2017,36(3): 547-556 xR W B B R FE F R 2017 43 H

Journal of Agro-Environment Science

S, MW, HNIC AF BRIBOUR FERE AR S T WSR3 5 0 BL A 2 [T]. ML FREERR#2 4, 2017, 36(3) : 547-556.

WANG Liang, LIN Tao, TIAN Li-wen, et al. Effects of plastic film residue on water consumption characteristics and biomass accumulation and distribution in

drip irrigation of cotton[J]. Journal of Agro—Environment Science, 2017, 36(3): 547-556.

RN R EFKFER TYRARES BRI

I RBLA AP wmaX? PR, MLAN, 2 B kS

(LA I 2R BE , BEARSE 8300525 288 A Bl Be 2 B EMIBI ST, B EARSE 830091; 3.+ AR Bk B gl PRI
SRR R DT, ALat 1000815 4 el iRl PRig d g 52802, Jbat 100081)

W OECRARE X AT, W 1 HO TR e MR AR 3 RS [R5 (0,225,450 kg - hm™) XA AE A FE K i

FEARBLEL RRIZE A& K FIHECR T4 S B e S SFE KA et M e m . 25 R W] RIS 4 T, 503 B AL A L, B
BRI BN, A4 B SRR A FEEE, Cos T Cuso ALIRI3 FIFEAR T 25.60,33.74 mm, H 22 57 A3k B E M AKCT FErh B A 45
FEAKIBRACE N 2, Ui SRR TR ARE K &, B BN T A B AT FE K T 3K o SRR, SRS Je il K TAE R
W ZE BRI , AN A K28 Cos F Caso AFRAYRRINZE A& 58R JE B3E H Co AP 0.07.0.16 mm - d™, FEAK T4 BUCHEK T 7 L9 5
AR, BN F T T4 51 ) PR s R SRR R A F A% B P A R AR TE , Caso A0 BHURFATR 7™ 12 R 7K 43 1) FH 250238 35 TE A R AL 34 43 T3 AR T
8.79%H1 5.6%.

KR  HOBEER B S REAKARNE s TR B 5 0Bl s /K o FI A

RESEEX503231 TERFRERD:A  XEHS:1672-2043(2017)03-0547-10  doi:10.11654/jaes.2016-1206

Effects of plastic film residue on water consumption characteristics and biomass accumulation and distribution
in drip irrigation of cotton

WANG Liang', LIN Tao*, TIAN Li-wen? YAN Chang-rong’, HE Wen—qing®>, WANG Jing', TANG Qiu—xiang"*

(1.College of Agriculture, Xinjiang Agricultural University, Urumqi 830052, China; 2.Xinjiang Academy of Agricultural Sciences Institute of
Industrial Crops, Urumgqi 830091, China; 3.Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agri—
cultural Sciences, Beijing 100081, China; 4.Key Laboratory for Agricultural Environment, Ministry of Agriculture, Beijing 100081, China )
Abstract: The plot and field simulation experiments were undertaken to determine the effect of plastic film residues on water consumption,
consumption modulus, evaporation, water use efficiency, biomass accumulation and distribution in a drip irrigated cotton field covered by
plastic mulch during 2014—2015 in an arid region. Three treatments including plastic film residue amount of 0 kg -hm™, 225 kg+hm™ and
450 kg-hm™ were designed based on investigation of typical cotton field representing local present situation. The results showed that during
the whole growing period, residue addition of 225 kg +hm™ and 450 kg -hm™ decreased the water consumption by 25.60 mm and 33.74 mm
and increased mean evaporation intensity of growth period by 0.07 mm+d~ and 0.16 mm+d~' compared to no film treatment, respectively. Al—
though, total crop water consumption was not significantly affected by plastic film residues between 225 kg +hm= and 450 kg -hm ™ treat—

ments, but was significantly decreased compared to no film treatment, respectively. The consumption modulus decreased with increase in the
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residual amount of plastic film, especially, in seedling and bud stage. Meanwhile, increasing plastic film residue could decrease soil water

use efficiency and biomass. In sum, water consumption, effective water consumption ratio and seed cotton yield could be described by resid—

ual plastic film, respectively. And the water consumption demand in the early stage of growth was significantly inhibited. This study could

provide valuable information for well understanding effects of residual film in farmland. Further field and modelling studies are needed to ex—

trapolate the findings to a wider range of crop and site conditions, and to develop threshold and early warning informations to assist re—

searchers or farmers to better to reduce the risk of residual film.

Keywords: residual plastic film; the characteristics of water consumption; biomass accumulation and distribution; water use efficiency
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il PRI 4395, M5 i B (T A L S 0B s R
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F 1 2014—2015 FHEK T IESF KRR
Table 1 Nutrients contents of the tested soil in 2014 and 2015

4% Total nitrogen A ML Organic matter

HRG A Available nitrogen M Available phosphorous #A4H Available potassium

\
i Year (TN)/g-kg! (OM)/g-kg" (AN)/mg kg™ (AP)/mg-kg (AK)/mg-kg"
2014 047 8.33 58.37 35.37 130.67
2015 037 6.49 63.60 18.88 179.67

PR, 5% T B HLERT A R 1 m?, 3
FE R 30 em B89 5 ANREDT, PRI SRR IR AR B R 43 A
RS, G5 L Z 2, I5E 0~10,10~20.20~30 cm )2
T A HIK 1.446 .1.448 1.451 g+ cm™,
1.2.2 ARl AR B8 g0 i Tl A

T 20142015 AEAE#r s A L B2 BE AR AL 27 53k
65 il [+ — BRI FH O J /N X3, 400 L 0 A 7 A P
iR ()5 BE AN AT R A B 3 BRI, 43R 0,
225.450 kg'hm_z, Bl CoCos Caso ZEFH . FRIFEFRAEUL
IR B HEIRAE , HE17AH/H, N TIEEEH /N X 30 em I8
FE R+ EIF b0, P R BT PR AR R
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R2 REBHIEARRERRES S
Table 2 The distribution of plastic mulch film residue

in different soil layers

BN AR R 43935150 SRR
Residue Diffe Zr:ent i)il Quantity of L 151 Mass ratio of three
plastic film d [F/ residue film/  Ratio/%  kinds of residual
area/cm’ eptfem kg+hm™ plastic film
<4 0~10 100.8 65.4 7
10~20 36.5 23.7
20~30 16.8 10.9
4~25 0~10 29.6 67.1 2
10~20 10.7 243
20~30 3.8 8.6
=25 0~10 15.6 70.9 1
10~20 4.7 21.3
20~30 1.7 7.8

m?, PAE I PR 2% (77 N 46% )225 kg -hm™, B R — 4%
(& P05 46% ) 347 kg-hm™ KRR (% K0 51% )
75 kg-hm?, #RATHCEFZN[(10 em+66 cm+10 cm )+
66 cm|x10 em, K1 1.25 m s, SUHHENT , — 1K 4 47
FPAE A2, TEVEHS ] BE 40 cm, 3L AIHE 25 cm, 3k
BT 2.1 L-h™' o AR 5 M7 I I 2 R 21 e e (R TR
L1898 4650 m?-hm?, FEMEATR I 7 d -k, B AR
N 2.4x10° Bk -hm™, H 58 S R G H
1.3 MEFE
1.3.1 3 S K A
FRAE W B30 10 d -85 TR PEAGSS 2 K
(Ul NI BRI ) BB Sk 1E T, B 10 em S — 2%
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e R LTS 105 CHEF fE R, 0 TR
FOKFR, LR SKE(%) = (B FE-T 1)/
+HEx100,
1.3.2 K HFE KRR
FAVKEARE AR K ET P A0
ET\5=10 v:H,(0i\~0i,)+M+P+K

A ET s B BGE KR, mm;i O B3RP En
LRGSR, AR 45y 85 | R LT A,
geom™ ARGy 1.448 g-em™s H, K5 i J2 T IEIRTE,
ATREG S 40 em; 00y F 5 @ 2 IR I B EOKR,
Phdi T EEWESEOT, %60 N5 )2 Ok B
5 KR, LA b T R B 00T, %5 P I BN Y
A R G mm s MO I BN AYFE K & mm; K Ay i
BN By R KA L mm, YR KRR T 2.5 m
AT AAS T (A 30 1 /K ERAE S m DUTF , JCHER
IKANEE ) o
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AEREREW LD, DRUTAR BE R /K i S FE K BRIt A
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22 BRIEXNIBEETHREOEZ L SN

H1 2% 4 F1,2014—2015 45, AN [R) 5% A5 Ah BEAR A6
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Ab FRAR AL R IA] 28 e 78 i I —1k 2 Caso>
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Figure 1 Air temperature and rainfall of cotton growth period in 2014 and 2015
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23.1 AFAFR TP R R E

A 2 Al LA 2015 4F i 0 2= A5 30 Co b B

35,2014 AR AL IA—nt 2 T A B G &b
PRI &= T Cuso £0FE, 2015 Eﬁiﬁﬁﬁ—ﬂi 2 b
BTy AR R 2R BAARDE, HIRsR
(3G N SRR AR T R 3 %%ﬁﬁﬁ%?ﬁﬂﬁ?%}ﬁﬂ@
R, HARBEE S, TR RN
Ko XG4T KM A (R 3), i —2

TR B E T Cao 2B, T 2014 AE 22500 UEHABRMERBOC, A AR KR BN, H TP B R
R BUEBLEENRFEKEREFEKEL
Table 3 Cotton water consumption and consumption modulus in different growth stages
44 FH 1 Whole

i Seedling E A Bud stage

48] Boll setting stage 1 Z214] Boll openingstage

growth period

\
i{fr Trﬁim FEKAL Water  FEAKBC  #EKEL Water KBS FEKAL Water  FEABC KL Water FKBSL  FE/KHGL Water
consumption/ Consumption consumption/ Consumption consumption/ Consumption consumption/ Consumption consumption/
mm modulus/% mm modulus/% mm modulus/% mm modulus/% mm
2014 Co 53.03a 7.10a 112.69a 15.09a 432.17a 57.88a 148.76a 19.92b 746.64a
Cos 49.05b 6.80ab 99.94b 13.85b 421.38a 58.38a 151.38a 20.97ab 721.77a
Cuso 48.18b 6.76b 91.42b 12.82¢ 419.47a 58.84a 153.86a 21.58a 712.93a
2015 Co 50.54a 6.56a 109.38a 14.20a 455.06a 59.09a 155.16a 20.15ab 770.14a
Cos 45.93b 6.18b 95.26b 12.81b 444.13a 59.71a 158.45a 21.30a 743.76a
Cuso 44.19b 6.00b 104.43a 14.18a 441.77a 59.99a 145.99b 19.83b 736.38a

TE AR P RER 22 7 B3 (P<0.05), R 1A,

Note ; Different letters mean significant difference(P<0.05) ,the same below.

R4 FRLEREZETFHAREELE(mm-d")

Table 4 Soil evaporation in different growing stages of cotton(mm-d™")

Ay Year  AbFH Treatment  Hi Seedling 75 Bud stage  ££48 1 Boll setting stage 122 Boll opening stage 445 #] Whole growth period
2014 Co 0.84b 0.62b 1.17b 0.99a 0.91b
Cos 0.88b 0.72b 1.26ab 1.13a 0.99ab
Cuso 1.08a 0.79a 1.35a 1.16a 1.10a
2015 Co 0.86b 0.73b 1.11b 1.09a 0.98b
Cos 0.87b 0.78ab 1.21ab 1.17a 1.04ab
Caso 0.93a 0.85a 1.29a 1.18a 1.10a
127 mce 2014 2015
= |
% 100f  HCx
\g I O ay
i 5 80 = b
w5 i
g 60 |
2
K= 40
£
g 20
p a aa bb aab b 1 11 1
£ 9 .am%-".’-..-.-".i“....! ...... - .. . aj '4: ] i i i1
R R R R TV R T T T Ty

PR )/ NE R OR A AL BRI 22 57 (24 (P<0.05)

Lowercase letters indicate difference significance test(P<0.05) among plastic film residue amount treatments

B 2 AREZEAEXRE T YRR RERRNE

Figure 2 Effects on biomass accumulation amount of cotton in different plastic film residue treatments
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Mbk T 5 AR B i A B AR A RS SR 52
B P - 2208 i AR AL, A Logistic A K BREINT
ANFFRREAL PR AL TP AR R AT G (R 5),
AR EER SR o 2 SRR T B R 3l 2R E o Br
B, Co Ab BEAR AL T Jot it AR 22 00 A PRk 1 < A 1 ke
I H S5 H A R A K HOR B H B8R, A KRR
B, 1T Caso ALFE B H A2, FFEEET RS, e Co 4b
PRI 4~7 d, HARFRAEE A R B R 43 4 Co
ALBR/N 8.2 g+ BRI 0.4 g-fR-d™, ULAASRIEAESE T
T 5 B R R AN T4 o A PR 4 K A A AR
S, BT AR AL ) A A AR K A AR B A
L
2.3.2 WA T YR AEAS R &8 B i 43l

WCIR TP AR 45 2 B TP 9 40 Bd i 2% L4512 LA
R, 22 R R AR(ER 6) WNTHTES
arE PR, Co LAY T B AE 25 i
SYBCHEIHL Cos F1 Cuso AOFHIRS 2.5.4.0 g+ R, B2 TE
3l 2.5.3.2 g bR, MRAaAIEH 0.8.1.3 g-#E,Co
A BRI T 1) B AE 4 e B R A i B S T Cos

I Caso AOFR, JEPIE TC W EVE 22 57 T Y RAEAR iy
G3TE FL B Caso AT G 2541 T TCHR AL B , 1715 76 25 01
AL A0 T H B2 AT TR 3 S 2 25 5 X1 B
FEATRIG S5 T, BRSO T4 o A 25 e 4%
A6 H 43T HL B8] T S5 25 VRS S5O, SRR H ) 0 . EL 8
AL TN

M 6 BT LU H, Bl 5% 5t (1 14 0, K A AR 5k
FEEH B AR, 5 Co AEFRAAEL, Cuso AL PRFEAR 0.7% , 3
BRI A T4 = ORI T e A4 B R AR &R
BELRS T 4 o 1) A B2 B 043
24 BEEKETTURRESHEANXR

A4 AT 0, A AEAS ) A B s 0 4 o AR
SN H HIRE K i SRR A B A — 2,
ZUHAH I I R e e AR R A, X 2014 2015 4
JEAR R A B AR AL & AR B I T i H A 2 H
PR K R T 0T, 25 R A 3 iR . 4540 H -3
FEAK A H T 9 B R 22 (A (B3 I 6 Bk o6
KFZR, BEHE G HYOE RECFAME S50 Ri=0.88
(P<0.05) .R 3 =0.80(P<0.05) .R 3 =0.75(P>0.05),C,
A FRAHC R B T Cos F Cuso L0FH . 75 WA [R) AL FRAR

RS BRTYRREM Logistic B A HA4FHEE

Table 5 The Logistic equation and its kinetic characteristics for biomass accumulation in whole growth period

4y Year  KbH Treatment 7512 Equation to/d H/d t/d At/d Vo lg- Bt d! Golg- k! R?
2014 Co y=75.292 2/[14¢(6720-0074 7)) 90 72 108 35 1.4 49.6 0.991 %%
Cos y=T1.610 3/[1+e(06% 0024140 92 73 110 36 1.3 472 0.995%
Caso y=66.038 6/[ 146637 7-0062%)) 96 76 115 39 1.1 435 0.993%#
2015 Co y=68.550 5/[1+¢7205-0083714)) 87 71 103 31 1.4 45.1 0.995%
Cas y=62.368 0/ 1+¢-1545-008217%)) 88 72 104 32 1.3 41.1 0.990%
Caso y=53.062 5/[14e708 00 6410) 92 75 110 35 1.0 34.9 0.998#*

7 (Note):t—H T J5 19 KX Days after emergence,d;y—*5 ) & F1 2 & Biomass accumulation, g plant™;V,, — T # Jfi £ K 4 K 3 % Maximum
accumulation of biomass, g+ plant™«d™; to—F K T H i B 253 2 H BUAT ] Time of the maximum accumulation rate ¢, — i A 47 [ PR3 384 409 A6y B[] 453
5 Initial period inflection point for large accumulation of biomass ; t, —2% HEHLHE 14 K 4 118 B} [8] 455 5 Terminal stage inflection point for large accumulation
of biomass; Ar— P id 1 | F5 42 B[] Duration for large accumulation of biomass; Gy — 3 3 1 3] A= K 45 fE{H Growth characteristic value for large

accumulation of biomass. **P<0.01.

& 6 KIEXIRIEYIREP TURERRRE PO IR0

Table 6 Biomass accumulation and distribution under different residual plastic film treatments at maturity in 2014 and 2015

#2 Root

25 Stems and Leaves

FEERAE Boll

\ . e =
g+ plant™ Ratio/% g-plant™ Ratio/% g-plant™ Ratio/%

2014 Co 108.6a 7.9a 7.3a 40.7a 37.5a 59.9a 55.2a 7.9a
Cos 102.7b 6.8b 6.6b 38.0b 37.0a 57.9b 56.4a 7.1b
Caso 99.6b 6.5b 6.5b 36.8b 36.9a 56.2b 56.5a 7.0b

2015 Co 108.4a 8.8a 8.1a 39.9a 36.8a 59.7a 55.1b 8.8a
Coos 101.9b 8.3b 8.2a 37.5b 36.9a 57.8b 55.0b 8.7ab
Caso 101.3b 7.7b 7.6b 35.8b 35.4a 56.0b 57.0a 8.4b
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Figure 3 The fitting results of cotton biomass accumulation and water consumption in different plastic film residue amount treatments
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Table 7 Seed cotton yield and its constitution factors for different plastic film residue treatments

Ay yusil R K> AR % AR
Year Treatmet Seed cotton yield/kg-hm™ Lint percentage/% Boll number per plant/4{> Single boll weight/g
2014 Co 6 148.8a 42.2a 6.2a 5.3a

Cops 5771.3b 41.9a 5.7b 5.2a

Ciso 5 548.9b 41.7a 5.3c 4.9b
2015 Co 6 086.6a 43.3a 5.1a 5.3a

Cos 5 866.8ab 42.9a 4.6b 5.1b

Ciso 5 624.9b 42.1a 4.5b 5.1b
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Table 8 Water use efficiency of cotton for different plastic film residue treatments

Year  Treatment yield/kg-hm consumption/mm kege ™+ ratiol% decrease ratio/% decroase ratio/%
2014 Co 6 148.8a 746.6a — — —

Cos 5771.3b 721.8a 8.0ab 33 6.1 2.9

Caso 5 548.9b 712.9a 4.5 9.8 5.5
2015 Co 6 086.6a 770.1a — — —

Cons 5 866.8ab 743.8a 3.4 3.6 0.2

Caso 5 624.9b 736.4a 4.4 7.6 3.4
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