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Effects of cotton straw returning on soil microbial quantities

and enzyme activities

Major: Seed science and Engineering
Undergraduates: Hou Sujie

Supervisor: Sun Xuezhen Professor

Abstract

Experiments were conducted at the Experimental Station of Shandong Agricultural
University with two treatments (4-year straw returning soil and no straw returning soil) to
investigate soil microbes quantities and enzyme activities across 0-60 cm depths after cotton straw
returning for four consecutive years. The main results indicated that cotton straw returning soil
significantly increased the quantity of total microbe by on average 19.87% (0-20 cm). 20.07%
(20-40 cm) and 56.15% (40-60 cm) , including soil bacteria and fungi quantity significantly
increased by on average 20.91%. 26.38% (0-20 cm), 20.59%. 31.18% (20-40 cm) and 56.85%-.
32.30% (40-60cm), respectively, comparing to no straw returning soil treatment; soil actinomyces
quantity increased by on average 4.29% (P>0.05). 11.62% (P<0.05) and 54.00% (P<0.05) 0-20
cm~ 20-40 cm and 40-60 cm depths, respectively, comparing to no straw returning soil treatment.
Soil sucrase activities after cotton straw returning soil significantly increased by 27.08%, 46.96%
and 57.59% across 0-20 cm, 20-40 cm and 40-60 ¢cm soil layers, comparing to no straw returning
soil treatment. Cotton straw returning soil significantly increased soil catalase activity at 0-20 cm
soil layer by on average 8.73%, comparing to no straw returning soil treatment, while straw
returning soil had no great influence on soil catalase activity across 20-40 and 40-60 cm soil
layres.

Keywords: Cotton; Straw returning soil; Soil; Microbes quantities; Enzyme activities
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1.1 BHEX

FEFREA ™ WA, AL R TR B S8 — RSERAEY), SR B E TR AEFR ik
P it (Rt AT B0 75 i, o B 0 MU SO R s P % i 4% B U FRIEL A R AE
FEAT 5257 Jill, [HEFEFFRIEER 6.24%M, PLETHIAERS A = B N A TR R R, 2
RIAEBES KRR SME 2, RS MR A TRRRTER A MREL, MR TERGFF I L4 N B 4 TX
B AR, XA YA, IR BEUR, 17 FLiE B S AR AR YR EA R .
MRAERE AT FH AV AT DA 0 PRI 1035 G, BAG T4 i 3 A W St o & i 9,
P, RPE R ACRE AR 2 i B iR 2 — . B AT E A AT RS B 6 38 A )
HOR R P SR (R S0 AR R TN L TOREERARHEYD, T TR ARG TR F X+
SRV HCE R S RS I SR D o AT TR I R AR AR ARG AT I F G s A e e
BRI VE A REME DA AR AERS AT FHHOR IR TR S SR AR 2 k4
1.2 EASMRR R
1.2.1 REFRFHEEXHEH TR E IR ENFE
1211 AEHE

I rp AR REMEY), b IR RS B2, MEAERLAES RS E
FEICHMEI . BHITIOTE Aoy i AR ) IR R AR . A SRR . A KR
BRI EY R EB R LA R SN ARSI F 45 7 TH AR T A B 3 2 g A
X ZE BV BRI R IMAERGAEREFFIE AR, B A A SRS ATIE AR PR3 n, w5
7 B 240 v i S I S D SR S i S . T ARRSATIE AU, AR B R AR IR AR
BRI 2 B A 7 o R A PR VA 2 5 R A3 RS A A 2 /E A R AR 4R PR R AL
MR E L TIRZ o Bt nT WL, JERGFTIE H AR AR A0 B A [ 2 I 2 v TR AT it H
e
1212 EEHE

HW S5 LG LT o0 e F65 B R 3R A 0 10 J B - A AR F . AR LA
I ED R ER D, A 0.4%-3.61%, HEHELTZIEMRENRIERH, 518
AR LA B R A BN KRE, FPOIELRATRFE . %L 3 ik H
(2007-2010 4F). 342 6 4L (2005-2010 ) KiELE 9 AL (2002-2010 ) Y EK

HOBT SR B, AT HOESHE T 9 4 FR R BOS RGN T 159%, 1Mk 6 541 3 £E7)
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ST HE IR I 99% A1 46% . AT /3 ZE S X /K FERGFHIE A T 9T, 285 AR IR R /K e A
FTid AL E TR AT IE FH AL PR L R B 2
1213 M%kEHE

AR IR, AR HE R B SREMAE, £S5 EFHN,
PRI H AR BT (738 2 B 200 LU AR RS FHAE HE AR BRI i 7). o RS RIS A T B, A IR VR ARG
I P o A B AR e S 2 AT PO SR SRR B Sk, SO R 2 TR AT (R R B v, AT
ST IR, TRFTER P NS R . M THERFTIEE, Xl EW5E R
BRI, B TR 5 RSN, BEEEME SREATIE ARG, A E RGN,
1214 MEMREE

X ZEBVERF R, BB RAEEEAE SRS AT FAERR g m, SRR R S B AR A
S wBESER B, RILRED RN ES . RATIE B SR N R EY B T
S W R ARSI AR X IS5 i 7 4 FH ) 2 X R, BF9E T RS FFIE
O &N —H BOR—SE PR RIRBUE Y S BRI . 4500k Y], fE4/NE, FEATIEH
FRAERT 3 B B 2k B R 4 ) LU RS FEANIE FH 43 09 v T 15.9%. 19.0% A1 17.5%. 7EE K
K, Xl B T 32.0%. 25.9%. 29.2%. FHULT] L, FEFFIE AR R A
SR AT ANIE H )
1.2.2 MRTERFHE XY LIREGSE AT
1.2.2.1 fREEE M

IR — S AR A SRR, HAT AL — 1, R I AR A R 2K AN TR Tt 2 A —
FAALER, TTIZARE T s, H RO IR RO R I EEEUR NI o R IR A 4R S R AR
R R s PR e A LA 0 RS U A, 0L T 5 3B R R IR A S R 7R A R
(o1, GEXSEISE RS A&/ N REFTIE AR THIETE, 13 AR/ N M AEAHT I, FEATIE AL 2 445
FR A S T HE SRR ARE SRS, R AT AL AL PR SRS PRI B TR, K

eGP AL P 38 R A 1 5 v IX AR AN PT R  ARS AT I 5 ) 4 S B T AR (L
Be k. EBRUOSEAE TAHRIRIRR 7C, RIMAEAHERI SR, N, TRREFF 9L )5
SEym] DLk 2 M T o - SR A0 1 o X — B R AT R D] Dy FH R E RS AT R it RE DA S A= P 1
PRI ANE SR, WO T R AU A, IR v M B
1.2.2.2 FEHERGIEM

FRE G (o A E R 3R 2E PSR T /K AR, RER N L33 vh B VA MRS SR & B, R
Bl VS TR S A S PR R B R AR N — FORAE KA, AR FOKAREATIE T4
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L R T A R B I L, S RRR R A OC I, B AR
S NIRFE T RS FFIE AR A F LS e B e, ORI, BB SRR, KA
FEIE FH A 20 L SRR E 1 S 0 R PR ARG 3 . AR IRAVERIY 10a I, —LH e R G T
PR B2 ARG, B NREY, TEEIEEMRIAT] 15a i, FEREERETEZ BIRFTHEH T
AR R (R PR K B, RHRRBE T, AR TN AEKES.
1223 FEUEEEEM

T A BB 1 K SR S R D SRR, AT e A A iy 1k 35 K A ik
FEBTRAR I I AR = A SRR AR P st ple g T 10T, T S U S e L AL R
T, ERFEMEAERY), iR R IR A E VIR, R E
R8I AT 2RI X AR EEE PER R B 7T, S5 SRR, /NEERSATIR g T id Ak
SREREYE, AFAEFHRI 8. RS R RR, MERSFTIE B 7ERY A T A
LR A AR T, SRR KPR B A LB, SR KA RIS
IS, THE S AR MR R, BT i & i A, S DR e SR B A A
K= AL AR
2 MRIERE
2.1 gt

Pl 4K 09068

IR TE L AR A K SRR BE M A 77 40 Sk S 0 I R DX kg FH EAT (A2 37°39,
KL 116°40"), K5 H RN 6300 m2(K: 90 m, %8 70 m), {56 H B R N 2 FEEFERH,
—E—E, FERKZ BTRRTEASF 0 A7 SONR IR 2 AR o B0 R IEAS FHIL H (SR)
HAREHSNR) 2 MEHE, BB 3 NES, L6 MK, BN 957 m? (K
33 m, %29 m). H 2010 FFF4h, TREAFEMALBCR AR RAEREFER B IERE H, 3T
HASFFTE L4 3500 kg hm 2, & FHFSFF& B 2 40H12000 43.95. 17.10 A1 104.70 kg
hm-2, L2 5 600 kg hm2(N: P: K A 12: 18: 15), {t&MEMK K 225 kg hm2, J
4% ) LV S5 R e AL — 5. X108 0-20 cm L2 LI MU . BRURAL. SH A
RSB 508 11.90 g kgt 85.04 mg kg, 20.39 mg kg . 105.79 mg kg . FHAEAEIE
Fi ok 09068, 2014 4F 4 H 22 HAN 2015 4 4 [ 18 HFFATHIM AR, HRE S, Scbr#
J& 35730 PR/ LA 46290 AR/ AW, FEAE4TAME, 9EATATER 100 cm, “E474TEE 60 cm, 2014

AE 2015 AERREE S 5124 35 cm A1 27 em,  FH A) &8 B 8 B0 PR R AT
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2.2 BUETE

T 201444 H24H.5H23H.6 H15H.7H 15 H. 8 415 H. 9 A 21 HAI2015
F£4H20H.5H18H. 6 H15H. 713 H. 8 13 H. 9 H 19 HAERA/MXHL 0-20
cm. 20-40 cm. 40-60 cm =/ EJE A, PURE/NXCR 5 Al — MREMEM, fabrit 3
AFES, BRARESR R 2 e 0 E 4 CUKFEIRAE, BT HIEREMBEAIE: —0H
SR S 7 A T - R P (0 5
2.3 MEmMB KRFFE
2.3.1 TEHEYHEHNE

Pl A A (T 2 R R RSP B0, S5 A s b T S i E R R . ok
PR FRR A A B R A MRSUIRR R EELY, HOEERR A D T IR (Martin) 35 7RJE09, gk
W IR A R IR 1 SRR R0
2.3.2 TIREGIFMAINE

IR Tt P00 5 SR P B BE L ik s MR VR PRI SR 3,5- R A KR Ll 72 4
PSS I 52 SR KMnOs ¥ LA B 5 VRIS IR SR A 7 0530471200,
2.4 BIRALES ST o

{4 SigmaPlot 10.0 3 f1F K], Excel 2003 FitkbEE %%, DPS 7.05 B fFor ¥, LA
IR BEHLIX VR B & fabn B 77 2, R B/NEE 20 (LSD 0 RuBe Ak 2 Al i) 22 5
BEME.
3 RS
3.1 WIEFITTHEXHEE IR E IR E R
3.11 4

HR 1 ATUAEH, FEFRE HTE S 12 % IR 0 R e i B s ToRIEH, BR 4
H0-20cm +)2, 4 . 5 H 20-40 cm )21 8 H 40-60 cm -2, WikbBEZEFAREES, H
O R B U b 2 A W 2 KT % 2 A R A T T S R 4 ) Ll R AR
20.91%. 20.59%70 56.85%, 331k 23 75 7 /K- o [F) I a0 2 B 4% OURE IR 31 L 338 4t R i 0-20
cm 12 > 20-40 cm 2 > 40-60 cm L2, RIFE S HURE i 3H - 38 20 B A0 2 e 3B R R B
RASR D o
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x1 BEFBTCEN HRAERERNZN (2014 F)
Table 1 Effect of cotton straw ruturning soil on the quantity of soil bacterium of different soil

layers (<10° CFU/g)
+2 HURERT 8] Sampling time
. i T4
Soil layer
Treatments 4-24 5-23 6-15 7-15 8-15 9-21 Mean
(cm)

0-20 SNR 742.92 a 389.08b 238.45b 308.45b 202.01b 177.14b 343.01b
SR 774.56 a 516.11a 31061a 3946la 267.26a 215.23a 413.06a
20-40 SNR 374.26 a 219.84a 13748b 18248b 89.93 b 64.90 b 181.48 b
SR 356.69 a 296.42a 174.67a 23467a 1748la 75.81a 218.85a
40-60 SNR 138.21 b 21.50b 43.61b 68.61b 23.64 a 36.32Db 55.82b
SR 204.83 a 65.19 a 77.11a 107.11a 3551a 4554 a 87.55a

[ —F A EN S FREORBUELE 0.05 KK EZRE#E, SNR: Ri&H; SR: i&H, TFH.
Values in each column followed by different letters are significantly different at the 0.05 probability level. SNR: no

straw returning soil; SR: straw returning soil, the same as bellow.

312 EHE

H# 2 AT LAE th, RS FFIE H7E 25 2 25 BURE I S0 %) 358 L $0 s 34 & T AR A HL, 0-20 em
- E A EURE IS A AL BESAIA B 3 22 R KF, 20-40cm L2, B4 AL 6 AWAEERAEE
Gb, FeEBURERT A B3 2 2K 40-60 cm 12, 4 A& 6 HAAEEIA R 3 2 7K
#5124 B PR 50 Sl U AR IR B 2 15 26.38%- 31.18%FH1 32.30%, 43k T % 5

IKF . PR AT FE AR 33 EL B E Y N 0-20 cm )2 > 20-40 cm + 2 > 40-60 cm + /2.

*® 2 WAERTTEENTIREERENFMm (2014 )
Table 2 Effect of cotton straw ruturning soil on the quantity of soil fungi of different soil layers

(X10° CFU/g)

L= HURERS 1] Sampling time

- iH e TH
Soil layer
Treatments  4-24 5-23 6-15 7-15 8-15 9-21 Mean
(cm)
0.20 SNR 4.18b 2.10b 1.40b 1.87b 0.93b 0.93b 1.90 b
SR 452a 2.93a 1.87a 2.45a 1.49a 116 a 2.40a
2040 SNR 3.10a 1.50a 1.07a 1.46 a 0.56 b 0.65 b 1.39b
SR 3.45a 2.18b 1.46a 1.9 a 1.10a 0.79a 1.82a
4060 SNR 2.89 b 1.27b 0.97b 1.34a 0.69 a 0.65a 1.29b
SR 3.30a 1.92a 137a 1.83a 0.78a 0.80a 1.70a
3.1.3 k&

H13% 3 AT LAE Y, 38 O A T A0 T R B 2 [ o FEAT I FHAE & 2 - BURE IR 30
{1 e 2 B A Y = T RIE H, {H 0-20 em LR AL ERANAE 6 H ik 35 7 {KF; 20-40
cmbZE 6 HE 9 H, FiFFEH AL HEBEE B % & T ARG - 40-60 cm 1=k 8 H 4k
B BRI A AT 34 FH A - 38 TS 2k T B0 O 5 i RIOCR I8 B35 72 KoK % 12 A 4 3
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TR TR - B o I EE R IR R 4.29%. 11.62%71 54.00%, ik #EZERKF. M —

HYORE B 3 -+ 398 ik 28 T B 3 R B 0-20 cm -2 > 20-40 cm + /2 > 40-60 cm + /2.
#* 3 WBUERBTTENTIERZEHREZME (2014 F)

Table 3  Effect of cotton straw ruturning soil on the quantity of soil actinomycetes of different
soil layers (X 10° CFU/g)

+z HURERF ] Sampling time
e i3 il T4
Soil layer
Treatments 4-24 5-23 6-15 7-15 8-15 9-21 Mean
(cm)
0-20 SNR 34.78 a 17.88 a 20.81b 26.86 a 23.14a 16.34a 23.64 a
SR 35.22a 20.49a 2291a 27.06 a 23.35a 18.87a 24.65a
20-40 SNR 19.26 a 13.03 a 17.00b 13.95b 7.79b 6.96 b 13.00b
SR 19.67 a 14.01a 1746 a 16.28 a 13.72a 791a 1451 a
20-60 SNR 5.66 b 255b 5.01b 490b 441a 2.82b 4.06b
SR 7.60 a 3.73a 712a 7.01a 445a 3.19a 6.25a
314 MEMR

13 4 FT LU Y, REFFIE R AE 55 L2 5 BURE I AT L3 S e i TR IE H B 4
H 0-20cm /2. 20-40cm + 2, 5 H 20-40cm 12, PALFEZEFALEAN, HE B
HEEWIEEZEEZRKT: & LERE AR T B0 5 R B
19.87%. 20.07%7H0 56.15%, ik B3 7Rk Vo BRI ] 38 ¥ 8 % 0-20 em /2
>20-40 cm )5 > 40-60 cm L2, BITE S HURE I A Al A 0y i Aty T L SR 2 (Y IR A
Wi .
*® 4 WERFEAMNTEREYREOFE (2014 F)

Table 4 Effect of cotton straw ruturning soil on the quantity of total microb in soil actinomycetes
of different soil layers (X 10° CFU/g)

+Z HURERTE] Sampling time
e s o Ty
Soil layer
Treatments 4-24 5-23 6-15 7-15 8-15 9-21 Mean
(cm)
020 SNR 781.89a  409.07b 260.65b 337.18b 226.08b 19441b 36855b
SR 81430a 53953a 33540a 424.13a 292.11a 23526a 441.79a
2040 SNR 396.62a 23437a 15554b 197.88b 98.28b  7251b  195.87b
SR 409.81a 3126la 193.60a 25291a 189.63a 8450a 235.18a
10.60 SNR 146.76b  2533b  4959b  7485b  28.74b  3979b  61.16b
SR 215.74a  70.84a  8560a 11595a 40.74a  4954a  9550a
3.2 1RTEFEFTE x4 H 38 B R M RI 20
3.2.1 REE

HE 1T EH, i iREEE L 0-20 cm +2>20-40 cm +2>40-60 cm /2. 0-20
cm )2, FEFFE HIRBEES s ARG, 2014456 . 7 H, 2015646 A. 9 A, =



AR AR i

SR 20-40cm 1JZ, 2014499 H, 201546 H. 8 H, WA ESAEEIN, FE

WL A RS AR 38 B3 T ARG L 40-60 cm L2, AR H 0 RS FT A4 HH DR S 14

BT ARIEH, FR 2014 4 7 A1 2015 4 8 J 4k, HE& A ZEREE. 2015 4F 0-20 cm +

JZ. 20-40 cm + 2 - IEAREE L 4> e T 2014 4F 0-20 em 2. 20-40 cm 2, BEE AL

WHAERE M, PR RNEFRRANIE L, AR EIR IR IR H 2782
WAEYE SRR, A 2 1B W B e R AR, A LIRS A
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Fig.1 Effect of cotton straw returning soil on soil urease activity of different soil layers at different sampling
times
SNR: K& H; SR: L. SNR: no straw returning soil; SR: straw returning soil.
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times
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4 ¥1ig

RAFIA LR, L SR E IR L T 7R IRRRIR, X T3 E i SR A b LT
S (AR P, 7[R PR S DR R R [ R T B WO — 52 22 o AR 5122
T 2 TORASFE I T35 B SRR . S0 M I LA, KR
SSTRFF S FE 5 0 T S O M, 2 = KR AR e S 4 0 3 I P 0
Ko RTINS H 0L SR . ORI B AR R AR . L R
R RS FEAE DR AT, 3 oA SR R FF AN e, 9 S R 8 T 78 S 24
FAPRIREEYIR, TG TE 2 (0 TS CE A KR, -E S E SRR

ARSI W), FFFI LM AR 5 A SRR B L S . IR . 4
R 0 1 P 5 RO B ) o AR TF ST A AR RIS FEL7E 4% J2 4 T e 01 4 - SRR 4 44
WTARAH, HEBIREERAT. TAZSSHARY, BT RZ RSP
BESRAh, FOARFT I FE 2 40 BB M 0 7 TR B AL EE . AU LR FT A 4
RN 5 AR, R . BRI L U M A AR . AT DR R A g
BT LIAEACER, BN T Lk AR BV LR R, T L
HE PR RN S — SN T LR 520, 5 LS P T



HRAEAEAT 3 FH X - Sl W i e Bl P ) R

5 Z512

Mt 4 AERRIEREFF AR F S5 AR FUAR LG, ARy — e R IO, 0-60 om %
RN EE . R SUR R TR AR REFFIE SRR T RN R
SAEBEE Y, R TR e L R0 A 2R

12



W ZRAMY R 2 AR S

B3 3R

[ Ti8, M I, 20 i 45 v (RS AT B IR0 il A5 [0]. 4 L A% 2% 4%, 2009,25(12):211-217.

[21¥R 75 %, F b 40 B 22 R v S LA RO AR 25 & 40 R B4 [9]. 00 A} 2%,2002,19(9):34-38.

[3] X4, 38 4 A6 A B AR S RS AT 30 H 6 AV HE L 338 Ak A ) = i 485 4 1) 52 T [J). AR 78 B B 5
%,2012,21(8):1418-1422.

(4T [, i 3 IR, 2% 22 0 56 K S5 A/ AFNRS T30 L SKo e D 33 A A 3 A 110 52 el [0). 9% FH A 38 2
#2,2008,19(5):1027-1032.

[B]%%F, 5k BN S5 4 22 AR A HHIE B0 KB LI B PEIR S B A= 4 & 1) 5 i) [J]. 7K L DR KR 2

%,2011,25(5):168-173.



HRAEAEAT 3 FH X - Sl W i e Bl P ) R

Bt

14



