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Effect of Pig Manure Instead of Chemical Fertilizer on
Quality and Nutrient Utilization Efficiency of
Lettuces in Huanghuai Plain

LIU Shasha!, LI Bing?, ZHANG Gubin2, FENG Xiang', YANG Po?,
GUO Lin2, LI Zitao', LI Zhijuan?

(1. Henan Institute of Geological Sciences, Zhengzhou 450001, China; 2. Henan Institute of Geological Survey /
Henan Geochemical Ecological Restoration Engineering Research Center, Zhengzhou 450001, China )

Abstract: [ Objective ] In view of the prevailing problems such as excessive use of chemical fertilizer, decline
in quality of agricultural products and the massive storage of livestock and poultry waste in rural areas, the experiment of
fertilizer replaced by organic pig manure was carried out. [ Method ] In order to optimize the application amount of organic
fertilizer and the replacement ratio of chemical fertilizer by organic fertilizer, the experiment was carried out in typical

planting—breeding combined area of Huanghuai region by using the field plot trial method, and the effects of application
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amount and the replacement ratio of pig manure fertilizer on lettuces production, quality and nitrate/phosphorus utilization
rates were investigated. The basic fertilization amount (M) was N 200.0 kg /hm?, P,0, 96.8 kg/hm?, and the fertilizer amount(M
reduced by 50%, M, and M increased by 100%) and organic fertilizer replacement ratios (0% M, 25% M, 50% M, 75% M, and
100% M, based on nitrogen and phosphorus) were set according to test requirements. [ Result ] When the fertilizer amount
was less than M, the yield of lettuces and the utilization rate of nitrogen and phosphorus increased with the increase of fertilizer
application rate under the condition of single organic fertilizer application. When continuing to increase the amount of fertilizer
application, the yield increased insignificantly, and the quality and nitrogen and phosphorus utilization rates decreased slightly.
When fertilization amount was the same, replacing certain amount of chemical fertilizer with organic fertilizer had no significant
effect on the nitrogen and phosphorus contents of lettuces, but it could improve its yield, quality and nitrogen and phosphorus
utilization rates. When the replacement ratio of organic fertilizer was 25%-75%, the nitrate and nitrite contents of lettuces were
reduced by 19.4% and 73.3% (P < 0.05) compared with those of the chemical fertilizer control. The highest utilization rates
of nitrogen and phosphorus was obtained with an organic fertilizer replacement ratio of 75%, which were 30.4% and 44.9%
higher than those of chemical fertilizer control. [ Conclusion ] The 75% organic fertilizer with 25% chemical fertilizer group
has the best effect on the yield of lettuces, and can improve the quality and utilization rate of nitrogen and phosphorus fertilizer
effectively. The results of this study provide an important scientific basis for the determination of fertilizer reduction for regional
vegetable planting and reduce risk of non—point source pollution.

Key words: pig manure; lettuces; yield; quality; utilization efficiency of nitrogen; utilization efficiency of phosphorus
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1.3 RIETTE
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B RE A IR 43 DA 3 it T =it AN, AU
MR 50% FAE IS AIB AL, 256V K R it
T A o R B UR e, T 2017 4R
9 H 13 H#EFF, 9 H 25 HIAIW, 11 H 2 HRIK
=, AR S d,

F1 AGABIZESHERES A

Table 1 Test treatment setting and fertilization amount allocation

AL AEAE AL ikt
Aby Total fertilization Chemical fertilization Organic fertilization Proportion
Treatment (kg/hm?) (kg/hm?) (kg/hm?) (%)
N P,0; N P,0; N P,0;
CK 0 0 0 0 0 0
M1 100.0 48.4 0 0 100.0 48.4 100.0
M2 200.0 96.8 0 0 200.0 96.8 100.0
M3 400.0 193.6 0 0 400.0 193.6 100.0
NPK 200.0 96.8 200.0 96.8 0 0 0
75M 200.0 96.8 50.0 242 150 72.6 75.0
50M 200.0 96.8 100.0 484 100.0 484 50.0
25M 200.0 96.8 150.0 72.6 50.0 242 25.0
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Fig. 1 Comparison of yield of lettuces among different fertilization treatments
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Comparison of the soluble sugar content of lettuces among different fertilization treatments
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Fig. 3 Comparison of nitrate content and nitrite content of lettuces among different fertilization treatments
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Table 2 Comparison of nitrogen and phosphorus contents
of lettuces among different fertilization treatments

b At B i
Treatment Nitrogen content ( g/kg ) Phosphorus content ( g/kg )

CK 23.1 +2.6d 8.2+ 0.4c

M1 35.9£0.9¢ 48.0 = 0.6b

M2 8.7+0.5¢ 10.8 £ 0.7ab

M3 50.2 = 1.4ab 11.9 £ 0.6a

NPK 50.8 + 1.6ab 10.3 +0.6b

75M 529+3.1a 10.7 + 1.0ab

50M 50.4 +2.3ab 10.9 + 0.4ab

25M 50.9 + 0.4ab 10.0 +0.8b

T BRGNS TR E FoR 28R % .
Note: Different lowercase letters in the same column represent significant

difference.
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Table 3 Comparison of nitrogen / phosphorus uptake and utilization rate of lettuces among different fertilization treatment

s U ie s EV WA E S BRI BENEFI A
Treatment Nitrogen absorption Nitrogen utilization rate Phosphorus absorption Phosphorus utilization rate
(kgN/hm=) (kg P/hm?) (%)

CK 19.0+24e 6.8+0.1e

M1 35.0+1.7d 16.1+1.7d 85+0.6d 82+27e
M2 56.1+3.6¢ 18.6+18¢ 126 +0.8 ¢ 13.8+1.9d
M3 582+0.6¢ 9.8+02e 13.8+0.7b 83+0.8e
NPK 644+45b 227+23b 129+04¢ 147+09¢
75M 78.1+5.6a 29.6+28a 158+09a 213+22a
50M 66.7+5.1b 239+2.6b 145+08b 182+1.8b
25M 65.5£4.7h 233+24b 128+03¢ 143+0.7¢c

T SRR NS P REARE IR B

Note: Different lowercase letters in the same column represent significant difference.

3 itig

3.1 BHEBRIMNEERFES KRN
RERMIES S8, R IMIE [l R
T EE A, AR R A A, (Had &
TENEANRE & E 3G A 2™ i, i A R L AT
PR ER B s, AHSCHFSEUESSHE N 150 ke/hm? 45
PR BB s, AR, e
SATTRE, A, BRERE . SRR
A2 NI B N AE S B S B A A A Lo it
B 2 S50 5 ot SO A 5T R BH 3 it A AR e f Ak o ]
VR . 4R C MEREREAH M0 &, A
PR LR RN AR L 7 i 5t U 2 AEAF G (20-21) | A
Yy BB ISR IR ESE R, IHER R AAE Y R N
TE iR TR A0 5 it R S s S A I8 SR
HET A AT R . ZUT R LN,
FERe LIRS H BT SR A B WSO A R EE
PRI L3 AR R S s i, BRI S i (20, 24
FIEERFIE R, 0~375 ke/m® MR TG RN, B
8 A R S i R A e A RN TR
38 4 vy et A e 1 i S S R AR e a3
DL g5 R Ve 2 St A o, b
ZHIEAE Sy . FAVER R,

BREGAC AT, JERHR S 25 M i 7 1 Al
A Y E R . AATSEAE SRR, A PR
PR PR B e B [ Fsf P A 35 4 i S i . O
WEFE kW], AHUILEACRT i m H i /A SRS
Bk LA VERE S, FRIRANERER S, PR
PR M i e ) A HLAEER o B A UARAE RT3 v
e =i WBURINA LU L (1) AHLIES
AW A R W IR AN, & &A KR
=, AYMBEYSE, EIRUtn am, 29T,
Al g e, (AL . IR R
MG (2) APUEEAIUER N E, fifkih
R, HAREP AR RS, HR
WA YY) KB WR R 7] (3) WAL
Bo ARSI R, A L
LR & A BAA LY AW 25 ml s P T
TR ISy, b R RS R S 5 (28
(4) NUBMILZS S YR TR MUY R B
M P00 7 R B A E R . A HILIE R
B, ATMIIR AR, JCIE AR E SRR
APUIETR AR f] R % —F A BAMERT, R
MR R E IR R, AR LR (0] o RSRAL
A5 1301 SR T N 7R R BORFI AR IR 30 0] 7K R AR 3
() AN [+t AE Ak PR ARG s 2528 A B, A HILAC R




T AFE MR SRR AT K] 1 0 R A
7 FUERBLR 22 Y 2 S A
32 BHEERITHEZRFRS T ARG

ARG AR R, T2 R IR S &
BRI B UIAE G, — o 0 1 P 3 it N £ T 4 5
RBE I, (HAEARELEE R N 200.0 kg/hm?, P,0;
96.8 kg/hm?2, 2k 2 1 i N+ N R 38 07 22 52
WA R, A BRI E TR MR R
ST, AP AL R R, A K
JE 5t 5 5% 4 ) SR A it 2 B 3l it FH 500
BRI KR TR 31-2) i s (33045 AR
[ A B AR LU A5 1 T AR b DX 4 /N AZ 7= il
RIEFFHZR MR RY], AL AT A]
BEMEREFIHR, BB 50% Ab3 ™ HEATA
ORI e fe i o 78 LLAR T b DX HLAE A L )
R T0% 551 R KRR = e de s, BERE R R R 34
ANRIWE . ASTRI S X A HLIE AR AR L AN TR]
AT A NI LB 75% 4000 B - g
S ES o T=8

APUERBA AT g - i1, Hhn S RUE
YRR R . SRR, SRS, N A
B E SRR TG AL, BESRBE SN AL BRI
AEJT, MNTIBGINSR S F I8 3536 | F k4 (971
WFIE R, itk A HLIEE R TARPRANER . &
PRI T 3G 58, 4 AR B, (i Al
Yo, A, AIEH A . B2 LIS AR,
Ty WOk SR AL A HUAE A AT 38 I AL AR FH 25 i i
Rz — R RUAEAE 58] FEER S A o) 7 v % 2ok
AL, 13 Olsen—P & frgehm, +IERER
KE R, WEMEBTRL FAE 0.3 kg/hm?,
ST B KR BB IR BRI —, T
A Rl N Tt A HLAES AT Sk 2 T U IR A T O 2
VERARNEDFI R & 77 i H 2™ X 2 — A B X
IR, SRR HANUC ., HEEa UL
FRANE 2 B v AL I 8 B 2 (e 1t i) T 955 % 1Y)
FHEIRRZ —,

4 #ie

(1) ol hina HLAE, i N 200.0 kg/hm?,
Titi P,05 96.8 ke/hm? W] {R-IEAE R (1 TH 22 3 B R
BRI AR, SR 5 KA (% 7= 5 B A 1
VERT, 3035 i £5 IV i Rk & e R T,
BTN A BRSO T R

(2) FEAREEMA . BEaaEZAT, ALK

77

BACIE IR B E i = A B A At -, 4R A W
RIS AR BB 75%, A6, b
R BRI R ] IR B K

(3) AHLIEABEACLAEA A B 5 BEA
& &I, @l EEHE . AFE5ER R
P AN SR G A5 T2 Y 6 T L DX By 3 T TS
B, PRI BRI

S 30k ( References ) :

(1] BEIEE), 2R, S, sBbbk, BORCE G AR ik 4R 75

PR A SRR M x5 ()] A2 A5 FR B, 2004,13(4):656-660. doi:
10.3969/j.issn.1674-5906.2004.04.055.
HUANG G Q, WANG X X, QIAN H Y, ZHANG T L, ZHAO Q
G.Negative impact of inorganic fertilizes application on agricultural
environment and its countermeasures [ J | .Ecology and Environment,
2004, 13(4):656—-660. doi: 10.3969/j.issn.1674-5906.2004.04.055.

(2] X b AN RS G BRI XU I 2 284k [T ] ARV PRI oo
%, 2017, 36(7): 1247-1253. doi: 10.11654/jaes.2016-1378.

LIU Q P.Spatio—temoral changes of fertilization environmental risk of
China [J]. Journal of Agro-Environment Science, 2017, 36(7):1247-
1253. doi: 10.11654/jaes.2016-1378.

(3] s, Bk, BRARHE, 2k . v Rl P T e HE i 2 )

2 5t M A AZ [1] . A Al RS2 5441, 2018,23(1): 152-163.
doi: 10.11841/j.issn.1007-4333.2018.01.19.
QIU W W, ZHONG Z B, YUAN C H, LI Z L.Spatial differences and
dynamic evolution of agricultural non—point source pollution in China J ]
Journal of China Agricultural University, 2018, 23(1):152-163. doi:
10.11841/j.issn.1007-4333.2018.01.19.

(4] WRzH, WRaSIL, Shate, MY, ARHEDE | VRN il e T 725

R DX IR S AN M R K R S R ER AR B2 [T BRI R
=4k, 2016(3):990-998. doi: 10.13671/j.hjkxxb.2015.0497.
CHEN'Y Z, CHEN Z F, MA J H, SUN R L, ZOU G Y.Effects of soil
nitrate nitrogen on the nitrate accumulation in groundwater and
vegetables in a typical high cancer incidence area of Shaying River
basin [J]. Acta Scientiae Circumstantiae, 2016(3):990-998. doi:
10.13671/j.hjkxxb.2015.0497.

[5] skZF, TUTH, WA, €05, D, L HIL R

FETC 68 A7 AL RS 934k i 22 A A T ISR [0 ] RO PR 05 ) 2 2 41,
2017,36(1):124-133. doi: 10.11654/jaes.2016-0827.
ZHANG H Q, YU X Y, ZHAI B N, JIN Z Y, MA C, WANG C H.
Reducing N fertilization rate through a combination of manure and
chemical fertilizer in Weibei dry land [ J]. Journal of Agro-environment
Science, 2017, 36(1):124-133. doi: 10.11654/jaes.2016-0827.

[6]  HRGE, BT, skoAD, SAA, RN, B, R,
o, R R AN - R ORI R A HLIE B AT LL £
g (1] A EFR SRR, 2018,24(1):22-32. doi: 10.11674/
zwyf.17210.

LVFL HOUMM, ZHANGHT, QIANGJCR,ZHOUY T, LUG Y,
ZHAO B Q, YANG X Y, ZHANG 8 L. Replacement ratio of chemical
fertilizer nitrogen with manure under the winter wheat—summer maize

rotation system in Lou soil [J]. Plant Nutrition and Fertilizer Science,




78

[12]

[13]

2018, 24(1):22-32. doi: 10.11674/zwyf.17210.

ES N S N EEER IR < o S DR (T 9/ 1 S
2 R R I 28y s LB (D] 8 ,2017,49(4):685-691. doi:
10.13758/j.cnki.tr.2017.04.007.

WU M, LI W T, LIU J, LIU M, JIANG C Y, LI Z P.Comparison of
nitrogen fertilizer reduction with efficiency increase methods in double—
rice system in reddish paddy soil [ J]. Soils, 2017, 49(4):685-691. doi:
10.13758/j.cnki.tr.2017.04.007.

IV, WRIAR, XK RS IHEHR BUR S A AL Do A
TR [T] . AR S RAIEL2A), 2017,33(4):324-331.
doi: 10.11934/j.issn.1673-4831.2017.04.005.

SUN C, PAN Y C, LIU Y. Nutrient resources in livestock manure and
its potential of substituting fertilizers: a case study of Guzhen county,
Anhui province [ J]. Journal of Ecology and Rural Environment,
2017, 33(4):324-331. doi: 10.11934/}.issn.1673-4831.2017.04. 005.
B, VRIRR, SRR SC, WOE AL, AR, (SO R MR E
B % B 2 BE AL AU 2T (0] Al B2 IS BR B8 2 4R, 2017,
35(2):126-132. doi: 10.13254/j.jare.2017.0257.

XUAN M, XU Z C, WU G Y, OU W Q, LI J, HE W B. Analysis of
utilization of fecal resources in large—scale livestock and poultry
breeding in China [J]. Journal of Agricultural Resources and
Environment, 2017, 35(2):]26—132. doi: 10.13254/j.jare.2017.0257.
RIGEDE, AP, B ﬁf I, B S A Ay U 2
RIS AR A B 52 [J]. K AR R525 4R .2016(6):38-42.
doi: 10.13870/j.cnki.stbexb.2016.06.007.

WU XN, FU D G, DUAN C Q, YAN X, JTANG X.Effects of planting
modes and agriculture drainage ditches on runoff nitrogen and
phosphorus concentration in Chaihe Watershed [ J] . Journal of Soil
and Water Conservation, 2016(6):38-42. doi: 10.13870/j.cnki.
sthexh.2016.06.007.

JIANG H M, ZHANG ] F, SONG X Z, Liu Z H, Jiang L H, Yang
J C.Responses of agronomic benefit and soil quality to better

management of nitrogen fertilizer application in greenhouse vegetable

land [J]. Pedosphere, 2012,22(5):650-660. doi: 10.1016/s1002~
0160(12)60050-2.
SIRRZS, XIS, BT, S WKL, P, HIER, HA

S PSSR S Bt AR AR i S R [T 6

FHAEASE, 2013, 24(7):1931-1937.

HU L J, LIU J F, LIU D X, NIE M, XIE Y H, ZHANG H X, ZHOU Z

K, XTAO H A.Effects of pig manure application on yield, nitrate content

and soil nutrient of oilseed rape [J]. Chinese Journal of Applied

Ecology, 2013, 24(7):1931-1937.

2o, DhbeH, T, FRAKTE, AR, RABE, fLLE . A4S
ZEAF T RS KR B MSCRI T B B s [J] . Aedb A4,

2017,32(1):156-164. doi: 10.7668/hbnxb.2017.01.024.

LI Q, MA X J, DOU P, CHENG Q B, YU D H, YUAN ] C.Effects of

nitrogen fertilizer on nitrogen uptake and utilization and yield of maize

under different ecological conditions [J]. Acta Agriculture Boreali-

sinica, 2017, 32(1):156-164. doi: 10.7668/hbnxb.2017.01.024.

INIE, FBIES, WHE, AR, FLIE, EAH, FEERT . KR

5 e O AR I RS AL AR B s e 1] PR B R 2, 2000,

30(1):206-213. doi: 10.3321/j.issn:0250-3301.2009.01.035.

SUN B, ZHENG X Q, HU F, LI H X, SUN B, WANG L L, SUL Y

[16]

[17]

[19]

[21]

Y.Effect of temperature, rainfall and soil properties on farmland soil
[J]. Environmental Science, 2009, 30(1):206-213. doi: 10.3321/
J.1ssn:0250-3301.2009.01.035.
A, sk A Bk, T3 R . WEE R b A O XS S A R R
RISV i 2 A 5 ek R At B A S ) (] AR Mk PR BT B2 24 41,
2005,24(S1):9-12. doi: 10.3321/j.issn:1672-2043.2005.21.003.
YU G H, ZHANG Y Z, WAN D J.Effects of spraying rare earth element
and micronutrient fertilizers on contents of nitrate and nitrite and other
qualities in Chinese cabbage [J]. Journal of Agro-environment
Science, 2005,24(S1):9-12. doi: 10.3321/j.issn:1672-2043.2005.
z1.003.
gt B AT [M] . et AREAR O RREL, 2005:431-437.
BAO S D.Soil Agrochemical Analysis [M]. Beijing: China Agricultural
Press, 2005:431-437.
IRARFE, T, SRR, BRBT, BISW . ANEEGEAL R AEY
*iﬁzr“&ﬂﬂﬂfrumiﬂ ST ] P EAR LS 1999,20(04):20-23.
doi: 10.1111/j.1551-2916.2012.05349.x.
GUO L P, WANG X R, ZHANG F S, CHEN X P, MAO D R. Effect
of Fertilizer Application in Different Years on Crop Yields and
Fertilizer Recovery [J]. Chinese Journal of Agrometeorology, 1999,
20(04):20-23. doi: 10.1111/1.1551-2916.2012.05349.x.
AYENI L S.Combined effect of cattle dung and urea fertilizer on organic
carbon, forms of nitrogen and available phosphorus in selected Nigerian
soils [ J]. Journal of Central European Agriculture, 2012, 13(3):610-
616. doi: 10.5513/JCEA01/13.3.1098.
l"ﬁLBk T/NEE, BN, SR, ORI, MTTAR . R [
AR AR R S B SR [T]L T AR AR,
2016.43(5):77-81. doi: 10.3969/}.issn.1004-874X.2016.05.015.
CHENG L Z, YANG X F, HUANG X Y, ZHANG X B, BAI D J, KE Y
C.Effects of different nitrogen levels on the growth, yield and quality of
okra [J]. Guangdong Agricultural Sciences, 2016, 43(5):77-81. doi:
10.3969/j.issn.1004-874X.2016.05.015.
WRARET, SRITT5, BEHE, BRAR, Ml X, BRI . s i L %) = ﬂ‘
B SRR AR B it B IR R A B ) ] K AR
2010, 24(4):153-156.
YAO C X, GUOK X,ZHAO Z H, CHEN Y, YANG Y F, LU L M. Effects
of fertilizing decreasing on nitrate contents, nutritional quality and
biological characteristics of three vegetables [J]. Journal of Soil and
Water Conservation, 2010, 24(4):153-156.
ERSFEHE, BRI, ZEA, PREE, ST . AL XS B AR ik B
S (] . ipEAESROLAE], 2004,12(2): 111-114.
QIU X X, HHUANG D F, CAI S X, CHEN F, CAI Y C.Effect of
applying fertilizer on nitrate accumulation in vegetables [ J]. Chinese
Journal of Eco-Agriculture, 2004, 12(2):111-114.
XK, B4, *um - 3 O R B L K R
PP R )] - HEE 4R .2006,37(3):612-616. doi: 10.3321/
J.1ssn:0564-3945.2006.03.045.
LIUY G, CHEN L J, WU Z J.The mechanism of nitrate
accumulation in vegetables and its control measures [J]. Chinese
Journal of Soil Science, 2006, 37(3):612-616. doi: 10.3321/
j-1ssn:0564-3945.2006.03.045.
2, Tl AR, WK, WS F, PR . AN [ R e X
S - HERH A UM RO e [T]. R SR 5 DR 2441, 2016,




[26]

[29]

22(4):958-964. doi: 10.11674/zwyf.15245.

LAN X, WANG T, YANG C L, HU C X, TAN Q L, SUN X C.Effects
of different phosphorus application rates on soil nitrate leaching in
vegetable fields [ J]. Journal of Plant Nutrition and Fertilizer, 2016,
22(4):958 -964. doi: 10.11674/zwyf.15245.

ORI, FR, AT, B AN A A O 3 L iR
RO BRI AR IR sz L) ] K AR, 2008, 22(5):5—
10. doi: 10.3321/j.issn:1009-2242.2008.05.002.

HUANG D F, WANG G, LTI W H, QIU X X.Effects of fertilization
mode on growth and nutrition accumulation in vegetables, and loss
of nitrogen and phosphorus in vegetable fields [ J]. Chinese Journal
of Eco-Agriculture, 2008, 22(5):5-10. doi: 10.3321/j.issn:1009
-2242.2008.05.002.

TREE, BASLAH, ArPHRE, 2R, Al ARG LR H AR
IS FR BN (1] W w i (RS R |, 2013,
39(5):556-564. doi: 10.3785/.issn.1008-9209.2012.12.251.

XU J,SHANLN, YUD P, LI Z L, HE Y F. Effects of different
fertilization modes on nitrogen use efficiency of cabbages and nitrogen
loss from vegetable field [J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2013, 39(5):556-564. doi: 10.3785/
j-1ssn.1008-9209.2012.12.251.

R, e, B, SRR, 5Kk R, SRR A PLE LA R
il o % 3 7 e O R R PR AR IR [T AR AR A AR, 2017,
36(5):1292-1299. doi: 10.13292/j.1000-4890.201705.003.

TANG G R, ZHOU X, TIAN C, PENG H H, ZHANG Y P, RONG X
M.Effects of combined application of organic and inorganic nitrogen
fertilizers on vegetable yield, quality and economic benefits [ J].
Journal of Ecology, 2017, 36(5):1292-1299. doi: 10.13292/j. 1000—
4890.201705.003.

Jal#t, B AU KBS SR (], Wi gl 241,
2004,16(4):210-212. doi: 10.3969/j.issn.1004-1524.2004.04.009.
ZHOU Y, LUO A C.Effect of organic manure on the quality of vegetables
in plastic—sheet—covered sheds [ ]| . Acta Agriculturae Zhejiangensis,
2004, 16(4):210-212. doi: 10.3969/j.issn.1004-1524.2004.04.009.
YANG J, GAO W, REN S R. Long—term effects of combined application
of chemical nitrogen with organic materials on crop yields, soil organic
carbon and total nitrogen in fluvo—aquic soil [J]. Soil & Tillage
Research, 2015, 151:67-74. doi: 10.1016/}.sti11.2015.03.008

XU H L, WANG R, XU R Y, Mridha M A U. Yield and quality of leafy
vegetables grown with organic fertilizations [ J] . Acta Horticulturae,
2003(627):25-33. doi: 10.17660/actahortic.2003.627.2

ARERLL, AL, VR, TR AR I AT HLAL B s 1 A R
O B O A AL F 52 (0] A 48 37 S5 I8 KL 27 412, 2010,
16(2):282-288. doi: 10.11674/zwyf.2010.0204.

ZHU C H, DONG C X, SHEN Q R, XU C Y.Microbial mechanism on
enhancement of inorganic fertilizer—N use efficiency for combined use
of inorganic and organic fertilizers [ J | . Plant Nutrition and Fertilizer
Science, 2010, 16(2):282-288. doi: 10.11674/zwyf. 2010.0204.
AEMESE, BRI, T ER, FEOE AL, A R R R B
2z SR TR 0y AN AR B IR R R B [T ] AR AR
KEE2ER CHARBLERT) , 2011,2011(6):47-56. doi: 10.3969/
j-issn.1000-5641.2011.06.006.

[32]

[33]

[34]

(35]

79

NIAN Y P, XIA TY, HE M Z, ZHANG ] G, DA L J.Effects of
nutrient management on nutrient utilization of N, P and nitrate
accumulation in lettuce [ J]. Journal of East China Normal
University (Natural Science), 2011, 2011(6):47-56. doi: 10.3969/
J1ssn.1000-5641.2011.06.006.

PAVINATO P S, MERLIN A A, ROSOLEM C A.Phosphorus fractions
in Brazilian Cerrado soils as affected by tillage [ J]. Soil and Tillage
Research, 2009,105(1):149-155. doi: 10.1016/j.5111.2009.07.001.
WGty 2HAE, 220, SR, SRR A PLICHLICHE LX)
AEALAE 1A /N P i S RS R I AR 52 [T v el L3 S IR,
2014(4):48-52. doi: 10.11838/sfsc.20140409.

YANG X M, LI G H, LI G C, ZHANG J G, DA J L.Effects of combined
application of chemical fertilizer with manure on yield and nitrogen use
efficiency of winter wheat in cinnamon soil on North China plain [J].
Soil and Fertilizer Sciences in China, 2014(4):48-52. doi: 10.11838/
sfsc.20140409.

S, skl e, B, EUR, TROR A HLGHLECE
X T I ik BOK AR TR RS T L ARb e A,
2018(1):203-210. doi: 10.7668/hbnxh.2018.01.029.

WU L P, ZHANG S R, LOU J H, WEI L X, WANG K R, DING X
D.Effects of organic—inorganic fertilizer on soil P, the yield and growth
of rice in coastal saline soil [J]. Acta Agriculture Boreali-sinica,
2018, 33(1):203-210. doi: 10.7668/hbnxb.2018.01.029.

WU Y, Li Y, ZHENG C, ZHANG Y F.Organic amendment application
influence soil organism abundance in saline alkali soil [J].
European Journal of Soil Biology, 2013, 54:32-40. doi: 10.1016/
j-ejsobi.2012.10.006.

KR, B4, k5, SR RIS & & G WU X U™
I SRBR A SR PER N ()] ARA B, 2018.45(11):53-59.
doi: 10.16768/j.issn.1004-874X.2018.11.009.

ZHANG T X, MA G T, ZHANG H, JING G M. Effects of different
types of livestock manure on pepper yield and enzyme activities in
rhizosphere soils [ J]. Guangdong Agricultural Sciences, 2018,
45(11):53-59. doi: 10.16768/.issn.1004-874X.2018.11.009.

TR, B, A, SKIEH], mO R, SRS . DRILECHE X 5
7= i S I R SEIR [T 7 AL FR#:, 2018,45(3):45-50.
doi: CNKI:SUN:GDNY.0.2018-03-009.

WANG Y S, GUAN C W, LI X H, ZHANG Q M, YE W M, ZHANG
H W. Effects of cake fertilizer on yield and quality of flue—cured
tobacco and the improvement of soil properties [J]. Guangdong
Agricultural Sciences, 2018, 45(3):45-50. doi: CNKI: SUN:
GDNY.0.2018-03-009.

SRR, BISCAE, XUREFS | i S5 b i B R AL A 7 i A0, B 3
BERS PR L] A E SRS AR R ,2009,15(6):1280-1287. doi:
10.3321/j.issn:1008-505X.2009.06.006.

ZHANG F H, LIAO W H, LIU J L. Applications of phosphorus and
organic fertilizers on yields of vegetables and their environmental
impacts [ J]. Plant Nutrition and Fertilizer Science, 2009,
15(6):1280-1287. doi: 10.3321/).issn:1008-505X.2009.06. 006.

(iRt BHRE)




