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B2 M 5K, U1 30 a Sk A 148 0 R0t X 78 5 o
B ETFaFA, 1991 4F 5] 2017 4F, o [5 Hi i H & M 3% 10° t
SURIIEINE] 14.7%10° t, 78 55 A 184x10° hm?, A & & {H:
TR 60% LA P, A K 10 a v [ 1 b 5 f FH = 7T
¥ DA 7% 1R 3 B DR 45 e 35 K0, DA e b J15 755 5
FEARAE AR B o B 22 4 07 T R A A5 L R AR
SRIM 2K &4 (polyethylene, PE) i I 7t - 438 v A 4fE 73
fiff, = A7 R RIS e, 1 T — R ARG e a5,
HEFEZ D, i NWFFER I gask i 5 &8 3.43%10° ¢,
7 B R 1Y 15.3%, LR AR H b R R B K,
158.4 kg/hm?, H DLEF4FE 15.69 kg/hm? ({3 5 ZAE . Hodp
FF SR R B B E 121.85~352.38 kg/hm™, it
35 Hh X d KBk B A 502.2 kg/hm?, B 3 2 B0 FH 4 5
B B T R ARUE(TS kg/hm?)® . BRI S Ge ] BEX1E )
Az e — R AN I R, LA 5 D BRI T IR LR,
Wr - 3g b, B T /KAEIZ 3. Rl BRI & 3 n ke + 2
(IHIAG T 7K 26 25 o L S AL B RE 56 7 T A7 7 2 3 7 e
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TR R, FLBREE T, HERFLBR 3K 2 AL
AR oK, AT BRI T - 3 LR K BE 112 i R ik
B 5, 0~20 em -+ )2 7K 73 P47 IS TR] gk 2> T 45%~50%
) PEARIRFP P i o FRIBEYS e A B, 2Rl 20K 6.92%, 12 5
HRIE 5.17% A5 e MUAR BU IF 9 92> 4.8~7.6 4614, 34 T
MWRARBY A, 4 F B3, BEFR Y, B
J S >240 kg/hm? B, % K B8 R AL P390 %
H16.10%. Xie SF A", MR E>720 kg/hm® I, T2k
MRARAKAZ I, 7= 8 5 . Zou &5 (FFTAA"Y, 4
B >80 kg/hm?, P4 At Hb DX KM 7 3t 7= f K 25 2RI T B
B SR 57 3 BHUT, B A6 T AE 12~15 a, FR Ik i 4 283.65~
283.80 kg/hm?, Ji ™" 25.3%~47.87%. H& 4k b S0 1o 1F
AL 3 B A > A P MBS 25 50K 36 a Jo , MU B 55 1)
B8 = 2N /N MU B 3 R R . D BRI e AR
T R R R AR ) 22 R T A T g A
JJUA20 AN o B8 I = AR R ik 2 B AR 2
(IR B o, S A e A AU, A/ U 180 1 5 ik = i
FE 112G 3R RVE) PR A5 B AR A2 25 DX 3 = A= 3K T
ZE s

HE R BRI 23 FF% 43 1 T B8 ', ad AR X B
B2 0 AH ELAE L 5 W AR 1) A R IR RAEK R
B 5% LSS 5 KN A A% B s Z R e, B I ) R
OY AR T B A5 B ARG KB IR S R R
Az e DRI 5 M VE AR AR I I AR Y ORI R T
REMA FHAS B AT LR R AF S0 R B B 2 i 4 1 1, MR K
BRE AR S SRR B S S AU B AR AR 3R
735 B8 Ik A 3 K R RN I 4 WL 1 1 0 Ok 7 A VP Al
R AR AEAS [F) T R B (3% ) SRR A3, ALk, gt 7
18 7K 43 FUAR 28 08 B 1) O R T AN [) I £ 4% A
AR K S R SR O3 MR 06 BT B . RV R R G
W IR L3 g My, BRI K B IE B 3R, BAS IR R AE K, &
AN I H A DUAE (R VF 2 B 50 4R 42 b ik 55
PR B CR B, BT RTINS 51 R ik
TGP ARIX K 73 R R AEK R B IS A IR D,
TGy G A R 2 4 L (1) 3k FEAT AR /b AL F 9T . T O
ABFFCI) H AR IR RN T A [R5 7 2 45 1F R 7K 4 1
AR R R KR BRI, KA R AWK
I3 AR AS o AN 00 B ey 2 U R EH B 875 4 TR
T T RS T DT AT R Jie B M B 42 e AR A5 34 LA L Y
1 MR5FEE%
1.1 R XHER

TR T 2014 — 2015 4 78 8 g B] B4 B8 g8 A B Bt
B A 254 56 L b (40°06' N.80°44' E, 4k 1 025 m) itk
AT WRIG XA T35 HLK 7 3 VG b kB v 5 E R 22 90 5 i
TR (P A OB M R A K & 46.7 mm,
78R 5 2 900 mm, 25 K FE /K HE>50, H I 42 679 h, 4
K53 10.4 °C,=>10 CHRLE K 3 988 C, LA 211 do

i % X+ 3E (0~40 cm) K JH Malvern Mastersizer

2000 30 K7 B 2 14X (Malvern Instruments Ltd. , UK)
73 B RL A ORL BB BT & 43 2553 0 A 36.42% 60.72%
2.86% » 71 I [E] M 8 b = £ T &, AR 1 3 T b A Ry
W4 100, RISV T A E N 1.48 g/em’, M FF K%
C & 5> 80O N 22.5%, I8 28 R 20 7.3%, + A 80K
15.2%. T3P AHHLT10.6 g/kg, 2% 1.79 g/kg, Bl il 4
43.80 mg/kg, AW 21.4 mg/kg, AL 207.47 mg/kg, &,
93 1.02%. H1 R KA 40~50 m, L RN KA BERMNE BHEY)
MRS, ) EANG R 2 AT
1.2 Rt &iEE

IR FHREAL X A v, B 5 AR BK P 0(A) |
225(B)450(C) .675(D) F1900 kg/hm*(E) , X F H 12
30 cm, /5 50 cm, AR 0.035 m? (47 A A L AR SOURE T M 5
W B B o3 AR, F I () 4k B M S 5 43 5 R 041.6.3.2,
4.8 F16.4 g/fd . AR 5B A B flivh 47 5, A2 E I I
R 1 o, K 1 245 6 AT HL R AR A R A 28, 37
WEAT 0] P 76 cm, ¥ Sk (] 5 25 cm, Sk R 2.1 L/ho £k
ATHCE ((10+66+10)+66)x11 cm. PE (polyethylene , PE)
H 5 2.05 m, BEAS AL BREE A 4 0k, HL 20 4, BEAT 9 7,
RTINS R LR AN R
A, SR 4 S A (SC900, USAD 5 il X 5 43 J2
[ 4

R PR, 2 B0 ME A, 5 7 42 BT RUORE VR
BT mx1 mx1 m 7, B5E)E 10 em SEATHURE , 0l 72 25 55 Bk
JES BRI AT . A S, AT IX AR E R4y
AR T A 34 T A5G, Hor /TR R <4 em?, Ho BT AR
4~25 cm?®, KIFETHIA>25 cm?, 730 BCEb s ok 7:2:1, -2 ikl &
h 225 kg/hm?, FZ 4345 T 0~30 em (1) L3 . AFPY A
[ SRR A R K L, A9 R R 5 K FR B SSE [R) F 22 Jr , TR
56 25 BRAM SR 3/4 TRIAR (AR BE , FHALA% 18 um JE B R4S
TEREAN b, PR AR T2 0 il b o 2 )
(R TT VAT SR M [ LR A A R . AR 2 4 &
JAAUE RIS AE 30 om TR AIER 1)2, Fififg 110 cm,
T20 con GRALEHBE 1 258, 44275 110 em, ¢ /5 T 10 cm
TRACH B B [T 1 458, DR RFAR 11 5 AR, N T
BRI S B AR AR S AR o

R1 2014 F0 2015 EREEBFHN S

Table 1 Division of growth period for cotton in 2014 and 2015

Ay T I Bud stage 1T ]

Years Seedling Bud stage 1642 Boll opening
2014 05-10—06-05 06-06—07-09 07-10—08-20 08-21—09-25
2015 04-25—05-25 05-26—06-24 06-25—08-14 08-15—09-21

S YA G20, A B IR 8~10 1K, 6 H FH] I
5,8 H A 45 3, WEBE S8 40 400 mm A2 AT , HEIE IR B 7~8 d,
FETK B B 30~45 mm (73 I 5 R B I /KA D0 LT 1)
JEEAE— IR PEBENTSEIR 4% (P,0, 53.8%,N 21.2%450 kg/hm?,
iR 1 (K,0 51% ) 225 kg/hm®, JR % 300 kg/hm’
(N 46.4%) . £ HWRKHC—K—" 177 28 it R
# 600 kg/hm?, HoAb B P [H K H .
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Note:Ta is air temperature ,ave , max and min are average, maximum, minimum.
B 1 2014 422015 44 8 = 2,08 RO BRI K 0L
Fig.1 Air temperature, rainfall and irrigation of cotton field
in 2014 and 2015
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T B K Z oAk e [ AR — R U, 40 o b5
WA, KSR R, B AR5 H AR
300 dpi 15 2 4% 2 (1 TIF B 1%, H DT-SCAN 2.04 &
%43 M 8 4: (Delta-T, Co., Ltd. UKD #H5 HI K HEAAF
HR AR TATAR VAR AR R 3 R MR 3 T R 2% i 55 T AR A
febr. FARIEHIM R, 85 CHLT 1 T B %
B[R, ER AR 25, B A ST RE AR 3 Bk, SRl
R, AT B TR A 23 I E
1.3.2 R AREan 2

LI EAAE T I Rt 230 6 H 25 H—9 H2 HD,
K 38 5 5 A MinTrus (SEC, Co., Ltd. USA) ¥E4T 135
AR K Z B TERUR I . BRI T4, 45K 14:00,
SKAEARFFI T 10.20.30.40 F150 cm + 2 (IAAFS T 58
FA 3 AN BB S AT s S KR I
1.3.3 RkoH) A&

i HH 7K 43 A1) FH 250 % (water use efficiency, WUE) [#] i1
7R R,

Y
WUE = (1)
W= Zh,p,-b,lO/loo )

ET = (W, - W,)+ M + P, + KDR
= (W, - W,)+M + P, + K 3)
A WUE b 7K 20 I 0%, kg/(hm? - m’) 5 Y 4 7 A 77
i, kg/hm* s ET A B BOFE/K 5, mm WO 367K & mm s
b IEVRIE s omsp, A BEEA ., g/em’s b,k L HEIK 4y
FiE o Hn b 2R ,i=10,20,30,..., 60, M NI B
P 1, mm s Py kg IS B Y (AT AR W B, mms KO
Be N I R K A4S 5, mm, 240 R KR KT 2.5 m B
AT DU T CAREG  R /K MR AE 5 m BUR, o R /K £k
). DARIZEBIE R, mm; R HEAER E mm. D.R
B A WA
134 #HFEFHTE
1 F§ Microsoft Excel 2017 #1 SigmaPlot Version 12.5

(Systat Software, Inc. USA) BEAT V157 Jf- gm il ¥l % . SR H
SPSS 19.0(SPSS Inc., Chicago, IL, USA) #4717 2243 ¥t o
2 BRE5SH
2.1 FREEN TIEESKENZN

AN TR B Ak B A AR B 3 0~50 em 2 H P38 1A
TR K2 (SWOY W 2 s o Fifi o5 5 I & (1) 389 i SWC
BTG, 20144 A B.C.D #1E &3 (1)K SWC 43
H30.59%.30.19%- 27.54% 27.45% 1 19.50%. 2015 4F
52260 R SF 35 SWC 7373 28 30.74%+29.34%.28.05%
25.64% F118.66%. 5 AXLFEAHLL 2014 42 B.C.D 1 E &b
T ¥ SWC MK Ik FE K 1.32%. 8.77%- 9.04% FiI
35.41%, 2015 4 K R P& Ik 4.54%- 8.74%- 16.60% Fi
39.31%. LA FFIEHET A B AL FE ) SWC Bt v - HoAth b
P PR G HEB AN AE T, iR dads 5 C D AL 2R
(R ZE RN A8 B T E AT . iR, bt

A -+-B—=+~C—D—=E

= S -
=50 = 50_
£45 245
S 40 S 40
5 35 R, 53577
304, TS T £ 30%,
F 25 ey 3 Ry 325 .
|75 R J PR
P20 [ 520 o ol
€10 &1
=3 =5
= 0 KO =) " o <
< 4% = % 3 3 T3 I 9 g ¢
1 h ) o o~ o~ o0 <o}
O o~ o~ o0 o0 (=] (=) (=} (=} (=}
(=) (= [« S o El Hﬂ D t
H # Date wate
a.2014 b. 2015
VE:AB.C.DE 2 /R &l 0.225.450.675.900 kg - hm2, [,

Note: Residual content in A, B, C, D and E is 0, 225, 450, 675 and 900 kg-hm™,
respectively. Same as below.

B2 20144220155 R F R AL 2 FAR W B -3 h ek E

Fig.2 Dynamics of daily average soil volumetric water con-

tent (SWC) of cotton field at different residual plastic treat-
ments in 2014 and 2015
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50 cm) SWC g i, (BT B F K T A b3, B iR 27K
FEUI S o BRIy AT R WY, Bl AE Ak B 2 R 1 38 0 26 R R
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ANRIFEEE K 2 e SRk, 2 a (0 Bl 3 6 W, 6 3 0k
TN BR TSR S R 1R 3G 0 5 B AL BR A A AN Y
B T P AR K A3 A 5K 2 BEL R 23S, SWC 25 i)
o3 A Bl A R AR W B AN IE SIS
2.2 HEMREREEN G
221 R R R 2 ey A 0900
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Fig.3 Dynamic of daily soil volumetric water content (SWC) changes under different soil layers of cotton at different residual
plastic treatments in 2014 and 2015

ERFEBE 4. 2014 FR120154F, A KLPEFR R B &
4390 1 869 F12 008 kg/hm?, [fif E A HH X} W I R L i
43590 4y 855 K11 887 kg/hm?, A AbHL 45 E AbHEAR & AW =
A3 B I0 119% F1 126%. 77 Z 0 MKW, A 5 BAb#E, C
55 D b BRI JE B B 22 5 (P>0.05) ,/H ALB 4 F 5 C.D &b
B K B A3 A e R I8 2 1 22 S M (P<0.05) , R W] L3R
(R AR e P AR A R AR R PR S o i L AT 2 5 R 5

F3 )5 %% B (root weight density, RWD) 7E + 32 31 1
()43 4§75 0. 0 B 4 97 7 , RWD £E -+ 358 v (1) 40 A 3% 52 %
FEIE) 5% o e 63%~84% RWD 43 A T 0~20 cm + 2,
80%~95% 73 Aii T- 0~30 cm [ L ZVu [l . & L Z VA

2500 2500
g a b1%—0.0047 o P=0.0047
22000 a g a
r o b Eﬁzooo b
18 51500 1
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7 O Ci ’ D
™ 21000 e 2 c
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Residual piastlc film treatments Residual piastlc film treatments
a. 2014 FFIR R i b.2015 548 R )i

a. Root weight in 2014 b. Root weight in 2015

(1) RWD, 18 ‘i 35 bifi 5 J 25 5% 1) 389 Iy B A . 36, 2014
fE A UL FE RWD 5T E A B 75.68%, 1M 2015 4E W) 5 T E
W 65.77%. AN L2 RWD 4L ) 22 55 % W], 0~10 cm
+J2,2014 4 AB.C 4 5 D E &b BE 8] B A &8 35 10 %
55,2015 A0 R E B 2 R . 10~20 em 12,2014
FELEFEZER. 20154F AB.C b 5 D E & H ja] B A
BE 2R, 20~30 cm -2, 2014 4E RWD i % % 7,
20154F A B .CA# 5 D.EACHE R B BE 7. ik
O3 MR WA I 5 AN 5 AL BE RWD (1) 43 A K, Bk i 3 3
FAAIK 0~30 cm - JZE [H P 1Y RWD , H.48 5 1) 7% 55 5 (D Al
E Ab 31 55 H At b 2 ) 2 B 22 3 (1) J 25
TR R

Root weight density/(mg-cm™) Root weight density/(mg-cm™)
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C.2014 SRR A 5T 85 L
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B4 201442015 4 R ) 5% 2 40 22 F AR JEAR R 2 B 25 2 g
Fig.4 Effects of residual plastic on cotton root weight density and its distribution at different soil depths in 2014 and 2015

222 FRIEAARK 5 E o oA 0 % vy

3 & AR K %5 i (root length density, RLD) ¥k 52 A

MR R AP AR IRE 7 I E A = . WK S PR A,
B.C A FRIH) I 5 25 22 5, 2014 4F A 4b ¥ 5 D &b 3T E 4k

YIS LK 4y BRI RE D AR LU R ST AS4RAR . 72 BRI U EAEL S A B C ALY R B
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PEZE . 20154FE ABLC AL FE 5 F1 E Ab# ja) B B 3% 2=
SL,DACFE S A FE AbFEAT B, Hd,2014
YEALLPERDL & T B AL B 51.9%, 177 2015 4E 0 & T+ E kb3
70.8%. IR A3 BT R ISP 1) RLD A2 5% 5 5 (1) 5 ) 5 3%
B e M e P 8 o o B

RLD 7F 0~50 cm 338 & 5 5 17 1) 43 A5 1% &L an 18 5
Mo KEBJY K RLD (62%~68%) 17 £ T 0~30 cm [ + 2
REE . Bl 2R 038 0 RLD & FA . 5 Mok Ab
B, RLD (1) B A1 5 it A B o 62 55 1 1 398 g 186K
Hrp0~10 cm 2 V5 H 1) RLD 52 5% I 5% 0 57N , 20~30 cm

208

A EOS8
2 P=0.003 =B 2 P-0.0034 =8
206 =D, S =
2 E 250.6 &=E
® a3
NS a Ve a
;x% 0.4 ab ab llﬁ_g 04 ab .y
=g be 2
=TT ¢ == b
o A c
2 0.2 B3 0.2
[ oo
g o
;ﬁo,o 4 | ‘ §0 0 , / ‘ ‘ ‘
A B C D E < A B C D E

BB B

Residual plastic film treatments

BRBEAL P

Residual plastic film treatments

b. 2015 SR L
b.Root length density in 2015

a. 2014 R B
a.Root length density in 2014

+ 4% ¥ Soil depth/cm

)25 I RLD 52 5% 5% i 5 K o
2.2.3 R E @ AR B e o A 6 %o

B 5 0 1 3 AR 2 T FR %% B (average root surface
area density, ARSAD) [ 5% Wi 1 ¥ 6 fr 7~ , bt 45 b 5 75 &
(R34 ARSAD G 1K . A AbEE ARSAD $1H £ K, 1
E &b PE 50 i /N . A AL PR ARSAD %3 5 4 0.39 cm/cm?
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Fig.5 Effects of plastic film residues on cotton root length density and its distribution at different soil depths in 2014 and 2015
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Effects of plastic film residue rate on root zone water environment and
root distribution of cotton under drip irrigation condition

Lin Tao"’, Tang Qiuxiang’, Hao Weiping', Wu Fengquan®, Lei Lei’,
Yan Changrong', He Wenging', Mei Xurong'™
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 2. College of Agronomy, Xinjiang Agricultural University, Urumqi 830052, China,
3. Institute of Industrial Crops, Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, China)

Abstract: Plastic film is a key technology of improving agricultural yield in water-shortage area. Root system is an important organ to
obtain water and nutrients, and it affects production efficiency of crops through the interaction of root zone environment. The objective
of this study was to explore the effects of plastic film residue rate on cotton (Gossypium hirsutum L.) field water environment and root
configuration under drip irrigation condition. A field experiment was established with a single factor experiment, completely random-
ized block design: i.e. 5 levels of plastic film residue rate 0 (A), 225 (B), 450 (C), 675 (D) and 900 kg/hm? (E) application. The experi-
ment was carried out in Southern Xinjiang in 2014 and 2015. In this area, the groundwater depth was 40-50 m. The soil was silt sand.
The cotton variety used in this experiment was Xinluzhong 47. During the experiment, the soil water content was periodically measured.
Cotton seed yield was measured. Water use efficiency was calculated based on the evaportranspiration. The cotton root diameter, length,
volume and surface area were also determined. The results showed that soil moisture and root distribution were affected by plastic film
residue rate. Between 80% and 95% of the root biomass was in the 0 to 30 cm soil depth, which was the area most significantly affected
by plastic mulch residue for water distribution and cotton root configuration. The average water content of 0-50 cm soil gradually de-
creased with the increase of plastic film residue rate, and water dominant flow or water barrier benefit was generated, resulting in differ-
ent degrees of water deficit appeared in each soil layer during the growth period. The average root biomass, root weight density, root
length density, root surface area density, root volume and average root diameter were significantly reduced with increased of plastic film
residue rate. The yield and water use efficiency were significantly decreased with the increase in plastic residual film rate. Compared to
E, the root biomass of treatment A increased by 119% and 126% in 2014 and 2015, respectively, while the root weight density of A in-
creased by 75.68% and 65.77% in 2014 and 2015, respectively. The root length density of A was 51.9% and 70.8% higher than that of E
in 2014 and 2015, respectively while the average root surface area of A was 195% and 238% higher than that of E. The root volume of A
was 34.62% and 60.16% higher than that of E in 2014 and 2015, respectively while the root average diameter of A was 81.3% and 84%
higher than that of E. The 2-year average of the cotton seed yield and water use efficiency of treatment E was decreased by 18.50% and
13.69% compared with treatment A, respectively. Therefore, reasonable measures should be taken to remove plastic film residue and al-
leviate the negative influence of residual film pollution, which will be conducive to improving yield and water use efficiency in water
limiting region.
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