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Microbial biomass and enzymatic activity in sandy soils of northern Henan

Province with different alfalfa and awnless brome cultivating patterns
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Abstract: In order to investigate the effects of different cultivating patterns on microbial content and related
enzyme activities in sandy soils of northern Henan Province, through six consecutive years of positioning tests
in northern Henan Province, compared with sandy bare land, the effects of three kinds of cultivating patterns
(alfalfa single-sowing, awnless brome single-sowing, and alfalfa/awnless brome mixed-sowing) on soil microbial
biomass carbon (MBC), nitrogen (N), phosphorus (P), and soil enzymes were studied. Both a regression anal-
ysis and a path analysis were used. Results showed that compared with sandy bare land, the contents of soil
MBC, N, P, and enzymes for the three kinds of cultivating patterns in the 0 to 40 em soil layer increased in the
order of alfalfa/awnless brome mixed-sowing>alfalfa single-sowing>>awnless brome single-sowing. The contents
decreased with lower soil layers, that is, surface aggregation features were present. The correlation analysis
showed that the presence of soil MBC, N, P, and seven kinds of soil enzymes were significant (P<<0.05) or
highly significant (P<<0.01) with r value ranging from 0.744-0.980. The path analysis further showed that the
direct contribution effect of soil enzymes from large to small on soil MBC was urease >amylase >beta-glycosi-
dase>sucrase >protease, on soil microbial biomass N was urease >sucrase > beta-glycosidase > alkaline phos-

phatase, and on soil microbial biomass P was sucrase >beta-glycosidase > alkaline phosphatase > catalase >
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amylase. In conclusion, after six years of artificially planted grasslands in northern Henan Province, compared
to sandy bare land, the contents of soil MBC, N, P, and the activities of soil enzymes greatly improved optimiz-
ing the main physical and chemical soil properties with the alfalfa/awnless brome mixed-sowing being the best
cultivating pattern. [Ch, 1 fig. 6 tab. 20 ref. ]
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SRR, R E Y Rk (SMBC) | 8854 2E W i S0 (SMBN) il 4 38 il 4= 9 it % (SMBP ) /2 4 9 o7 5%
. A. BEWEZ B K CET, BEASWTN BER RS M EEREG, W RESRE AT
T R AURAE bR LR R AR S R IIRR G S, AT AR IR R R Y A P AR, SMBC,
SMBN, SMBP il + 3 iff X} 4 635 55 7 19 A8 16+ o B0k, 3 /A gh ¥ 25 5 | ke L 3 o sl i 4 1) A
B0, MR, 6 A G AR Y RN TS P O W R r A AR SR RS LA AT NS RIS
Medicago sativa S 1H 535 Fl Py N 50 b ok 155 1 AR B K9 5.8} Leguminosae PR, PR AR 78 RE 95 A 2% &1 &
2SR A A M AR = R s JEr 4 4 Bromus inermis JE RSB} Gramineae It R R R
W EMELE, ERMESY, Tk, TRPRURARHICR R G X N TR SMBC, SMBN, SMBP #1145
fi (52 e O 5 1 T AR ZWFE & DA AR S, ARSI A X 58 10 5 18 B . Ot e A R RS
FEITG 48 2 VR4 3 Rk B0 SMBC, SMBN, SMBP [ 5 & 40 50U% Al 56 + e 1 e E AT T 3% 42 6 a 11
FENIWESE, B R R AR b b DX O B R A 7, SRR RO RV Ak A N T R A
X, PHIN A G iz XN TR i A P A SR e 55
1 e E 7
1.1 HREXHER

TR T R AR 2 TR SRR (35°16'N, 113°57'E), AL AP s, malm s, Jeim i
WIE, R B, RV T X R BRI Rk T KA, AR 142 C, 4
HyRg ok ity 573.4 mm, AEHHIRNECH 2 400 h, 4EXREh 68.0%, ToFEHI N 220 d. KR4 BriE 53 AL
B, EEETE T M8 A, A R, I 0~40 em + 2R AL P L 1,

*1 R O0~40cm T ETIEEMIBUMEE

Table 1 Soil basic physical and chemical properties in 0-40 cm soil layer at test site

ER/AY . =2
=R w45/ W/ w4l W ! W ! 10 s/ w gl TR/

Frfem ¥ pele @l ¢l (g-kg™) (g-kg™) (g-kg!) (mg-kg') (mg-kg!) (mg-kg') (g-kg®) % vl

0~10 53.41 33.31 16.11 1.11 0.73 13.24 37.71 14.94 92.66 6.45 27.42 7.86
10~20 50.12 34.78 15.27 1.09 0.71 13.12 33.54 12.62 86.54 5.54 28.01 7.85
20~30 49.04 36.22 15.05 1.07 0.67 12.87 27.83 10.81 81.11 4.52 2891 7.83
30~40 45.33 37.54 17.24 1.06 0.62 12.79 21.87 8.72 78.25 4.01 29.83 7.84

1.2 RIEI

TG b BT AUl 720 m?, 2012 4% 10 7 HBERF ML AT R BEREAE L, RS ZESE 6 a AT HE RIS
BEMLIX i1t , R 3 w-/hXT, 12 AN, Z/RXKEFS 20 m*(4 m x S m), DLV ARl X) IR
WAL E R 08 . T 2R . SO 16/ 0 - 2 IRAE 3 MM i F s 8X; T 2012 4E 10 H 6 H
IR AN, 26 E 8 ARG R L 15.0 kg-hm™, JOT5 46 22 (1 B4R 4% & O 22.5 kg-hm™, 878 [ 45/70 1%
P8 2 VA 4G 1t 38 R M L R A — 2 o BRSO &R, ATHE 30 em, KIS SRR R, AN FIAT
i AERE, EREICRE, 5k -a™, @ BIRK S N TERE,
1.3 TEHRARERNE
131 E3EMH &AL 2017 4 10 A 30 Hidges )G, UL O e & /N IX T 8 73 J2 (0~10, 10~
20, 20~30, 30~40 cm)HUHE . SRR L FEH 0250, IFBIBRBLAR RN A e, KT B 65 S 0.15
mm fLI, &,
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132 L AHFRAFNE AW FAE RS I E 7L SMBC R JH 5207 T 28- B R #1442 125 M 7
SMBN J G805 B 75 - B = B LL (35 ; SMBP R SR8 $ - ke D 5 5 MR T 9 i L e e, DA
24h )5 1.0 g BIEFEER TR B (g g )FoR; BRI . TR 3,5- KRR L @ik NE, L
24 hJ5 1.0 g 455 A A0 B 20 B (mg - 7)) 2R 5 Pk i I I R R AR AR — B L ik e, DL 1.0 g &
Herb 24 h S 2RI DR B (mg - g ) o s SR A B BT =B L @ik IE, L 1.0 g £ 24 h R &R
4 B0 E 7 0 (g - 7)1 5 B- R T R DAY 6 24 LU € i, LK A 2 I ) itk 20 %8 (mg - 7)) 618
1 A S SR A ot BRI e, DL 20 min N 1.0 g 398 Hp i 14 el AT S0 R A0 A (mg - g7 ) R
1.4 BRI

B 2L Excel 2003 BBAEREJR, KM SPSS 24.0 BEATT5 250 M B2 B M@ A2 20 Hr o AR AR
B 2] 4546 b5 14 22 575K FH LN 3R 5 22 93 A (one-way ANOVA) Fil g /)y i 35 22 3 (LSD) b A7 43 A b A, 4%
PR [] (9 A1 56 56 2ok T Pearson A 5¢ REGE BEAT MY, RALKAERIE “Linear™ F )y 24T AR 04T, Fr
ARAEFILL 3 L (- BEHARHEZE AR FR

2 HEREGAMN

21 AEAHEEXTEIELEREVELR

R &L 1 AT A SMBC 5 73 BCR BN 283.71 mg-keg ' (B AE B 5/ J01E 4 Z IR k) >207.51 mg-
kg (S AL B A5 B0 ) > 188.71 mg-kg (o142 22 54 ) > 113.26 mg-kg™ (VAL # ) ; SMBN Ji & 73 506 B
Ny 41.78 mg-kg ' CERAEH #E/ o Z IR ) >35.43 mg-kg ' (BEALH A5 54% ) >31.83 mg-kg ' (TLr- & H
#)>18.99 mg-kg (VAL #R M) ; SMBP [T i 73 B R B 18.65 mg-kg ' (S8 48 B &/ o - A 2 IR #% ) >16.55
mg- kg (LI 15 B4 ) > 14.79 mg kg™ (FLT5 48 2 B ) > 10.20 mg-kg ' (Wb #fHh) . S5 AL#RMBAHLL , 3
F kB3 B0~ SMBC, SMBN il SMBP Jii f 3 %3 1 254 Jn (P<0.05) . Hrpr, + 48582 (0~20 em) IR
™ SMBC, SMBN i SMBP Jig fi 43 4% 2 Fh il A5 o34 5t 35 22 7 (P<<0.05) , 2546 5 B R R
SMBC, SMBN F1 SMBP Jii &t 73 %l il 3 K F o146 22 B4k (P<<0.05) ;. + 33K JZ (20~40 em) IR #E 45X 4%
2 PR R Y 2 E 22 R (P<<0.05), {H 2 Fhfffi=ry SMBC, SMBN Fi1 SMBP Jii i 73 442 5 A i
Z(P>0.05),

M EgERNE R FE , AL 3 ARG L0 SMBC, SMBN Fi SMBP it it 7 5O /R 3 3R
JZ(0~20 cm) & T3 )2 (20~40 em), R BPERHE

wW A N2
S L O W

Woun/(mg * kg™

._.
W

(e

0~10 10~20 20~30 30~40 0~10 10~20 20~30 30~40 0~10 10~20 20~30 30~40
+ 2 %S em + 2R/ cm + R S em
O Wb #ih TR A LR B KAk H A R B AL H AT R A R
ARG TR F IR A ) B R R G 8E0F 22 55 3% (P<<0.05)
Al FERZBBEXNTLELEFLERAEDSILEK

Figure 1 Comparison of soil microbial content in different cultivating patterns

22 AREBEBEEXTELELEBEFEEILER

F2TLAE e AFBEET e 7 MR (IR . REREEG . BMERERR AR . AN . JOREE. B
Y AN o S AL U ) TG VN R BRI AR YO AL B s O to AR 22 R L RAEE TS A L AR A Lk
ML, SRR EE , 3 PRI 7 TG 4 32 AN [R) 2 B2 3 i (P<<0.05) o

HARKYL, SRR, L2 5B R/ J0 1 48 2 TR AR AR 2T JUR 8 R0 A0 Al 075 7 4% I 3% 0 (P<
0.05), £I3FJZ(0~20 em)ZEAE H 1 4% B0 12 78 22 F3% 5 1 0 (P<<0.05), W% JZ (20~40 em)2 it
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WA RE (P>0.05) 0 4t = 3 Bl FBIT Stk w R BRI 1 22 5 A 8 (P>0.05) . 5 R M L,
# b2 AR B AR TG A A IR R AT S P R 3R e O R 4 S (P<<0.05), H 2 Bl B 2 ] 22 57
AR (P>0.05) 0 £t JZ IR AL AL A SRR AT B0 4 W e T 1 A0 o A A AR B I
(P<<0.05), {HIRHEM KL EE Al Z M 257 A 8% (P>0.05); BICHEA Bl , RIS AL H 16 5
il - € 3R )2 (0~20 em ) B~ %) B 1 B I 1k 0 28 348 0 (P<<0.05), (FLIR % A5 A8 1 7 S0 2 1) 22 5 AN Wk 2%
(P>0.05). BEob, 57 Bl a0 5 4 24 Bl £ )2 O A9 S8 i i)

x2 FAEKBEXTELELE7 HEEGE

Table 2 7 soil enzyme activities in different soil layers under different cultivating patterns

DIy + E/em W ! T W s/ W g il w e/ We gy i/ W i il
(mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™)
AL ER 0~10  0.501+0.035 d 4.198+0.310 d 0.423+0.032 b 10.843+1.150 ¢ 0.161+0.024 ¢ 3.086+0.275 ¢ 1.983+0.185 ¢
10~20  0.418+0.027 d 3.713+£0.274 d 0.307+£0.026 b  8.387+0.634 ¢ 0.132+0.017 ¢ 2.125+0.262 ¢ 1.836+0.170 ¢
20~30  0.287+0.020 ¢ 2.652+0.162 ¢ 0.198+0.024 b 7.982+0.581 ¢ 0.087+0.012 ¢ 1.562+0.255 ¢ 1.435+0.149 ¢
30~40 0.201£0.011 ¢ 2.026£0.116 ¢ 0.163+0.019 b  6.458+0.536 ¢ 0.076+0.011 ¢ 0.580+0.234 ¢ 0.947+0.073 ¢
Tot- g 0~10  0.756+0.041 ¢ 7.789+0.321 ¢ 0.653+0.038 a 13.983+1.122 b 0.412+0.034 b 4.217+0.407 b 2.536+0.174 b
PR 10~20  0.678+0.036 ¢ 7.272+0.310 ¢ 0.566+0.035 a 10.362+0.897 b 0.365+0.033 b 3.122+0.354 b 2.475+0.165 b
20~30  0.489+0.028 b 6.571+£0.285 b 0.426+0.036 a  9.903+0.625 b 0.263+0.026 b 2.258+0.276 b 2.287+0.130 b
30~40 0.417+0.022 b 6.138+0.278 b 0.371+0.030 a  8.962+0.601 b 0.153+0.021 b 2.198+0.150 b 2.003+0.141 b
LIHTE 0~10 0.853+0.043 b 8.423+0.363 b 0.672+0.055 a 14.098+1.163 b 0.465+0.037 b 5.764+0.462 a 2.807+0.188 a
g 10~20  0.726+0.037 b 7.876+£0.437 b 0.587+0.051 a 11.386+1.242 b 0.393+0.033 b 3.765+0.264 a 2.788+0.202 a
20~30  0.503+0.031 b 6.765+£0.423 b, 0.441+0.048 a 10.837+0.960 b 0.287+0.015 b 2.701+0.277 a 2.312+0.175 b
30~40 0.434+0.025 b 6.351+0.365 b 0.385+0.042 a  9.176+0.636 b 0.176+£0.010 b 2.621+0.176 a 2.103+0.200 b
LAHE/T 0~10  1.063+£0.064 a 8.932+0.513 a 0.701+£0.062 a 16.385+1.301 a 0.765+0.039 a 6.027+0.583 a 2.840+0.233 a
TR IR AR 10~20  0.787+0.052 a 8.127+0.427 a 0.639+0.055 a 14.248+0.976 a 0.645+0.035 a 3.839+0.285 a 2.817+0.246 a
20~30  0.598+0.047 a 7.534+0.318 a 0.498+0.047 a 13.783+0.814 a 0.502+0.030 a 3.004+0.211 a 2.748+0.175 a
30~40  0.512+0.036 a 7.021+0.336 a 0.412+0.033 a 12.408+0.643 a 0.425+0.043 a 2.723+0.166 a 2.583+0.183 a

BT s AN [l <R WAR [] o J2= AN ) R B 2T 22 52 835 (P<<0.05)

23 ARBEEXATIEBEMEM L EBHBXES T
Xt JZH SMBC, SMBN, SMBP &5 - SR 1 i) A0 < 1k 20 Hr nl i1 (5 3) : SMBC(y,), SMBN (y,) #ll

SMBP (y;) 18 it 22 B 4% 8 25 IEAH O (P<<0.01) 5 - SEMRMG (v) . BEWHEG (v2) o BUPE DR R (os) . 2R I8 () |

TERITG (ws) B~ 2 B H T (ove) 1T SR AL 20T (o) 0L 22 )L S B A 1 A0 I 3% TEAH 56 (P<<0.01) 5 SMBC il

SMBN ¥ 5 + HEfiR iy . 0801k 0 B . B M L TEORY M . B~ A T I A A S 2 M S TR AT O
®3 IEREUEVEREHRNLRBHEXEIN

Table 3 Correlation between soil microbial biomass carbon, nitrogen, phosphorus and soil enzyme

24 SMBC ~ SMBN SMBP IR ity RERE BRYERERREY  EOE JEMEE B4R AL A
SMBC 1 0.971%%  0.949%%  0.936** (0.744* 0.900%%  0.856*% 0.912%%  0.900%* 0.804%
SMBN 1 0.996*%  0.973%%  0.764* 0.947#%  0.874%% 0.871%*%  0.953%* 0.816%
SMBP 1 0.980%*  0.915%%  0.978%  0.918% 0913%*  0.957** 0.929%
I ity 1 0.865%%  0.972%F  0.912%F (.895%%  (.984%* 0.899%
TR 1 0.898*%  0.833%% 0.821%*  (0.818%* 0.957%
B 9 R 1 0.904%% 0.873%*  (.942%* 0.922%
& 1 0.947%%  (.899%* 09113
TE B il 1 0.860% 0.895°%
B -7 % T il 1 0.872%
U RN 1

LT % RIRTE 0.01 K OUUI) b8 25 A * KRR TE 0.05 K-F COUI ) - 35 AR ¢
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(P<<0.01), 5 REMEME R ZIEAHK (P<0.05); SMBP 5 3 7 R il 2 2 1EAH ¢ (P<0.01),
24 AEHBEEXTIEMEYENTEBHNZSEPSHTNERSHT

X SMBC AH G 19 7 A IR 2% 20 BUH 43 B, 590 B U &5 ) DR 3R 2o A8 Ak S 8 (o) R0 60178 95 1R TG
(x3), FRHS DEEE SMBC(y) FA7EM B & L PE LR, HIH I # 4 y1=754.492x,-18.909x,—13.309x,+
311.551x5-48.216x6+72.325, %7 Ik WK, WS F=75.779, R’=0. 952; X} SMBN #H2CHy 7 4
T EEGL B BN, SRR KB R R 2 A A AT () BT () FITE R I (), FARIY 4 4B S
SMBN (y ) FEAEM L R, HBIH 78 N 1,=98.297x,-3.308%,+36.87 1x5-5.087x—5.867,, 1% )7 FE ik 1k
K, KB F=249.808, R*=0.981; Xt SMBP #13¢ 11 7 4>+ e 438 4 [ 3 Hr, S Bk v 5 5% 1
PRU2% IR () FVER T (x0) , BRI S A5 SMBP () R 7EMR 3 R X &, BRI RN ys=
0.817x,+9.170x3+5.215x5+1.130x6-2.459x,+6.289, 1% 5 FE b 8. & K-, FigafE F=273.483, R’=0.986,

WA (R 4)iE— LW . &KX SMBC 11 B #2238 18 7 Bk 4 6 (5 N R B/INHE T IR . V€8
W . B-AiATWEIE G . REMERG AR G, DREE XS SMBC (4 B3 AR R R K (1.674), AR FIHY IF B HE1E
A, R H ARG R X SMBC (g a3 /E T, (HE R BN IERN 5 454 IR H SMBC 4 #3541 5%
PE, UERH IR A 520 SMBC () FE 22 R . FEMERE . 85 1 R0 B~ %5 W% 1 il xF SMBC #R 26 L H3 45 K 11 11
RO, AH 32 2 A i 0 [F) 22 TE KON, BRI IERN,, SAHC RECERM —3. JEM X SMBC H #2%#
RN 0.646, [AIHZE AR RECDAIN 0.266, 156 W E A a1k LA 75 X7 SMBC. (1 1R800 #F— 2D a5

x4 TEBAXBNHMEMER()NBERRY

Table 4 Path coefficient of soil related enzymes to microbial carbon(y,)

it XY XY XY X5 XY ] 422 B A
Ot () 1.674 -0.350 -0.338 0.578 -0.627 -0.737
BERHG (x,) 1.448 —0.405 -0.309 0.530 -0.521 1.148
B 1 () 1.527 -0.337 -0.371 0.612 -0.573 1.229
FE S T (xs) 1.498 -0.333 -0.351 0.646 -0.548 0.266
B~ 4 M I () 1.647 -0.331 -0.334 0.556 -0.637 1.538

LT R B Ll AR BB, HA S (R R A R A

FSPIR: R EXT SMBN Y B 20 12 2 80 4 6HE K B /NHERE b IR . BERERE . B~ 25 W 1T Bl
FIVIR A B FR 1 . IR XT SMBN () B #2812 RECE K (1.416), AR ZIMIE EEAER, 48 HE o 14 il
FIL X SMBN [ Sl E (A& RN IERON ; 455 Ik 5 SMBN (94 5 25 A0 M, Ud B DR il 2
S0 SMBN (19 F 2P 3 o FEREEG XS SMBN 52 67 R0, F 2 G o A g 1) ) 422 TR A0, (75 e 4% R
IR IERONE o B BR il 4T SMBN 1) ELH25E 72 R B 0.396, 11 58 2k oAt X 7 % SMBN [ [] 22 3 448
R IR 0.552, Uk B P B 2 il T 50 2 3 ok LAt il A 1R) 42 4 FH R 52 e SMIBN Y o B- ] 25 B T I X
SMBN 80 H 422 10 Ry, E 2 3 2k HAth PR 7 2 B0 MR 9 E 8O0 41K TH T BRI Ry, AR BN AR
588 (18] T B0

RS TEMAXEBYMIEMEVER(L)HNEBERRY

Table 5 Path coefficient of soil related enzymes to soil microbial nitrogen(y,)

i XY, X5y, X5 XY [] 4% B A0
WR T (1) 1416 —-0.398 0.385 -0.429 -0.442
REPEBE (x,) 1.225 —-0.460 0.356 -0.357 1.224
B 95 R 8 (ovs) 1.376 -0.413 0.396 -0.411 0.552
(B~ 7] 225 AR T (o) 1.393 -0.376 0.373 -0.436 1.390

VLT RIRE LR A R0 o B A AR R, A D 1A 3 A AR A

%6 s £ R X SMBP | B il 12 22 B 26 RHE MR BN HER o HERE Al . Bl BRI . B-H 4
BB . o A A A TR . LSRR ORI . YA MR B~ R T XS SMBP i E % A
) Hem A2 R AR IE, BEWIE L3 B TR SMBP A B B 6 B9 TE RO, 348 38 5 HC A A 5C Al i sk
XFPIE RN o i A AL XS SMBP 2 B S8, (HJE 2 A P BRI R R0V, AR BN IE
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R6 TEMEXEMIBEBMEMER(LNERRY

Table 6 Path coefficient of soil related enzymes to soil microbial phosphorus(y;)

fitg XY X3)3 X573 XY X7Ys [1a] 45
REAE A () 0.412 0.321 0.209 0.287 -0.312 0.505
[ERER A TEY] 0.370 0.357 0.222 0.331 -0.301 0.622
TER T (x5) 0.338 0.312 0.254 0.302 -0.292 0.660
(B~ 28 ARl () 0.337 0.336 0.218 0.351 -0.284 0.607
o A A SR () 0.394 0.329 0.227 0.306 -0.326 1.256
VL. R LR B S B AR R, oA Dy A AR R AL

BB
3 W54

31 AEAHEHEANLEREVENT W

AT, NTHEMEA 6 als, ST, 3 Mk SMBC, SMBN il SMBP ffi 4}
By WEERG N, W& BMIR IO SRR B2 2 IR . BAERE . L E B, oiiadk
ARR I A W R AR, — 5 TR B A A 2T K i A A ) T A S (a8 9 ) R e E L
WO E WIRED) , SRR SEZ ; 55— RN & ES RN, e R
B E, AT EEMCEY R KB, R Y i B TE I ARAR . th TR E N
Y AR, AR EAE SR ARG T B ISR RO, e DR X TR, IR
TR AR IR, AT L R G A E 2 A LA R, IR T DLE S e 4 A AR K
WEE, RALE 2008 FR Y R A RE TR T DA S e s e b e R i

AWEFE, 3 Fpk iR T SMBC, SMBN 1 SMBP &5 R M A HIERZRTITEE, &0
FRM ., XJEH MR HHORPCRGE SR OB, 2 AR AR VE W 0 e R e AR TR A K
FVEGE, o T B3R AEw A ™ A LE N, MAEM A A2, MUEWEY R
fiZ sz, B R Y R i B AT RIE
3.2 FE#HEEA T T EEHEERZE

ABEFEH, M TR, 3B ARIEA T 7 Fh S AR, M SRR o SR 48 1/
TR . BTG . L A . WA, 1525 T S0 8 18 U0 48 2 AR 2E FIUR R 43
Yokt - SEEGTE MR AR E Y SRR A AR AR T A A RS, IR, RN
5 0 2B P 1 A S, X IR AN AR B MR s R, R R R i — i, RIEETER AR
(AR IR T 2 B2 T B b A A S o, (R R REMR AR . VR R B~ AW T G G v R, AT 4R e
W EFEACRCR R I O 1 B T ity R e S A U G M, i MR ML AL L . S T B i 4R
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