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Effect of plastic film mulching on the distribution and translocation of nitrogen in

soil-lettuce system

LI Lili, LI Feili® , LIU Qiuya, BAI Yunming, WANG Zhiwei, HE Anfei, WU Huimei
( College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract; Plastic film mulching (FM) is one of the commonly used agricultural practices worldwide in crop production. It
significantly alters soil hydrothermal properties and processes such as conserving soil moisture, modifying soil chemical and
physical environment, and affecting the forms of elements. Soil nitrogen plays an important role in providing necessary
nutrients for crops and thus enhancing crop productivity. Its forms and transport in soil-crop systems are expected to be
strongly influenced by FM. In this paper, field experiments were conducted during the winter of 2009—2010 to study the
effects of FM on soil physicochemical and microbial properties, and subsequently on the distribution and translocation of
nitrogen in a soil-lettuce system. The experimental plots were located in eastern China where it is typically rather moist in
winter. Lettuce was grown in the plot soil and sampled following a 50-day growth. Compared to unmulching (UFM) , FM
had little influence on soil moisture, soil pH and urease. By comparison, FM decreased soil organic matter content by
6.0% , soil total nitrogen by 1.3% and soil NO;-N by 10.4% , respectively, while increased soil NH;-N by 6.5% . The
one-way analysis of variation (ANOVA) showed that only soil organic matter and total nitrogen were significantly different

between FM and UFM. Other soil properties were not statistically different between the two practices. In FM treatment,
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denitrifier accounted for 77.8—96.2% of the total nitrogen physiological microorganisms, and ammonifier, nitrite bacteria
and nitrifier accounted for 1.8—16.5% , 0.6—5.1% and 0.4—2.8% , respectively. As such, FM decreased ammonifier
by 28.2% and increased nitrite bacteria, nitrifier and denitrifier by 119. 8% , 26. 7% and 48. 7% , respectively, as
compared to UFM. In lettuce grown in the mulched soil, nitrogen was distributed the most in leaf while the least in root.
While FM decreased total nitrogen in root by 2. 8% , it increased total nitrogen in stem and leaf by 10.5% and 6. 8% ,
respectively. This indicates that FM facilitated the translocation of nitrogen from root to above—ground parts.

The calculated bicaccumulation factor ( BCF) of total nitrogen in root, which is expressed as the ratio of nitrogen in
lettuce root to that in soil, showed that FM decreased BCF by 1. 5% , indicating that FM treatment decreased the total
nitrogen in root. The average translocation factors TF1( TF of total nitrogen from root to stem)and TF2 ( TF of total nitrogen
from root to leaf) were higher in FM treatment than in UFM treatment. Lower BCF may thus have resulted from higher
translocation factors in FM. However, the influences of FM on the BCF of total nitrogen in root and the TFs of total nitrogen
in root, stem and leafl of lettuce were statistically insignificant. This may be due to the abundance of moisture in the
experimental location that FM and UFM could not be significantly distinguished in terms of BCF and TFs. The correlation
analyses indicated that soil organic matter was positively significantly correlated ( P<0.05) with total nitrogen in soil, while

nitrite bacteria had a significant negative correlation( P<0.05 ) with urease, NH;-N and inorganic nitrogen.

Key Words: film mulching; nitrogen; distribution; translocation
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Table 1 Physicochemical properties of soil samples

1% Seithk o & pHIE(K:+:=1 :2.5) HHLE
Soil Statistics Water content/ % (water :soil=1 :2.5) Organic matter/ ( g/kg)
FEIE Covered 5PN 24.4 4.7 40.2
e/ ME 22.8 4.5 38.3
SEHE 23.7 4.6 39.1
b2 0.6 0.1 0.8
TFEM Uncovered 5PN 23.9 4.7 42.3
/M 21.8 4.6 40.9
SEHE 23.2 4.7 41.6
PRl 0.8 0.1 0.5

LB - M ) 5 7K SR L A T A e, U M IR R A DR R Y K B X A 2 A B T S A
L1014 i i OB S ORI K PR AN i, 8 pH {32 232 b M 40 i | - SR A
TR COMRBE RSN, A I | S EIRLE Tk e K 20 B | b SRR i M 5t A LA S5 o3 i
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B S ARENT T 0 R R A BRI A gk WL 3R 2, BN I s e an T RS AL A | iE Ak
AN S AL A0 B OB S 4 50 g 398 (178 .76 5. 8 x10° MPN/ g ; A7 i 43 19 43 791 A 554 .81 .60 .3. 9x
10°MPN/ g, Z55RRBT, MR AE 77T, 2R A B V& AR 0 v R i A A B o L 34, L O 2 A 4 T R I A
20T, B A A0 TR A b BERR DT U A A 40 B G A0 A B L SR Ak 20 B T A A B A O )
119.8% 26.7% 48.7% , %4515 RIKALZE B#F s 45 R — 38, BRI ME L AR T
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Table 2 Influence of plastic film mulching on the numbers of nitrogen physiological groups and urease

aRiA:) R ] iEtar] AT b it
+ 3 Soil =T Sample Ammonifier Nitrite bacteria Nitrifier Denitrifier Urease
/(MPN/g) /(MPN/g) /(MPN/g) (x10°MPN/g) /(mg/g)
TR FMI 149 78 78 7.8 0.85
Covered FM2 455 260 145 7.8 0.67
FM3 457 78 78 2.2 0.75
FM4 217 21 39 3.3 0.88
FM5 709 451 39 7.7 0.60
FHIE 398 178 76 5.8 0.75
hRifE 2 223 178 43 2.8 0.12
N BFMI 232 49 78 4.6 0.64
Uncovered BFM2 766 32 38 1.7 0.77
BFM3 217 33 79 3.9 0.81
BFM4 777 78 65 7.8 0.74
BFM5 781 215 39 1.7 0.70
YA 554 81 60 3.9 0.73
FrifE2E 302 77 20 2.5 0.07

LA SR 5 SCRAROE P AE S 122 57, 1A, e S0 56 0 1 L Pk e PO B 7 e W), R R A — e R
R T R SIRDL, AR T RS SR R T AR, I T R A A AR, SR L
AR DL B AR R A g B 5 e W), B RO B % | IO A TR 2, AL 20 T B b B v B
A AN T T A2 AR S AL 2 R R W A, SRR AR e T R s TG B g R e
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AHLET LR, AR PR Z R0 ; (3) A+ HeA MU, S B R W3 2 B FA (£ 4),
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0.24 150
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Fig.1 Influence of plastic film mulching on the levels of Total N, Inorganic N, NH;-N, and NO3-N
THLE AR SRS R Z A
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mg/kg JEHEIP, HrP 48R 60.3% —84.2% , i HIERHLA LIS R N T,
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P AT S PURES AT P S ARSI T B R X 9 0 DR T KA AN AR A B S
IR A RIS A R B AR A AN K, IR0k A AV R JC I dob A8 Ak, AT 7 BB A e Xof - 38 v e A5 EUR
TS EAR = LE 1 B2 52

http ; //www. ecologica. cn



3816 A E = 31 &

2.4 HORSREEAM PR 0o RS AT
BV R BRI M 4% 1 F S5 15 4 B0 B0 B 2 co

PR IR SUUCT R B, 250, 0 (1 2) =

SR 1 1—2.0 £, S5 BARBE G S IOBITEAAM — £ aop [

S, B RBLB , SR RRAEEE T 2.8% , 2 T

ZEH G MR TR T 10.5% F16. 8% ,fH25 R ik g 20r f\/

FRHEMATE . 2 P REE R AR, T Y

WESIBIF T (1) MR R HEK e, Bk 8 20f | [ =

LR S A, ELARL 1 S T A > T
R 5 (2) MEA B UE R BUALD fL 7= 4 A 2 — O T s e

S A U8R B A R e e e R U
WA FEAA T A W i A —/INEB 4y, BRI, R
BRI S A S RA — & B2 B X)) 4
R R ELL,

3 it

3.1 HbARAE S XHE M R R S A R (5 )
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Fig. 2 Influence of plastic film mulching on the content of total

N in roots, stems and leaves
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XA LIRS 8 R IERUE R R A B A A IR AR VS M | I A AR R AR IE S SR |
25 R E R RBEA T (R 4) . BERE, B ESORE SRR BE A (P < 0.05) B
T A S s e S S S AT A I R R L Y K o R I S A K oy ) BT ez, Y
T R B WA B S AR Z M N B &, A RLEAKCE 7 0 Wi 8 [FAE 5 - 5K A ¢, ok iz
T T3 it 395 7K S R B I T8GR AELK SP3BT s

HHEAIRS SRR R E LMK (EL) , HEAVR—BEA 5% 2467 R4 fmte R 2+
gerp, EHET,95% U LA P, R e R S S AR e AT AL & S AR L, BT 3 L
FRE N ARG R K A RGN BT b 22 A AL AR R S AR ER . Kot 2 APLUR
O IREEAR AR, BT RN AN AP 22 G Y RS 252 B, A LB SZ BORDRL Y PR A7 i B AR AT 25
PR, BRI, HEZKOR R sl b 8 0 R A LR A 2R % i B K RAF s B2 ik ) -8 2, FRA0TH0 118
SIATEE RS LA ARAT

3T T A AR A A R R SR A A VR 0 R A0 3R DR I e 25 R 5 A A 200 7 5 k25 A
K(F4), HERMEZESS P SEAEILEYIREL, S THG M IRBE A K IR R A A,
BTSN SO, BRYe b DREEE PRI R, RedR T 2 92 S S5 A0 R0, DU B2 /& A A0 20 B s 1k
SEHOAS 0 IR A T P 2 2 A DG (3R 4) IS SR T e 5 R38R s S e B b M A 6, ] e 5 &
AR S A B S T 40 TR 45 =2 18] A AH B AR OG .

x4 REWBXMESNT

Table 4 Correlation analysis of Lettuce

HX R WEHAT
Contiguous item Correlation coefficient Significant difference
F S KES £ NOS-N 0.639 <0.05
AHLS LR 0.632 <0.05

R Pt - ST ¥ A AT -0.718 <0.05

+ 3 NH;-N 5 WAk 4n i -0.719 <0.05
LR RS AT -0.730 <0.05

4 £t

SR )5 AR LG BRI AE 7 200 3885 7K 3R pH A R IR % 1k 1 2 e R Y e, BRI A P
THAEEEEA T 6.0% , HEETCHUA P ESA S S TS A S a B RN T 1.3% M RIS A
By, Hr B S A S BT EIM T 6.5%  MASEW/D T 10.4% . BARZEIT 0 R, BEIK
TR N7 AT ) - S0 BL T S 2 R B Y 25 Sk 2 8 S K

PR AR 7 2T, R AL B ) B AR 38 A AR AL A0 TR 7 A 3, O R A 4N B AN A A 4 R
AL AN R R de b BRI D U, SO AL Al o o AR AR B S 77. 8% —96. 2% , ZA AL T | AF AL
AN AL B G R R A BB 1. 8% —16. 5% .0.6% —5.1% 0. 4% —2. 8% , A )y X &1k
Y- T 28. 2% A AL A A K SR A P S4B 5 B3 1 119.8% 26.7% 48.7%

ToI R L AN, b5 BRI 2 R 2 A T LU 2500 M 7EAR A A A AR /b, B A
HEJ7 T B EA TR 2R & 0PI E S A B, IR AR T 2. 8% , 255 5 03 5l Tt T
10. 5% F16.8% ,

BENEFPAE 7 2O B3 AR ER 10 5 4 RBURAR 2580 i 7 (38 BB A AR 7 T B
HEB AR & 8RB BCF) S A AL T 1.5% . B TF1 (4RSS AR 25358 10T 5% &
B0 F TF2 (2SS EARES ) R 278 240 P XS IR & T 12.5% F19.5% . FHCHES R0, A AL
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By A R B IE A OE (P<0.05) , T MR | 82 25 R SXOICHLA — 3 55 TG A 20 7 24 12 1 2% oM 5 (P<
0.05),

F T ARSI U T R KO S AT L, LI F 8 B R AR IS (8] 5 | IR AR 7 5% - S B A AR o
R A ML AL RHIE A2 A L
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