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Effects of Biodegradable Film Mulching on Root Distribution, Yield and
Water Use Efficiency of Winter Oilseed Rape ( Brassica napus L. )

Gu Xiaobo Li Yuannong Yin Minhua Du Yadan Zhou Changming
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; Plastic film mulching is an efficient agronomic method to increase yield and improve water use
efficiency in arid and semi-arid regions. However, with the overuse of traditional refractory plastic film,
the residual of plastic film was constantly increasing in the soil during the last recent decades, which had
led to some negative impacts, such as environmental pollution and land degeneration. In order to
maintain the function and reduce the negative impacts of traditional refractory plastic film, some
degradable films were obligatory to take place of it. Several studies had demonstrated that biodegradable
film could apply to maize and cotton cultivation instead of traditional plastic film, but few of them were
dedicated to studying whether biodegradable film was suitable for winter oilseed rape ( Brassica napus L. ) ,
which is the most important oil crop in China. Three treatments, including plastic film ( PM ),
biodegradable film (JM) and no film (CK), were conducted to systematically analyze and compare the
effects of different types of film on soil temperature at 5 cm and 25 cm depths, soil water capacity in 0 ~
100 ¢cm depth, crop growth, root morphology characteristics, yield, quality and water use efficiency of

winter oilseed rape in two growing seasons (2012—2013 and 2013—2014 ). The results showed that the
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effects of improving soil temperature and conserving soil moisture of JM were similar to PM and
significantly better than those of CK (P <0.05) before 150 DAS ( days after sowing), but the effects
were significantly lower than those of PM after 150 DAS because of the degradation of degradable film. No
significant differences were found between PM and JM in plant height, leaf area index, shoot dry matter
weight at different growth stages and taproot diameter of different soil depths at maturity stage (P >
0.05), but they were all significantly better than those of CK (P <0.05). And the same characteristic
was found in branch numbers, pod numbers and seed numbers of main raceme and branch raceme.
Compared with PM, JM could better promote taproot to extend to deep soil layer, and effectively increase
lateral root mass density in soil layer of 20 ~30 cm. No significant difference was found between PM and
JM in saving water and increasing yield (P >0.05), and yield and water use efficiency of two types of
film were significantly higher than those of CK in two years (P <0.05). When treated with PM and JM,
the yields of winter oilseed rape were increased by 45.91% and 37.02% , respectively, and the water
use efficiencies were increased by 81. 68% and 53. 86% , respectively. JM could also reduce erucic acid
and glucosinolate content, which were harmful to human health, compared with PM. Then, from the

perspective of application effects, biodegradable film could be applied to winter oilseed rape cultivation

instead of traditional refractory plastic film.
Key words: Biodegradable film
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Tab.1 Plant height, leaf area index and above-ground dry matter at each growth stage under different mulching treatments
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Tab.2 Taproot growth parameters of winter oilseed rape under different mulching treatments
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Fig.4 Distribution of lateral root mass density of winter oilseed rape under different mulching treatments
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B REAL PR BE TR B PR A AR R 2 S g Ak Y $R K
TR R A b2 LR K A AR R
Wi, T CK Ab # HURRE 3 B B — R 509 A 3 AR 4k
PR R T L, WO 2 1 K 4y o (HAR [R) 4 17
AFAEFHA LN R EEZF BRAAR, £
It 5 P [ ) 9 % 1 B 468 DA B 2 a A SRR T O
BB K A AR K 25 5 AT RE A i Bk b 22 S 1 R A
2 a [ 1, CK [ M) A o 4 9% 2 1 B 35 K T PMFI
IM, HOIM B AR ot & %% B KT PM;2012—2013 4F
B, CKf AR 5 5 %% B & 3% K F PMA M, HL
IV ()0 AR 5T o0 %% R A I 3 KT PM;2013—2014 4F
B, CK AR 5 5 %% 5 i 35 K PML, M (1 ]
T % B2 W /N T CKL B KT PM{H JM 5 PM  CK
[ A S 25 5
2.5 AABBRLEMNESHETE . TEMREKS
AR EKN

2.5.1 AR EAR T BRI MR A AR

2 a AN [) Ab B A4 90 3 A6 T 1 F BB A R
TR BRIl PM > M > CK, A R 7E B 2% 2%
S (F3) 0 2 a R E LT 19 B ARFRECE R W)
A A S 25 5, R PM AL M B g E KT
CK, H PM KF JM {H = 22 515/

RI BRIRFARTEMRESR

Tab.3 Yield components of main raceme per plant

45

HH M RRE MEKen ' TR
FFRLEL
PM  80.3° 7.17° 25.7° 4.30°
2012—2013 4 M 78.6° 7.10° 25.0 4.26"
CK  73.1° 6.98" 20. 7" 4.21°
PM  85.2° 7.40° 26.5 4.41°
2013—2014 4 M 83.7° 7.32° 25.8 4.37°
CK  79.5° 7.19° 22.6' 4.30°

AT Ak B Al S G AR T 14 S A R

F 4.2 a KMSEA G I 0 A R TR R B TE R
04 0 0 2 50 5 R 2 300 SR [ A 3 )
SRR B I 10 £ SR 48 R B 7E

25 R CK B % /hT PM F M, H IM B
/INF PM, PM AL IM ZE 2 a (8] (5735 43 555053 ) L
CK £ 2.5 A~H1 2 A, AT W% 3 i J55 Fn v R A Hh
s T DU SE A SR R0 B, Sy A T SR Y
FE S

R4 SEEFARTEMNEEER

Tab.4 Yield components of branch raceme per plant

w m s g o R TR

cm FRER  FiE/g

PM  10.3* 358.6% 6.72° 23.5°  4.09°
2012—2013 4 JM  9.9*  345.3* 6.67° 22.7°  4.03°
CK 8.2" 313.5" 6.48" 18.8" 3.98°

PM  12.5" 388.5" 7.18" 24.3"  4.36°

2013—2014 4 JM  12.0° 370.7° 7.12° 23.8°  4.32°
CK 9.6" 335.8" 6.89" 19.9" 4.21°

2.5.2 AR R RK 3 R R RS0R

PM Al M X 43l 3 77 B FE K 5 L 7K 23 AT AL
RN A 77 ST B 5 5 CK A X A7 7 1 35 1
22 5 AH A SR WO A8 B AE PM UM Fi CK i) 19 22
SR E (R S5), 2012—2013 44 [a] b 3 4 3t 3
I FETK f /N F 2013—2014 4F , CK b FEA K 2 a
FFEZK S5 8 2 KT IM A1 PM, H JM 4b 243 32
2a [ FEK 5 W8 F KT PM, 2012—2013 4 FI
2013—2014 4 PM 1 JM Ab B & E W EE K & 5
CK i Lo, 4r 3k /N T 21.1% . 11.5% F1 18.3%
10. 4% .

A 3 7 K 43 R AR RIS B IR A= 7 )
62 a (0] 14y PM AL BE A A, IM B /N T PM, H PM
M ¥ %k F CK, 2012—2013 4§ 2013—
2014 4= PM 1 JM Ab B A& 3 32 77 1 A0 X CK 43 5] 38
N 46.7% .38.1 Fl 45.5% .36.2% ;2012—2013 4F
F12013—2014 4 PM F1 JM 4b B 231 32 7K 43 F1 FH 2L
5 CK I, 70 5 # & T 85.9% ,56.0% A
78.2% 51.9% ;2012—2013 4F fl1 2013—2014 4F CK
A0 3R B IE R D A 7 5 e P M Ak 3 43 53] R IR
31.9% 27.6% F131.3% 26.5% ,

£S5 TRABELELZBRNTE FRKE KSFALE WRELMEREESH

Tab.5 Yield, crop evapotranspiration, water use efficiency, harvest index and partial factor productivity of

winter oilseed rape under different mulching treatments

a4 KK/ K OFFIRREE, ) N A= 7 71/
Ay b 3 . , B WSO 48 .
(kg+hm™7) mm (kg-hm ™+ mm™") (kg-kg™")

PM 4553° 295°¢ 15. 43* 0.28° 7.59°

2012—2013 4¢ M 4285* 331" 12.95° 0.28° 7.14°
CK 3 104" 374° 8.30" 0.27° 5.17°

PM 5472° 339° 16. 14* 0.26" 9.12°

2013—2014 4F M 5120° 372" 13.76* 0.26° 8.53°
CK 3760" 415* 9.06" 0.24* 6.27"
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2.6 N[E)7E AR Ab HE X & i S AT AL AR R Y S0

ERLESNASV AN 8eia & il7N = ata Pra i)
T SFFARL A T AR AR TR B S R e
XEAME FRER AR . PM IM FI CK Ak B ] 4 il 3¢
FERLIR 5 il 3 3R 52 R N R 5 R AN A7 AR
75 5 (ELAN [ 762 i ALk LT A6 3l S5 R RE 1) T IR A
TR (£6) .

R6 FRBRLELHFEFHNARIETEE

Tab.6 Qualities of rapeseed under different
mulching treatments %
ARy bR SuhEE EABR TR i MR
PM  40.54* 24.90* 3.01" 31.22*° 60.51°
2012—2013 4F  JM  40.26" 24.69* 2.79" 28.03" 59.98"
CK 39.75* 24.18* 2.71" 26.71" 59.06"
PM  40.34% 24.81* 3.08" 31.98" 60.99°
2013—2014 4 M 40.05" 24.31* 2.83" 28.16" 59.75°
CK 39.49* 23.89* 2.75" 26.91" 59.37°

2 a A IH SRR S R R 1 R R
RN PM > M > CK, PM b AT SRR RL 2 a
ITT IR & 1 B % KT IM M CK AR B, HLIM [ JF
TR O HE WS KT CKG &b R 2 a BB 1 3 5t 35 2K
PM K, H PM @ 3 KF CK Lb 3, 0 JM 403 2 a
MR &S PM A CK 22 IR 8 3%

3 itig
3.1 FEBBRAETEHENRRISE

M 2R S 0 W T 7K 43 R SR 43 A e 4 1 25 T £ 3
WYY R EER T EYR RGN R S A
K & AR D ANAE L 398 o ) s 25 0 A % DDA O R
XiF %5 1 W A % e 24 7 o T T IR AR R T S AR AR D
AR R RS R A &
S B R 5 RE A I AR R 1 R AR CPREL B AR
o R BIORIAR T, 0035 R AR A B A v Y s oy A
17 L3 A5 ) 3 AR A 2 K T 100 3 AR R 1 TR i )
BE. BANLLAE Y WS S BB I R U AR AR AR bk
A TR 2 AR R IR N, 8 T S 0 R - 4
TR R AR KT, T M T M, 3 B 48 R RE
HHAT=UIN B IR R A K T, S F G
WG, AT RS BE T S B M T 55 6 AT
RRERK LTI, R R S, TYRERK,
3 3 AR THAEAR R T FL, )2 R R i
Peo BRAED RBUKWIE % 2 R A
R R AR A AR AR AR I K R N R D A e
AT ST R 1 3 0 A 55 (PM) A ) I fige 7
i CIM) A H A2 38 AR T LU B B 3 /N T 7R b
Xt R (CK)  {H B PM b 31 32 R LUK B 8 3% /)

FIM A1 CK &b, 3 158 B b B 7 25 S ) 4 i =%
MR FL, A WS F 2R e IR e, ol L 4 R
TR A MR B G Re AR AR B S I AR AL,
X W SR )2 - Y 55 4 A

PM Al JM 4b B RE 2 25 19 fin 2 il 56 78 0 ~ 20 em
2T B AR BT % R, CKOAb 34l 3R AE 20 ~
30 em - JZ IR B 00AR T R % B R F PMOAIL M &b
B, (HAE 2012—2013 4F 2, IM Ab 3545 3l SR AE
20 ~30 cm T 2R M MR BT &% E 2 & KT PM
AbF 3 I P O A ) R R A J, SR K R A5 2800
ARG, b2 30 & KRG, 38 A AR AR T L iR
JZ - HER K 4 SR 45 AE 2013—2014 4F i 2 1, IM
AEFE 20 ~ 30 em 2R FE A AR BT 5% 2K T PM
ARFR L 2% S AN B 3 X AT BB A Ol 2014 4 4 H 4y
WK 1R, 78 2 7K 3 BE T BR T 2 b B 55 AL B (]
2 5 o
3.2 AEERLENIEE FREMNEEHE

MRS AT e HL A AR ORI AR . e
21 TIF g % W VT VA it e % 50 M 36 34 g A
WA EKIERE 2 NA MR T 10 cm 1)+
2B HE I KRR AP = R WU 35 0 ~ 40 em /)
e K AR TR i A AT WE T SR T, A W R A T
T E EORAE K AT PR PR K ROCR B b s
A S B 5 o AR S B S R T 5 TR PR 4%
FER A= W % Al T 5 5 8 b o BECRH LL BE B 35 4R
EXRARAEFH 0 ~60 cm + )2 + A K &, 5% W
MRS R O 2 R, ABFR Y, £E 150 DAS §i,
IM Kb HERE i PR M LT 5 em Fl 25 em R AL 135
F - 2 B, I 0 ~ 100 em 8 3% K &
BRSO 5 PM AL FEAH 2 5 {H 150 DAS J5 , b %
A ) Hb RS 1 A A LRGSR DR AR A 22 B E LT
PM 4b 3,

I AL P P AR R A 1 7 R R K 43 R AL
A, HUT A S A R S M T R A 4 i
B AR S EOK 7 AR 3 0 2 K T b IR LU R
X A4 548 75 19.96% 1 19. 67% ;3 25 il 1T 45
5% 3% W] 38 3 b 65 0 A= ) o ik B 25 T 1) H 25 bk
EAAETE W 22 5, Y R T OB R AL T 3K 3 b
JEEFD 0. 008 mm (1% A= 49) B fifk R 43 o Ak 243 531) L TG B
I Ah B 7 14.38% 1 11.21% ;i 4826 " il it 2 a
I FH 56 S 03 30 b 5 0 A4 40y o ok B 25 A B R R
KRG 77 R8O 3,2 a V-1 3 D) LG A B R AL B 4 7
19.96% 1 19. 67% ,2 a V- 147K 53 F1| I &4 58 53 391l HE A
AL PR AR 2 30. 66% F1 29. 68% , AHFSE i
HiuB5E (PM) i1 AE 47 5 ik S (IM) 2 55 40 B AT 3R
2 a (737 i L EE o6 BR (CK) 43 51 3% i 45. 91%
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M37.02% ,2 a )35 K 43 B &% 45 B4 &
81.68% Fl1 53.86% .

2013—2014 423 = A4 B, 0 H 2 A8 & =
B H W (B AL R ) MK R KT
2012—2013 4F | fii 2013—2014 4F & i 35 19 F & 7
e FH K G 1) 250 38 AH R A 8 o

4 it

(1)1 150 DAS Hif , 25 7 [ fifg 155 (M) 1138 528 3
J5E (PM) 2 o Ak PR A 38 3l F8 97 28R A 245 150 DAS
I, BB AR 0 3t ) 3 e, T A L 096 3 R 3 280 R
IR T PM AR B JM Ak FHAC I SR AR bR L i T AR A
s b TP RS PM AR BEIC R K 2 R (P >

(DHFEHERAFMERE L EZFWATRT,
IM % s b3 L PM B 35 4b B AR 2R B T T AR AR F
KM FM T AL, AR 20 ~ 30 em + R Y
AR o 2% 3

(3)PM F1 JM 7 55 &b BH A 5 7K 38 7= 2R B 3,
PM 1 JM 7 35 A0 B A 2% 2 a SF- 3 77 S AH X CK 43
SN 45.91% F1 37.02% 32 a -3 7K 43 F1) FH %50 %
5 CK i Fb 4 52 75 81. 68% F1 53. 86% .,

(4)IM 354031 5 PM 4 55 Ab 3 L, 76 3 9l
2 HE SR R 7 O T S AF A W 25 e W,
A BE PH (2. A AV 3t SR AL b Xt A AR fele S AR 1) I IR AN
T AT & it PR, AR F SRR, 2 P R fif v A
AR 5 R P T 4% T S ) A R B o

0.05), H¥ B2 KT CK(P<0.05).
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