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Nutrients and microbes in soils of Zanthoxylum armatum with water

and fertilizer treatments

TANG Hailong, GONG Wei, WANG Jingyan, SHU Zhengyue, HUANG Shuai, ZHAO Changping, ZHOU Shuyu

( Sichuan Provincial Key Laboratory of Ecological Forestry Engineering, College of Forestry, Sichuan Agricultural
University, Chengdu 611130, Sichuan, China)

Abstract: To explore water and fertilizer coupling effects on growth, nutrient content, and microbial populations
in soils of Zanthoxylum armatum, a pot experiment with soil field water capacity (FWC, including 20.0%,
40.0%, 60.0%, and 80.0% field water-holding capacity), nitrogen (including 0, 75.0, 150.0, and 300.0 kg-hm™),
phosphate  (including 0, 30.0, 60.0, and 120.0 kg-hm™), and potassium (including 0, 75.0, 150.0, and 300.0
kg-hm™) fertilizers, four factors and four levels in an orthogonal design, was conducted a randomized block de-
sign was used with three replicates of each of the sixteen treatments. Results showed that with an increase in
soil water content, ground diameter (D), height (H), and D*H of Z. armatum; populations of soil bacteria, ac-
tynomycete, fungi, and total microbes; as well as content of hydrolysis-N and available-P increased first and
then decreased. The D, H, and D*H of Z. armatum, and content of hydrolysis-N, available-P, and available-K
increased with a rise of fertilization (N, P,Os, and K,O) levels. The soil microbial populations and nutrient
content were significantly correlated to D and H of Z. armatum (P<<0.05), and the degree of subordination for

soil fertility was significantly correlated to D’H  (P<<0.05). The regression relationships of soil fertility mem-
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bership (y) with soil water content (x,), nitrogen fertilizer (x,), phosphorus fertilizer (x3), and potassium fer-
tilizer (x,) were analyzed, and the obtained optimal combination of water and fertilizer was 61.5% field water
capacity, 244.3 kg -hm™ of nitrogen fertilizer, 112.4 kg -hm™ of phosphate fertilizer, and 240.1 kg -hm ™ of
potassium fertilizer. [Ch, 3 fig. 3 tab. 29 ref. ]

Key words: plant nutrition; water and fertilizer coupling; available nutrient; microbial population; Zanthoxylum

armatum

1 A6 ML Zanthoxylum armatum J& 2= 77 B} Rutaceae {6 HUB Zanthoxylum f44y, o5 52 52 5 211 1k
B ARk A b2 Ay, IEEAGE NV AR B PUie iR A A, DL 5
il AR R AGE N LK RIERE )RS0 8, TERFHEM LR, fEREFMES . AS RN
CeRT A Z AR AR AT AR LA i e n AT R AR 4, R LR R R gk TR A
M XEFRA “H AL BRET, AT AR BN Ll e DR I 28 B G o, 78 1 5% S it v R 2
WL XA RMABCE SR RE TEEEM. 5o, M EREIREIE, AKHE, EEEHK R
FNRE A IR B S T AR Wk, #EATREE 7K IE A5 B AR E 7 A AR A A R LR SR AR
FEHRAREEEMC. B, A EHK S FEIE X 355 0 & i AU WA T R i 2, g R
TR B . 35 27K AE A BRAE + 884 305 40 S i RGUE Y ZRebE B4R, BRI R MRS R
G R A ER KBS A TR R IR A S, R e R R TR AR o
HEEOBR KB KRS A XTI IR AEM Z. buugeauum  ‘Hanyuan’ FyiAE . B @AY A B &= S E
FH o A SRR N A BN A8 B A 38 55 0 R AE ) 52 Wi 25 75 T ) B 9 08 R DL A, e G 2 > T AE 0™ ol ¢ e
T B, AW VAT U AEAURT i R DUUR 8 B Z. armatum ‘Hanyuan Putaoqing’ X4, 1 /K JE 4k B
FERR I BB A ] E 5 E K A . B L BT b E X AT AR A L AT RE A R E R Y
SR, AT AEARER B A B R, KB BRI S

1 AR5 77

1.1 ik wi%it

HER 1 325 DU 1 A b R 22 BB AS X 14 L BE)Z (0~20 em) Y03+, 22 5 REEA UMY 1 HERE
ity 1.0 kg, HFEAHRNT LB S mm FRAIE A, FAFINE S0 RA R . 2ok ar
TR R pH 7.5, REES KGN 25.2% W W R K, A HLET 16.6 g-kg™, %A 1.0 g-kg™, ki
2 80.3 mg kg™, @ 0.48 g kg™, HRME 15.4 mg kg™, 28 23.9 g-keg FIELRLAN 22.5 mg- ke, FAH
A, BT 4 6.3 kg(FM24F 6.0 kg M 4-), Horpr 2/3 Je AR CIHIBE N (FE A HAE 22 em, AR H
%20 em, 523 em)h, FAN 13 S5 INAIER SRR A G PR AE B, A B RS 20 em,

KIEFE GGk 4 &R 4 K FIERR T, it 16 MeFi(R 1), 3RERE, BHEKME3
B, AT 9 A AbET, JF 144 B RS OKEIRE N 20.0%, 40.0%, 60.0%F1 80.0% i HI [H] £ K 5,
RILORE, RURRSECN 46.4%, L it VRGHIEIE B E 9 0, 75.0, 150.0 F1 300.0 kg-hm™, B AL
(R BEER S , HAAML ZBE BT & 80 12.0%, JitfE & DL A A4 BT ) it it & & o 0, 30.0, 60.0 Al
120.0 kg -hm ™=, B JE (fm BR 81, S0 A0 B 0T & 20 B0 51.0% , it AE A DA AR B0 ) it IR i B R
0, 75.0, 150.0 F1 300.0 kg-hm™, Z Py H A4 it 2 o 42 B B (o7 T AR EAT 9T 080, B A ERL 2 — IRk it A o
12016 4F 4 AP R 29 10 em ATIEAERL  CTUIR B A S M0 A M T A A B AR R, K
T 2 KA P 58 B AR G055 i 3 M S T AN 2 3 B AR B ) o AN Rt AR rh, 4% A0 3 4 9 I AR
KA R B H g BPRR B A K3 R T R
1.2 MEmMBERAE

T 2016 4F 11 A ha), FEbR -~ RS RO 2 A7 i AR R4l i i A= R e o REAT e AR RS N b 75
Ja R LIRS, — Oy I SE B = KT e T e A . A A R R T A A — 1
TCAS AT, A7 IS8 =5 F Tl L3N 0 . R R R L RO o B RUR R - IO A ROk
FH Olsen 7, HAUHR A IR 32 - KB ICRER s A W 850 R R AR B Ak
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1.3 HiEaiE

K 1 SPSS 22.0 F Excel 2013 Xt 84fs i 47521t 2005 FHHA DK 36 07 22 73 BT (one-way ANOVA) X 4% 4b 3
PP AEARE & . AR . R EHROR o 0 - EA W BOR AT O 250005 SR R/ B3 22 Rk (SSR) ML £
PRI 28 5 26 43 B % A B4 I) 25 48 AR HEAT 2 8 LU o B0HE P S (E s o 22 o 48 B [H] A G PE R ] Pearson A 5¢
PEHT o R SRR R B0 A A A B R0 . A RO R S T R A B, AR L R L TR R
TR P B AT R4, R T A5 A 2R« x () = (0600 (W) o FoHT e (), 20, i T e 23 )RR
FEbR R JE B (E . FRAR I E (B . IR ARE 0 e/ IME R R KRB ;AR5 B A AL 3 - S 2 . A RO R AL
BT A BGR R AR INAS B R R SR E S, AUEE . R . E T LS Y B SRR B (ELAH n A5 3 £
A SRR B, A AR T AR i R R SR A B A SR s A, R R A e

2 HEREGAMN

21 HEEMiE

B3R 1 AT ASTRIK AE AL 3R 7T i AE A 4N i b AR R B = 25 5 3 . 5 WaeNoPoKo AL B (ck ) AH EE, oAb
Ak B M AR AR 2 RN M AR R A WeoNaooPoKo Ab B 9 52 K, 4 I Eb ek 34 107.5% Fn
76.2% ., HAZ-J5 51 A B (DPH ) TE 4 K BB AL BN i A8 AL A S5 s AR AL, A WeoNsoP3oKo A0 P f 55
e ck W40 648.1% . i 2 ZHE I 220 Mol F . 38 /K s AU it A 2 X% D°H 52 i 3% (P<0.05) .
a3 A - 9K o A R R IR A A R A AEAR LR K
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Table 1 4 factors and 4 levels orthogonal test scheme processing, ground diameter (D) and height (H) of seedlings
ISTER R T VS S VL IRIE o) Ho % Dfem 85 Hiem D
A TR AL

1 WaNoPKo(ck) 20 0 0 0 0.40 £ 0.02 f 522 +£29f1 84+06f

2 WooN7sP3oKos 20 75 30 75 0.52 £0.02 599 +£26e 160 £ 1.3

3 WaoN 150PesoK 150 20 150 60 150 0.63 £0.03d 69.3 £ 3.4 cd 276 £22e

4 WaoN 3P 120K 300 20 300 120 300 0.65 £ 0.03 cd 715 £3.2 cd 29.8 £ 3.5 de
5 W.aoNoP3oK 50 40 0 30 150 0.63 £ 0.04 d 66.2 £ 3.5 de 266 £ 24 ¢

6 WaoN75PoKaoo 40 75 0 300 0.70 £ 0.03 cd 72.8 £ 3.7 cd 353 £ 4.1 cde
7 WaoN 5P 120K 40 150 120 0 0.71 £ 0.04 cd 75.4 £ 4.3 bed 38.0 £ 5.5 cde
8 WaoN30PeoKs 40 300 60 75 0.73 + 0.04 be 80.8 + 3.7 ab 434 + 5.5 be
9 W.oNoPeoKaoo 60 0 60 300 0.69 + 0.03 cd 76.9 + 4.0 be 36.9 + 4.6 cde
10 WeoNosP 10K 150 60 75 120 150 0.77 £ 0.03 ab 88.8+35a 53.0 £ 5.6 ab
11 WeolN 150PoK 75 60 150 0 75 0.81 £ 0.05 a 899 +36a 58.6+9.1a
12 WeoN30P30Ko 60 300 30 0 0.83 £ 0.05 a 92.0+£50a 63.1+94a
13 WeoNoP 120K 75 80 0 120 75 0.66 + 0.04 cd 70.4 £ 3.9 cd 30.5 £ 4.6 de
14 WeoN75PsoKo 80 75 60 0 0.73 £ 0.03 be 78.5 £ 4.0 be 41.4 + 5.3 bed
15 WeoN 150P30K 300 80 150 30 300 0.75 £ 0.04 be 82.7 + 4.7 ab 46.2 £ 6.5 be
16 WeoN30PoK 150 80 300 0 150 0.73 £ 0.04 be 78.8 £ 4.7 be 41.5 £ 2.8 bed

LT BRI [R] 1) AN ) R 2 s b B ) 22 S5t 2 3% (P<<0.05)
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A5 b B AT AL G O Ay B RN, A S L A A R A U o R i R i IS A )
T HE I o WeoNsooPoKo Ak 2 11 sl e 2200 40 B0 =, L ok 380 51.3% 5 WeoNsP oK iso A0 B 14 45 50195 ot
SrEUECE, EE ek BET 39.7% 5 WaoN soPsoK oo A0 35! 114 3 S50 B0 0T f 43 Bi i =i, Ll ok 35 I137.9% . R SR & bR
RO B AR . AR TR B, S E MO EESRRIEE . R 2 ZHEE 20T
e HEK S R A R 3 Ay SR RS e 3 (P<<0.05) o U BITEE Y A4 4 0 - it JE o mT
ETEZ /TRt R E e i O
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Figure 2 Soil microbial population of Zanthoxylum armatum under different water and fertilizer treatments
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Table 2 Multifactor variance analysis of the D’H and soil fertility of Zanthoxylum armatum
i = Ss g F P R BN = S d F P R
D*H FTHESKE 6424549 3 63342 0.000 32421\ FEorsRI@ s HAEEKE 4912 3 49.771 0.000 0.882
A 2598.600 3  25.620 0.000 18.842 A 1.216 3 12318 0.000 0.422
A A 30.339 3 0.299 0.826 2.022 AL —® 1801 3 18255 0.000 0.544
Ak 3733 3 0.037 0.990 0.693 Ak 2359 3 23900 0.000 0.524
WA RS KR 20.109 3 173.981 0.000 1.812| 3N Jysk LHEE/KE 44833 3 167.813 0.000 2.694
J& g £ 7.165 3 61.989 0.000 0.985| J&J& A 14.197 3 53.142 0.000 1.407
AL 0.109 3 0.942 0.431 0.128 HAEAA B 2301 3 8.613 0.000 0.605
A 0.102 3 0.884 0.459 0.128 AL 2590 3 9.696 0.000 0.568
Yl Ss, di, F, PHIR J3FRRE R Z I, BB, FIE, BEKPEHNRE

SRR e SRR A SO o RO AN T L TR L R TR MR Bl R R G (P<<0.05) i - o A
JRCHE T RO R AN 3 o SN SR 5 A R A AR B R B S A R TR B
BRI Bl A W B A S 1 S 25 (P<<0.05) o Ul W]t S IE ) S8 Ji 86 7 — 5 R B2 BB AR AT I AR AR AR i Joi

HOF S i

I I T SRR B () 5 R K () L AE (x0) o BENE () AR IE (xg) B Z 5T 101IE - 43 5148
A8 397 B y=—=0.001 4a2+ 0.174x,-1.527 (R*=0.779) , y= -0.000 025x,>+ 0.012x,+ 2.076 (R?=0.763) , y=
—0.000 045x:2+ 0.010x,+2.609 (R?=0.793) il y=—-0.000 011x,+ 0.005 2x,+ 2.562(R?>=0.821), #7476 Hl
TN T SR JE B S KIE R O & o i DL B Oy BRI AT B AE R OK Bl 61.47%, TIE N
244.28 kg-hm™? %& . 112.36 kg-hm™ T4 fk - # F1 240.05 kg-hm? F LSRN, fE W E8n LA 1, =5
T ALBUET A b 5T

HIEHC ) K8
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Table 3 Correlative coefficient between soil nutrients, microbial biomass and growth of Zanthoxylum armatum
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Figure 3 Soil fertility subordinate degree of Zanthoxylum armatum under different water and fertilizer treatments

®3 MTHEMLESRS. MEVMHESERYEXNHE

K3

L) [ A1 0k A A Bk HE  BEYBR R RIEE

Wz D 08147 0.396* 0.271 0.855%* 0.883* 0.909%* 0.859%* 08947
T H 08687 0.400% 0.224 0.928:* 0.930%* 0.932%% 0.930%* 0.928:*
DH 0858 0.343* 0.171 0.913%* 0.930%* 0.927%% 0.916%* 0.898:*

Bl A 28 1.000 0.292 0.148 0.895%* 0.893%* 0.903%* 0.896%* 0.895%

A R 0.292 1.000 0.026 0.352% 0.364 0.345% 0.353* 0.496%*
HAL 0.148 0.026 1.000 0.206 0.195 0.206 0.206 0.396*
FHEE R 0.895% 0.496%* 0.396% 0.947+% 0.945%* 0.940%* 0.9497 1.000

BB 0 R 43R R 7E 0.01 F1 0.05 K7 35 n=48
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ORI IR I AR A A SRR, 7R A HI e rp G B A0 K I A B it R . e AR A
KW RO, T3S K ARG S # 2 AT AR AR AR IS, 7R RIS KB 60%0 0 A7 i AEAR
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K B 5K S 2R A 5 A, FOUIM S BT DU AL AU e A A R A i Jo i o8 PR P o A F S i i N Ty
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SERUEMBCRE S R, BER. B PENC RS, SRR RO IR IR AR B R
SR B I Bt SN TS A X5 B A 5 S PURIR ST S A R A — B ARG S R
B, Wt T AR R AR, B IE AR, R AR ORI R, A R 0%
Wil o 32k T BE S A I v B b SRR A AL A BE AT O . AT RS R B B AL K F R N,
SR OB AR, TRES 5 pH FRARA R SRR A A O, HLIER i it T B SR Oy R A, A
PR A Yy SR > PR, B T D it FE L £ it FE R 4 R A R R BUE M RO Y
PS8

4 i

AW FE KN b B 25 350 1A I AR AR AR AR RN B R, AR R A AR 40 R N R ) B 8
o AERR R AIAS . R ERUAE MR | B SRR A R O e S I K 3 B A R B e s
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