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Spatial heterogeneity and factors affecting phosphorus in the litter of a natural
Picea jezoensis var. microsperma ( Lindl.) W.C.Cheng & L.K.Fu and Abies

nephrolepis ( Trautv.) Maxim. mixed forest in northeastern China
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Abstract: In order to investigate the spatial heterogeneity of phosphorus (P) in the litter of natural Picea jezoensis var.
microsperma ( Lindl.) W.C.Cheng & L.K.Fu and Abies nephrolepis ( Trautv.) Maxim. mixed forest and associated factors,
four 1 hm® permanent plots were established for litter collection and surveyed for stand structure in northeastern China. A
total of 400 litter samples from the semi-decomposed layer were collected using an equidistant grid point sampling method.
The spatial variation in litter P concentration, return, and use efficiency were analyzed using geostatistics. The results
showed that the average litter P concentration was 1.26 g/kg, the average P return was 24.57 kg/hm’, and the average use

efficiency was 841.74. The variation in P concentration, return, and use efficiency in the four plots was moderate, and the
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degree of variation showed that P return > P use efficiency > P concentration in an individual plot. Litter P concentration,
return (the nugget-to-sill values in plots Il and IV were >75%, indicating that their spatial heterogeneity was mainly
caused by random effects and they were not suitable for interpolation ), and use efficiency showed high spatial
autocorrelation, primarily resulting from structural factors. The spatial heterogeneity of P use efficiency was lower than that
of P concentration and return, and the spatial autocorrelation ranges of P concentration, return, and use efficiency in the
plots were 9.9—40.5 m, 11.9—52.9 m, and 8.1—39.3 m, respectively. Within plots, the fractal dimension of P use
efficiency was higher than that of P concentration, with a more complex spatial pattern, while P concentration showed
stronger spatial dependence with better spatial structure. Litter P concentration, return ( except plots III and IV) , and use
efficiency in the four plots showed strip and patch gradient distribution, and the spatial variation of P concentration was
similar to that of P use efficiency. Litter P concentration, return, and use efficiency were influenced by canopy density,

species, plant diversity, and other factors.

Key Words: Picea jezoensis var. microsperma ( Lindl.) W.C.Cheng & L.K.Fu and Abies nephrolepis ( Trautv.) Maxim.

mixed forest; litter; phosphorus; spatial heterogeneity; geostatistics
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Table 1 Characteristics of experimental plots

s

e IR e ZE i Wi Rflmpy  EHRE Stand SRR PR
Plots Altitude/ Slope/ Longitude/  Latitude/ Aspect ' Thin.ning Volume/ density/ Mean Mean
m (°) (°) (°) intensity/% (m>/hm?) (Bk/hm?) height/m DBH/cm
I 742 3 130.25125  42.38018 el 21.21 173.89 934 13.9 14.5
I 732 5 130.25000  43.38467 Ak 6.29 201.00 1167 11.4 12.3
11 769 5 130.25410  42.38453 b 11.22 218.10 1301 13.6 13.7
v 773 3 130.25547  42.38477 At 0.00 209.10 1437 15.1 14.0

DBH: diameter at breast height
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Table 2 Descriptive statistical characteristics of litter phosphorus concentration, return and use efficiency (n=100)

PR ERRE

=i Zsii) ¥fH HRME He/ME Standard  Coefficient i) 3554 K-S fi
Item Plot Mean Max. Min. deviation  of variation ~ Skewness Kurtosis K-S test
(SD) (CV, %)
Wz I 1.30 1.86 0.67 0.21 16.15 0.19 0.75 0.84
Concentration/ i} 1.49 2.41 0.53 0.40 26.84 0.31 -0.34 0.82
(g/kg) 1 1.12 1.67 0.69 0.20 17.86 0.10 -0.35 0.58
v 1.12 2.35 0.57 0.22 19.64 1.77 8.56 1.32
H3E & I 29.32 91.26 9.16 17.04 58.12 1.94 1.40 2.11
Return/ i} 27.69 112.60 7.04 15.10 54.53 9.20 2.16 2.16
(kg/hm?) 111 19.23 53.05 5.99 8.15 42.38 2.46 1.25 2.53
v 22.04 90.63 3.95 11.11 50.41 13.46 2.57 2.17
FIHIRCR I 793.22 1492.54 537.63 139.00 17.52 1.58 5.63 1.25
Use efficiency i} 724.62 1886.79 414.94 224.85 31.03 1.89 6.96 1.12
111 926.16 1449.28 598.80 181.47 19.59 0.83 0.48 1.03
v 922.97 1754.39 425.53 176.97 19.17 1.13 4.67 1.03
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FEHD T R RO (R* = 0.858) |, ke IIT A1 IV 4 526 MR (R* =0.001—0.149) , BRAEEHS 1 h I8 7% 20w F)
FARCRA SRS R A BROIRASE RIS (R? = 0.513) , Hifth 3 HekEsb 3 3R B8R (R* = 0.256—0.883) , #HH
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Table 3 Semivariogram theoretical models and parameters for litter phosphorus concentration, return and use efficiency (n=100)

LA
g RETIIRN
Beli  RAM g Swewre BUEREC TR0 B4R

IiH b TR . variance  Determination
Nugget Sill Range . .. sum of Fractal
Item Plot Model Ratio coefficients . .
(Cy) (Cy+C) (A, m) (Co/Co+C (R) squares dimension (D)
0 0 ) (RSS)
%)
e I BEL T 0.0003 0.0119 9.9 2.5 0.276 1.961x1077 1.988
Concentration/ 1l TR T A 0.0142 0.0310 40.5 45.8 0.999 1.487x1077 1.815
(g/kg) 11 P RO A 0.0005 0.0145 17.1 3.4 0.727 7.691x1077 1.952
v FRBUL A 0.0000 0.0084 11.1 0.1 0.222  2.626x1077 1.978
T34 f: I ERCRA Y 0.0001 0.0334 11.9 0.3 0.349 1.966x1073 1.982
Return/ e FE B 0.0115 0.0252 52.1 44.0 0.858  3.913x107° 1.884
(kg/hm?) - LAY 0.0256 0.0256 52.9 100.0 0.149  3.333x107° 1.987
v* LR PRI 0.0142 0.0142 52.9 100.0 0.001  2.902x107° 1.974
IRz I BRORAE A 0.0000 0.0077 11.9 0.1 0.513 1.366x1077 1.998
Use efficiency Il FRBUAY 0.0013 0.0146 39.3 8.9 0.883  2.031x107° 1.869
11 FEEAAY 0.0008 0.0154 15.3 5.2 0.577 1.031x107° 1.964
v TRE R 0.0001 0.0105 8.1 1.0 0.256 1.081x1076 1.995

* RN AR A IEA DA T Box—Cox 54

MFE 3 TLUE AR bR 5 PIss vk 1 U 38 B FR ORI e 8 (B33 T 0, 32 B p i 06 1% 2 FUURE
SR AIREHLAS SN, 254 1o I 75 Pyl vk B I3 2 AR GR35 {8 43 311 0.0084—0.0310,0.0142—
0.0334 1 0.0077—0.0154, []— £ B 1) FH R 3 04 2% S R B e vk B M VA 1K, 458 i 08 V% 1 ol ik 38 454
HoA 0.1%—45.8% , 32 B F BEMLER R 5 R 14 23 1) S o e oy HE 2 (R S B PR 19 0.19%—45.8% , i Fh &5 P R R
A 23 () 5 M 7 54.29%—99.9% , 2 V3 AZ T AR ASMRE b I8 Vi Pl vie i HAT 05 1 2 (8] FAHOG M | 222 1
SEFPERN R B, FEHL T A PRSP8I 8 A ZE R EE N 0.3% , AL AT S 2 (0 2 1] [ AR DG , B 11
IR S5 LR 44.0% , HAT v A5 5 B 19 2 18] F ARG (ERE M T A0 IV 8549 L KT 75% , Foos [RIAH G PR
55 , U A 25 a) S5 5 1 B 2 RN 5 1S, RS A AT s (A TRIRR, 45 s U8 Y& W B R R0 i 45 4
FeoH 0.1%—8.9% , HLAT SR ZU A 23 5] [ ARG .

M3 AT LLE H, = A2 5T TR TR SRS b 0] Vi W) Wi ok B 78 A5 R 9.9—40.5 m, B HIA 58Ty 11.9—
52.9 m, BRI FHACEAEFE R 8.1—39.3 m, I 40 f B i ve X RN R FH SRR AT 8 R A 223 ] [ AH DG B 8 2 () 3
Sk I A S R A R RS A, 45 HE b R V5 Bl vk B | JE1 3 2 R 803 109 40 T 4 50053 501 A
1.815—1.988 ,1.884—1.987 F1 1.869—1.998 . I 1 IV i 74 s 1) FH 2% 2 114 20T AE 55 1 w8 Tl ok 13 A
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Fig.1 Semivariograms of litter phosphorus concentration, return and use efficiency
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Fig.2 Spatial pattern of litter phosphorus concentration, return and use efficiency
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MoV MR HE VRIS i R PR K g v S R B S | ELIR] — e M, 2 S R R AR 2 O Wl U 0 > W )
RORSTEAEE , AT R85 U8 9 W) b 3 AL RRAE A L AP 43 A1 B e M ORI I 55 A 6

R4 FAEYBEREVIZENFAUESH EEFHEXREH(n=100)

Table 4 Correlation coefficients of litter phosphorus concentration, return and use efficiency with aboveground factors (n=100)

SRR
Biodiversity index A .
9 pag BRI R ey PR i ﬂ?ﬁ guyju W MR
ftem Plot densilz:: n[u)m});r number Sim?s;; Gleason l’ielou:li)r:dex free spe'cies Stem . bBH Basal area
index (D) Wiener ) proportion  number ratio
index (H')
W I -0.106  -0.038  -0.077 -0.038 -0.066 -0.105 0.010 0.007 -0.097 -0.111
Concentration 1l 0.262** 0013  -0.109 0.013 0.043 0.058 -0.038 -0.021 0.038 0.042
11 0.147 0.206*  0.148 0.206 * 0.222°* 0.123 0.023 -0.097 0.093 -0.087
v 0.037 0.195  -0.030 0.195 0.212* 0.126 -0.035 -0.133 -0.057 -0.058
A I -0.029  -0.094  -0.085 -0.094 -0.113 -0.106 -0.001 -0.117 -0.087 -0.078
Return 1l 0.137 0.025 0.033 0.025 0.022 0.017 -0.011 -0.086 -0.111 -0.091
il 0.079 0.128 0.067 0.128 0.158 0.147 0.076 -0.031 0.059 -0.030
v 0.040 0.258**  0.149 0.258 " 0.230" 0.061 -0.072 -0.001 -0.113 -0.107
FVEVES I 0.096 0.035 0.059 0.035 0.064 0.080 -0.028 -0.039 0.085 0.095
Use efficiency 1l -0.269 **  -0.043 0.052 -0.043 -0.054 0.006 0.019 -0.007 -0.002 -0.012
il -0.121  -0.150  -0.112 -0.150 -0.165 -0.098 -0.028 0.089 0.056 0.053
v -0.102  -0.209"  0.014 -0.209*  -0233*  -0.121 0.060 0.169 0.035 0.034

#  FONPIAIEE (P<0.01) , * FREM B3 (P<0.05)

x5 RAEMBREAZEMHALESREYWEFRIEXRE(2=100)

Table 5 Correlation coefficients of litter phosphorus concentration, returned mass and use efficiency with litter factors (n=100)

A \ myy Y ) ) \ .
=l zsii] P ﬁ_ﬂ(% e 25 WA L Wi L AW
Ttem Plot Litterfall Moisture Total C Total N C/N C/P N/P

content
W I 0.090 -0.133 0.023 0.236* -0.243* -0.725** -0.342""
Concentration i} 0.060 0.061 0.084 0.091 -0.007 -0.758** -0.771"**
il -0.151 0.060 0.011 0.230* -0.131 -0.689 " -0.835**
v -0.013 -0.078 0.046 0.271%* -0.101 -0.609 ** -0.690 **
338 i I 0.949** -0.075 0.174 0.055 0.065 -0.130 -0.137
Return i} 0.831** -0.009 -0.041 -0.052 0.003 -0.409 ** -0.414**
I 0.818** 0.097 0.115 -0.068 0.183 -0.062 -0.294 "
v 0.798** 0.121 -0.067 0.010 -0.055 -0.280** -0.371**
FIHIRCR I -0.110 0.158 -0.049 -0.175 0.183 0.738 ** 0.434 **
Use efficiency i} -0.032 -0.017 -0.127 -0.034 -0.077 0.822** 0.890 **
I 0.186 0.044 -0.003 -0.252** 0.159 0.712** 0.834**
v 0.060 0.025 -0.077 -0.281*" 0.080 0.620* 0.745**

4.2 RINEFIETR AR 75 Yy 2 25 18] = Bt

25 8] S ST R R A R R RN BEALPE PR B SR TR M A 4 S i, S A R 3 BB AR 1 2 (e 4 S b3 i
T BEALIE P 223k 35 23 [ AR DG PE S ARBIF S o, 45 F b U8 95 0 Bl vk B U1 3 et K 0] 20 R 2 ) %6 Jd A7 A 22
S, [7]—FF bl R FH A3 0 20 S AR B O Ak B R IR, PR TR vk B R AR s a5 i M R B R 2
) S T 0 ) o 2R 0 AR S 54.2%—99.9% 1 91.9%—99.9% , Vit W HL 7 M AIF 9T R b = B2 25 g [H
FRM B2 R BRI SR A S AR — BT, M RS2 N R A VR P 2R 2 ) S T e A Y
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PR (URAE AN 52 SR IR 22 ) 5 1R . AR AR 45 7R 4 (B AH D& BBl A/, A8 d U AR R 9 A LA 4 ) [ A G
PE L R AT MR AR RE L VR v B UE A TR KR SR AR RR 4R 9.9—40.5 m (11.9—52.9 m Al
8.1—39.3 m, FHABE K HA B/ N2 () S REE, BRIE , ARBIFFER 10 mx 10 m FE 7 WA RIS DAL &, 2 DA
R WLJR T5 TR A i SR FH AR SR AR O, TR ARG BEALIN 25 R A 5 Bt b RS AR S L
(ER/IN, AT S Bl 2845 T AR SRy (0 A J A B 1 ) AR 45 R M R 95 i vl B 138 AR PR A5 3R 19 40T A 5
53928 1.815—1.988 ,1.884—1.987 Fil 1.869—1.998 , /S48 73 AL 4 2% S AN K (HBE I FH R 19 0 T8 4 B A L
B FE 17 0.010—0.054 , & AR M B 10 2 TR T 5, | LA W A A Rk, 235 TR 43 A T B0, o LA A (L 1l T
LR 52 B R b A 955 40 100 2 T 43 A AT, 25 B b R 95 0 i v B U040 £ (B Atb TIL T IV)) FR R Ak e 2 1
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], 3 BE AN Ry 3°—5°, A5 AF M R T4 W0l vie | A3 2 AR FH 2080 36 v L DX 345 AS 4[] U AR T B 2 A2 K SR AARAS
] 38 AR ol 2 i S5 b DR R 5 S A R 5 7K S S5 RV 0 DR T M T S S ST b 2 PR S
4.3 RIREFIRTER M T Wl 25 23 1) 57 o 1k Ay 5 g D) 25

SRARE AR 1 S B, B ok MR MR M T AR A 25 R SR 2R R R DA B S AR AR AE
e T AR B S AR K B 25 [ 20 Be . ASBI T o, 4 HORE i i A K - S5 1k AR AR, AELAS T] £18) SR A i B2 £ ) 38
A BRI/ NS R P A — B R 25 55 HE TS e 1 P e R i 25 () A8 S5, AFSRAR I 4 BRE b o0 22 0 %
IR | JE 3 B AR ACR 5 b AR AR TS IR 7 R 506 RAFAE 22 5% (BRI, A P& W i vk 1 A1
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BEFEVINA LR, HHIESE AR DR P8 5 T MU 95 57 43 A i 00 52 1005 | 2% B0 i
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P& IR IS V53 B AR FHRICR S i 3 ki B 25 R G G PR RN BB e o, FE 5 490 ) 4 v 1 45
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