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Photosynthetic characteristics of cotton are enhancedylaltering

the timing of mulch film removal

=+$1* =KDOTI=0$1* 7L7,$1 +DIAD@ <XD®QG <$1* :LBPBINXQ

DLQMLDQJ $FDGHP\ RI $JULFXOWXUDO DQG SRIFGUKMHIWLRQ
' LQMLDRJI&KLQD

EH\ /DE RI ;LQMLDQJ 3URGXFWLRQ D Q8 D&R @XINUWFWIIRDH R E
*HQHWLF ,PSURYHPHBRBMLKH]IQMLDRI&KLQD

FEKLKH]L 8BLYL 5RDG 6KLKH]L :LQMLDQJ 35 &KLQD

&RUUHVSRQOEFAHM\DQJIJ#VLQD FRP

Abstract
Background: 7KH SKRWRV\QWKHWLF SDUDPHWHUVLRG FRWWRD
WLPLQJ-BHPIRYMO GXULQJ WKHKIWVIVUWRIXGOZBWY K@REGEHUWDNHQ
LQ ;LQMLDQJ &KLQD WR GHWHUPLQHPW RDZK DM PHH[AV HDQW
GD\V EHIRUH WKH ILU\DWEHURJWHDWKRQVBERREQG GUULJIJDWL
HPHUJHQFH2LQIOXHQFHG FRWWRQFW SKRHVR R @WKRIQV 1B RPKI
RIILOP PXOFKLQJ SUHVHQW WKURXJKRXW WKH JURZLQJ SHU
Results: 7KH UHV X OMGYHVIRIGER M Q J 5HPRPRNYOLR Z IPXIOIFK L Q & D
RIVHHGOLQJ HPHUJHQF R RG @ GWHPS\HU BIW M BW VD @ 8 RPYROLOY W X
EHIRUH WVRKMMHAR®® LUULJDWLRQ DIWHU HPHQWWKGHRVLE PSR M

FRWWRQfVY ODWHU IORZHULQJLEZAIE B @® ® DLWN UNVIORZ WS ILIQD
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HQKDQFLQJ WKH DFWXDO HOHFW WRIQP X\PU BIQWFRWINR QU DWHD C
(75PD[ EHWZHHQ FRWWRQ SKRVDAMWARWHE W U-B@& B HOWF 1S R \
DOVR LQFUHDVH® QMWK KS QD QWELDWLRQ D WOQMIQH PRU
HDUO\ IORZHULQJ VWDJH LQ ZHW ¥$HURIHPRW W R Q LEDN ¥ BJHHCEIX |
ILOPHPRYDO WUHDWPHQW IRU ZKLFKOWEKRQJBHDBW H P YWD HILP

LQ D GURXJKW \HDU -WHPRYDO LQFIUMMVHG OLQMW FRYWWR Q

Conclusions: )LOPHPRYDO FDQ LPSURYH FRWRDW QYW DILEH W [ WX
&ROOHFWLYHO\ RXU VWXG\TV HWHDIPE\QW D @ XUHBM QLVOWP UG-
DSSURSULDWH WDUJHWHG WLPH IFD@QGLRS BRWN B Q RRWURE\WQ W
Keywords: FKORURSK\OO IOXRUHVFHQFH JDO/GH [FKPRYHQS DRIF

ILOP VRLO WHPSHUDWXUH DQG PRLVWXUH FRQWHQW

$SEEUHYLDWORQW-WLGBWY PDWWHU DFFXPX&DMW\LRRVBKRPJWF &F
FROQFHQWULDWWRIQFHORXODQBRIDBRRAXFWDRQFHSWEWLRQ RI
DEVRUSWLRQ OLJKW HQHDQWEBRQW SERRMWAEW B6R|I DEVRUSW
HQHUJ\ ZKLFK FDQQRW HQWHU WKH Vs KERFHWERREXW PWKL® XSIKR Wi
S LJ P HElgW elongation percentage{75 DFWXDO HOHFWUR®D5PDYUDQVSRII
PD[LPXP HOHFWURYX WAQWORQUHNM BHWQIF\W HBW LD IQQ DML POHXRUHV FHC
PLQLPDO IOXRUHVFHQFH )PWPDLPKOVO DGCXYRWMDWFHRF B O

JOXRUHVFHQFH DWY LB KWK B DWW LRKRWRFKHPASHD O TXD Q

*0 JHQHUDO O LIR K thinkiriG Ba@irating irradiance (corresponding to plant
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tolerance of intense lighty$, /HDI DUHDVLQGH] VWRPD /8L POWJ KW OX\HH
HIILFLERFA9$ PXOMFIWRU D QD O\ WL, nitcroiYaDeJredli@gNPQ, the
Stern-Volmer type non-photochemical fluorescence quenchtig DFW XDO SKRWRFKFE
TXDQWXP \LHG$H5RI K3BWRV\QW KHW L& QSKE UWWRHY LDABKEIWILIR @ D V
photoreaction system ;ligL, the coefficient of photochemical fluorescence quenching,
assuming interconnected PS Il antennae and lake médel &R UUH O D WL(R &he QG H |
relative electron transferratée PD[ WKH PD[LPXP DFF RR WD ilddr fkdexty DWH

Str, specific breaking strengthV VW DUWLQJ WLPH R W0 LK)GI® W DIFH XPIXOIDC
DFFXPXOMPWLRWXH WLPH ZKHQ WKH GU\ PDWWHBDDIFFXP X OD
UHML , upper-half mean lengtijl, uniformity index :P GU\ PDWWHU ZHLJKW D\
ZKHQ WKH GU\ PDWWHU DFFXPXODWLRQZDWWH XNWB FKIHIG- D
:8(L LQWULQWI(R , tie(actual photochemical quantum yield 6, , Y(NO), the

guantum yield of non-light-induced non-photochemical fluogese quenchingr(NPQ), the

guantum vyield of lightt QGXFHG L H 0 S v-dBpRriEentH mhEppWwdkemical
fluorescence quenching, an initial slope of the fast light curve (conveying tlffeceency of

light energy utilization).
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Introduction
& K L QXirfildng is a domestically and globally important cotton-growing ragiahere,
since the early 1990s, the drip irrigation technique under nfufoh Hu and Li, 2003 has
been extensively used because it considerably increases potiduction there (Jiagt al.,
2007; Racet al., 2016). The cotton-growing industry has expanded great®01d the cotton
acreagein Xinjiang (242x10 ha) was six times its acreage in 1990 (Statistic Burgfau
Xinjiang Uygur Autonomous Region, 199014). The cotton yield of Xinjiang now
accounts for > 50%f & K L Q@& sbtton production , and film mulchingy now usedn 85%
of Xinjiang  dotton fields (Baet al., 2015).

+RZHYHU WKH FRQWLQXRXYV DQG ZKOB WMV BEHG MR DABKSHD ISRUR
SODVWLF ILOP UHVLGXHV ZKLFK KDV UHG3XG H® FRIWHWERIQ BR
HF R V\VDMongBt\al., 2013; Nkwachukwet al., 2013; Thompsoat al., 2009; Adhikaret
al, 2006 7KH DEDWHPHQW RI UHWLWLVQRDBDQX LLIHR V8 RIOO/XWLRBS L
DIJULFXOWXUDO SURGXFWLRQ LQDQR\G RQO\HEOQM LDEN VE XM V!
GLITLWRAERWYLQFBURZWWWY WR DFFHSW XVLQJDDBDGHXBEDW DWW QW
IRU FRPPRQ SRO\HWKMNIYMXH) UHQRV OALBRUYH H[SHQVLYH ,QV'
UHF\FOLQJ WKH SODVWLF ILOP KDWRHEHHP&RH IDOPRPRRIQG %H
VSHFLILFDOO\ E\ UHPRYLQJ WKH ILOPRRROWWERXXU ICHW N HW K
LQFUHDVH VRLO WHPSHUDW XUHRDG® GLWR QYWHHRIRHD ORW Q PAHR LW
ILOP UHF\FOLQJ ZKLOHVBHHNKBQYEQO WWERIGHOHAKY L¥YKILDY SSUR
WRHGXFH WKH SROOXWLRQ FDXVHG E\ VXFK ILOP UHVLGXH\

:DWHU DYDLODHEW®LW\ DG WHPSHHWDW XUH HSMER Q J
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$QGHUHWIN @ Q DUH WKH PRVW FUXRLBOQD®WRNWYJI DI
ZKLAKWEHVW GHVFULEHR®VLY DJG HMXQMYUGH YIHIDEQH WKD
WHPSHUDWXUH PRLVWXUH FRQWLIHGBNE\DQBPRYDS R WDKH. B@
GXULQJ \HRRWRIIIVHDVRQ KHQFH WKLV S\OD Q3K RAK R X'OGN KH
LMD YLWDO SK\VLRORWRFQ QWSDAFHHY \F RAKDIW LRQV BHVLGHYV
VWRPDWDO |DFWRMD®WR KD M HFYRAFR REXWDROQ | D FWRDVW R HIOH D Y|
FKORURSK\OO FRQWHQW DQG &HKOR UR)RWDWWKHI XODFVWNLRQ L ©HK (
IOXRUHVFHQFH WHFKQRDRUUXRFIWHWYH ZDQRWR GHWHUPLQH
HIILFLHQF\ HMBIPOILUR FDEWDUDFWHUL]JH LQWULQVLF IHDW:
DEVRUSWLRQ WUDQVPLVVLRQ FR3IOLVIKSD VHIQRIQ J\D @ B WE N
SKRWRV\QWKHWLF V\VWHPV G#WlLQJ SKRAMALRVDBSKRDEK 2K
ZLGHO\ DISFQIRESS UHVLVWDQFH UHVHDUFK LFWDRS HARORILE
UHVHD U Etal., =K D FD O BIMBLO

BUHYLRXV UHWBIO UFBXHD O 6 B VD O EH VLG
=KD QI O KDV PDLR@RIREXPRGDO Rl WKH FRWWRQ |
FKDQJHG VRLO WHPSHUDWXUH R G GHFRKDARQF RG\OLES H- XN G/ i
ILOPHPRRQWKH JDV H[FKDQJHR IFKIRSD BB QWWW MXF Kt DV PDL
al.,2016;Yu etal., 2006He etal., 1999 DQG W R E Ddt BIR2010, @angt al., 2010
6XUSULVLQJO\ RQIFI IVIWDVGHHRKDQJH DQG FKORURSKAOO 10)
JHQHUDOO\ VEDUFH IRU FRWWRQ FURSV JURZQ

BWXG\LQJ WKH SKRWRV\GRVRKRWWR ¢ KDWDEWAETIRL S MIGLEWYL |

ILOPHPRYDO WLPHV FDQ SURYLGH YDOXDEKOW  LNRMREPWUE JEHU\N
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+HUH RXU VWXG\ REMHFWLYH ZDVHWKIUHHDIWORBQ L QWHR W@/
H[FKDQJH DQG FKORURSK\O O RIGRRWHR/F HSRFSHX GDW D R 8 W HLF\
JURZWK VWDJHV DQG W R | H.[@P LLCHP RWRIEDR W VBRI QEHR Z W K
ZHOO DV OLQW FRWWRQ DNG®G DWRB SWRYILEH WD TVXTLGIQML I L

UHVLGXDO |LIOP RIRWY R @ V& IURG B BW G REIDQIUNGHDRH J LR Q V

ODWHULDO DQG PHWKRGYV
BWXG\ DUHD DQG GHVLJQ
7KH H[SHULPHQWDO UHVHDUFK;DQMDDZDV ORIFPIW HG LQf KLk
f( HOHYDWLRQ P :H HVWDIEGIOWKHES B QGPH QSO LHFDW
-\HDU SHULRG + “BORW. ®IJSIH VSPH@W DO GHVLJIQ ZLWK
WUHDWPHQW IDFWRU )RU WK DD \SORW QYW RQH 2C55 MK IV W
YDULHW\ ;/= DQG ;/= ARX/R \BD X PHIA UWKDRKAN H LQ WKHLU
VHQVLWLYLW\ WR ZDWHU XV HGHUKIQIH PR DR ZHP ¥ W UDXE;
OHYHO 7KUHH WUHDWHRRYD\O RV LFPHDEK UHOPS SOLHG GD\\
7 EHIRUH WKH ILUVW LUULJIWVYRBRDGGLU GDAD W LEE | B LWHHW
HPHUJHQFH ZLWK RQH FRQWURO JURWYS® RUREZQK RXVDFIKLQ J&¢
VXEORWY ZHUH UDQGRPO\ DUUDQJHG G QVKY HHPRRIBYN § O RWR
VXEORWY LQ DOO XVHG LQ-WRRWH [SRQWPHQWG (DFAKRYXER |
LQ ILOPVORQJP ZLGH )LJ -FAVWRLDJ EHWZHHQ SODQWYV Z
IRDWRWDO RI SOORW V7KHUWDEE YDULHWLHY ZHWKBUUDQ

ILHOG VXFK WKDW ;/= ZDV RQ WKIRQH OFA. WKW K L=/ DFROQV Wt
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FRQWU@®EXGIHU VSDFH ZDV XVHG EHWZHHQ DGMDFHQW VXES
&RWWRQ VHHGV ZHUH SXUFEK,IVHG WKW¥ WHK M HOIRER/D @ HRIBIU b
FRWWRQ @D @RAMKH\ JHURIQDWHGQG SODQWY RBUH KDUY
BHSWHPEHU ,Q RQVEBMHWERWVHUR Q DOKNZINHPRRDW HG
0D\ DQG KR HAWHEMGIOEHUWKH\ ZHRE WBIOJHUPLRQWHG

$SUODQRG KDBYQHVYMWIWVEHPEHU 7KH OHQIJWKIBRAALRQH SHDVRQCLC

DQG DWHVSHFWLYHO\ OXD@& ILOGDZADY UHPR
PDQXDOO\ DW 7 7 DQG LQ GDOIWDIWHU HPHUJHC
( GD\V DIWHUW M PHWW QFH7 7 ( GD\VLQIWHU

7KH DYHUDJH DLU WHPSHUDWXUHP$HUBWXUML YBHQDBFE M A
IURP 0D\ WKURXJK 6HSWHPEHUf&ZD Vf & HD\QSHPPW.IQY H O\

f& f& PP LQ DQG f& f& PPQ®
PHWHRURORJLFDO GDWD REWD®%WXKG OX R P) RAUK M KH LEKDH L F: HL
FKHPLFDO SURSHUWLHV RI VR LKH LGN ARSI DH QSADDAOW B U D D
PDQDJHPHQW SUDFWILRDHM SWHDWQH UHIHU
6DPSOH FROOHFWLRQ DQG GHWHUPLQDWLRQ
6RLO WHPSHUDWXUH PHDVXUHPHQW DQG FDOFXODWLRQ
$IWHU WKH FRAWMLRQSBRALUEs))R X UHKQ RORJIJLHY /WG 5RVK +L
,VUDHO ZHUH EXULHG LQ WKH REZGRIZN RIl H/EF KLDL B/H HD QRSX G

WUHDW RHEIRMNKVF-P FP DQGP )LJ 6RLQ DOO GDWD ORJJHU\Y
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EXULHG 'DWD ZDW\FRDLOCH FWYHHE BRIK W HPSHUDRWXUH ZDV WK
UHFRUGHG YDOXHV SHU GD\

$FFXPXODWHG VRIGLWHRPSHWD &EBWRIR EX/P XA P WOBUD LU WHI
LWKH RIK®LO\ DYHUDJH VRIGC INWHRBEHW DMRXOHD\HUV GXULQ
$YHUDJH VRLOLWWHKH HPUHDW MYAFOOPEKODWHG VRLO WHPSHUDW
SHULRG 'DLO\ VRLO WHRMSHKH DALXIUHH K6Q FIHH EHHOVFAHH Q PD[LP X
GDLO\ WHPSHUDWXUHYV $FFXPXODWIHE KHR LVOX PP HBS KSWD W X
WHPSHUDWXUH GLITHUHQFH G XU LKRBSH UDWKQ H WEUKIHRHEJHHEYPHHU
YDORXIBFFXPXODWHG VRLO WHPSHUDW.REBH GDIOHXBQRWH RRUPL
UHMWRKHQ
OHDVXUHPHQW DQG FDOFXODWLRQ RI VRLO PRLVWXUH FRQV
2QH ZHHN EHIRUH WKH U HPR2FGe Riohd IR WIHYLFHYV /WG
%WXUZHOO &DPEULGJH 8. ZDV EXUUIHGLGH WRIE RIDAJGBIARE RIIRE

/1= LQ WKH IRXU WUHDWPHQWYV W) ISIUR E HKWH RD¥KEBHDEM BAME®D R |

I+

GD\V VLQFH VHHGOLQJ HPHUJHRRGW® MXKM YROXPHWULF
+ + + DQGPWRLO OD\HUV ZHUH PRQLWRUHG GDLO\

SRAWHUJHQFH WKHVH PHDVXUHPHQW YV SZGM\H DAQD N BADU B QIFGI GH

PHDVXUHPHQW PDG H B AKRWIH D\Q GRDI\WMHQW

*DAMH[FKDQJH SDUDPHWHUV Rl FRWWRQ

7KHl+ ;7 SRUWDEOH SKRWRMERVUKHYAV/VOFRB® XW6HG

GHWHUPLQH WKH JDV R[FRWQRDSDEDPHWHUY¥ OHDYHV DW

DQG GD\V DIWHU KK N WID@GRE Bl U E GIFHRD | FPK DBV K WHIGU HDHD G
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SODQWV ZHUH PHDVXUHG LQ WKLV YDV L$#dMbval it DWRH QW |
VDPH IRU EHORZ (DFK WUHDW P& QNMD &R ®EW® DHDIFR/QE BN V VK
VDPSOLQJ WLPH RI PHDVXUHPHQW ZDV EHOWZHHRQZDV MDD U
FORXGBHVWHFRQG OHDI IURP WRS WR ERWWRR RS W K 1@ POW
UHGXFH WKH HUURU DQG HQVXUW XVRHDWVKQWPHDOMQF \ ZRH B
PHWKRG RI =KDQ EULHIO\ DSSUR[SODQYW®\ZLW R HDYI
JURZWK ZHUH ILUVW PDUNHG ZHWKKNWHPHDPH OHDYHV PHD

7KH PHDVXUHG OHD | DSIRIDIFRGNGKRW RN UGW KHW LE UDW H
V. 7ZUPPRO WUDQVSLUDRWLRQ BRQYG PRAEGHT\RPRCGH
PPV &L LQWHUER ORRXAHQWUDWLR3$5 PRRORWRV\QWKHW LF
UDGLDWLRQ PRO B&BVWRVPR PSX B DF HQ WRDWALR®

7KH VWRPD OLPLW YDOXBVVV ZDV&EFBOFX@BWHGDQG 'R.

:DWHU XVH HIILFLHQF\ :8( DQG LHQWDQBXQPWM® :BFF R2

WKH HTXDWLR®Y RUPPRO DQGBQS8&RQG 3H@WHODMJIKW
XVH HIILFLHQF\ /8( ZDV FEnOFARDDLOO% GLHDW O 8 (
&KORURSK\0OO IOXRUHVFHQFH SDUDPHWHUV RI FRWWRQ OHI
$33%0 SRUWDEOH PRGXODWHG FKORURSK\QOGKBRRURPHW F
(IITHOWULFK *HUPWRXDDIW. XWMIGH FKORURSK\OROW&MRUHVFH
VDPIRVIHMDRQ! RI VDPSOHG FRWWRQ SEDQWW L RRQU WHKDUFHK HWULK
SODQWV ZHUH XVHG (DFK W UH D ®IPFHQMH ¥ RP EWLWE B WWLLRPG! W K7XK
PHDVXULQJ WLPH ZDV EHRVQWKHHQVDPHO @G\ WKH JDV H[FKDQJ!

ZHUH PHDVXUHGY% ONDK B OollHS RXWHHIBM WVHHU PLQDWLRQ WKH OHIL

9
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GDDODBDSWHG IRULHFWKHQPNVBW WKH PHDVXULQJ DIVIBWQA QW H (

WKH DFWLQLF OLJKW LQWH®MLWNLPHRLOQW PRYDP® EHWZHHQ W

SXOVH DQG RSHQ DWW LQKAVIDLBKW QWWUYDO E KWSDHINH HD F K

DIWHU WXUQLQJ RQ WKH DF¥IHQ Y BQOX K OWH. Z IOMWKEOR LW\ 6

TXHQFKLQJ DQDO\VLV ZDOVKHDHWRDQ W RKHWHG ORZ .LQHWLFYV

'LQGRZ  DQG VWDUWHG LWV DXWRRZWLGXFWR.RLD B DD FBSHHWH

IROORZLQJ SDUDPHWHUVRIUH UIHQ BROQN)IFRBUIPHMIPHD@F HOXRUHV F F

)1 IOXRUBWRHQVHH PD[LPDO YOPRMUMHKMHREB SWDWLRQ DOQ
PLQLPDO |0 YRMHKMH Q EBKSHWWDMPLIRIA LQJ IOXRUHVFHQFH SDU

FDOFXODWHWRDFAFREHGLWKHG PHWKRGV )Y )P ZDV XVHG WR

SKRWRFKHPLFD ORphoD@abtKPsydtath@RSll) .LWDMLPD DQG % XWOH!

Y(Il) is the actual photochemical quantum yietd3 6, (Gentyet al., 1989), gL is the

coefficientof photochemical fluorescence quenching, assuming intercodrf@Sté antennae

and lake model (Kramaat al., 2004), NPQ is the Stern-Volmer type non-photochdmica

fluorescence quenching (Bilger and Bjorkman, 19%0NO) is the quantum yieldf

non-light-induced non-photochemical fluorescence quenchirangiret al., 2004), and

Y(NPQ) expressed the quantum yieldight-induced (i.e.,0 S -and zeaxanthin-dependent)

non-photochemical fluorescence quenching (Kraetat., 2004).

Fitting the light curve

To do this, we determined the relative electron transfee rdt) (7 5 P R OV Runder

different intensities of PAR (9, 65, 111, 205, 352, 570, 722, 921, 1298, 417®6, PRO

P* V). Each level of PAR lasted 20 s, with three replicatesl per treatmertombination.

10
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H X8 SDRZLYKH RSHUDWLIQUKN RISWZOHMWHULFH WR ILW FXUYF
FROOHFWHKB GOWAMLQJ IR EPR-OPARKN PAR+DEPER +c) (LOHUV DQG
SHHWHUYV

Fitting parameters consisted of an initial slopethe fast light curve ( HOHFWURQV
SKRWRGRQYH\LQJ W KRl QI KFL HHQJFN U J theX Mirlindu ] Batdratt @
irradiance ,NLQ PR?G'", corresponding to plant toleranoé intense light DQG WKH
maximum electron transfer rat {5PD[n PR®@? s . The calculation formulas for
each parameter were= 1/ ETRmax = 1/(b + 2%/= I);lk=c/(b + 2%/~ | ...
'U\ PDWWHU DFFXPXODWLRQ FDQRS\ V\WOXMW XKD UOE@W UV
FRWWRQ
&RWWRQ SODQWV2 W HKIQWNHKH RRRRRVW\O DOPGHIRRBMMMAD NOPSOHG
VXESORW HYHU\ GDBD\V IURDPP\ WKH DQG GD\ VLQFH
VHHGOLQJ HPHUJHQFH )RU GHWQGOG/HRIHWRLYERDE@HS Q@ MMWUHR B |
DO JXUWKH& SIDDE QW FDQRS&FOW D@R]HUQFROQ 86$ ZD)
WRHDVXUH DQG GHWHUPLQH WKHYOHDOORZHmM 1 QGBR QH, HRV

<LHOG DQG ILEHU TXDOLW\ FKD bl DFFFf\DA/XW R G \WCEHIFRIVWBW R ® & R

'‘DWD DQDO\VLV
'DWD SURFHVVLQJ DQG ILJXUH GUDZRQW ZHWH SHUIRUPHRBY
&RUSRUTHGIFRRP G 86% DQG 6LIJPD3ORW 6RWWDW686RIWZ
UHVSHFWLYHO\

7KH 0$129BXOWHWRU DQDO\WVIZVVRFIDODWILHD® RKW ZLWK XQL

11
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260

JHQHUDO OL DK @QPREHDRI GD\V ®IIWH U-LUWBRRYDIOQW LPH G

DQG FRWWRQ YDULHW\ Gl QB UW KHV BG | I HIQ W GS KIRFY
FKDUDFWHULVWLFV ZBWKK\GHS WOGEDRMWY Y HBREGHVY [HG HD
IDFWRUV KDG VLJQLILFDSKRWRWRMKHRWLFRMKWRQFWHULVW
FRQGXFWLQJ PXOWLSOH FRPSDULVRIQVHXWOQFH /6N HE WV DWW
OHYHO $VVRFLDWLRQV EHWZHHQ QHW SKRWHRW\BDWKBD®LH
SDUDPHWHUV LQ WKH YDULRXV WD IMPWIQ \&HDURHRSY FZRAUUH-

LQD WWZRLOHG WHVW 3 7KHVH DQDO\VHV ZHABHE6FDUULFH
Y VWDWLVWLFDO VRIWZDUH ,@WKRHBQHUAR@ND 088XV LQHV\

'U\ PDWWHU DFEXPXODWLRQ RI FRUWAWHRTX DDA PR GHOHG X\
(;3>D EW@ 7KH PHWKRG GHYHORSHXEDWIHQWKH |RDIR X\
SDUDPHWHUV 5PD[ UHSUHVHQWXOW WH. FO® W.DHAV KV DANJ \7 P D W \E K
WLPH DW ZKLFK FRWWRQ GU\ FRIDFWHG DWNXPX[QBWR RW KD W
GU\ PDWWHU DW 7PD[ LV JLYHQ EFWHR OLIQ-H BV FDHF ISRAQMD WHLIR
UHFRUGHG DV W DQG ZKHQ LW H@EWWEFXSXIOWDWMIAWRY G Q\GR/|
DEFXPXODWHG THRORQWOWRWZDV SHUIRUPHG LQ '36 7DQ

XVLQJ WKH ODUTXDUGW PHWKRG

SHVXOWYV
6RLO WHPSHUDWXUH D Q G URMHRPLRNDXOU W WDHPIRWY B H Q WR/
'LWKLQ WR GD\V DIWHU VHHGOLRID GH® NRLOYE&B\ MM RL O WH

ILOPHPRYDO WUHDWPHQW ZDV ORHHG DN KPIDQ W KRR/ZHHRH& . VEK
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282

JUDGXDOO\ QDWHIRYZAHL/HQWEBFRPLQ& .K)IKHU WEKDLD XOGIHIWD .
WHPSHUDWXUH DFFXPXODWHG W H® SIH KIDMXFH QRIKES P HD Q V
FPVRLO OD\HU GXULQJ WKH HQWL®HLQURZW K F\HSHRVGLX HON

f& f& DQG f& DQG 7 WUHDWPHQWf&Q & UHYGHFW

f& ,Q ERWK H[SHULPHQWDO \HDUV UMFKH X OIDR/OHG WZADRS H
KLIKIHWDW & DQG f[&

JURP  GDANPSRNW®FKH ILUVW LUULIJDWLRQ L MRLO GD\\
PRLVWXUH FRQWHQW L@VKHWEHY R/IDP K EHRIZZDYV KLIKHVW LQ
WKH RPVRLO OD\HU LW ZDV WKH KLJKHNSHUQVRK® 7 + W URHLC
OD\HU VRLO PRRW&RW XDN RMRHWKQMHVW DPRQJ WWHDWPHQ
VHFRQG LUULJDWLRQ + GD\VVDXWH UF RIEW HIBIRKIO G HAR L O
FPGHHS LQFUHDVHG VOLJKWO\ EXMV GAHIHU IQRMH R EEYHWR X i H
RUGHU RI PRLVIVOWWKH FEGWROQW OD\HU ZBV IWKXVDQG WKH

GHHSHU WKH VRLO OD\HU WKRQ@WHDQWHIR X\VKFH BDWAHH Q@ RW \

$IWHU WKH VHFRQG LUULJDWLRQLO P®LRWW RUWHER B WHLU
JUHDWHVW XQGHU &. LQ WKH # AAH VIR \VMDUGID\W PH @ WL @ Bl VWK
IRU WKH  * FP ODYHB GHEBWRNRBIUN DQG GRZQZDUG 7 FR
ORZHVW PRLVWXUH FRQWHQW )LJ
*DV HIFKDQJH SDUDPBPHWRYWVORW UHOCPN PHQWY DW GLIITHUHQW
7KH QHW SKRWRV\QWKHRWLBMHPRY D BWUHDWBHQWY H[FHHGHI

GD\V DIWHU 1ORPXMAKH HID WWAX\LOOR ZHU LQR/ VVQLRIHFW@®WUH ZH

13
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295

296

297

298

299

300

301
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304

GLIIHUHQFHY DPRQJ WKH WUHOBHRR\DWY WREOBWRHQMVMD WG
RI;/= LQ KDG D VOLJKWO\ ORZHU 3Q W KHQ! MX@®BRYD&®. ZKH
WUHDWPHQWY KDG 3Q YD@XNV VOLIJKWO\ JUHDWHU WKDQ

$W GD\V DIWHQ IORZHODQYLYBQVWRJI&. SWKHR QG )LJ % |
&L)LJ & YRIOXHWQGHU-DBPRNY.OD® WUHDWPHQIWWN YBIOXHOR Z|
ZDV PXFK KLJKHU )LJ ' 7KLV LQGHREWW®RW® WKKHDWL RV K B VGH
SODQWV LQUWRRYBO WMODWPHDWPHQWY ZHUH GRER®B ® FEAN DUGIFEHX F

+RZHYHU DW GD\V DBWHUIIORZHIRMGLQLEH % DQG
&L)LJ 18Q RI&. ZHUH ORZHU WKDQQWRRUBQ HRFRWGBHDBW PH(
ZKLOH WKHYDOXH )RX&. ZDV KLJKHU WEKDIQW® KRV M WRHDW P H (
KHQFH WKLV LL@® KFHDWBGWZXKDW PRUH UDLQIDOWLRE WDWH
GHFODQMIGLY ODWHU JURRWIR YMWDHE ¥WRFPXOWD OQFRQGXFWL
ZKHQ UDLQIDOOKHEOMFQRIDRBIG QHW SKRWRV\QWKHWLF UDW
FDXVHG-¥WRRRWDO IDFWRUV

7KH 0$129% VKRZHG WKDW GLIIHUHQWLFORXH & BPS® 3D \V
&RQ&LDQG /V ZKLOH WUHDWPHQWYV GRSIRARBMG LQ WKHLU VI
&RQG &IDQG ZKHUHDV WKH FRWWRQ YDULHAWM JURZ:
R®RQXQ DQG &RQG

$FFRU®IMEH FRUUHODWLRQZ IFRKIRWKHQWWWRIH[RKDQJH &
GLITHUHQW LMQUH DVWBHQW V/DEOH WKH BYYRELORQAR @ E HE\(:
RHDPKXUHDMWPHQAMDYV VWURQJIJHU WKDQ QOIME L®( ZHUBKPRIWIE

VWURQJO\ DYVRPLRWM G 7KLV LQG MKW MWER WY& /K HMRLVF WR

14
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326

PDLQO\ DIIHEFWHG E\ OLJKW H @D DONIDNEHRWH/RGQ U D W H LIV
KHDY\ UDLQ DDRO® PTHWUIDL QIDOO \HDU VRLQ | DBRAE BHV W L
SKRWRV\QWKHVLV
&KORURSK\OO IOXRUHVFHQFH SDUDPHWHBR YR CF RMJW B\ POHHQ
GLIIHUHQW GD\V VLQFH IORZHULQJ
,QIOXHQFH RI PXOFK ILOP UHPRYDO RQ P® [URMPEEKIRWRFK]
)Y )P DQG DFWXDO SKRWRFKH®E,FDO, TXDQWXP \LHOG RI
,Q WKH HDUO\ VWDJH RI IORQREHQLQL HEY 2BB\VRW KSR KWJI K H \
RYHWBWYW®EH SURFHVV RI FRWWRQ UHSUR 8 XYDWLDR FFRQVWZIHHG
&. DQG-UHPRYDO WUHDWPHQWYV JULB XDU0H UQWHHPRMO® Z L
WUHDWPHQWY HYHQW XD OODW XE&BDADRTZHN 8 [RHEWHNHU)Y )P
RI;/= SOD@WYVY EHLQJ VLJQLILFD@WOW KH. JKH)IP WRDEHV IR
ILOPHPRYDO VRUGIDIWHRHH@OQMW FRWWRQ YDUIRHYWL H\.JZHUH TK3O
0$129% VKRZHG WKDW RQO\ QXPEHUQRLVGIOHY VYH DB HK DAR D HWL
LPSIRFQW )P ZKHUHDV LW ZDV-WHPR®DO WVRRIQWIRIO®W V

Q UHPRYLQJ WKH ILOP PXOF K LMWV K GOORHGE VWORH KU, L Q
ZKLFK WKHQ LQFUHDVHG MLQWK HL FICDQW\HO \J WRGASVHKF |VDAOBD\D X H
LQFUHDVHG PRVW ZKHQ ILOP ZB R ZBHPRAYKIHG KHDUWO LHIVMQ | B O

UHPRYLQJ WKH ILOP VLJQWLH GWOO\L QFRIHDWIH & V,W D

UHSURGXFWLRQ SURFHHGHG WKHILU@SHPRYDQ WUDHDX\M P HEHW
JUDGXDOO\ QDUURZHG )LJ ,Q VX®D\WQD IW HBERN R 2ZMKH. @

WLPLQJ RI PXOFK UHPRPSHBGEW,JQQILFDRWO\ WKH ODWWHL
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347

348

VLIQLILFDR® LPSDFW
,QIOXHQFH RI PXOFK ILOP UHPRYDO R BXRQFRAIQHP DNV Pl
LOQWHUFR@OHFIVGWEHQQDH T/ - IR@® HEW MUFBH R YRGX®IPLF
IOXRUHVFHQFH TXHQFKLQJ 134
7KH T/ )LJ YDOXH U RSHGINV D WR/QWK L QUK ¥ B D B \WZLLYALKV P |
UDLQIDOO UHPRYLQJ WKH SEBI'GWWRBENPQVKHOHDEOQ\
VWDJH Rl IORDHV-BRRAHULQJ EXWHRBYDOHU IDQF 7 WUHI
ZHDNHQHG HOHFW U RRGS &V, QRKHHODMWFWULYURYWK VWDJH 7KlI
WUHDWPHQW ZDV VWURQJHVW G XUGQIWWKHQRIPOKD FIFOW QY IFD
UHPRYDO RI WKH ILOP SURPRMN\B6, ROHFWHRQOWHD Q\Q

IORZHULQJ L H -HORDGDUVQIREWW WKDW RI ;/= LQ PLG I
IORZHULQJ L H -I®RZHDNVQIRVIW  GD\V RBEHWNRRZHULQJ
W UHDWPWRW KLIKHVW

,QWKH ODWH IORZHULOQIDRWHUHQJ PR ERWWHDWPHQW V
RI7 ZDV WKH ORZHNQWKHREBYVIOY [ORZHU LI DD MK UM K|
ILOPHPRYDO WUHDWPHQ@WIMH[FEKGEIB WKBDW RIRVLWH RFFXL

'LIIHUHQW WUHDWPHQWY FRWWRY ¥IDWHB WORDRDIWE @
VLIQLILFDOQW QLRAUOXHQKHW GLITHUHQW W OMDIWFHANGY TV L 1@
WKWKWHUH ZHUH VLJQLILFDQW GLIIBIQG ® HYV RIQWY KHDQV( DIW |
IORZHULQJ KDG D VRQBU4ILERGWM 3P IDFWLPLODU DPRQJ WUH
GLIIHUHQW WUHDWPHQWY DQG GD W\ DD MHQF HEBR Z H UZ IQW KV A0

GLITHULQJ FRQVLGHUD E O\- UHRPRR YWEZXOH WR WHKHW PMIQWHWMH ILOP
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370

,QIOXHQFH RI PXOFK ILOP UHPRYDO-LRIGXKID& WX R 3YU HO®OR C
QRQLJKW LQGXFHGSKRVWRFKRM@LFDO IOXRUHVFHQFH TXHQFKL
$WKH HDWROIORWBUBEJIV-BSRVAMAULQJ RNKHLIDOXHRIWKH
WKUHH HPRF DO WWHDWPEO G ®WKHI HDMPHQBWHUH JUHDWHVW
VXJIJHVWHG FRWWRQMH&@QDRWAK ZMUHDWPHIQW DQG SURWHFYV
GLVVLSDWLRQ

7TKH < 12 YDOXIMOQPLLQGH[ RI SKRWLF LQMXU\ |, KMHKH HI
ILOPHPRYDO WUHDWRHIQQW ZLWK WKH ORZHU < 12DEOH X\HR Z
WROHUDWH GURXJKW PDMNRDYXRLID VKK V6 KIRLIW VA S MWILXRJQ Z
= ZLWK WKH KLIJKHU < 12 YDOXH RAD\Q SR RWHKG DRHR/IK WY
SURWHFW LWVHOI E\ KHDANW RBYVUYLWDWDR/@ HRDXWVMWO®O UHF!
%\ FRQWUDVW LQ WIKH ORDAH/W/=YD@KH¥WY. LQ 8 KH
W U HDW B HQ8H FBMWWY KIHD \ GD\V DIWHU IORZHULQJ 7 H[KLE
SURWHFWLRQ FDSDFLW\ DQG WK WHHDGWHOAW LY KR MNHFDJIOHGX
WUHDWPHQWY ERWK LQ DQG DHQDEG D WL DQ WIH B DIQWR Z
R& 134 ZKLOH RQO\ GD\V DIWHUHWRBHULX®2) VLIQLILFDQW
(INTHFWV RI PXOFK ILOP UHPRYDO RQ HOQWUXEG\L FIRIQWUIQUW U R R ZR
VWDJHV
In 2017, except for the highest proportiohenergy entering the photochemical prodgys
that is, theactual photochemical quantum yielflPSl) in the T10 treatmerdf XLZ45 at 45
days after flowering, th® valueof the other treatments basically showed a unimodal curve

change, with the highest proportion occurring in the fitSt days since flowering. This
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385
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387

388

389

390

391

392

indicated thatn the normal year of rainfall, light energy absorl¢the early flowering stage
is mainly shunted into photochemical reactions, diuhe later flowering stagis mainly lost
through thermal dissipatioi® avoid damage to cottdhphotosynthetic mechanisrin 2016,
proportionsof heat dissipation (D) under the four treatments were highe®ng years,
changing little during the whole growth period. The P valti€K at 5 days after flowering
was significantly lower thathose of other treatments. Thus further suggested thattivéya
of PSII photochemical reaction centef CK plantsin their early flowering stage were lower
in 2016 than in 2017, with most excess light energy abdobyethem dissipated via heat
dissipation ané few parts entering photochemistry processgd. J

$W GD\V DIW HH¢ A @RiZ BftheQT0 treatmer DV KLIJKHQW DQG
PRUH REYLRXVO\ VR 7KLV VXJJHVWBG WHPRY HVEK HV K B UNOR_FF
GURXJKW VWUHVV WKH PRU HctBal phétdcheticaDoRaritugnRigld DiVH W K
PSII PDNLQJ WKARUWUWRHEIYH RKHVGU\ \HDU SHUIRUPDQFH R
Rapid light curve of cotton leaf LQGLITHUH QWP RRYOOPO WUHDWPHQWY DW GLI
DIWHU IORZHULQJ
The rapid light curve directly conveys changes in teetebn transfer activitpf
photoreaction system under different light intensagditions.By fitting this curve to our
data for cotton can be used gauge the maximum electroretraatd (ETRmax, Table 3),
light energy utilization efficiency ( Table 4) and the tolerance degtestrong light (lIk,
Table 5)of the S O Dhatofieéction system.

In the rainy year (2016), removal of the film improved both BTR (Fig. 9) and

ETRmax (Table 3) of cottom all growth periods, especially its early flowering stagdn
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414

the normal rainfall year (2017), howevérincreasedETR (Fig. 9) and ETRmax (Table 8)
the mid flowering stage (1®5 days post-flowering}rilm-removal treatments improved the
light energy utilization efficiencyn the early flowering stage but it was advéyssffectedin
the mid flowering stage in the normal rainfall year (20@7ble 4); in other plant growth
periodsit improved the light energy use efficienafycotton (Table 3)The abilityof plantsto
withstand strong light (Table 5) cd® improved by removing the filmat suitable periods
namely before the first irrigatiom a rainy year, but before the second irrigationnormal
rainfall years.

7KH 0$12iadicated that number of days after flowering (2016/2017)dfifierent
film-removal treatments (2016) had a significant impaictthe ETRmax andk values of
cotton, but in 2017 only days after flowering signifidgnbfluenced the. value.
Population-level physiological parameters of cotto D PRQJ-UHOFPRYD O WUHDWPHQW
GLITHUHQW GD\V VLQFH IORZHULQJ
As Figure 10 shows, leaf area index (LAl each treatment followed a unimodal curve of
changeAt the initial growth stage, leaf area increased most quiekfyost linearlyAt
different growth stages during the three years, thedf &K plants was generally the highest
among treatments. Apart from the LAI of XLZ45 under thetriéatment ofn 2017 € 4.40)
being highest, larger values were found in CK for both cottwieties: 4.75 (XLZ42n 2017,
6.42 (XLZ45in 2016, 5.93 (XLZ42in 2016) and 4.60 (XLZ4h 2015). Higler LAIs of CK
plants were beneficial for promoting their dry matter aoalation.

7KH WUHQG LQ FRWWRQ GQNKPHHWHP®RY DF AIXPHDWWHRQYV |

6VKDSHG FXUYHV )ERWWRQ JUHZ LQ VL]H LWV BWH G DEAXWH U
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434
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WKH BIDWAXPXODWLRQ FOHDUO\ YDULHG DPRQJ JURZWK VW
Table 6 shows thain additionto 2015, all film-removal treatments promoted dry matter
accumulation and maximum dry matter accumulation utigefilm-removal treatments were
greatest overall. Specifically, Tmax appeared earlier fiithremoved than in the CK, as did
the linear accumulation, while the linear accumulatioretit2-t1) was longer with a larger
a: wwas well.
Yield and fiber quality of cotton DPRQJ-UHOFPRYDO WUHDWPHQWYV
The effectof removing the mulch filnon yield was relatedo climatic conditionsn different
years.In the drought year (2015§ reduced the yielebf cotton whereasn other yearst
increased the yield. Fiber quality was also improved, talbed certain extent, and the earlier
the timing of film removal, the more pronounced was this treriche lint yield and fiber

guality showed no statistical difference between treatsnémable 7).

Discussion

,QIOXHQFHURPRYYDFO WLPH RQ VRLO WHPSHUDWXUH PRLVWX
JLOP PXOFKLQJ FDQ LQFUHDVH VRMOOWHPSHDQ ®& XNJKH UWHDEP\D(
LQIOXHQFH FUR SCospladedrR with Du@cevered soil of the cotton field, the
temperaturef film-covered soil increased by8°C from sowing timen springto tasseling

stages (6 XHWD O DH VD& KRAWWHQLILFDQWL@URIHUHQF
WHPSHUDWXUHFRMWUEIHBRQDE®HAYIWE JURXSYV ZHUHVIRZ@QG IRL
VZHHW SRWBWRHYV ,@RXU VWXG\ ZH IRXQG WKH VRLO WHPS

PXOFKLQJ ILOP FRXOG EH PDLQWDLQUHGERRWRD VHBG OUMDK LK
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ILOP UHPRYDO ORZHUV VRLO WHPSHU@PWRUE WHR 8HUDOKMX BK
OD\HUV EHWZHPHRY DOOPERXQIM DRBHG JHQHUDOO\ ZLWK WKHI
WKH PORYKHUVXUIDFH VRLO OD\HU WKH ELJJHU ZDV WKH JDS
OXOFKLQJ FDQ UHGXFH VRLO ZDW HHUFRWH P8 W LLR/Q FD QK
FRQGXWRPSURYHG FURSHWHOGY .DGRDHYHU VRPH VWXGLF
WKDW PXOFWEQRUBBDIEG ZDWRIWF FRIW ZRKEWHRSURPRWLQJ F
/LX VD O OHDGLQJ WR UHGXFHG ZDWHEW W RUDJH LQ
SHPRYDO WKH PXOFKLQJ ILOP FR>P®RE VWX QH | EFRIDWHMWU BB |
SODQWV EHJLQHWR® IORZHHKW®J ZKHUHDV QR VXFK HIIHFW
ZKHQ LW ZDV DSSOLHG IBWWHU |0R UMRAFH QFKD QLIHWHD® UV D J
VKRZHG WKDW ILOP UHPRYDOLBHRPRUWW UWH. JARDLVR QQ OVH
FPVRLO OD\HU WKDW @DAHUDJHORZHU ORZHU WKDQ XQGHU |
2XU VWXG\ DOVRLIQQGLRMKXWMABVWRKOVOD\HU W UHDBKHGKHW K P
PRLVWXUH FRQWHQW EX\W ODHHBHIX QMRHHIDW PAHQW KDG WKF
PRLVWXUH )LJ
J)LOP PXOFKLQJ PDLQO\ IXQFWLRQV B\QIGQEBURPRWLD Y IO
JURZWK DQG GHYHORSPHQW HDUMQ® RQWRIHMXQDBENUHOO
2 /IRXJKDRQ DO  $VWKH JURZWK SURFHVV SURJUH\
EHFRPHRIDH/R/PLQDQW IDFWRU OLPLWLQW HUR SLDPREWEF KL
FDQHWRB[FHVVLYH VRLO WHPSHUDWXUHV ORW 5 BBRRZWRL ® V&b
SODQW¥D@RMWHUIHUH ZLWK URRW UHVGRSDWQRQD @G| HOFH/DIX

GHWULPHQVWIPURKBS DLAHVOWG DQGHMXO OLW)\ DAL DKIWO
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480

-LDQJ +RZHYHU WKHUH LV-UHFRDYNG KH WHKBPW/YV VZALIC
ZLWK GLIIHUHQWHBRSD®WG&RLQP? )RU D JLYHQ WSWKIHHYV U
JURXQ¥KH DSSURSULDWH JURZWK VWDMHRSHR R WX UHH | HHF @QWLDY @i
VI\VWHP DFWLYLW\ DQGRRSKRWR\H @GNKNMWLE XSVUIRREXFWYV 'R
KHOS SUHYHQW FURS SUHPDWXULW)\ IDHQRER Y B SURW HW\K H O/GL |
KDYH QHJDWLYH FROWHNIX HQFHWARQ H WY J

7KLY VWXG\ VKRZHBRWBROWZIKKDE@E DWSKOHH V¥ B R WWNEKR P\HH D U V

FRXOG QRQHWKHOHVV SURGXFH GG HQEH@W R RWAOR © D\WH B

7D E OIH adry year, the treatment reduced the yield while in theysatit increased the
yield, with fiber quality also partly enhanced.
,QIOXHQFHJRPRLYDFO WILPL IJFRK@QJH SDUDPHWHUV RI FRWWR
In the early growth stagef cotton, mulching has water-saving and temperature-raifieci®
which shortens the growing season of cotton. After stattinirrigate the cotton, with higher
temperatures and irrigation amounts, continuous mulching hrage adverse effectsn the
improved soil conditions, root development, and photosyrthatrformance of targeted
plants (Duet al., 1989). Covering the soil with mulching film throughou¢ growth period
has been shown to cause rapid declines in net photosyntheti&na chlorophyll conteruf
tobacco (Wanget al., Yanget al., 2010), tomato (Wanet al., 2004), beefCai et al., 1988),
cabbage (Zhangt al., 1995) and other cropaccelerating the diminished photosynthetic
function in later growth stages. However, remowdl mulch at the right time improved
photosynthetic functioningf both tobacco (Wangt al., 2010) and maize (Zhaegal., 2016;

Yu etal.,, 2006He et al., 1999), which increased the accumulatbbphotosynthetic products,

22



481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

and alleviated the phenomenoihpremature aging in these crop plants.

7KH UHRVIRQWWWXG\ DOVR LQGLFDWHG W KBMIRIILBRWWHRG Y

)L $LERWK LWV HDUO\ DQG ODW HHNMREH WBLEQGY WQ JWYH D

ODWH IORZHULQJLWPBHH RRREZHOHUDLQIDOO \HDU SRRUWKH
GURXJKW.VWDQFH ;/= - XHRERHWD &/ K\HU HIDWP B QW JKB G L) ORZ+
LWV HDUO\ IORZAMUR QIHEGWPWHREMIH® &RROG WKH YDULHW\ ZI
GURXJKW UHVLOWWBQFBPWQGLWK BRUH WDIXQOBO WKH PXOF
WUHDWPHQW@VEHFOBI\Y WM G WRRIRVAH U VRRIMG G X H
,QIOXHQFHJRPRYDFO WHKHQRURIX\00 IOXRUHVFHQFH SDUDPH)\
Chlorophyll fluorescences closely relatedo each reaction in the processphotosynthesis,
so how environmental change affects it mhg shown by correlated changes in key
fluorescence parameters (Chetral., 2006). Just a few studies, from China and abroad, have
investigated film-removal effectsn chlorophyll fluorescence parameters at different growth
stages. For example, remol mulching film at the early growth stagean cause different
degreeof drought stress (Zhareg al., 2016). In contrast to these, many studies (Mishah,et
2012; Nankishore et al., 2016; Boussadia et al., p@@8ldwide have reported on how
drought affects chlorophyll fluorescence parametécsop plants.

Relevant studies have shown that Fv/Fm barreliably usedas a relative index for
detecting drought-resistant crops (Zhagial., 2003; Mishreaet al., 2012; Nankishoret al.,
2016) and it can quickly and accurately capture the water stHtu®tton leaves during
drought stress (Xuet al., 2013). Under drought conditions, the Fv/Fm vahfdsaves from

cotton (Xieet al.,, 2015; Tanget al., 2007; Liuet al., 2008),Trigonella foenum-graecum
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(Baghbani-Araniet al., 2017), tulips (Miacet al., 2015), and olive trees (Boussadiaal.,
2008) are known to decrease considerably. Drought was also shéawetaheY(ll) values

of olive tree (Boussadiat al., 2008).In this study,we found that exposur® certain degree
of drought stress during early flowering resulieddecreased Fv/Fm values under the all
film-removal treatments (Fig. 5).

Some droughis beneficial for increasing the opened proportafnthe PS 1l reaction
center,so more light energy becomes ugedgromote photosynthetic electron transport (Zhao,
etal., 2007), therebdt PSUR Y L QJ \AbKity. FoDewakvpte¢ETIR\WOf Prunus persicdL.)
Batsch,var. silver kingwas significantly improved after water stress inductioro(@<t al.,
2006). Recently, Caet al. (2015) found that silicon (Si) was relatedthe highETR of
tomato under drought conditions, yet other work found the &Tédtton (Deebat al., 2012)
decreases under drought conditions, and when its leaf patesmtial drops below8Mpa, the
ETR was reduced by more than 80% (Gleasbral., 2017). Earlier, Ogaya and Penuelas
(2003) had found that drought treatments caused a slightadein ETR valuesof both
Quercus ilexandPhillyrea latifolia, whereas Snideat al. (2013) believed R W W TR vt

affected by drought2 XU UHVXOWWXDMRIHPRYLQJ WKH PXOFKQQJ ILO

DUDLQ\ \HDU FRXOG DRISURDRONWKH (75PD[ 7DEOH
GXULQJ HDUO\ 107 QRIUPD O W/LQIDOO \HDU WKRXJK
(75 )LJ DQG (75PD[ 7DEOH HDRONG ERWKZEDUQ P HWHI

PLG IORZHULQJ WWDE@BI\VLWVWLQFH IORZHULQJ EHJDQ
8QGHU PLOG GURXJKW VWDRGVT/VWHBH YHWWYRQ SODQWYV FDQ

ZLWK SURORQJIJHWO/VWUHVVURXJIKW VWUHVYV DIERRW R BRU HIDXYV H
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HW O DQG ROLWO %RXVVIADL@PWY DQG DOVR GHFUHDVF
3LH\WNWOV
+HUH ZH IRXQG WKH )Y )P YDOXHURPREFRMNN R/QY HCHMVGRMHHIQ \

JHQHUDOO\ KLJKHU DIWHU WKH KVU@G\WH @1 R IVGRIZIMUILIQY G

)LJ 5HPRYLQJ WKH ILOP FO HDOUGXAHMISMWEKHHBLE KB RZH U L
VW DODLJIH LHWR GD\V VLQFH JORZHW.KH RB4L-QWMHPRYDO
WUHDWPHQWYV Z&.UHMKKH KHOW W\ KDORZHULQJ VWDJH O)RJ 2

UHPRYDO FDQ LQFURDBRMIJRE J) BOMNXMRUPDO UDLQIDOO \H
LQFUHDVHUBVRXWRWW YDULE®DWW] IDRZBOXPI VWIIH WK
ILOPHPRYDO WUHDW PHQ@W X HZ MHUDHU ¥ HAAX\FKH K HD Y\ UDLQIDOO

OLNHO\ RARXHDUWUIZXWK QRUPDO UDLQIDOO

&RQFOXVLRQ

To improve soil temperature and conserve soil moisturéeobrnvhen growing cotton plants
this effectof film mulching should be maintadal for at least 50 days after seedlings emerge.
Removing the film before this will seriously affect cotton wtio and development. The
benefits of timed removal of the filnwhether before the firsbr second irrigation after
emergence, should be decided according to the climate ofea gear.lt is beneficial for
promoting photosynthesig the late flowering stage of cotton after early drought stress

induction for increasing the cotton yield.
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822

823
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825
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828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

)L &URSSLQJ SDWWHUQ DQG EXULDO GHSWEURILOQ A URJR &!
LQ WKH PXOFHRPRYDOORHOG H[SHULPHQW

)LJ 'DLO\ DYHUDJH VRLO WHPSHUDWXWHDWE&H @ DULDRXRQ
GD\V EHIRUH WKH ILUVW7LUULJDWIGR Q GDH¥ESHEWH WHIOH VHF
( DIWHU VHHGOLQJ HPHUJHQF H. O \W X OFE® H QFIR § WHAR-DQ W R
SODQW JURZWK VWDJHV &. DQG VRIE® GHESURK \ODURZWK \
GXULQJ + L\DLYF WHPSHUDWXUH

)L 6RLO YROXPH PRLVWXUH FRQWG QW \HNUDMW LR Q FSDG\L
HPHUJHQFH LQ LQ YDULRXV WUHDWWPHQWKKHURXSW L UDLK
UHVSHFWIZYHOD QG GD\ EHIRUH WKH VHFR®GL QU UHR B WIHR@F
ZLWK RQH FRQWURO JURXS RI ILO® PADE WL QURIWHY N ¥\ JBI /|
)LJ *DV H[FKDQJH SDUDPHWHUV Rl FRWW P Y®OLU LHWHGW G
VLQFH IORZHULQJ LQ YDULRXV WUHDWRMH@WHIURXSBW LUD
UHVSHFWIZYHOD QG GD\ EHIRUH WKH VHFR®GL QU UHR B WIHR@F
GXULQJ + 7KH FRQWURO JURXS &. KDGURDWKPXWPKH
%DUV DUH PHDQV “ VWDQGDQGSERWRIVWQWRHWLF UDWH &R
+2 &L LQWHUFHOOXODU &2 FROQFBRQMWUDWLRQ /V VWRPD
)LJ OD[LPXP SKRWRFKHPLFD®6T,XPQWXM QH DEWADO SKRWI
TXDQWXP \LHO& RI 3 FRWWRQ YDULHWLHV W=GDDQG/LGFH
IORZHULQJ LQ YDULRXV WUHDWPHQWLUVRXSBYVULJIJDWMARQG DV
7 7 DQG GD\ EHIRUH WKH VHFREG QUQULHPWURBQEH DGW

7TKH FRQWURO JURXS &. KDG ILOR ZPXIKO MV QRIHW K Bl XI.
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843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

PHDQV * VWDQGDUG GHYLDWLRQ Q

)LJ &RHIILFLHQW Rl SKRWRFKHPLFDO 10XQR UG WHHUGRH QHKF
36,, DOQOWHQQDH -PR (PG BAVSER@WROKHPLFDO IOXRUHVFHQFH
RI FRWWRQ YDULHWLHWW/SLIDHUGHQW GD\V VLQFH IORZHUL(
JURXSV DQG GD\V EHIRUH WKH7ILUVW DLQU® LJG DL R B | RUWH
VHFRQG LUULJDWLRQ ( DIWHU VHHGOKBJFRPMWWRMBHRBEX
KDG ILOP PXOFKLQJ WKURXJKRXW IVEW “JVRDQIG YWD THVY LD D
)LJ AXDQWXP \LHOGQGANFMKEIKW 134 -ODIKAN QRXBXFHG < 1
QRYKRWRFKHPLFDO IOXRUHVFHQFH TXHQFBRDGJ ;R FFOMWR
GLIIHUHQW GD\V VLQFH IORZHULQJ DQGYDUGRXW E\HUR D W P
LUULJDWLRQ UHVSHFWLYHO\ 7 7 LUDQGDWGRY EHI|RDINV MK
HPHUJHQFH GXULQJ + 7KH FRQWURO YWKRIRSX J& R XKD @
JURZWK VWDJHV %DUV DUH PHDQV “* VWDQGDUG GHYLDWLR
)LJ $EVRUEHG OLJKW GLVVLSDWLRQ RIGW.ZR FROMWRQ IMDU
GD\V VLQFH IORZHULQJ LQ YDULRXVVWEHRWH HQKH JUB XSV L
UHVSHFWLYHDQG GD\ EHIRUH WKH VHFRQQJLHPHUDWQR®
GXULQJ + 7KH FRQWURO JURXS &. KBGURGW R YWOFXL
' SRUWLRQ RI DEVRUSWLRQ 036 K\UQMWGRUWD S RIPAW QWL D 3V
SKRWRFKHPLFDO TXDQWXBRUWUWORQRRIB®EVRUSWLRQ OLJKW
HQWHU WKH SKRWRFKHPLFDO SURWKH/ D QW B QDI © RIV HEGIWO R
)LJ 5DSLG OLJKW FXUYHV RI WZR FRWWWQGY D H UH\ WH G D\

IORZHULQJ LQ YDULRXV WUHDWPHQWLIUWRK 3V U L IDBR/ELR QG DA
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865

866

867

868

869

870

871

872

873

874

875

876

877

7 7 DQG GD\ EHIRUH WKH VHFREG QUQULHPWURBQEH DEW
7KH FRQWURO JURXS &. KDG ILORZPXIOFKADIHW K BomX).
PHDQV “ VWDQGDUG GHYLDWLRQ Q
)LJ /HDI DUHD LQGH[ /$, YDULDWVRQ/RI @B FRWWR® °
YDULRXV WUHDWPHQW JURXSV ULDQ® LR GD \WH &I HRRONBLOVHK®I\ | |
GD\ EHIRUH WKH VHFRQG LUULJDWICF® (GXDLWHU VHHGOL
FRQWURO JURXS &. KDG ILOP PXOFKIH}I WRUR XDKRXRAH DV
VWDQGDUG GHYLDWLRQ Q
)L  'U\ PDWWHU DFFXPXODWLRQ Rl WZR =FRWMQRQYDYDRKMV
WUHDWPHQW JURXSYV DQG G D UWH ¥ 8 HFFEWHZ YWKIBAQIG U V@D L U
EHIRUH WKH VHFRQG LUULJDWLRQ GXUDQNHU ¥HHGQOKBJFRF
JURXS &. KDG ILOP PXOFKLQJ WKURXYKRXW PMBID\I U RZW B

GHYLDWLRQ Q
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878 7'DEOWRLO DYHUDJH WHPSHUDWXUH DFRAXIPROBDWIHGX WHH F
879 GLIIHUHQFH DQG DFFXPXODWHOGRWNPYHUDW XU I W LI WHRUKHS(
880 GD\V EHIRUH WKH ILUVW LUULQBWLEO\ BHMIHF WLKYHOM
881 LUULIJDWLRQ ( DIWHU VHHGOL®J JWREKIBI RQ A HO FZ LRXIKO AR
882 SUHVHQW DFURVYV JURZWK VWDJIJHMIV&. IRU WEGHH AMRLC
883 GXULQJ +

ltem Year Soil layer CK T1 El T10 Air Temperature

depth ()

Average 2015 10cm 23.56 23.08 22.27 23.48 23.54

Temperature 20cm 23.68 22.87 22.49 23.06

() 30cm 22.34 22.69 22.26 22.54

2016 10cm 22.99 21.95 21.32 23.31 24.03
20cm 23.00 21.72 21.24 22.93
30cm 22.70 21.60 21.09 22.55
Accumulated 2015 10cm 2572.90 2562.80 2535.62 2563.53 2571.68
Temperature 20cm 2587.03 2529.05 2536.32 2517.27
() 30cm 2439.18 2491.04 2472.97 2459.96
2016 10cm 2587.76  2570.10 2547.73 2625.77 2703.08
20cm 2588.33 2536.72 2532.49 2582.41
30cm 2554.44 2509.85 2501.04 2541.30

Average 2015 10cm 9.79 6.46 6.18 8.38 13.34
Temperature 20cm 5.58 4.59 4.22 5.28
Difference 30cm 2.45 2.30 2.22 2.45
() 2016 10cm 3.76 2.83 2.94 5.78 13.33
20cm 2.85 1.56 1.74 2.33
30cm 1.28 0.84 0.81 0.85
Accumulated 2015 10cm 1068.56  749.50 824.28 912.97 1452.6
Temperature 20cm 609.13 524.83 538.85 571.94
Difference 30cm 265.95 265.55 271.44 265.98
() 2016 10cm 419.60 378.80 430.62 655.84 1514.7

20cm 319.50 217.42 264.24 258.89
30cm 144.81 114.12 124.48 96.89

884
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885 7DEOH&RUUHODWLRQ FRHIILFLHQWYV 3R Q8 SKNRWMRY IDW
886 H[FKDQJH SDUDPHWHUV LQ YDULRXV VWEHIRWPH®YWHJURN

87 LUULJDWLRQ UHVSHFWLYHO\ 7 76 LDDYGIJDWDRE@H(RUDBIIV

888 VHHGOLQJ HPHUJHQFHQGXULQJ +

Year 7UHDW Cond Ci Trmmol WUE  WUEI Ls LUE
JURXS\

2016 CK 0.926" 0.433 0.919" 0.021 -0.654" -0.589" 0.971"
El 0.882" -0.011  0.809" 0.192 -0.461 -0.302  0.966
T1 0.938" 0.541"  0.830" 0.218 -0.855" -0.784" 0.934"
T10 0.939" 0553  0.875 0.193 -0.87Z2° -0.801" 0.947"

2017 CK 0.478" -0.331  0.590" 0411 0.305 0.358 0.807"
E1l 0.480" -0.516" 0.655" 0.449 0497 0559°  0.899"
T1 0.094 -0.768" 0.28361 0.775° 0.801" 0.825 0.889"
T10 0.432 -0453  0.757" 0.376  0.328 0.423 0.871"

889 1RWHHDUVRQ FRUUHODWLRQV ZHUH REBG L O 6WJ QCLH IYFHIDQ W
890 WEHBGO 6LJQLILFDQW DW WKH HSGJREDELOLW\ OHYHO W.
891 &RQ®QGXFWDBFH WR +

892 &L LQWHUFHPRQPHQWILDWLRQ

893 7UPPRWQVSLUDWLRQ UDWH

894 :8( ZDWHU XVH HIILFLHQF\

895 :8(L LQWULQVLF :8¢(

896 /V OLPLWLQJ YDOXH RI VWRPDWD

897 [/8( OLJKW XVH HIILFLHQF\
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898
899
900
901

7D E O WMaximum electron transfer rate( y5PD[ PRO?B! RI WZR FRWWRQ YDULHWLHV ;/=
IORZHULQJ LQ YDULRXV WUHDWPHWKMHIIULRXSW LUWDIQ® W LED\VUHNIRHBAFIWIKYH OHFR QG L DWQIE
( DIWHU VHHGOLQJ HPHUJHQFH GXULQJKDGxILOP7RXKOFKQY U MK U B R XISR XW PHIDHQVYUR ZW
“VWDQGDUG GHYLDWLRQ Q

D QIGH W = D

Year

2017

2016

s E] 8] ¢

XLZ42

XLZ45

XLZ42

XLZ45

dE

CK
El
T1
T10
CK
El
Tl
T10
CK
El
T1
T10
CK
El
Tl
T10

Ce (3 & (0}A EJVP ~ «

5
112.8+13.49
114.1+12.65
133.7+31.4
142.27+12.95
220.27+93.04
87.3+5.91
94.07+23.07
122.67+10.36
134.2+22.29
586.27+129.82
146.1+45.72
434.75+22.98
151.97+7.6
381.6+77.64
222.53+51.7
475.33+197.34

15
203.43+68.76
242+7.5
339.75+£30.19
293.57+49.84
202.7+66.08
261.17+54.77
223.9+69.86
360.77+96.89
209.4+12.87
561.13+352.3
365.37+180.43
375.33£176.71
289.9+26.02
209.93+6.67
517.5+25.74
286.53+83.56

25
350.87+£102.4
273.8+57.09
312.8+31.68
315.5+3.38
260.2+32.46
279.23+£26.5
312.17+34.04
320.53+14.02
185.95+7
331.1+8.02
182.35+19.73
248.3+16.03
254.9+30.21
243.9+£35.5
207.6+£25.81
307.4+26.02

35
216.07+34.76
269.97+98.73
221.03+37.5
226.53+65.22
244.67+£72.55
262.3+35.13
254.07+66.68
209.7+28.74
258.9+£7.35
294.4+22.88
223.55+5.87
204.15+25.39
259.25+0.49
243.05+57.77
248.95+8.41
226.05+£16.33

45
158.63+30.01
163.37+28.63
175.9+12.85
153.8+43.27
140.07+15.14
166.83+12.39
118.2+65.06
160.87+37.17
240.2+160.94
231.97+31.76
209.85+18.6
244.35+1.34
220.85+15.49
304.75+10.25
197.9+31.68
195.2+64.06
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902
903
904
905

7DEOHKH LQLWLDO VORSH R EaMdirhHnd photdriy OLWKWR FRWYWRQ YDULHWLHV

/= DQG ;/= DW

IORZHULQJ LQ YDULRXV WUHDWPHWKMWHJWRXSWV LU WDIQJ® W LB R\ VUEN ISRHHIFHWIKYH OH FR QG L DQIG |
( DIWHU VHHGOLQJ HPHUJHQFH GXULQJKDG*ILOP7RXOFKQW U RVK URB R XISR XMW RHKHQYURZW
“VWDQGDUG GHYLDWLRQ Q

Year

2017

2016

s E] &] »

XLZ42

XLZ45

XLZ42

XLZ45

dE

CK
El
T1
T10
CK
El
Tl
T10
CK
El
T1
T10
CK
El
Tl
T10

Ce (3 & (0}A EJVP ~ «

Su vSe

5
IXTTFiXii
iIXT6FiXio
IXTAFiXi0
IXT0FiXii
IXTIFIXIT
IXI0FiXii
IXITFiXio
IXT0FiXil
IXTTFiXio
IXTO0FiXil
IXTIFIXTT
IXTO0Fi
IXTO0FiXil
IXTFiXiT
IXT6FiXio
IXTOFIXii

15
IXTOFIXIT
IXTFIXIi
IXTOFIXIiT
IXT0FiIXii
IXTAFiIXi0
IXTFI
IXITFI
IXTAFIXIi
IXTAFIXIT
IXTAFIXIi
IXT0FiIXin
IXTOFIXIii
IXTOFIXIii
IXTOFIXIii
IXTOFIXIii
IXTOFIXiT

25
IXTFIXii
IXTOFIXIi
IXTTFIXIT
IXTOFIXii
IXT0FiIXii
IXTAFTXIT
IXT0FiXio
IXTOFiXil
IXT0FIXii
IXTO0FIXii
IXTO0FIXiT
IXTOFIXiT
IXTOFIXIii
IXTOFIXii
IXTOFIXii
IXTOFIXIii

35
IXTOFiXio
IXTOFIXIT
IXTIFIXIT
IXITRIXIT
IXTOFIXIiT
IXTOFiXil
IXTFiXio
IXTIFIXIT
IXTOFiXil
IXTTRIXT
IXTO0FiXil
IXTOFIXii
IXTOFiXil
IXTOFIi
IXTOFIXii
IXTOFIXIii

45
IXTOFiXit
IXTOFI
IXTOFIXIi
IXITFIXIT
IXTIFIXT
IXTOFIXIii
IXT0FiXio
IXTTFI
IXTOFIXiT
IXTOFiXin
IXTOFIXii
IXT0FIi
IXT0FIi
IXTOFIi
IXT6FiXio
IXTFIXIi
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906
907
908
909

7D E O Hhe minimum saturating irradiance &«PR & $) of WZR FRWWRQ YDULHWLHYV ;/=

YDULRXV WUHDWPHQW JURXSV
VHHGOLQJ HPHUJHQFH

GXULQJ

VWDQGDUG GHYLDWLRQ Q

DQGIORZHWDM) L LIQHL
DIMVGL R QG DM VESHHIRW HY W®H 7ILUNV W DRQUBLJ BV REH | R U HD MK
+ 7KH FRIOON UR RURXRIX S X &. WKKHG J LLROPW R X'OW D J H \

Year

2017 XLz42 CK
El
T1
T10
XLZ45 CK
El
Tl
T10
XLZ42 CK
El
T1
T10
XLZ45 CK
El
Tl

T10

2016

Ce (3 & (0}A EJVP ~ «

s €] 8]+ dE

5
ATTXO0O0FORAX(
OTIXOFiiiX0¢
ATTFITXI10
ATOXOTFORAXI
iTTOXOFiioXf
00iIX0TF0d X«
iTTOXOoFiTho>
OTIXOOFiITXi¢
OiITXOFO3iX060
TTTOXTFOOTX(¢
OATXAOFTNG>
i00TXOAFOIX
AOOXTTFITXO
iTOIXOFiTiXo
OTTXOFTioXn

iodboFoOiNXio

15

000 XOFTiTOX(
OTiFOOXDT

iTOAXOAFidX
iTTTX06FTi6X
O1IXAFiIOO6XHO
000XOFidooX
OTOXTFITTX O
iORAXOFiI08>

O0TOXTAFIT6X

TIOOXOTFIiTiT.

iTATX0TF6060.
iTTTXOFA66X
iifTAXOFO0AXO0
016XOTFib6XIi
i060O0XIAFA X«

0
iTOAXOFTAGX

25
fTOTXAFTTA X
00IXOFiooXi
i(TAIXTAFOXS
iTIXTFOOX0O¢(
00RAXOTFITIX
(iTTXTFTioXAh
iTOiX00Fd0d0
iTiTX00FiioX
00IXOF3iTXal
fTOOXOFIiTiXi

O000XOFOTXIif

if6IXBFiOoX0

35
616 X386 F111X
5O1X06F311X
6IIXBIFBIXIT
6TAXI6FTATX
001X 6TFI6TX
(11iXTOFi60X
006XBOFIHT)
06IXBFiTiX0
50TX3AF6MX

45
AOBXOTFioo>
ABTXTFiIioXo
0TTXiI6FT0oXA
00iXO0MFi6d>
0N6XO0TFORA
0iOXiIFiI6X0
OAOXOOFTITX
0006XT0FiidoX

ONOFOTOXDI

. 0006X0OTFTOXI

000XTAFTO X
0006 XO0AFOXA
000XTAFAOX
fiTTXiAFToXi
OXOFTi0X0

[—;

0

¢ OROXTAFTIOX
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910 7DEOBDUDPHWHUV IRU WKH ORJLVWWHLHY XMWIGRIJ=R| IR FRWWRQ ¥BRXP XDDW I1BRXISY Y
911 DQG GD\V EHIRUH WKH ILUVW LUNDQGD W&E&R\QE RIRWIH WW HYVHHR REXASL Q U UHLRI A0 IFHRR® M( U RO W
912 JURXS &. ZDV ILOP PXOFKHG WKURXJKRXW WKH JURZWK VWDJH

_— Tmax tl t2 Rmax Wm -t ostsi
Varieties and Year Treatments K a b R @ @ @ (kohad) (kghd) (kg h;; '
XLz42, 2015 CK 28448.19 4.5183 -0.044 0.9813** 103 73 133 313.14 14224.1 8207.3

El 13546.26 3.6292 -0.0416 0.978** 87 56 119 140.86 6773.13 3908.1
T1 9803.422 3.7293 -0.0505 0.9566** 74 48 100 123.86 4901.71 2828.29
T10 13098.11 4.1369 -0.0478 0.9955** 87 59 114 156.55 6549.06 3778.81
XLZ42, 2016 CK 15233.5 4.8979 -0.0732 0.9866** 67 49 85 278.86 7616.75 4394.86
El 15730.68 4.9953 -0.0686 0.9889** 73 54 92 269.84 7865.34 4538.3
Tl 18790.06 4.4678 -0.0554 0.9953** 81 57 104 260.43 9395.03 5420.93
T10 11573.49 5.2355 -0.0786 0.9933** 67 50 83 227.49 5786.75 3338.95
XLZ45, 2016 CK 26514.86 3.9347 -0.0396 0.9467** 99 66 133 262.48 13257.43 7649.54
El 19615.03 4.7176 -0.0635 0.9969** 74 54 95 311.55 9807.51 5658.93
Tl 30025.95 4.2929 -0.046 0.9612** 93 65 122 345.06 15012.98 8662.49
T10 15532.38 4.5283 -0.0597 0.9794** 76 54 98 231.63 7766.19 4481.09
XLz42, 2017 CK 19068.2 4.3338 -0.0457 0.9728** 95 66 124 217.82 9534.1 5501.17
El 24279.73 4509 -0.0443 0.9943** 102 72 132 268.67 12139.86 7004.7
Tl 12510.99 4.3294 -0.0516 0.979** 84 58 109 161.48 6255.49 3609.42
T10 20762.82 4.7209 -0.0476 0.9964** 99 72 127 247.01 10381.41 5990.07
XLZ45, 2017 CK 14775.97 4.5932 -0.0572 0.9719** 80 57 103 21111 7387.99 4262.87
El 14817.38 4.692 -0.0551 0.9969** 85 61 109 204.16 7408.69 4274.82

T1 18182.35 4.6752 -0.052 0.9915** 90 65 115 236.46 9091.17 5245.61
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913

914

915

916

917

918

919

920

921

T10 12452.72 4.8122 -0.0592 0.994** 81 59 104 184.18 6226.36 3592.61

Note:N D DQG E DUH HTXDWLRQ FRHIILFLHQWYV

7PD[ WKH WLPH ZKHQ WKH GUWUPDWMNHU D PBXPKXOMWLRQ UDWH

W VWDUWLQJ WLPH RI OLQHDU DFFXPXODWLRQ

W HQG WLPH RI OLQHDU DFFXPXODWLRQ

5PD[ WKH PD[LPXP DFFXPXODWLRQ UDWH

P GU\ PDWWHU ZHLJKW DW WKHXWX©BWKRQ WIKWHGUN PEPRHGHL BIFR P X P
‘W-W GU\ PDWWHU DFFXPXODWLRQQGRP W WR W 5 &RUUHODWLRQ

6LIQLILFDQW DW WKH SUREDHLOLVWURHBHOOLWEALOARYHEGDQW DW WK

48



922 7TDEOKLHOG DQG ILEHU TXRMOWZR FRYWRRIMMHDDPMVEEMY LQ GLIIHUHQW WUHDWPRIQAV JUR:
923 WKH ILUVW LUULJDWLRQ UHVSHHWWYXHOYHFR®G DG JDGL\REH IRL WHWRHIH VAHRHOGMOUL RO HPR
924 PXOFKLQJ SUHVHQW DFURVV JURZWK VWDJHV &. GXULQJ +
Varieties Treatme Number of Boll Single boll Estimated yield UHML Mic Str Hg SFI ul
/Years nts plants number weight of lint cotton (mm) (g tex?) (%) (%) (%)
harvested on a single (g) (kg hat)
(10 plants plant
ha?)
XLz42, CK 20.87t1.13a  5.54t1.55a 5.17+0.17a {8i18XTiFG6i8> 27.78+0.94a 5.09+0.07a 29.80+2a 6.50+0.14a 7.23t0.41a 85.38+1.29a
2015 El 19.61+0.92a 5.00+1.36ab 5.00+0.48a ififi6XO0TF1i10 27.24+0.73a 5.07+0.13a 31.23+1.5a  6.53+0.1a  7.45+0.66a 85.05+1.23a
T1 18.79+1.57a 4.92+0.89ab 5.30+0.37a i0IAXIAFAOT 26.76+0.88a 5.10+0.05a 29.55+2.07a 6.40+0.14a 7.40+0.29a 85.15+0.53a
T10 19.67+1.55a 4.68£0.96b 4.97+0.39a iNTOXOTFATO 27.06+0.66a 5.21+0.16a 29.28+1.58a 6.43+0.17a 7.23+0.43a 85.55+1.02a
XLz42, CK 12.1442.74a 6.76+0.24a 5.93+0.15a {fi6GAXAAFTOf 28.15+0.54a 4.30+0.19a 28.83+1.06ab 7.10£0.1a  7.10+0a  85.570.15a
2016 El 12.20+1.09a  7.24t0.4a  6.03:0.08a 0TiXOOF181) 27.86+0.16a 4.31+0.19a 27.67+0.67b 7.03+0.21a 7.40+0.4a 85.00+0.85a
T1 12.50+0.61a 7.38t1.24a 5.87+0.28a [fi0OXOIFi0T 2813+0.11a 4.25+0.27a 29.40+1.4a  7.03+0.06a 7.43+0.32a 84.83+0.74a
T10 11.13+1.13a 7.05+1.48a 5.98+0.38a {010XO6TF110> 28.30+0.65a 4.57+0.24a 28.9+0.44ab  7.03+0.15a 7.07+0.15a 85.63+0.4a
XLz45, CK 11.44+4.3a 8.13+1.47a 6.35+0.33a fiAOXO08Fidi 29.85+0.38a 3.92+t0.2a  30.77+0.45a 7.53+0.21la 6.83+0.06a 86.2+0.89a
2016 El 14.03t1.6a 7.82¢2.25a 5.98:0.14a (008XO6TFi6i 2058+057a 3.91+0.23a 30.57+1.33a 7.53+0.15a 7+0.26a  85.47+0.67a
T1 14.22+0.53a 6.43+0.49a 6.13+0.47a 016X 0TF110) 30.04+0.67a 3.76+0.44a 31.33t1.2a  7.7t0a 6.83+0.15a 86.17+0.55a
T10 11.42+3.26a 7.45x1.32a 6.21+0.4la {01TXB806F110> 29.61+0.06a 3.99+0.15a 31%0.3a 7.5+0.1a  7.27+0.32a 84.6:1.04a
XLz42,  CK IOXTIFIXiT OXOTFiX:i dXO06FIX TIidXiTFTIIX( 27.84+0.63a 4.42¢+0.28a 29.53t1.21a 6.8+0.1a  7.03+0.49a 86.13+1.25a
2017 El i6X60FIX6i 6XAiIFiXI AXIOFIX] TTA6XT6FT80 27.43:0.15a 4.36+0.14a 28.57+0.32a 6.77+0.06a 7.37+0.15a 85.1+0.26a
T1 (TX68FiXi0 O0XBFIX6 8XO00FIX TIROX0O6FTTX 2853+0.37a 4.41+0.3a  30.27+0.85a 6.9+0a 7.3:0.3a  85.03+0.76a
T10 i6XO0OFiIXd OXiOFIXI dXO0iFiX| (006X08Fifii 2653+0.64a 4.39:+0.1a 28.8+1.25a  6.73t0.12a 7.67+0.91a 84.8+1.25a
XLz45, CK iAXOAFIX0¢ 6XATFIXI AXTOFIXi TI60XIAFi00 27.47+1.01a 4.27+0.07a 29.57+0.7a 6.83+0.15a 7.73+1.07a 84.8+1.9a
2017 El (3X0TFIX08 6XATFIX( AXITFIXT T181XA3Fi86 27.2¢1.11a 4.41:0.3a 28.8t2.77a  6.7+¢0.la  7.57+0.65a 84.9+1.08a
T1 IAXTTFIX0T OXOTFIX: dX60FIX TiTOXOFTOIX( 27.39+0.35a 4.45:0.25a 29.33+0.95a 6.77t0.15a 7.8#0.7a  84.33t1.17a
T10 ifOXO0TFIXiAn O6XOiFiIXI AXIOFIXT TINdXO6O6FidN 2909+0.53a 4.52+0.06a 31.93+0.83a  6.97+0.06a 7+0.la 85.63+0.25a
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925 Note: Values are means SD (n= 3). Within a column, values with different lowercasedes are significantly different at tlie< 0.05 level
926 according to LSD among treatment groups in the same \iffargdt capital letters indicate significant diffecenat theP < 0.01 level according
927 to LSD among treatment groups in the same year.

928 UHML, upper-half mean length.

929  Mic, micronaire reading.

930 Str, specific breaking strength.

931 Elg, elongation percentage.

932  SFl, short fiber index.

933  UI, uniformity index.
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Appendix A. Supplementary data

Table A.1F-value of MANOVA ofthe gas exchange parameters in 2016 and 2017

2016 2017
Sources Pn Cond Ci Ls Pn Cond Ci Ls
Modified model 200.088** 141.542** 65.057* 8.101* 11.91* 3.576** 2.194** 3.777*
Intercept 110894.332**  26178.777** 181542.677* 3611.083* 7460.875** 2206.061** 10563.354** 2718.328**
Days after flowering (A)  1759.517* 1230.597** 354.425** 45.153** 4.494** 5.304** 11.739** 24.512*
Film-removal time (B) 22.503** 24.025** 24.451* 0.26 12.868** 0.95 0.761 0.634
Cotton variety (C) 38.012* 59.156** 0.008 1.034 78.695** 11.925* 1.224 1.148
AxB 13.784** 20.541* 42.342** 3.163* 0.983 1.855 1.674 2.079
AxC 21.959* 22.677* 27.417* 6.017* 6.467* 3.283* 0.797 1.077
BxC 19.509** 17.749** 29.748** 3.751* 0.574 0.657 1.196 1.015
AxBxC 6.281* 4.209** 21.843* 2.989** 2.038* 0.697 1.165 1.16

Note: * The significance level of the mean difference was 0¢0bhe significance level of the mean difference was 0.01.

Pn, photosynthetic rate
Cond, conductance to #D.
Ci, intercellular CQ concentration

Ls, The stoma limit value.
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Table A.2 F-value of MANOVA ofthe chlorophyll fluorescence parameters in 2016

Sources Fv/iFm Y(I1) gL NPQ Y(NPQ) Y(NO) ETRmax Ik .

Modified model 1.935* 3.131** 2.375* 2.177* 3.737* 1.501 2.693* 2.793* 1.207
Intercept 66213.281** 2533.088** 627.964** 3496.608** 7913.723** 5416.21** 543.184** 565.14** 9507.458**
Days after flowering (A) 7.562** 1.936 2.4 2.048 1.937 2.917* 4. 47+ 4.597** 1.942
Film-removal time (B) 0.065 9.894** 5.9** 0.923 6.54** 2.688 4.82** 5.967* 1.477
Cotton variety (C) 1.148 0.014 0.108 0.997 0.787 0.75 0.218 1.221 3.485

AxB 1541 5.19* 3.063** 3.09** 7.28** 0.686 3.016* 2.578* 1.128

AxC 0.266 1.779 1.963 1.287 1.745 1.259 0.242 0.342 2.207

BxC 1.806 0.946 0.577 3.807* 3.77* 1.697 2.842* 4.002* 0.509
AxBxC 1.417 1.014 1.244 1.819 1.238 1.674 1.162 1.108 0.211

Note: * The significance level of the mean difference was 0¢0bhe significance level of the mean difference was 0.01.
Fv/Fm, the maximum photochemical quantum yield of photoreactiotesyH (PS-II).

Y(Il), the actual photochemical quantum yieldP&I.

gL, the coefficient of photochemical fluorescence quenching.

NPQ, the Stern-Volmer type non-photochemical fluorescenceahieg.

Y(NPQ), the quantum yield of light QGXFHG L H 0 S +depeéndent HDri-phRtd¢ikem@al fluorescence quenching.
Y(NO), the quantum yield of non-light-induced non-photochemicalréscence quenching.

ETRmax, the maximum electron transfer rate.

Ik, the minimum saturating irradiance (corresponding to plaetaate of intense light)

., an initial slope of the fast light curve (conveying #fficiency of light energy utilization).
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Table A.3F-value of MANOVA ofthe chlorophyll fluorescence
parameters in 2017

Y(NP ETRm
Sources Fv/Fm  Y(l)  qL NPQ YNO) Ik

Q)

Modified
model

Intercept

Days after
flowering (A)
Film-removal
time (B)

Cotton variety

(€)
AxB

AxC
BxC

AxBxC

Note: * The significance level of the mean difference was 0*@bhe significance level of
the mean difference was 0.01.

Fv/Fm, the maximum photochemical quantum yield of photoreactiotesyH (PS-II).

Y(ll), the actual photochemical quantum yieldP&l.

gL, the coefficient of photochemical fluorescence quenching.

NPQ, the Stern-Volmer type non-photochemical fluorescencaairg.

Y(NPQ), the quantum vyield of light QGXFHG L H 0S+ -dege@entHD[DQW
non-photochemical fluorescence quenching.

Y(NO), the quantum yield of non-light-induced non-photochemicalréscence quenching.
ETRmax, the maximum electron transfer rate.

Ik, the minimum saturating irradiance (corresponding to plaetaate of intense light)

., an initial slope of the fast light curve (conveying #fficiency of light energy utilization)
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)L 6RLO YROXPH PRLVWXUH FROQMMWRHOQWONDHULDWLR®@ RIGE
DIWHU HPHUJHQFH LQ LQ YDULRXV WIRHDHVWKE® W LUU/RN
LUULIDWLRQ 7TUHNSHPYG&YHGD\ EHIRUH WKH VHFRQG LUU
VHHGOLQJ HPHUJHQFH ZLWK RQH FRWOQNMQUR ® PHURWXS RRWWM

SODQW JURZWK VWDJHV &.
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)L *DV H[FKDQJH SDUDPHWHUV RI FRWWRW @D U HHW DKW
GD\V VLQFH IORZHULQJ LQ YDULRXV WEHHR WH HQK\H JU B X
LUULJDWLRQ 7UHNSHB@W&YHOGD\ EHIRUH WKH VHFRQG LUU
VHHGOLQJJF HBXULQQ + 7KH FRQWURO JURXS &. KL
WKURXJKRXW WKH JURZWK VWDJHV DWRBQ D@3 PHDQV
SKRWRV\QWKHWLF UDWH 2&RRQG LORGIEXFHODEPID WR2+ FRC

IV VWRPD OLPLW YDOXH
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)LJ OD[LPXP SKRWRFKHPLFDO 3BXDQWXHP DOGGDRWXDO
SKRWRFKHPLFDO TXDQWXP \RHEBVWVRWRBE® YDULHWLHV ;/=

DW GLIITHUHQW GD\V VLQFH IORZHULIQGLQ GDU\W XV RUUBHWD
ILUVW LUULJDWIR@ UDPDOYSHF®LRYHEHBIRUH WKH VHFRQG LUL
VHHGOLQJ HPHUJHQFH GXULQJ * TR FRIQWUR O JL

WKURXJIKRXW WKH JURZWK VWDJHMWWLDRQ@VQPUH PHDQV “ V
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)LJ &RHIILFLHQW Rl SKRWRFKHPLFDO IQiRDBVFHQFH
LQWHUFRIQ,HMWMGIQQDH T-/9ROPIBU 6 WISHR WREKHPLFD O
IOXRUHVFHQFH TXHQFKLQJ 134 RI FRWWRWY GDIUHHWQWYV
GD\V VLQFH IORZHULQJ LQ YDULRXV WAHHR WH HQK\H JU R X ¥
LUULJDWLRQ UHVSHFWLYHO\ 7 7G LDQGJDWDRE&H (R UBIIV
VHHGOLQJ HPHUJHQFH GXULQJ + 7 K FRIQVWQUR O J L

WKURXJIKRXW WKH JURZWK VWDJHMWWLDRQ@VQPUH PHDQV “ V
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)LJ 4XDQWXP \LHQGGRF & JKWL34-OlDE® QRGXFHG < 12
QRYKRWRFKHPLFDO IOXRUHVFHQFH TXHQF&GQJ=RI FRWWF
DW GLIIHUHQW GD\V VLQFH IORZHULMQGLQ BDU\ FEXM RV BIHW
ILUVW LUULJDWLRQ UHVSHFWLWHOHFRQG LWDUILG D WSLIRQE H
VHHGOLQJ HPHUJHQFH GXULQJ - 7 P FRIQVMPUR O J L

WKURXJIKRXW WKH JURZWK VWDJHMWWKDRQ@VQPUH PHDQV “ V
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)L $EVRUEHG OLJKW GLVVLSDWLRQ RQGNZR FRDMWWRQ Y
GLITHUHQW GD\V VLQFH IORZHULQJDQ@XG Y D WLR X VEW WRHIHWVK
ILUVW LUULJDWLRQ UHVSHFWLWHHWHFRQ®G LWWLQIGEDWILREHI
VHHGOLQJ HPHUJHQFH GXULQJ + TR FRIQWUR O JL
WKURXJKRXW WKH JURZWK VWDXW HQIRINWEBRWWRY LIDCE WRA
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DQWHQQD SLJPHQW 3 DFWXDO SKXR6WRFKISRURDLAR @ XDIQV
DEVRUSWLRQ OLJKW HQHUJ\ ZKLFK & BQ®REW VEQIHI ADIHD

ORVW WKURXJK WKH DQWHQQD SLIPHQW
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)L 5DSLG OLJKW FXUYHV RI WZR FRWWR QLYIHWIHQWL H V
GD\V VLQFH IORZHULQJ LQ YDULRXV WEHHR WH H/QRA\H JIU B X ¥
LUULIDWLRQ 7TUHNSHPQYG&YHGD\ EHIRUH WKH VHFRQG LUU
VHHGOLQJ HPHUJHQFH GXULQJ + TR FRIQWWUR O JL
WKURXJKRXW WKH JURZWK VWDJHMWWLBDRQVQPUH PHDQV * V
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)LJ /IHDI DUHD LQGH[ /$, YDULDWLR®@ RDWEZR/ERWWRQ °
LQ YDULRXV WUHDWPHQW JURXSNUULD@G®/ LRQUWHEIS HRRWAHL
7 DQG GD\ EHIRUH WKH VHFRE@G AIUQILHPMURGQGQEH DGV

+ 7TKH FRQWURO JURXS &. KDG ILORPNRX\OWRIBY WK

%DUV DUH PHDQV “ VWDQGDUG GHYLDWLRQ Q
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)LJ ‘'U\ PDWWHU DFFXPXODWLRQ RI WZR/FFRWMWRQ YDUL
YDULRXV WUHDWPHQW JURXSV DWEGR Q GDNW/EHHARWUMHW K
7 DQG GD\ EHIRUH WKH VHFRE@G QAIUQILHPMURGQG QFEH DGV

+ 7TKH FRQWURO JURXS &. KDG ILOPNRXWOWRIBQY WK

%DUV DUH PHDQV “ VWDQGDUG GHYLDWLRQ Q
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