, C:N increased whereas C:P and N:P increased initially and then decreased. MBC
and MBN followed a similar pattern as altitude increased, which were affected by rhizosphere soil water content
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and ammonium nitrogen (NH,"), respectively. The activities of AKP, BG, and NAG in rhizosphere soil increased
significantly with an increase in altitude and were closely related to total phosphorus content (TP). The LAP
activity had no significant change owing to altitude, and the PPO activity decreased as altitude increased. The
rank of extracellular enzyme stoichiometry was BG: (NAG + LAP) > BG:AKP > (NAG + LAP):AKP; both BG:AKP
and (NAG + LAP):AKP were less than 1. The C:N:P stoichiometry, microbial biomass, and soil extracellular
enzyme activity were significantly affected by an increase in the altitude gradient. The TP was a key factor
affecting the activities of extracellular enzymes in rhizosphere soil. P and C were the main limiting elements
in the determination and variation of the microbial community in the rhizosphere soil of ancient wild tea trees
in the Qianjiazhai Reserve. This study provides significant information to better understand the regulatory
mechanisms of nutrient cycles and ecological adaptation of wild ancient tea plants and aids in the preservation

of this genetically rare resource.
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Table 1 Basic data of extracellular enzymes in the rhizosphere soil
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Fig. 1 Characteristics of C:N:P in the rhizosphere soil of ancient wild tea at different altitudes. Error bars represent standard errors of the
mean. Different lowercase letters indicate statistically significant differences between the sampling sites (P < 0.05).
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Fig. 2 Soil microbial biomass carbon and nitrogen (MBC & MBN)
at different altitudes. Different lowercase letters indicate significant
differences (P < 0.05). Error bars represent standard errors of the
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Fig. 3 Soil microbial biomass carbon and nitrogen ratio (MBC/MBN) at different altitudes. Different lowercase letters indicate significant

differences (P < 0.05). Error bars represent standard errors of the mean.
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Fig. 4 Extracellular enzyme activities in the rhizosphere soil of ancient wild tea at different altitudes. Different lowercase letters indicate
significant differences (P < 0.05). Error bars represent standard errors of the mean (N = 3).
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The data are mean + SE (N=3). Different lowercase letters indicate
significant differences (P < 0.05).
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B R2=0.7547** R2=0.6356"" 1.4} - S
1.3t ®
24 . . . - . . . S . L .
24 27 30 33 36 13 19 25 32 1.4 2.1 2.8 35
In (AKP) In (NAG + LAP) In (AKP)

E5 FAEEAMRRLIRABIMNEE M 2B —REMRVADH. ML NS HL (y=x ; *LKIXP <0.05, *&/"P<0.01, N=3.
Fig. 5 Linear regression analysis of soil extracellular enzyme activity in the rhizosphere soil of ancient wild tea. Dotted line as reference

line (y=x); * P<0.05;** P<0.01; N=3.
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Fig. 6 Redundancy analysis of physico-chemical properties
of the rhizosphere soil of wild ancient tea tree on extracellular
enzyme activity. AP: Available phosphorus; SOM: Soil organic
matter; SM: Soil moisture.

WA, B A 2 AR B L 1 R MBCRTM BN SR 1K 2 5 43 5l N
575.20 mg/kg#21.43 mg/kg, ¥+ M m 4 e b & &
(MBC: 88.3-185.3 mg/kg; MBN: 15-17.4 mg/kg) “**. i
BT R B A M IR bR LI I 2, nTRE R T 5K
W — R R A E AL, TR BN FEE, KRN
ETE LI HURER 2, J— 75 T AT R R A AR R
AR BRASCAE 3R g K & T ALY, AR PR A ) 12 X P R 4
(PR R G 0, TS 0 T MBCRIMBNR & &°% AHff
FIE R B A ZE MR FRMBCAIMBNEE i 34 T1 81 255 _ETHE
RS, XS SRR S AETT IR (2 551-3 549
m) [T A PR, 3 S e k2 158-3 028 miB & HL
B R BRI S R, R S KR A
HUBS RIS AT RS 2 5 M MBINAI MB CAE i 1 B 52 A8 10 Fr) 3 B[R]

FOL A, KERFRFE, FuiMBCHIMBNZE AL 13 55 K
H1R%, R EY, LS KRR FHmAmE R4,
HOXSE R 2 2 (AR AFTE— B AE HAR . AT, MRBR 3%
& /K& (soil moisture, SM) FIHR PR 45 S % (NH,D 251
E5MBN (r=0.844, P < 0.01) FIMBC (r = 0.808, P < 0.01)
B IEFIE, XU SM ] BE 2 521 B AE o 25 AR B 38 MBN
TR E LA v R 2 —, TTNH, T RS A2 52 B A8
AR bR LIEMBCAE A L F B H 7. AR E
A, SMFINH "I B8 188 1o 52 0 A= 10 B 0 1, AT (1] 422
AR AR S R W R T WL
BA VLR RMEY B RAREE. HIERRES LR AL
A HUR RO B AR, B A AR B
B R ) G IEA AL A N0.58%-3.6%M12.37%-
5.36%, SIAWTF 4R OSA—FL MBC:TOCHIZEAR [l 14 8]
R (P < 0.05) , HEEH _ETHmPE. rTReEHThE
WTbEr, AU R R R, e PR RAaRE K.
3.2 FRIEHRFEERZMIRPR T IEMINEEMHERHE
U FEITEHE
AR I 39 it A0 T A0 i o RN TRl A0 A 1) B B A AR, LR
P I Bt - 398 R AR AE AR S B ) B R AR, B-1,4-4
HPETEE (BG) « B-1,4-N-ZER R Z A A BT EE (NAG) 5
SRR E L KEE (LAP) Ve BR Y (AKP) 23 5l &+ 35 rp
FEAIR R R E ARG, AT, B A AR
brt3EBG. NAG + LAPAIAKPE Y 6 45 i 44 1 T v 250 il 35 184
B (P <0.05, X5 LR P —80 SR T
f5 (2 050-2 500 m) , 5 Z 1 A= v 25 W AR Br I A= AR
WHIOER, REIRCE 22 (0 B AN BAR B R, R S R S A R,
NAEP RIS A SR AR B 2 1 7R . SR, A B AT R X L -
S8 0 Al 3 o 2 9 A A I 9 D BT 3 AR A 0 (H
2L M E R I, 16X SE R R AR 926 R, 5 B AP
PEYEIE SRR B ARG 3897 0 & AR BRI R4k
AR AENBRBUR R R 2, B AN 2 2
PR BRI R IR A, A B R B, A AR
B -39 R Ok 2 B AT M S R O, R, TUR T
(RDA) £ ik —35 % W], 53.6% (FATRR) HHEBR 143 i
HINEEE S P AR RS W B R (F = 11.5, P = 0.004) .
Db, AR R 5 T AN [ YA B A oy AR R o 3 i A B

=3 FELRFWRMRDIEFEDSHRMNA, TIEBAM RSN TEEE X S
Table 3 Pearson correlation coefficients between soil extracellular enzyme activity and soil physiochemical properties in the

rhizosphere soil of ancient wild tea at different altitudes

43 Variable AKP BG NAG LAP PPO PER MBC MBN
TP 0.622° 0.836" 0.883" 0.007 -0.834" -0.097 0.197 0.338
AP 0.200 0.411 0.609° -0.039 -0.358 -0.083 -0.017 -0.057
SOM 0.571 0.810" 0.836" 0.063 -0.791" -0.148 0.202 0.221
NH," 0.318 0.440 0.053 -0.082 -0.535 0.089 0.808" 0.196
NO, -0.033 0.253 0.241 0.099 -0.282 -0.188 0.305 -0.298
TN 0.427 0.650" 0.566 0.055 -0.697 -0.128 0.450 0.098
TC 0.487 0.722" 0.603’ 0.016 -0.755" -0.082 0.425 0.110
C:N 0.596 0.720" 0.449 -0.211 -0.689° 0.221 0.334 0.085
C:P -0.609 -0.627 -0.875" -0.083 0.531 0.150 0.242 -0.315
N:P -0.680° -0.729" -0.914" -0.101 0.643 0.160 0.208 -0.387
SM 0.510 0.375 0.152 -0.230 -0.406 0.300 0.302 0.844"
pH -0.150 -0.119 -0.250 0.296 0.025 -0.310 0.281 -0.188
MBC 0.467 0.311 -0.011 -0.043 -0.374 0.107 1 0.200
MBN 0.585 0.562 0.503 -0.086 -0.601" 0.095 0.200 1

FERE B B IR BRAR S NE BB, *RRP < 0.05, ** % 7~P < 0.01, N = 3. AP: 4 %%; SOM: HIEHVLI: SM: & /K&,

The values in the table are Pearson’s correlation coefficient (r). * P < 0.05; ** P < 0.01; N = 3. AP: Available phosphorus; SOM: Soil organic matter;

SM: Soil moisture.
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