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AACHE, AT T LR SEC R, BETTAE RN
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1.1 RIS =R

RIS T 2019—2020 45 7E Ak A& A FAE P v RFH 7K
A7 9] TS BRI 5 (45°38'N, 86°09'E) #EAT, HFik
430 m. R HIE 0~20 cm 12 pH N 7.86, H
FHEN 567 uS/em, WK N 174 mg/kg, A AUBEH
29 mg/kg, HHUFE A 23 gkg. RS RMF N HibE
H74%5 (EFE#H120 &, @A FLREZEGFR
Bt i 46 BT F2 43t .

2019 FHafEAEF N FEKEERN 982 mm, KT
Smm FIER%WR 7k, 5 A1 H—8 A 31 H, HVF%&

SN 309 C, HPRICAEEN 16.2 C; 2020 4
AL H W BFBEK 52.3 mm, KT 5 mm HIEREK 3
W, SH1H—8H31H, HFE&mSiN314C,
HP <N 166 'C (1) .
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Fig.1 Temperature and precipitation in the test area from
2019 to 2020

1.2 7%
1.2.1 X¥kit

WEH 5 MEKELT: 2649 m/hm® (W) ;
2925 m’/hm* (W,) ; 3201 m*hm* (W3) ; 3477 m’/hm’
(W) ; 3753 mhm?® (W)  (Fd W, ~W; AL B gt
T RE MK R, W, A W b B g oK 7B I K
ETEEKEM, ) (R D . AXEH 7296 m?
(456 mx16.0 m) , BENLXAHEIH, BHH 4 K.

F1 20192020 £ AIEEKE AR EKE

Table 1 Irrigation cycles and irrigation amount under different

treatments from 2019 to 2020 (m*-hm™)
Efy Year  HHA Date SER Treatments

W, w13 Ws W, WAL

05-10 150 150 150 150 150

05-13 150 150 150 150 150

06-15 162 180 198 216 234

06-22 162 180 198 216 234

06-29 162 180 198 216 234

07-01 189 210 231 252 273

07-03 189 210 231 252 273

2019 07-05 189 210 231 252 273
07-09 216 240 264 288 312

07-15 216 240 264 288 312

07-21 246 270 294 318 342

07-27 246 270 294 318 342

08-07 189 210 231 252 273

08-20 129 150 171 192 213

08-30 54 75 96 117 138

4l Total 2649 2925 3201 3477 3753

05-05 150 150 150 150 150

05-08 150 150 150 150 150

06-22 180 210 240 270 300

07-02 240 270 300 330 360

07-11 270 300 330 360 390

2020 07-19 313.5 345 376.5 408 439.5
07-26 342 375 408 441 474
08-03 3135 345 376.5 408 439.5

08-11 270 300 330 360 390

08-20 240 270 300 330 360

08-30 180 210 240 270 300

4rit Total 2649 2925 3201 3477 3753

TEWEGE, W& 2 s, JHE 15 cm BEREEN
CRFH BA LB 47 S A 2 =) A8 7= 1) P S R s S L e A
Wi 2019 4F 1.0 L/h, 2020 4E 2.0 L/h) , FHAT 1
Ry AFALER 2B ST )], 2019 4F 5 H 10 HHEM, (R
FR%19.2 Fikk/hm?, 2020 4E 5 7 5 H %R, 45w k% 23.25
Jikk/hm? . TEAKCTBE B HENT 38 cm Ab, fidE, IEFRIRSE
3.0~3.5 cm, &5 KEHEK, HEK 300 mYhm®, 44
H W15 hm? 256 R 2 (N 46%) 150 kg BT BERR4S (P,Os
45%)225kg; 4 B HARF hm? Bl 7K it R 2 (N 46%)525 kg
Wl — A (P,0s 52%. K0 34%) 150 kgo AR FHRE
Jith 5 AR B A A
1.2.2 MERE GH5%

1) HEKYEH

Fr KR IRV R 21 (HMSCAN-2M,
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Fig.2 Schematic diagram of embedding drip irrigation belt in the
test area

2) 3 pH AR G R

8GR ANRIE /N X FEARTE 38 em FIARAEAT AL EL
HIEEIT 0~10. >10~20. >20~30 cm +2LFE, HIER
TIERES 2, T BERE. B 1 mm FLARRITE,
2 pH B pH HHI5E , 39885 £ 8K e Sk el

3) M IR R A

IR R AR LR AL (3E1F DS1921G)
HEATINE, MEEREERE N 5. 104 20, 30, 40 cm + /)2,
KENRBEN 2h —X.

4) Mfer=i

RIEARAE R ANE DL, Gt/ X BRI (3 m x
1.52m) HRE. BHRERELL R0 2 YCRIE At 514,
BAMBEL 4 K, ET7EIHH
1.3 HUEA BS54t

HidE A F Microsoft Excel 2019 4, Zit 47
SPSS19.0 A, EMALK KA Duncan % (P<0.05) ,
22 Sigmaplot 12.5 5 At, B4 NP EbrifE % o

2 FER5SH

2.1 BKENEEREFENEN

R 2 AT LA, ARACHF AR 7= 5 35 B i /K 2 1 1
RIS, £ Ws 0HRSA TR KR 2019 F54
fih EALAL 2020 FEFEKANZE, ff1 2020 /= 2 2019 4
AHEEBE I 45.6%~65.5% (P<0.05) . 2019 4 W, kb FE
ZAMETF R Wi Woo Waa Ws 28R4 515 19.9%.
22.7% 7.6%+ 13.3%; 2020 4F W, &bF &4 F &t
Wiv Won Wie Wi ZbH 5505 10.3% 7.9% 4.1%-
6.2%; B4E WA BE ) 5 Wy Ws 2 7 A B2 (P>0.05),
5 W, W, ZREZE (P<0.05) . XFEIIHEKER N
SEReTEE, ERSWme— e RER, MR
AL gk s8N .

WM BRI R TR 1, SR HE K
HH I 2SI FRAGE S, RIH W, b FE S8 5
Wiv Woo Wi AFEETN 11.4%. 11.8%. 4.2%, B W54t

PR 2.5%, HEFEST Wio Wy 3 (P<0.05) , 5
Wi Wb ZESARE (P>0.05) . FIFERRTIREIN
W, AbBE B, BOHAAL BRI 2.2%~4.1%, 2019 5
Woo Wi Ws bFEZEREZE (P<0.05) , 2020 FZE7A
B%E (P>0.05) , AIREHT 2020 4R 2019 Fm, %
W% 2019 4E$ER0 T 5d, H 2020 FXFHE KSR E
BT T, ARTHRRAE
2 FEBARBEFBNSBUAEEEL
Table 2 Variation of yield and yield components of cotton with
different irrigation amount

; = Y L B
ijf: Treﬁtﬁlﬁén is :Z:f ];::;i The total ni?miger of the Sqili.?lebbil
/(kg-hm™) bell weight/g
W, 2792.04+118.76b 743 593.5+18 463.7c  4.34+0.12ab
W, 2727.93+140.81b  735758.7+48 044.2c  4.17+0.05b
2019 W3 3 112.55+122.65ab 938 038.9+17 706.4a  4.19+0.06b
W, 3347.60+70.51a 904 990.3+30 231.1ab  4.46+0.11a
Ws 2955.86+47.45ab 853 280.6+30 734.4b  4.22+0.07b
W, 4417.27430.10b 961 586.5+22 685.1b  4.85+0.11b
W, 4 515.49+22.88b 963 011.1+7 867.5b  5.05+0.15ab
2020 W; 4 682.82£62.69ab 1009 309.7<11 953.8a 5.06+0.09ab

W, 4 873.13£167.00a 993 779.4+20412.7ab  5.11+0.04a
Ws 4 589.55+65.73ab 968 709.4+20 341.3ab  5.15+0.03a
e [FFIARNG FRFORAE B R Z SR BE (P<0.05) .

Note: Different lowercase letters in the same line indicate significant difference
among treatments for same season (P<0.05).

2.2 BKEWNITRFIERETIESKENZMN

REGEW (B 3) , 2019—2020 FA[FACFE 445 5
IKER B Z R RGN 2 =it WS 0~46 d 0~
80 cm 1 JZ2 34 338 /K Fe B EE K 3 I i A v, 5 Ab B
R FEZER (P>0.05) o 0~20 cm /2 & ab ¥ %
TIKELEEFEER (P>0.05) , B>20~80 cm L2 53%
PR 44.6%~52.5% (P<0.05) ; >20~40 cm -2,
W, IR E IR R AL EEFRAR 1.9%~10.7%, ZRBE
(P<0.05)

M 46~67d, 0~80cm 2K, Wsib¥ 415
TOKER I, N 33.34%; W, AHHRAK, A 30.87%,
W Ab A HAB AL = 4.7%~8.0%. HITH )5 67~88 d,
>60~80 cm 24, W &b FE 4338 55 7K Z 4 H Al 4b B [
K 5.8%~17.1% (P<0.05) . H )5 88~109d HIEH
KEE: 0~88 d M ELFEMK 21.2%~35.0% (P<0.05) .
gr b, WEKEFEW THT 88 d LIES KR, T
HE>40~80cm 12, HPBEREKE N T3S KR
EEW.

2.3 EXEWMEEREEETIEEENEZR

R P A A i 2 A B 5 S R AR R AR AT
WAl B T e B RED Y P 4 B, SR AR FE -
B A B A 2 T RES, SO IR
FhJE 55~75 d IEBIEAE; 0~55d, W, A9z 0] - 38R
FE AR, ELHABALEE ) FIMK 0.8% 1.0%+ 0.8%. 1.0%,
XATRE T EE S KRR, BIERE RN, ) ERE
o B 5 5 T ) AR AT ARl B s B e b, 7 55~95 d,
0~20 cm L2, Ws KbHEET A FE L H A AL HE 43 HIMIK
0.8%- 0.7%- 1.8%-. 0.7%; >20~40 cm 2K, W4kt




12

RRREE TORERRAE T B M H AR D I 0T R P i 137

PR ()3 B L A AL EE 73 A 1.2% 1.1% 1.7%- 1.4%.
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Fig.3 Effects of irrigation amount on soil moisture content of
cotton field in different periods from 2019 to 2020
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Fig.4 Effects of irrigation amount on soil temperature of cotton
field in different periods from 2019 to 2020
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in different periods from 2019 to 2020
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field in different periods from 2019 to 2020
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+EME, BSREERIN 48.8%~76.6% (P<0.05) . {f
HH G 0~60d, 0~30cm 12N, W; AP SR 75 Lk
HABAEFE T 6.5%- 8.5%- 3.6%- 14.3%. 7£ i 1 J5 60~90 d,
BHEPELE 0~10 cm F1>20~30 cm T2HN, WsbFE 55
b HABAL R 13.9%~22.9%. 0.6%~12.7% (P<0.05) .
EHEE 90~120 d, 0~10 cm A1>20~30 cm +2W,
W, A EEERAR, Wi eI H SRR, 40 A AR B
8.7%~36.1%- 1.1%~13.7% (P<0.05) . PiEI%E]. FE
FEBL KD M Nie®, BREEREE FA, KLZE
AR RS B REE K AR AT IFE R BUR,
SEHERE B TR,
2.6 FIEWRHEXMES

& 3 T LLUEH, 2019 4, mEE5EM 10ecm L2
HSRELDEEHILR, EpH EERZE MK KR

530em TERSEEWRZEAHKCLR; FEEEY
10 cm )= pH 2R B E ALK R, 520em LJE+
BEKEERFLEMRKR: MEESEREH 0~20 cm
SR EWNEEEMILKR, 5 pH HEWMEE HAHX
KR

2020 7, FEE5EH 20 com LEHIESKFAL
BRERERZENMMCKLR, SHIFEMpHH BEFEIE
MHRXRKR, 530cm 12 HIEEE R EEAMEILR,
H5HSEEWMEEEMIKLR; mESHEH 10om L)Z
R ERENRHRKR, 5 pH HEMEE EMIK
%, 520 cm LETIBREEREAMICKR, 5 pH
HEREFEEHARCKR; FES5EREH 20cm L2+
B pH (R REMMHRKR, SHEEEREIE
MHRKR.

#3 PFESTERNERESERBEXEDI R
Table 3 Correlation analysis between yield and cotton indexes in different periods
Ay j:):'?:bkg ok F5 ] Squaring 1€ Flowering T J5 1 Later full boll
Year dept(f;cm Indexes RE BER  pHME I8 W% mER  pHIH M-8 R SR  pHE -
KA -0.169 0316  -0.055 0312 -0.043 -0.098 0074  0.121 0235 0.033 0313 0.086
10 W 1 0013 -0.041  0.003 1 -0.093 0002 0.171 1 0.123 0341 -0.098
R 1 -0.729%*  0.596* 1 -0.858%% 0435 1 -0.784%* 0.750%*
pH fE 1 -0.558* 1 -0.648%* 1 -0.761%*
Tk 0.318 0205 0239 003 0.164 0.208 0161  0583*%  -0.564%* 0013 0036 0.149
5019 20 R 1 0.528*  -0.156  -0.003 1 -0.046 0209  0.08 1 -0.09 0.197 0344
LIRSS 1 0442 042 1 -0.907+* 0398 1 -0.503  0.745%*
pH fE 1 -0.183 1 -0.509 1 -0.755%*
Tk 03 0.134  -0491 0242 0.361 0.008 0.124 0434 0326 0078 0289 0.4
30 R 1 0.124 <0059 0308 1 03 0381 0324 1 0.692%*  0.677%*  -0.007
LIRSS 1 0268 -0.644%* 1 -0.967+  -0.087 1 0448 0.506
pH {E 1 03 1 0.181 1 03
k% -0.005 0391 018  -0.086 0.044 0.106 0057  0.158
10 R 1 0.197 018  -0.182 1 -0.118 0.083  -0.266 1 0.016 0263 -0.12
HE% 1 -0.692%% 0065 1 -0.602%  -0.553* 1 048 0262
pH {E 1 0.08 1 0.744%% 1 0234
Tk 0431% 0321 -0359 -0.624* -0726%*  -0660** 0283  0.367
2020 20 R 1 0.581% <0065 -0.654%* 1 0.524%  0.626* -0.629* 1 -0.636* 0342 -0.639*
HgER 1 0214  0.568* 1 0.158  -0.188 1 034  0582*
pH {E 1 0.586* 1 0.734%* 1 0.638*
Tk 0351 -0.543% 0163  -048 -0.408* -0.596* 0115 0284
30 B 1 -0.654%* 0397 -0.548* 1 0235 0207  -0219 1 0.07 0319 0362
HgR 1 0475  0.660%* 1 0006 -0229 1 0.509 0414
pH {E 1 0491 1 0.403 1 0339

W o*x 7R 0.01 AKE UMD EREFEAMK. £ 7E 0.05 KF CRMD R IEHK.

Note: **. Significant correlation at 0.01 level (bilateral). *. Significant correlation at 0.05 level (bilateral).

3 W o’
3.1 HIREKRM IR R R EEKEZ AN

WHEIE KRR T A S LR i e, Rk
Hepr AR 60, BB KRG, >10~40 em
LR AAKFMK, T 40 om BLF A KK AR
N R L K K S T 8
SIS, AR 020 om -2 15K
AR, RRI R, BRI, >20~

60 cm L EE/KERE K, 0~20 cm L EE /KR ZREKER
ML/, 20 em LAFSZHEKERZMMER. G 88 d
DAHT I8 5 K S K S i 3 m, 2R3, 88 d
UG &M Z R AR . XRWSERHEEAR, T
JERIZ . WAL N RS KB, REEK
HAMME IR, B B)RZ 108 7K PR T b RAS 78 i
T IE& B IK 73 78 K o

AR A8 2R 2 48 Bk R = B AEARUK, 40 em
LR R E T BRIEAY, KEKSHEZA KT Nia
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P AE AR RCRI A, AR T = A #E K
DHNTEAR RS, R B I IKFBAR; 7d BT AFEL
JEH RIS OKEA BN, M m R IR P A
I, 2019 FREHASSUEE GEKE 2D T, X2
BIKEEAR, >40~80 cm L EE/KETFa, fEBRR)E I
AR HE GRZKE 10 & F, & L2 -8 KRR
N5 2020 SEFATRE GRKFE 74 F, & LEEKE
BRI WREARIE AL A T 0~20 em +JZ iR
MZERRSE, WRET AL 15 em L EAA RBERIK
HEZ TR EERNKE, FEERELES KRR, H
U, R GRAKEN 7 D B RE KSR, #
Frh R 2 RIS KRE TR, IR R T RIS KR,
3.2 XIEERE. BEE. pHEN LIRS KERTLAINELY

TR T moR A SRR, AR T AR RIROK,
VEVIIR R FE/KAEAR X 398 5 7K 3R 5 AR AR AR 41T, IRk f A
REBSE, EREE/KESHXE, LEREE; 7
T A KRARM X A, -3 i BT 7 R A 1)
FEBHRE T 35 KA 2 (A i as e, B AR AR TS,
AREGFRY, HAEESSH 10 om HEREZSEY
Me A, AR B R, R AR R B A T
TR0 52 HE K B S LR, 20 A1 30 em 2R E
B KR A T T

I MBS I EAMOE K PO, /TN SR R IR
8 I3 KA AT A 2k B R AL T — MR AR AR,
FEK B IN R £ 35 5 35 pH Y, AT LR R4 10
ZHOEREEEP, KRR, RESPRKEN
HaE R RREERY, FLHEE 0~10 cm HEKR
HRREIR, £>20~30 cm LEN S BRI, WTRER
R i e FE b 2 3 3 4 1) R IR R A ARV AR 1)
W%, THERIEA AT R — AN 3 IR E AR R Ak
XBY AR R KRR SRS Nk, A
KEEE M RIEE E T 2R 2 R o &8 R
KA IZE R PAT HFAE LR
3.3 #RIEFFEN LEREHEEKETLAING N

AARI e AP AR 7 B Wy A FE 4 873 kg/hm?, &K 7
42.8% (HAEAFIH) , FMRF~ & 2 086 kg/hm®, 44FHT
B8 B T AR R PR 2 063 kg/hm?®e 16 B TE A 1Y 0
FHK BRI, TR AR I 77 570 AT LUIA 218 si A AL
PR, BB EERBL, 2020 EEHE 2019 SRR
BREI N 4.05 Jikk/mm?. HPHEmE iR 0.5 C. #%
WIE 5 d. A FES 17.9%, MEKE R, Wi/ &
e UL, G R L REEATUR T LA — D i
To A P s A0

RIFEPILR I IE pH 5K E R B E EAHE
R JIPEEPYEIMEB K SR AT 1.1d S/m i,
LG R I K. AR R, Ffr-s S5+
0~20 cm HEHB SR, pH . fEHHIES KR KL
B A A R B B AR e . Ui R AR A R
BRI G , RE - R R A6 I 3 AR &
Erp X B KR AE R R HE A I A R EREKE, B

R R TCRFRK, RmEACR F &,  BE U X
TS IR R, RS IRAEAR X TCHLIAEE, AR
e &

4 % it

KRS FE T M b= B B AR X K 43« 5P R0 2655
WEEARAHAE, PRICTCIEAE AL ™ i S AR DX I Eh % iR
B WIAERE R NALE], S EIU R &5k

D L% ERE . R ERAT, 0~20cm +
2 3 S K R >20~60 cm + 2 B FEFRK 44.6%~
52.5%, 0~10 cm #>20~30 cm )2, HSREZEHN
48.8%~76.6% pH fHFFK 2.5%~2.9%. TIREZE. &
[ EEAL AR K 73 N8, FRIRERZ R Ak =, W
T HE A PRI IR, R R B

2) BEE S KR, HIEEEA A, pH HR%
K, mSFRMEn. SHAMAFEALL, W, A8 5
FEAJE 0~55 F195~135 d 45l 1 0.4%~1.3%F1 0.4%~
2.4%. HFHIEN 7.6%~12.2%.

3) BEREL. BB TR U P R A K I
RSN JE AR . FAR RS 1 3E>10~20 cm
TEHSER, pH . SRR B G 1
R E B MR M. MK EN 3477 mP/hm®
ARTEEEEREAKMRXIEE. 5%, pHE
8, KPR P7 Bk B 4 873 kg/hm?, S2HL T G EAR 2%
A7 H b

(5 % X Wl
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Yield of non-film cotton and the response of temperature, humidity and
salt in the root zone to irrigation

Li Junhong?, Wang Jun?, Li Nannan?, Hao Xianzhe?, Shi Xiaojuan®, Tian Yu!, Shi Feng!, Luo Honghai'*,

Yang Guozheng®

(1. College of Agriculture, Shihezi University, Shihezi, 832003 China; 2. Shihezi Experimental Station for Efficient Water Use in Agriculture,
Ministry of Agriculture and Rural Affairs, Shihezi, 832003 China; 3. College of Plant Science and Technology, Huazhong Agricultural
University, Wuhan 430070, China)

Abstract: Plastic-film pollution is the limiting factor for the efficient and sustainable development of cotton in Xinjiang in
western China. This study aims to explore the mechanism of non-film cotton, moisture, temperature and salt concentration in
the root zone under the deep and night irrigation for the future cotton production. An experiment was carried out at the
Scientific Observation and Experimental Station of Crop Water Efficient Water Use (Shihezi) (45°38'N, 86°09'E) of the
Ministry of Agriculture from 2019 to 2020. The total amount of precipitation during the cotton growth period in 2019 was
higher than that in 2020. The daily average maximum and minimum temperatures were both lower than that in 2020. Under the
condition of equal row spacing and high density planting (26 plants/m?), the early-maturing land cotton variety ‘Xinluzao 74’
was used as a test material (the growth period was 120 d). 5 irrigation water treatments (W, 2 649 m’/hm?; W, 2925 m3/hm2;
W3, 3201 m*/hm* W,, 3 477 m*/hm* Ws, 3753 m3/hm2) were set up (Among them, W3 treatment was the average drip
volume of underground drip irrigation, and Wy s treatment was the average drip volume of field film mulching water-saving
drip irrigation). Some parameters were evaluated, including the formation of cotton yield, and the change of moisture,
temperature and salt concentration in the root zones. The results showed that the seed cotton yield in 2020 increased by
45.6%-65.5%, compared with 2019 (P<0.05). W, treatment was higher with 4.1%-10.3% increment, compared with other
treatments (P<0.05). The total number of bolls per unit area and the weight of a single boll increased by 4.2%-11.4% and
2.2%-4.1% in W, treatment, compared with other treatments (P<0.05). Soil water content was ranked in order of W5 (W,, W3,
W,) before the full flowering period > W;. There was no significant difference between the treatments after the full flowering
period, but 21.2%-35.0% lower than that before the full flowering period (P<0.05). The soil temperature of W, treatment was
0.4%-1.3% and 0.4%-2.4% higher than other treatments at 0-55 and 95-135 d after sowing, respectively (P>0.05). The soil pH
was lower in the W, treatment; The soil electrical conductivity was 6.4% to 19.4% higher than other treatments in the
0-30 cm soil layer under W3 treatment (P<0.05). The correlation analysis showed that the seed cotton yield was significantly
positively correlated with the soil conductivity at 10 cm, but significantly negatively correlated with pH (P<0.05); it was
significantly positively correlated with 20 c¢cm soil conductivity and soil water content during flowering. It was significantly
negatively correlated with temperature and pH in the late period of the boll (P<0.05). Accordingly, an irrigation volume of
3 477 m*/hm” can be expected to create a suitable temperature and salt environment in the root zone (especially >10-20 cm soil
layer) for cotton growth under the condition of no-film high-density deep layer and night drip irrigation. As such, the yield can
be up to 4 873 kg/hm?, indicating the high goal of efficient production in filmless cotton.

Keywords: soils; irrigation; subsurface drip irrigation; cotton; yield
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