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Effects of Straw in Combination with Reducing Fertilization Rate on Soil

Nutrients and Enzyme Activity in the Paddy-Vegetable Rotation Soils

HUANG Rong, GAO Ming”* , WAN Yi-lin, TIAN Dong, TAO Rui, WANG Fang-li
(College of Resources and Environment, Southwest University, Chongqing 400715, China)

Abstract: The effects of straw returning combined the reducing application of chemical fertilizer for crop yield, soil nutrients and
enzyme activity were studied in a typical southwestern hilly area of China in a rice-vegetable ( Brassica juncea var. gemmifera Lin. )
cropping system. The purple soil was selected as the target type of soil, and the Pioneer Town, Jiangjin District, Chongging, China
was selected as the typical southwestern hilly area during 2013 and 2014. Scientific basis based on the optimized fertilization strategy
and the recyclable utilization of straw was provided through a field in-situ experiment in this study. There were five treatments in the
field experiment; F ( conventional fertilizer) , 90% F + AS (100% straw with 90% conventional fertilizer) , 80% F + AS (100% straw
with 80% conventional fertilizer) , 70% F + AS (100% straw with 70% conventional fertilizer) , 50% F + DS (200% straw with 50%
conventional fertilizer) , and the 100% straw was 7 500 kg-hm ™. The results showed that the yields of rice and vegetable were all
increased in straw with reduced fertilizer treatments (3.0%-17.9% in rice yield and 12.2%-36.4% in vegetable yield) compared
with conventional fertilizer (F) treatment. Moreover, the yield of rice in the second season was also increased by 820-1 240 kg-hm 2.
Soil pH values in straw with reduced fertilizer treatments raised by 0. 06-0. 55 compared with F treatment, especially in straw with 70%
and 80% of conventional fertilizer dosage which increased by 6.74-6.88 and 6.52-6. 84, respectively. The highest content of soil
organic matter was 41.01 g + kg ™" in straw with 80% of conventional fertilizer treatment. For the aspect of soil available nutrients,
straw with 80% of conventional fertilizer treatment increased 110- 178 mg-kg™" content of soil available nitrogen and 31.3-64.0
mg-kg ™" content of soil available phosphorus. However, the excessive application of straw had negative effect on the accumulation of
soil available phosphorus. In the same cultivation period, the contents of soil urease increased significantly in straw with 70% and 80%
of conventional fertilizer treatments, which increased by 13. 6% -76. 4% and 20. 1% -75. 0% compared with F treatment. The contents
of soil catalase in straw with reduced fertilizer treatments were significantly higher than F treatment; in first two seasons, soil catalase
contents increased by 0.37 and 0.31 mL:(h-g) ™' relative to F treatment in straw with reduced fertilizer treatment ( 80% of

conventional fertilizer). With the increasing time of planting, the soil phosphatase content in the third season was higher than those in
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first two seasons. Straw with 70% and 80% of fertilizer treatments increased the activity of soil phosphatase by 45.2% and 48. 2%

compared with F treatment. It was concluded that straw application with 70% or 80% dosage of conventional fertilizer could benefit the

rice-vegetable rotation in the southwest hilly area of China.

Key words : straw returning; reducing fertilizer; soil enzyme activity; soil nutrients; rotation
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(4 pH {8 & 5, 43 310 6. 88 il 6. 96, AT IL A5 #F 34 H
SRR B A i X R SR E R G pH A
—ERIREVE, o 70% F + AS F180% F + AS 4b
PEARSCR FAE.

T A LT RE AT Y B SRR ALE SRR
SR, SR R R R R Y R REIE Y R, R BRI
SRR B R R, AR IR K KRR G
Wi d5e K, S AR ) EZL AW m mti. h & 2 n] A,
Cl ZEE T, 5 F ACFEAH b RS FF 340 H A0 B ) 1384
U & T 2.55 ~8.23 g-kg ' (P <0.05),
Hrp 80% F + AS A FRRURFefd:; C2 BT, 4540
) AP &R 80% F + AS >50% F +
DS >70%F + AS >90% F + AS > F,80% F + AS kb3
BEF ALPE S EAR TS T 50. 8% ; SRAEGED €3 )
T, A& A B A PR RCRT T AR iR, HLBR
90% F + AS 4bFRY5 F ARHURAE1E 3% 22 5 A HoAth A
FFiA H AL BRI B P& T 37.9% ~46.2% , H
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B 37 %

80% F + AS 4b B Ay + 3 A ML & =, b 41.01
g-kg ™ HK N 50% F + DS Zb B, T WLASVETT LA

7.20 -
7.00 | 2'2 o b d i d b b
630 | ©C3 BN o NA SR

s‘\rﬁ %% “~$

£ WA N N\

+H 640 | H%ﬁ ﬁ%ﬁ }%%
. N R R
620 | NA 'NY N

- \uﬁ. LR R

wH N I Y TN
5.80 - \\\% NV :

90%F+AS  80%F+AS T0%WF+AS  50%F+DS

bigi

=

S EIEAE YRS &, LA 80% F + AS A FRAN R i
1, =k h 50% F + DS AbFH.

50.0

b

AR & feke!
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L

90%F+AS  S0%F+AS  T0%F+
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Fig. 2 Effects of different treatments on soil pH and organic matter

2.3 FEFFIE H 5 0k A el o Tt o) - A AR o Y
Al

- HE RS o R AR ORI A SR A T
B EE R AE. R 2 TLUE Y R AR
Bt ARRIFHERE N HIEA R  TEA
Tt —8, R A C3 > C2 > C1, Al WA LU
H R R A SR A . X R A T
LRSS H AR BRASE UG F AN B RS T
18.7 ~51.8 mg-kg ' (P <0.05), H:1 80% F + AS
b PR ENFE AT 4538 T 5 809% Ak HE i 1 iC it Ak B )
- e A S A R, O 110 ~ 178 mg kg ™', H:
KR 50%F + DS &b 3. R —ZBAEMIR )G, & 4b
PR TG R A A AT it T &= b
0 Rk e A W 34 TR RS AT 4 R i G
Jiti 80% AR AL B (80% F + AS Ab3) | ik 5 T
31.3 ~64.0 mg-kg ™', B F AbFH G E IR T 24. 8%
~36.5% (P <0.05) , 1 50% F + DS 1 90% F + AS
Qb BRI AT R I B R /N, R I 10% , Uk B
1 Z2 RS FEIE H 8 T 2 AN R - 1A Akl SR A
P A A T S, C1 2R ,80% F + AS Ab B
(R B il 83.3 mg-kg ™', HIK W 90% F + AS
AbPE; BEAE PR RGN, C2 =R ,80% F + AS
F170%F + AS AP & A, & F ARFRAY 2
2 BRI LS A, 25 4 1A BB B i R
1 70%F + AS >80% F + AS >90% F + AS >50% F +
DS >F, HHr 70%F + AS ZbHFL F AbHH i 25 $
45.4% (P <0.05), 1 50% F + DS 4t BRI &5 T
4.6%.

ST, R AR F 5 10 I D 2 T it BE 8 4%

SEIBER LSRR GRSy, BEE PRI (8] Y5 A, A
W g s. X TR —BE, A 2R
G Wi D it S S 1 78 b S B S 1 S A P
AR A (ELRE AT v T MU AL A L.
R2 AREGEITIEFERE. BRUBMNERRE M
Table 2 Effects of different treatments on soil alkalytic nitrogen,

available phosphorus and available potassium

e T AR e
/mg-kg ! /mg-kg ! /mg-kg !

F 86.3+8.2a 23.2x1.2a 50.0x4.2a

90%F +AS 105+12.2b 24.3+3.5ab 77.8+8.5d

Cl 80%F+AS 110+10.5c¢ 31.3+5.1b 83.3%9.1e
70%F +AS 111 +11.2¢ 27.0x1.5a 71.0x6.7 ¢
50%F +DS 110 +9.5 ¢ 23.4+2.0a 63.0x8.1d

F 97.2+5.6a 37.3x4.0a 57.1%6.0a

90%F +AS 135+12.4b  47.1x5.2b 106+10.5b

C2 80%F+AS 149+11.5¢ 50.9%6.1b 119 +9.5 b
70%F +AS 143 +17.2 bc  46.9+3.8 b 118 +8.2 b
50%F +DS 146 +10.5c¢ 38.4%2.9a 88.5%9.7ab

F 113+£10.2a 51.3x4.5a 108 £5.6 a

90%F +AS 146 £18.4b 52.8x4.5ab 131 +11.2 b

C3 80%F+AS 178 +£21.0d 64.0x7.1c¢ 143 £16.2 ¢
70%F +AS 153 +13.5¢  56.7+6.5b 157+x14.1d
50%F +DS 158 +12.6 ¢ 55.5%5.6ab 113+10.2 a

2.4 FEATid S A AL 8 Ot - S M i

I 3 AT LA Y it HE RS T Acb 24 0 4 3 i
BEHEVEA SETHER]. WA R ER TR E AR
Kb B - SRR TG A AR SO AR, 3 R B
Thim e AR R S Bl Bl ek 8] A 28 <, g R
B PEA ST B 5, Rt C3 FR 2T (4% Ab B
AR P s TR R, ) L3 S R AT R LAY
Rt i L ENR R TG, W — PR T 5W HLE
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B F AR FEAH H, R 7 5 A B A A 9 DR A 95 M 2 4
i, HHP 80% F + AS AEFHAN 70% F + AS A HH X} i ity
TEVERR B OB 2 43 38 F AL P I 2 4
13.6% ~76.4% F120.1% ~75.0% (P <0.05).

X I AL AT S W —HHERE T A
A S I P o Dt A S S R N 5 DR A )
s FURE A7 35 A B ) 4 et S Ak S I PR T
WHUGAE FARFR, Hirp €1 A C2 BJER ,80% F + AS
Ab B ) 2ok A S T T A e e, R F AR A )
P27 0.37 mL (h-g) "'A10.31 mL+(h-g) "' (P<
0.05). M3 0] LU H, bifi 25 F AR B[] g 385
A5 AL 3 - ST M W N T 1 AR Ak R A — B,
Pt 5 0 Aol ) P 8 i B T R €3 BN
(14 45 A B TS M v T PR 2R AT UL 3 S A A
AT DA ROEE R M R R . R — )
T, MR R T T R P R e > 2
e s b kR Hd C1 Z=2EETF,70% F + AS
Sb UL Tl T TR R R L B R AR R T
62.7% (P <0.05),C2 ZHEF,50%F + DS 4 # iy
W BR RIS Mt =, 3¢ F ACBRER = T 60. 0% ,C3 & ¥
T, 70%F + AS F1180% F + AS kb JH A i 1% il 175 M 45
LB F AR B R AR R T 45.2% F148.2% (P
<0.05).

F3 REAER +IEE

Table 3  Effects of different treatments on the soil enzyme activity

JiR ity FUE=Risea) PR
i i /mg-(g-24 h) ' /mL-(h-g) ="' /mg-(g-24 h) !

F 0.37+0.01 a 3.78+0.21a 0.52+0.07 a

90%F +AS 0.44+0.05b 4.13+0.12bc 0.74 +0.04 b

Cl 80%F+AS 0.42+0.02b 4.15+0.54 ¢ 0.77 0. 04 be
70%F +AS 0.44+0.03b 4.11+0.21b 0.85+0.04 d
50%F +DS 0.41 £0.06 ab 4.09+0.64b  0.79 +£0.02 ¢

F 0.40+0.01a 3.93+0.38 a

90%F +AS 0.55+0.04b 4.17+0.28 d

C2 80%F+AS 0.55+0.02b 4.24+0.57 ¢
70%F +AS 0.70+0.08 ¢ 4.19£0.10 ¢
50%F +DS 0.54+0.02b 4.13+0.74 b

0.66 +0.06 a
0.85+0.04 b
0.87 £0.07 b
0.93+0.10 b
1.06 £0. 11 ¢

F 1.30£0.11a 4.39+0.64 a

90%F +AS 1.65 +0.65ab 4.42 +£0.24 ¢

C3 80%F+AS 2.29+0.12b 4.40+0.57 ab
70%F +AS 2.01 £0.18 b 4.42 +0.61 bc
50%F +DS 1.79 £0.21 ab 4.40 =0.34 ab

1.52+0.17 a
2.04 +£0.09 be
2.25+0.14 ¢
2.21+0.37 ¢
1.81+0.07 b

3 it

3.1 AR 5 A AL i B 47 B s

VE Y 7= f AR A B 5 R AE 7 Ty i 25
AR IR 3R 28 R B B M AR bR, R
WSS A B, 4 B RS AT 6 AT DL AR AR

OO IR R ST R BRE S iR
TRAE RIS FE A7) R AT A G AN [7) L f91) ) Ak A ]
DLBE /KRS T4 5 1) SRR BRI i 4R K
FE i 7= f. AHIFIE & SUFS FF I8 H S, 3 2 1 ik 12 it
NEATS AT A4 e e i, Herb 909% F + AS Kb BEXE K
R 7= b R B 70% F + AS A RN LS G 1 7=
SRR, LR A 3 7= 000 326 = T K R X A
FAEFFR B —J5 1] ) G A D AR U, 2 = T A
TR e HIEALIERE 1, ) — Jr TR REfE 2 T4 F=
LIRS o &) QUSSP ) ¥ R S = L
HTS A5 5 7= BRI, AR i o th R I
34 F AT A5 0k 2 4 38K A3 45 A A L, 2 i
Y o R A Tk B3 = 1Rk R B
FREFT I FH B BR e A VR 7 RO B 2 e
R4 FHOGHAE 40 7= 6 () B i e — R ) o .
3.2 FEFFE 5 A0 AT ek B it Xt 4 pH & S5
SanipA|

YEYI A KT B8 B ) 3Rk . 4 pH (H
PRAE T SRR IR I, 2 4 4 T B ) Al M o, B
G RSB, AU RV AL BT LA R
W0 T SRR , — T 1D DR D RS A AT AR
THEA PR R A PR AE S ff o B ™ Ak o, Ml
KA PR, BEAR T RS FF 38 H S A9 £8 68 1 5 pH
B2 H—IJ5 i, T & SRS FEAR R =X
VEYIREFE I AR AR T 52 B2 1 5 A1 IR H W 22 59 Pk
(pH >8) X fb T 1A — & MEBGEEH. Al
WFFE R FE (R ) 38 -5k P Dk i A 8 %
R Ak A A W ks R SR AN A e 45 1)
RSN 4 3 T B RO RS ARG A 3 2 A AR AR
AT DARE N -3 HLTT ) SR, M A B 7R )
fift i R R P AR PR I, AR R T 3 pH (A,
{HRAEFFAA 5 5 P2V 5 55 Bl Pk, S 2 ff 398 pH
EIETE T3 0. 5 AN, +3EA HUFE PR 3
IR EEAE bR AEW RS & A 8 A LR
BIRIUR WG, FEFFE S A K m ey itir
BRI RE DTS B2 AR T R R A PSR
OB SR, M3 A AL A 25 B
FEFFie H 7K i Wi | iR ] | A 51
A BE & it FH 45 05 o+ A HL R UE AT T OBF
gyt H TR AR T 1 A e R i
B LT S RS DA G ABIFGT R, 80%
F o+ AS b3 4 O LT Y 5 5 00 45 = RIOR B,
PRI SA 2 SRR 0 o e ol T ) A v 1) RS
AT LA R A e v DR R s R IR R E AR K
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B % 37 %

(1) C/N A HE B s o TR 1 S A= o xst
FEFF A ML 10 3 R, B T H3EA LI
S (HASFRS IR s i A, S
3 /N, AR D BCE TG | e BRI L
BB A3

FEFFrhE &AL, B S ERITR, AT
IR EEAE. BBt R, K 5 4R
T AT FE RI1A H LA B it Ak BB T L8838 R U
R AR P i (LR A o B AT AT B 1% 48 i 2
SRR A5 A BN B AT A AR 3 ST
MR O AT A L TR B
AN SO RIS 4 R B R E SRS AT
W HRE e o R s i, e A
SO % - UK B R R R B ARG AR AT
I FH -5 R el e e i A FERL A K00 ot A Ak B 5 T
eSO HUSORE  BUSCER R i, H SRR
43 Fifi 6 Vel i AT 7K ST 1 4 v 2 S N e R AIG
WX TR (R T A AR, RS AT 4
TR LTt 80% F A AR &b B X6} T4 35 +- 18 3K 2 3% 4
B RCR AR (BB AS FT38 H 5 50% R E B it
AR FEXT A SR | SRR i 1 ER T ROR AN
N MR AR U A B R TR, X
ERCARSF R RIS, CO/N WE RS iE |
Je SR AL, B8 SRR A i, H
T AT 4 HHC & JCHL AR BEAT S30R i - HE R AL g
F3H IR RS FEAAR AR T A - SR L B
PErm s RIS i RUA A S A1 34 FH 4 (DS) B it 50%
TRIE B4 AR AT B & (AS) S it 1 50 7 J2 (9 lk
T5 Y s T RUAE W S e AR R T A SR R T R
(FR3) W T HIEBUEY RS R R R Tz
BT B AL D SEVEYBR AR T 1 e +
A S TAEE I 50% F + DS AbHEAY +
e o I
3.3 FEFTA HH 5 AR AT B it X - S M A 52 )

T gAY | S A B
Y ,25 T2 E 2N AEY b i SR S %
ALY R W E SRz —. AR
WAE YIRS AF AT AR i b B0 Ut | IRl B Ak
U VR ) (R TR RS FF S 4 355 1 A7
5. AT T, B FSFF 8 H A BB
B RIEIREG . FREREIREY . i AL A EE 1S E)
P, It BARS AR H EC 5 a2 it RO 6T T il 9 14 %) £
FHRCR T R AL FALEE (RIRS AR IS HAREE) |
FEIE 70% ~80% F + AS( 2B F5FF M) X T 4

SRR PR SR TR . o R S 1
T T mAHCHE AT LRI (FR 4) | Rl —BHEZ FEFS
FFAA T 25T J it A X 3 AU A S M 1
PTG SRR T TR UK Il R 1 R it
TEER BT ROR AN B . HIEAE AR . pH AR
S5 AP0 IR | ek S A S R R R R Tl T P P A
KMERIIR B 38 TEAH G 31X 5 F I R 45 1) i 90 4%
SR

T MRS 5 LA ILA R W oL, il
YA E Y A R BR AR AR R A L
B R R HARTEIR B0 2 5 A GEAK A, IR Bt 19
B2 S N7 = W) A ) R 2 — |, HLys PR mT DL Sk 3k
HE AR AR A S Y 5 I IE Ak B TC RS T
) AH B, A58 o A A 3 T IC it £ 1S A 348 iy £
SRR B E PR B, — R R A RS AR U, 1
B AR AR T AR, S T IR
(TP, TTHE TN T A0 458 = 3R IRl 7 P4 19 20 6 4 1Y
Bt 7 A AR L PO T A R A
FREG oM S DR B R )i A v WU G
FF I HH 2 A DR PRSI T 2 R FE A e | X 5
TIBSEX R AR RS T AN RIS FEAA0 T A % IR Al %
YRR I FT 45 TAH2E Y (H 5 A ST 48 1 RS
FFi8 HARBET | R IG 5 1 B G 1 H i i 38 i &2 1 T
HEF AT 5 AN () 0 18 ol A o R LA R
i S5 A AR G, A 1T B2 PR A SUE RS A8 254
) U it FH A AR, L At 4 A A 3 FH Ak B ) 2L
P R 50% F + DS Ab B i 3 R 15 PEAR.

- SRR IR I S e A LB AL RE ) e bR
22—, FLIE A ) AR R ) - A LB ) o3 i
fERETI DA K 3w 2R 0. A o R B, KRS #F
W TCHLAE S A HLALTER & it 7T 2 25 4 e ek
FREE TG PE " 3 pH (B M S i)+ e R il
e A 5 R, R I R DI RR
R B A AR SO ok 32, ST A4 H A9 - Sl R il 1%
P ARG FFAN I HE R 00 e A Ach 4 %) ol 2 i 0% 4
TSR 80% F + AS A 1% Tl 1% i 176 14 44 1= , 3 St
T A AR AT A O — o S A, B BPAE, AT
DMESHEMIR R KT, o3 1 et o, ik
YA R AL IS B IR AT N T 4 R
PR B AE PN R 20 I B0 00 A 6 v - 498 1R
A3 M A A 4 5 AN 1 St AR b R AR 0L, 3
TEAHOCHE ST (36 4) i v - el R il 7% P 5
RS A B R S Y IEAR G R, i AL A
DT LR R JLE M S AL 5
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W YR G, T RAE R A AL A
PURFR ZREE. ARSI A B | A FFAL M A
Jit— 2 LA A A I TT DL 5 A 48 5 A Ak ST
(ELX) 5 oK 0 o VR RIRS 8 EE S RS A
AEYDIEPERIFGT SR B B 3% A AR AT A Ak B A -
B S A S S VRN AR AL AR SRS FE IS B 10
AELL b o A S T R R B KT AR A
P SRR R G T MAS AR AT DA g s 0
AACEEREME (BIF ARSI o 2 iy Koy
FEAFIA H it 225 38 C/N |, DTS2 Wi i A= 4
TE, B Rg 0 T R S i AT BT A
AR 1R, 70% ~80% F + AS AbFEX + 43 1+ 48
AR P 2 R R A
F4 TEBmEESHEBUMRNALER
Table 4  Relationship between soil enzyme activity and

soil chemical and physical properties

WH JUR g i Ak A il

T Ak 38 0.121 0.249 * 0.173
pH 0.442** 0.469** 0.459* *
AL 0.332** 0.449 * * 0.374**
R e A 0.670 " * 0.676* * 0.703 * *
A 0.744** 0.667** 0.767**
AL 0.722** 0.768 * * 0.747%*

1) * FIR 5% WEKTF-, * = FR 1% 5EFAKT
4 g

PO b L DO 0 e RS AR T SR AT
Rt ot 5 AR N8 IRC 5l T, B Fi e /K e MG S 4
Yy IR Ty DL K g i 1 5 e 70% ~80% F
+ AS AbBRBNRS A 4 it 8 i S AL IR 20% ~ 30%
Ry ads P 75 20 T2 DX - 358 8 A A8 XY e A it A D7
2, RIR RS 2 il A RS (JR &) 170.8 ~ 195.0
kg-hm > | BEAC (G WERRES ) 189. 2 ~215. 8 kg+hm 2|
BAL (L8 ) 60.8 ~69.2 kg-hm > | 5 FFid H &
7500 kg-hm >, JL3% Z=jiti A &AL (R %) 383.6 ~
428.4 kg-hm > B0 (3 B R 45 ) 266. 9 ~ 305. 1
kg-hm > | BfAE (G L # ) 136.3 ~ 155.7 kg-hm |
FEFFAA 57 500 kg+hm 2.
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