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The influence of bamboo and forest compound management on soil nutrients

JIANG Hanyu', ZHANG Mengnan', CHEN Nan’, DENG Peng’, JIA Qiang’

(1. Sichuan Academy of Forestry Sciences, Chengdu 610081, Sichuan, China;
2. Forestry and Bamboo Industry Development Service Center of Junlian County, Junlian 645250, Sichuan, China;
3. State-owned Forest Farm of Junlian County, Junlian 645250, Sichuan, China)

Abstract: [Objective] This study focused on the soil nutrient characteristics of the mixed forest of Cunninghamia lanceolatal/Sassafras
tzumu with Chimonobambusa quadrangularis planted under the canopy in the state-owned forest farm of Junlian County, Sichuan
Province. By comparing the soil nutrient features of the mixed forests of Cunninghamia lanceolata + Chimonobambusa quadrangularis
and Sassafras tzumu+Chimonobambusa quadrangularis with those of the pure forests of Cunninghamia lanceolata, Sassafras tzumu
and Chimonobambusa quadrangularis, the study aimed to explore the effect of forest and bamboo compound management on soil
nutrients, and to provide a scientific basis for improving soil quality and efficiency in the hilly areas of southern Sichuan. [ Method] By
analyzing and determining the soil chemical properties of the compound forest stands of Cunninghamia lanceolata + Chimonobambusa
quadrangularis, Sassafras tzumu + Chimonobambusa quadrangularis, the pure forest stands of Cunninghamia lanceolata, Sassafras
tzumu and Chimonobambusa quadrangularis, using the Nemerow method for comprehensive evaluation of soil, the influence of mixed
management on forest soil was explored. [Result] 1) The mixed management significantly increased soil nutrient content. In terms
of basic nutrients, the soil organic matter content of the mixed forests of Cunninghamia lanceolata+Chimonobambusa quadrangularis
and Sassafras tzumu+Chimonobambusa quadrangularis was 77.20+3.07 g/kg and 82.57+16.43 g/kg, respectively, which was 43.1%
and 14.4% higher than that of the pure forests of Cunninghamia lanceolata (53.97+6.08 g/kg) and Sassafras tzumu (72.17+7.40 g/kg);
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2) In terms of available nutrients, the contents of water-soluble nitrogen, available phosphorus and available potassium in the mixed
forest of Sassafras tzumu+Chimonobambusa quadrangularis were 268.00 + 43.21 mg/kg, 3.42 + 1.16 mg/kg and 145.67 + 20.67 mg/kg,
respectively, which were 16.0%, 10.7% and 20.7% higher than those of the pure forest of Sassafras tzumu; 3) The comprehensive

evaluation of soil showed that the Nemerow comprehensive index of the mixed forest of Sassafi-as tzumu+Chimonobambusa quadrangularis

was 1.46, and the forest soil nutrient grade was improved from medium to good. [Conclusion] The mixed management of forest and

bamboo effectively improved the soil nutrient status through the ecological complementary effect among speciess compared with pure

forest management. Among them, the compound forest of Sassafras tzumu+Chimonobambusa quadrangularis performed best in increasing

soil organic matter content, promoting the accumulation of nitrogen, phosphorus and potassium nutrients and improving the proportion of

available nutrients. The research results not only enriched the soil ecological theory of forest-bamboo mixed management, but also provided

practical references for the ecological restoration and sustainable management of degraded forest land in the hilly areas of southern Sichuan.

Keywords: bamboo-forest composite management; soil nutrients; quality evaluation; improvement and quality enhancement
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Table 1 Basic situation of compound stand and pure forest sample plot
b Vgt W AL P 1% SEIR FIh) R I P 2
Stand type Ages /a Numbers / £ Mean DBH /cm Average tree height /m  Average coverage /%  Canopy density
AR+ 51T 30 27+3 19.6+53 123435 85.042.1 0.6
PR + 517 30 2249 204+6.2 113+34 87.7+4.7 0.6
AR 30 24+3 194+28 11.6+2.1 — 0.6
7N 30 23+6 20.5+1.7 133405 — 0.6
T — — — — 30.0£11.6 0.6

122 HHERFER

HRE LY/T 2250 #rbh LI A BRI, EA
R4S RO N, 1% “S” JREUFFEIE 5
AR LR, AR SUR LR 40 em. T
Py R L BRAR R A LSRR R
KA, ik 2 mm FLARIH S AT A R i 5
e A LR MY BB R .

1.2.3

Wi J5

2 BRI A

R4 GB 7 51 £ bR A= 35800 72 £ AR AR I 75k
SOAE I A T R Ry B AL, pH
. 8. . 2. KmEE. A 80
S, BARITEWER 2 Fis.

2 HIEBAMBUNZERE

Table 2 Determination methods of soil physicochemical

properties
Sample cte ato Method
AHHLE SOM ER R Rk —— A ik
pH {H pH value EER VAT
A5 TN HLIR e A
o 1 TP R
e et . ﬁ&/ad‘f
Air-dried A TK NaOH J& fill—J5 IO it %
soil sample i o -2 AN AR %
. 0.5 mol/L NaHCO, 24— 571
A i i
AL AK 1 mol/L "% NH,0Ac iZ#— 7

TR TEE

1.3 HEFHIENTHEE

55 R FAZ IE NS (Nemerow) %5 & 18

Ok vr L IR oy S5 2 . FEBT VRN AT, 9
bR VRN R 5 [ AL BN B, E RS R
BRI A R RS R b (R 3D X
PR AT AT AR AL AL B

C /X, C <X,
1+(C-X)/(X,-X,) X,<C =X,
2+(C-X)/(X,-X,) X <C<X,

3 G>X,

Pi:

X POANE I RE C o AH B Ja v i s,
Xov X RVX, 973 FARHR -

fi Ja K A A 2 56 48 B0 20 9 ERE 72 XA
[FIbR Gy BT IR AT 255 1 . AN

P= Pmin)2+(Pi)2 (I’l—l)
\ 2 n

X POTIREGEGIREL P, v @ It 2 Fa )
SPIME, P NECME; n ASTEAN . IR
HGIeE P =200, XNHTIEFRESEIONM: 4
15 <P<2Wf, M NFEHZAR:; H1<P<15H,
WG Ry Sy P < 1BF, WL,

£3 TEEEMSRIOE’

Table 3 Classification standards of soil attributes

5 5 b5 W% 73 #5340 Nemerow grading index
Determination index X, X, X,
pH {H pH value 6.50 5.50 4.50
HHLE SOM 30.00 20.00 10.00
2% TN 2.00 1.50 0.75
4% TP 1.00 0.60 0.40
42 TK 25.00 20.00 5.00
IKfEPER AN 180.00 120.00 60.00
A Xk AP 20.00 10.00 5.00
TR AK 200.00 150.00 100.00

T X X X, S0 IAERZE . o BUF=AEY.

X,, X, and X, represent poor, medium and good grades respectively.

1.4 HIELE

i I Excel 2019 B A5 B it A7 g1 H S5 16 K
{55 FH SPSS 23.0 344 %F £ 4 1E AT B PR 3R 07 22 4 #r
(One-way ANOVA) FIZ & LL# .

2 HERESR

2.1 TEUFMER

AN R M TR AR R 4 TR,
pH 18 7% & 7€ 3.80 ~ 5.85, ¥J{H A 4.45+0.12,
5 RHON 10.75%; A LR & EALTRLE 30.20 ~
111.00 g/kg, ¥IME AN 69.75+5.53 g/kg, A5 ZEN
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30.73%; SRS EALMRAE 1.73 ~ 4.52 gkg, ¥{E 350.00 mg/kg, ¥ {H N 237.00+15.11 mg/kg, 4%
296+0.20 ghkg, L5 RECN 26.67%;: S E R R EN 24.69%; H RS E AL 1.23 ~
AMELE 0.28 ~ 1.95 g/kg, ¥IEN 0.57£0.11 gkg, 5.18 mg/kg, ¥ 1§ N 2.66+0.29 mgkg, & 7
B RN T6.71%; AW E &AL IR L 8.32 ~ RN 41.64%; TR A =R IR TE 94.20 ~
26.30 g/kg, ¥JMH N 13.75+£1.08 gkg, & F & 187.00 mg/kg, ¥JMH M 130.15+5.54 mg/kg, 25
N 30.41%; K il 1R AR S B AR IR AR 146.00 ~ ZH0N 16.50%.

T4 BHRLIBUFERSE
Table 4 Statistics of forest soil chemical property content

MIREE R /M ISONE] T HME FrifEiR B R
Determination index Minimum value Maximum value Mean value Standard error CV /%
pH 1 pH value 3.80 5.85 445 0.12 10.75
HHLE SOM /(gkg™) 30.20 111.00 69.75 5.53 30.73
4% TN /[(g-ke™) 1.73 4.52 2.96 0.20 26.67
4k TP /(g-kg ™) 0.28 1.95 0.57 0.11 76.77
4280 TK /(g'kg™) 8.32 26.30 13.75 1.08 30.41
IKfEPER AN /(mg-kg") 146.00 350.00 237.00 15.11 24.69
B AP /(mg-kg™) 1.23 5.18 2.66 0.29 41.64
A AK /(mg-kg™) 94.20 187.00 130.15 5.54 16.50

22 REWKSHEIR 3% pH ERGEHREOEN BRI S &b 5 HUR & 2 TS A
I e TRFIMRAS 2K 1 -8 pH R HLR 77 24

R ERE R P P BRI
Fior, JrATOibk-buE pH BN 5034043, & P P PR

K+ I ARG 4150025, FAMAE N e (RS

WL AR SR 4.4740.10, BRI 4.30+0.14, 23 ATEMSLBEGHIESR. &8 2HM
MR + T E A 4294014, Hbh A+ 5TE A

G pH B T rairk, 5 A
A pH HEFARE.

AR AR 2 27 B LT 2> B 2 AR O A
Kaitk 53.97+£6.08 g/kg, J5Fraitk LA HLUR &
H62.87120.98 g/kg, HEAR4IMK 72.17£7.40 g/kg,
AR+ T E AWM 77.2043.07 g/kg, AR+ 54T
HAMK 82.57+116.43 g/kg. HITHEARM A iM%
W, FHELE SRR, KEMLFERER
A LR E, WintEaa SR, Bk

W 2 fizs, ARG LIRS R A Eh D
BIZ KA A T 58 2 5 5 5 2.13£0.26 g/kg,
K 4l Ak 3.01+£0.14 ghkg, 2K+ 7177 H &
3.0340.16 g/kg, J7 T4k 3.21£0.70 g/kg, HEAR +
T EAM 3.41£0.62 g/kg. BRI GHEA + J7
MEAEMS LIEARASEWE S TEARA4K S5
K+ RGNS, WAk LEEE S ER
TEARMMKREEK + T EEMS.

6.00 ¢ 120.00 ¢
503a
500 i 2 10000 8257a
47 a &
415b 4.29 ab i 430 ab e o0 62874
400 | 5 osooof 27
E T M %
<
i £ 53.97a
2 3.00 F 2 6000
ol
% 5
. 5
200 F g 400}
HE
=
1.00 f- w 2000}
0.00 0
BARTH BRI K AR FHr BARTFT BATTT A AR FHr
PR 42R 7 Stand type PR 42R 7 Stand type

Bl AE#HSEBTIE pH EFEHNREE
Fig.1 Soil pH and SOM content of different stand types
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Table S Variance analysis of soil pH and SOM in different stand types

M FE bR A 5 R PN EREE)ES i FAd i 2
Determination index Source of variation ~ Sum of squares df Mean square F value Significance
i 1.42 4 0.35 1.98 0.17
pH HH 1.79 10 0.18
pH value
Bt 3.20 14
4 [a] 1566.31 4 391.58 0.81 0.55
AL
: 4
SOM HA 4 .865.87 10 486.59
Bt 6432.18 14
1.80
5r 160 1.24b
20l 34la 391a .
25 140 F
2T 3.03a 30l a 120
o so0f - I Yo
w25k 213a & 100 |
> :
E 20l I 0.80 |
s H
H o5 F 060 046 046 b
037b
10k 0.40 | 0.32b
Ol T |+‘ m
0 0
BARLEY BAHT K A T BAYFEY BAAT A Jk T
PR 42R 7 Stand type PR 42R 7 Stand type
25.00 ¢
1877 a
20.00
o 13.37ab
%E 15.00 [ 13 40 ab 1337ab
=g 1
= 9.87b
B 1000 [
H
5.00 |

0
ATV A TIAY

A A ki)

427 Stand type

B2 FREMSEBLIRER. 28

eHEE

Fig. 2 Contents of total nitrogen, total phosphorus and total potassium in soil of different stand types

ENEIRIN ey et ot s = Al e P T EA T
YRR ARG I 2 5 & 0.3240.03 g/kg, AR
4K 0.3710.03 g/kg, AR+ T TE G046+
0.04 g/kg, AR+ TTTHEEM 0.4610.10 ghkg, J7
Tratifk 1.2440.38 glkg. IPTAMHIREH S &L
T HAMNS, HEAGKRS LEAHEE
FEARFIREA SR o

AR AR 7 Y 4 3 4 5 & el D B 2 AR
A 2l bR 133 4= 80 55 B 9.8740.78 g/kg, AR 4L
M 13.37£0.67 ghkg, AR+ HTHE A 1337+
2.14 glkg, K + T &G M 13.40£0.46 g/kg,
AT Ak 18.77+3.83 g/kg. Horb 7 A7 ali bk 1 4 4

PR R T ARy, TR AR AU AR AR ) 5
AR T H A

AR RN LR TR S BT E
SITAE SRR, MR AN IR A A B e

AR, LA S BN ERA S

(£6) .

24 AEMS B TIBKBR. BB, B
EpEAlD)

W 3 fos, AR A K AR &
DB ZAR PSR GERE LK RS B 171,67+
15.98 mg/kg, %A 4l bk 231.00+10.60 mg/kg, 12
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K+ T E A 251.00+411.02 mg/kg, J7 774l bk 43.21 mg/kg, AIEZEMIRS) [A] L3 K i e B =
263.33+50.53 mg/kg, 1EA + TR A 268.00+ [F) G 225 75 5
F6 TRMHABLIEST. 2. 2ESEHFESH'
Table 6 Variance analysis of soil total nitrogen, total phosphorus and total potassium content in different stand types
WI5E Fabw AR KR 7 H ¥177 Fii N
Determination index  Source of variation ~ Sum of squares df Mean square F value Significance
ZH ) 2.87 4 0.72 1.23 0.36
™™ HA 5.84 10 0.58
sSnn 8.71 14
20 5] 1.73 4 0.43 4.61%* 0.02
B 4
TP HA 0.94 10 0.09
JsSnn 2.67 14
i) 121.84 4 30.46 2.47 0.11
S HA 123.14 10 1231
TK . ’ :
Bt 24498 14
o [REARNEE # . * means significant correlation.
350.00 5.00 -
268.00 a 26333 a 150l 3d2a
300.00 '
- 251.00 a 400 -
= i 231.00 o
B 250.00 _I_a E) 350F 267a 109
g & 300 5
< 200,00 f 171.67a g 7 242a
Z & 250}
& 150.00 f 2 200l 172a
i:t 100.00 | T 150 F
1.00 F
50.00 f
0.50 |
0 0
BARLEY BAR+EY K A I BAREN AT B A I
PR 42R 7 Stand type PR 42R 7 Stand type
18000 145.67a
160.00 |
13567a 136.00 a
14000 |
= {_ 12067a  112.73a
® 12000 —
% 100.00
£ 8000}
=
] s000
40.00 |
20.00
0
BAR+E BAHT A A I
427 Stand type
3 FEMSEBTIFKEER. BEH. ZYHEAE
Fig. 3 Content of soil hydrolyzed nitrogen available phosphorus available potassium in different stand types
AR R AW S RmB DR ZRK K 40 MK 120.67£2.67 mgkg, 2K+ 7T R

N T AT SRR A U & 1.7240.33 mg/ke,
R4 2.42+0.20 mg/kg, AR+ 5T E &K
2.67%0.71 mg/kg, HEARLIM 3.09+£0.12 mg/kg, 15
K+ T EAM 3.42+1.16 mg/kg, AFEZERIRI>
(] -3 s & R A G R .

AN R AR 43 28 20 - ol 508 1 B fh D B 2 AR IR
R AT AR - R S & 112,73 £10.92 mg/kg,

& MO135.6749.13 mg/kg, F2 K 4l M 136.00+
9.45 mgkg, A + TR G 145.67+20.67 mgkg,
ARSI AR 18] LU S L R E .
ANFEIMR A RN L3 TR SR &
SIMTEE R B IR, MBS KRR B
BRI S RN ERARE (RD .

=
-
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Table 7 Variance analysis of soil hydrolyzed nitrogen available phosphorus available potassium content in different stand types

WE F bR A8 S KR R H ¥1J5 F1E RETE
Determination Index Source of variation Sum of squares df Mean square F value Significance
#H[n) 18 464.67 4 4616.17 1.57 0.26
o
/kﬁigt% HA 29453.33 10 2945.33
Bt 47918.00 14
4 w) 5.13 4 1.28 1.06 0.43
2 ,
AP HA 12.10 10 1.21
Bt 17.23 14
2 (8] 2 096.09 4 524.02 1.20 0.37
T
4
AK HA 4359.23 10 435.92
Bt 645532 14

2.5 HEFNM O

Mo T3 pH . AHUTR. FBEHF TR KA R
PEFR 3 SEFEAR A S PE 20 M 45 SR W5k 8 FroR. pH
H520. 28z M 2REEIEAES (P <001,
MSANE . AR EE AR (P<0.05) .
TIEAENFR S ES SR KEMERZ 8 B 8%
IEMSE (P<0.01) . HHEERE EHKAEERZ
] 2R EMHE (P<0.01) . HiESHE %
A A EMWRE IEASS (P <0.01) o THIEEN

B A R () R IR (P << 0.05) .
I EE KAL), pH RN 3 FR 0 b B e RS A AL
K, xR R EE. AN 4R
R A Y o, I 3 LB 70 i 2 B TRUR
F A DNA S R e a, #h 78 BIRE A
ERE e WL EFEMRE, SAKMIEEN
WEMK, ATV A A RO A B
SR AR AR 2 TR AR, UEWI R 1A
A EW, (HARE S A, A Sz
8] (AR SRR AN 2 2

RS ML S MEIRHMEXME S

Table 8 Correlation analysis of 8 indexes of stand soil

plpegiztan pH {H A B £ e e IKIEPE R H R A
Determination index pH value SOM N TP TK AN AP AK
pH {& pH value 1
AL SOM -0.634* 1
4% TN -0.434 0.916%* 1
4xf TP 0.775%* -0.339 -0.024 1
441 TK 0.721%* -0.451 -0.187 0.861%* 1
IKfEPEZR AN -0.421 0.874%* 0.977%* 0.021 -0.109 1
% AP -0.470 0.155 0.048 -0.419 -0.079 0.148 1
A AK -0.561* 0.347 0.282 -0.282 -0.158 0.299 0.551% 1

o R EE, RN . * means significant correlation, ** means very significant correlation.

K H g 2 25 i BRI BIE S IXAS [R) R 4 26
L EREATVRAY, SRR 9 P, Mg
LB 2% KRR R SE AR e SR B e, 1
BT PN AR IR A . BIRGEA VM TR RS K +
JITEIME N 141, BOR + T a8 146, F2K
PIE 9 1.30, BEARBIMEDN 135, JirTifE )y 1.48.
HABAR + T EEW D LR G TR
NTLS, ABFEH 3 AMFEHL LR R LR At H
A2 AKT L5, W R. MTATEEAREN 3 ANk
AR P NA | MRS ECRT 15, 462
BV AR, AR SRR B R A R 2

BINE LS, FRHI IS N A,
3 it

3.1 MMESZEMNTRAFM RN

PR + J7 PR AC MRAH LU MR SR mT A 203
T HE pH (AR B EIR PR . LI pH (H
KRB bR . —, ERRG P —
LB A ) 1) A B 2 BLRCOR AR P BR VT R & S B Ak
MRS AL, E 3 b ) Rl A AT DLREAT i R A
A, E = FH KM EAR A Z T 23 pH B RS 31ERE
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Table 9 Grading of soil indicators and Composite index evaluation
o LTI Fa bR B AR HE (L3 1H P; Standardized mean value P; of soil nutrient index ysreRy o
IR - . - Ll
Stand type AHL Eo g il KA R A Xk e Composite  po o tion
SOM TN TP TK AN AP AK Index
AR + 7777 3.00+0.00 3.00£0.00 1.28+0.21 2.56+0.03 3.00+0.00 0.53+0.14 2.36+0.09 1.41%0.03 g
BEAR + Ty 3.00+0.00 3.00£0.00 1.27+£047 2.56+0.14 3.00£0.00 0.69+023 246+021 1.46+0.11 R
AR 3.00+0.00 2.82+0.18 0.63%£0.17 2.56+0.05 2.74+0.17 0.48+0.04 2.36+0.09 1.30%£0.03 R
HEAR 3.00+0.00 3.00£0.00 0.83+£0.14 2.33£0.05 3.00+0.00 0.62+0.02 2.214+0.03 1.35+0.02 £
Ji 3.00+0.00 3.00£0.00 2.72+0.28 2.78+£0.12 2.97+0.03 0.344+0.06 2.11%+0.13 1.48+0.04 g

s U R A - A 2 J5R A 5 T o L I AR
RATIWEA, IR AR EY R E
AR T 138, S pHAE FF, M+
IR LT, #E R AR RN IR AR S u R
L A = o7 N R 1 7 9/ N e w5 N
P, ETFATAEMAT 1) pH AE N 5.03, T HAd AR 7 2
R pH (HIMKT 4.500 F7ATHERR IR FE 3 2E7E 0 ~
30 cm FJZ U, MILUAZ AR RS ACSEA B, 1R R
g/, BRI & s AR A, PR x)
358 pH A B0 55 T TR ARM Bl T2 ARG HL
BRI & w3, 5 I SRR i %
N, BT 3% pH {H.

TRAZ MRk A I R A T R S R
FEWEZER, HPh2ASEERRNNE. 8
K+ T EE A AR A LIRS 2T
BN T 0.40 g/kg, MAZAR + 577 Z G A LA AR
gk IR S BTN T 0.90 gkg. 530z "
LEXT LT Chimonobambusa tumidissinoda Ak
ST - S Phellodendri chinensis JEAZ MR A & &
W WSROI FE b I, VRS ARAR IR T2l k B
BRI AR R, SRS, gk sz e
PR HIEKR R0 ISR - SO 2%
RLRFEWI. WA, Wb EE R,
TR A B IR SV A N IR RN T & B
, IR, MARME S L T2k, +
B ELE T RS P,

32 MHMESZENTESFMERFEMm

EEM ML Taipk, P PLE LA
PETCE O 1 & R By, PR + 5T
HEWn BEPA NI SRR AR LIE
TR BIRIRERER R 2%, (BAEBRKATF T RN =
DT 1) RIEBEF B R P 2) E)
TR 708 2 3) RABEK T 13743 7C
= P BAh, AR AE RS g bk g e K

(555 ToE . 33 v IR A WL R B 4 45 5% 43 7T
R A RS RN, A REE A A Sk
A T B R AR R R DRk, e o
53 B RN B A e LR IR A ) ORRE. B
HEEMS ML Talibk, T3 AL KA
AR S ES I B m, HP AR+
VI A WL & & 1E 82.57+£16.43 gkg, +
B R KRR S 2 AE 268.00+43.21 mg/kg,
BB A B AR 3.42+01.16 mg/kg, B A BAE
145.67+20.67 mg/kg, P& & T H AR, B
FUUEBH, ARAPTIRAS & MO b T 4libk, R 1
TR Y A N, T R e R A K
A R o ' B TR SR S AT R A LR S
IR ZE A OG, ARV L 0.874, WAER] [
AL 20 LA R A P AR R . KR T
V&I RE R R, KA TR R E M LR T
& IA VBRI FR 5y 03, TEMK T ITENR T
TERCRA L, BEES T S 7 HR S 3 b 2% (14 ' 5 0
MRIEARRE, Wb 7Kk, 8T
398 b A B RD L B SR R TR B, IR T R VR
YA HLTRIFE 43 1R 0%

33 MMESZENIRNKRRYR

PRAT S G A BT AR BB A B T 2 R AR )
B, HAEOR+ TR S E R AR SR
SFERMPEREEIR. ERTEESHNEERA
Ny TEARPR AR AR A AL LS R IRAIE A, TR
ALY TTAT BOMEAR 12 BAE R ER R U HGE RE, AT
TR T IR R R AR A S, HA7 T AR A 3
AR SRS R A BRI, S E 2 KA L
B2 BERRE R SR R WEN LT, 1’
w L SR IR, T T BRSO R P
AR AR B0 AT B 4 5 R E <M, Rt
B A, (et g L A R R R L A RS
SN S, s R NS R Y, A
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