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Bk, KER, PHE, Fhit, Fh
CHBIA I KA T AL TR RFE Ly, B8 A 830052)

WE: [ B ] KOG B IE R T AT, SHAEERET . mRARESE R —EEm, 283
38 5 A 5 Rt FH A 20 /N AL SR /KA F XA A BT 1 B P s i), LA Sy 1 52 il DX 6 7K A i 2050 P i AL
wikE. [ ] G LA BBt 545 bk, RAZXE R, XY EHERE, 551k 2800
m’/hm* (AEFE4HHERE) . 3800 m’/hm® (3 BLBEME), BIX K 4 Mzl (N) KF, BP0 kg/hm® (NO). 150 kg/hm®
(N150). 300 kg/hm* (N300), 450 kg/hm* (N450), 2 TAHAERI AR | A5 505 BT R0 46 09 IE AR 2
[G5R ] F—%0A3 T, JEFE AN 2L T 1y T 55 2 3R S AR R 3R ) B Ao ) % 453 o Bof ) ) A L e Ak 3
PRI, TR SRR BRI R LR RER | TS AR S T RG] AR AT R
FEAR =t B b SIS 0 KU R AL B, (FOFP ARG =% . IR 2RI R BoK U 338 1 R A 2
] —WEWE R T, RHE AR, TP AR KB BRI IR 4 S 23 N450 > N300 >
N150>NO, TR SARMR LR ERR | RARERREE ., TY SRR m AR H o ] SR %
FEAR = SO BT . 7K A3 R 2 B0 N300 > N450 > N150 > NO, AFHpdg =5 . FIER A H AR K ZUE A H
FRFRPN N300 > N450 > N150, LT HEWE T 39 it S0 A9 % M3 R Bl 2 M0 o A 388 i 2 S 38 s T R 4
e, N300 A HAMERCR o B, SR A B L, RMERON B R T TS AR KR SRR
T 1.9%. 3.1%, TYRTIa G REE B A Be LU R AR B RIS T 24.0%. 5.1%, K. AFIFARERT 6.1%~
8.8%. 17.3%~17.9%, FHIHEP=RIBE T 6.1%~8.8%, LFYElSE | 5 RIS T 4.3%~20.1%, 5.7%~
7.3% I 2.2%~12.5%. FHEXHRAEA KRB WK TS, (458 ] FE/#EB T, i N 300 kg/hm’® #4EA]
EFER, TURSAEMEBRET, MAEMEMST MO RERRRE, K. ARHAREE, BTK
26.3%. MAAEHIRAE S 1 5 5 0 DA BT TR, AR 8 IR LT B0 . Mt Xl Bl K 1 38 552
%, ERIRERFHEF T, % 300 kg/hm? 7] A K o R 45 7 5 7 5 B (4 B4

XBIA: ML AEFOEIE; FUIE; KRR, RIBRIHR,; LF4E R

Compensation effects of nitrogen fertilizer on yield and quality of cotton
under insufficient irrigation

SHI Hong-liang, ZHANG Ju-song®, YAN Qing-qing, LI Chun-yan, LI Jian-wei
( Agriculture College, Xinjiang Agricultural University/Research Center of Cotton Engineering,
MOE, Urumgqi, Xinjiang 830052, China )

Abstract: [ Objectives ] Insufficient irrigation might cause adverse effect on cotton growth, yield and quality.
This paper studied the suitable nitrogen fertilizer rate to alleviate the adverse impact of insufficient irrigation.

[ Methods ] Using cotton cultivar of ‘Xin Lu Zhong No.54” as tested material, a split plot experiment was
conducted. The main factor was total irrigation amount of 2800 m’/hm’ (insufficient irrigation) and 3800 m*/hm’
(sufficient irrigation); the deputy area was nitrogen levels of 0, 150, 300 and 450 kg/hm’. The cotton growth and
lint quality were determined, and water use efficiency was calculated at harvest stage. [ Results ] Under the same
treatment levels of nitrogen, the maximum accumulation rate of dry matter and nitrogen and the inflexion point
in insufficient irrigation arrived earlier than those in conventional irrigation; the dry matter and nitrogen

Fs HHEA: 2017-03-20 HEZHHE: 2017-06-29
HE2E&WMB: HE ‘TR BHEHTREE M S T SO S5RiE” 98 (2014BAD11B02) #EH),
BRARN: AT B-mail: xjndshl@163.com;  * i@ {5/EH K E S E-mail: xjndzjs@163.com
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accumulation amount and the maximum accumulation rate, the allocation ratio of dry matter and nitrogen in
reproductive organ, the transfer efficiency of nitrogen to reproductive organ, the seed cotton yield and quality
were lower; but the seed cotton yield increase rate, the nitrogen agronomic use efficiency, the water and
nitrogen use efficiency were higher. Under both the irrigation treatments, with the increase of nitrogen fertilizer
rate, the maximum accumulation rate and the inflexion point of dry matter and nitrogen arrived the earliest in
N450, followed by N300, N150, NO in turn; the dry matter and maximum N accumulation amount and
accumulation rate, the maximum growth characteristic value, the allocation ratio of dry matter and nitrogen to
the reproductive organ, the transfer efficiency of nitrogen to reproductive organ, the seed cotton yield and
quality and water use efficiency were in order of N300 > N450 > N150 > NO; the seed cotton yield increase
rate, the nitrogen agronomic use efficiency and nitrogen use efficiency were in order of N300 > N450 > N150.
The compensation effect of N fertilizer showed the trend of firstly increase and then decrease with the increase
of the nitrogen rate under insufficient irrigation, the compensation effect of N300 treatment was the most
significant. Compared with sufficient irrigation treatment, the compensation effect mainly showed that the
maximum accumulation rates of dry matter and nitrogen were increased by 1.9% and 3.1%, the allocation ratio
of dry matter to the reproductive organ and the transfer efficiency of nitrogen to reproductive organ were raised
by 24.0% and 5.1%, water and nitrogen use efficiencies were enhanced by 6.1%-8.8% and 17.3%—17.9%, the
seed cotton yield increase rate was increased by 6.1%—8.8%, the fiber length, the fiber uniformity and fiber
strength were increased by 4.3%—20.1% and 5.7%—7.3% and 2.2%—12.5%, respectively. The effect of nitrogen
fertilizer on cotton growth was greater than that of water. [ Conclusions ] At N rate of 300 kg/hm’, there is no
significance difference in the cotton yield and fiber quality between the insufficient irrigation and sufficient
irrigation. With this N rate under insufficient irrigation condition, cotton plants can keep normal growth, the dry
matter and N accumulation are suitable, and their distribution rates are high, so the water and nitrogen use
efficiencies are high. Considering the water shortage in the south of Xinjiang, applying nitrogen of 300 kg/hm’
could compensate the adverse impact of insufficient irrigation and increase cotton fiber quality, water and nitrogen
use efficiency is the highest, and cotton fiber quality is increased, water and nitrogen use efficiency is the highest,
and water saving is 26.3%.

Key words: cotton; insufficient irrigation; nitrogen fertilizer; water use efficiency; nitrogen use efficiency;

fiber quality
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HATEWRHES BN DR, SEmsg =, 5 H
U SE R IY I il AU 2 FEAROK 4T e
Bagnt FOCATIRE . AT T AR . B
ARG . AR B E LTS B, 3 A T LA
MR LT A 5 ST, A0 U0 B AR A 0 R
2 S U0

REAXT AL E T, /NZES o IRFE 920
S0 R R UIK 4y 5 R T (0 EUIE RN A AT B A
%, HEIEMAE B B0 505 [ A I 5 R 2
FRJG R K220 7E A F IR T4 T 4 it A
JIES XA AL 7 5 T o5 1 M AR 3 A LR G o AR
WF SR AR 7053 HEWE T 14 it 2800 X i A6 7 1 B AR A
FHERR MR, LAY 7~ U X R A 7=t A M3k
Ry b XA A K I R R PR SR A BRI
1 #ES I
1.1 RIEXER

RIET 2015, 2016 41 4—10 A 3 7EHHAR b
Bheg B 2 A E Y B 9E i SE 90 e 64T, iz T
BBl v T B LA B Y — i, kbt s
39°31'~40°50", R4 79°45' ~81°5'Z |a], @RI
KEivET 20, JTFEY 183~227d, F¥HM
2750~3029 h, 44 = 10°C FUR 3802.9°C, L4
BIFE /K i 46.7 mm, ZA 75K+ 1890.7 mm, +
BRI B A, HHEF I 1.44 g/em®, &P
+ TS KR (0—60 cm) FHH 16.24%, HLE
2 4F - BESLRI AR L 1,
1.2 R

KRR BT, RO R, 50k
AL 740 HE % 2800 m/hm?® (24 H— AR FH -2 7K ) il
HRLREE 3800 m¥/hm® (R 48 123 A K HEMEZKF) 5 il
XM 4 4NJtA (N) ZKF, B0, 150, 300, 450 kg/hm?,

PRI NO, N150, N300, N450 . HHkARAE 5,
Tl g 254 b K T AR T R G T R R 54 5 SRITHLR
AR R, FTHERCE (66 + 10)em, JE[E{THE 60
cm, FEEE 11 cm, BLSHEECH 24.25 Tikk/hm?, /NX
[ 44.85 m?, HHE 3K, BEHEMEIFE 50 cm, L HLTH
UM 1159.2 m?,

FR AR AIF 52 A DA TSI 2 2R, 6 AE 38 A L )
2t 8 AR AL SRS G B K, AT
WIURTEBEXT AR AL R S e e AN B Y, X i IE
WA BRI FE, Sghar AFRas R, Mk
AT KT IEE B 70%, B 10 Kk & &
7 d HEWE— YO AR A AE KRB Ko™ mE I U S e
WO . Ht, AR ILEE 10k, A
(6 71 16—20 H) FFifidwE, —MEBEER 7d, &
U E R K R, A RSB TR RS, Xt
N A AR BRI R FE D, BEK TG, FERE 1K 1R
HEAT o i RAE R R R . FURCR T B A (P,O,
12%) FIAe WUk A AE (K,O 40%). FEAE . R Zjiti
S 20%, BURLIR G BERRES 200 kg/hm?, 4R HIFUR:
BIAE 100 kg/hm?, JBAE . 43R R (B8
80%), N5 2 s,

1.3 MEMBSH®

1.3.1 IR 2015—2016 AFE4&FIHTHE 10
SRR DT R B 0—20, 20—40, 40—60 cm + 2+
R, MGE R A HAA . SRR . RO
ML &

1.3.2 HtRH BT R R e/ GE THRIENE
Wi ORTEW . WIAEI . BRAEINT . SRS R 2 R
B, B A TR 6 BEARAE, Rt . 25, # .
BRI 4ESF AR 2 E 24 F, 105°C 47 30 min,
RJGT 80°C fHRM =, W H Ty keE, T+
HORRRREE S 2o, 3 0.5 mm 0, & M. RAFIK

F1 HIREAMIBUM R

Table 1 The basic physic-chemical properties of soil

G HEWE (em) 28 (gke) AL (g/ke) IRIFPER (mg/kg) AR (mg/kg) HLHT (mg/kg)

Year Soil depth Total N Organic matter Available N Available P Available K

2015 0—20 0.50 6.9 105.0 324 131
20—40 0.40 5.6 70.8 21.6 168
40—60 0.20 22 45.0 26 240

2016 0—20 0.62 8.0 326 24.8 111
20—40 0.44 3.0 232 6.0 126
40—60 0.34 2.0 13.8 1.8 152
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*2 JAEERERKENERE
Table 2 Irrigation and nitrogen amount in the listed irrigation cycle in the treatments

igE H 1 Date (d/m)
Treatment 104 12/4 16/6—20/6 23/6—27/6 30/6—4/7 T/7—11/7 14/7—18/7 21/7—25/7 28/7—1/8 4/3—8/8 11/8—15/8 18/8—22/8
/K Trrigation amount (m*/hm?)
TS 168 224 280 336 392 392 336 280 224 168
Insufficient
irrigation
TR 228 304 380 456 532 532 456 380 304 228
Sufficient
irrigation
Jiti &2 N amount (kg/hm?)

NO 0 0 0 0 0 0 0 0 0 0 0
N150 30 72 96 12 14.4 16.8 16.8 14.4 12 9.6 72
N300 60 14.4 19.2 24 28.8 33.6 33.6 28.8 24 19.2 14.4
N450 90 21.6 28.8 36 432 50.4 50.4 432 36 28.8 21.6

Fb 8 325 0 2 R AR AS R B A7 1) 4 R B 1o

BT RS AR R ENEKATS
Logistic fh2k, HIEABRIN v =Kk/[1 +e ], X
ey MRS T RS A B R k IR EKR
fB; t MHHRREG a. b NERERE BIX 7
PRk S8, A[19AHM Logistic MiZk 2k KARMEME: #EA
P KA 05t = (a—1.317)/b; SR P K
AR A t, = (a + 1.317)/b; I KAEKHEERV, =
—bk/4; KK AR BT E ¢, = —a/b; PLEEK
RS At=t,-t,; PREIGKIIRHIE(E GT = -bkAt/4,
JTYE SRR R R AR KRR 65% LU L.
1.3.3 Fod AR 2015—2016 4EFEMRAE 2R
IR Rl S VNP - I K G E SR AL d S i
R, M LEZETFBARAERES 100 25, WHAE, ¥R
SEMIARAC LT HERE iy, 2R 1R BT 3 AR B4 Be A 48 2T 4
R eI, R 3 IR,
1.3.4 HEAX KRR (kg/m’) = Kk i/ S
W ;

FIBAZA R (kg/kg) = (it UK 7= it — ANt 4
DX 7= ) it R 5

RIEFIH R (%) = (it 2 XA R SR A R - At
TR DK PR S T R )it A B < 1005

RRIZF (%) = (BRWIIEREEARHRRE -
- ZE SR AR R R R )RR B R R A R R R
= % 100,
14 GEitsath

% FH Excel 2013, SPSS 19.0 #4748 104, %W

General Linear Model-Univariate Proce-Dure #4774 [H
EHE4, R Duncan FrE W &k T2 E

2 R0

2.1 EFSEBRTEETEEIES EBTFYER
RSN

Ak 75 40 HE TR T 185 e VB AR A6 M b T R
S BRI S RO 3. BT iEM T TR R
1) o A K Bl et B ) L ADREE K 1
[] . 5 BROPR A G ) B PR 14 4 R 2 B () B
EWE 0 PR T 5d. 2d. 6d M 4d. dExs
TS5 H T I R A AU AL BT R B KR K
TR B E] L R PR I A R ] L 2 ARG
A U B[] R PR 1 K 4 82 [ Pl B ) 6 0 Ay
NO. NI150. N300, N450; 5z KA R R 5Pk K
W KAHIE(E (GT) ¥ 3L N300 > N450 > N150 >
NO. JEFEAHHEME T N150, N300, N450 4Zb# 145
FRE R NO A HE A RGN T 11.7%. 37.1%. 38.6%,
F R R R NO AP A3 542 5 T 6.9% . 30.4%.
28.7%, GTH NOZLHIENNT 12.4%., 44.6%. 42.1%;
WHLHEME N N150, N300, N450 kb2 14 i fl 2 i
AONO AL FRAF BN T 11.6% . 36.9%. 38.9%, K
TR NO AL FR A = T 8.1% . 29.8%. 18.7%,
GT % NO ALFHIEHN T 10.5%. 36.2%. 31.9%; HIE
FEoTHEME R N300 AbHA M0 A8 H ALHEE T N300
W AR R R R B K GT 40l =
T 0.4%. 1.9% & 18.8%.
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*3 FELEREN EEBFRIAR Logistic #HE K& HHFEE

Table 3 Coefficients of the logistic models for aboveground dry matter accumulation of cotton under different treatments

HEERE (m/hm?) RUKT b tl t At v, o ©
Trrigation N level (d [g/(plant-d)]
2800 NO 57d 44d e 29d 1.17b 3lc 0.9979 **
N150 67c 52¢ 83 cd 3lc 126 b 35 be 0.9985 **
N300 78 ab 61 ab 96 ab 36 b 1.68a 55a 0.9936 **
N450 79 ab 63a 97 ab 34b 1.64a 53a 0.9952 **
3800 NO 62 cd 45d 79 de 34b 1.20b 37 be 0.9971 **
N150 73b 57 be 91 be 34b 131b 41b 0.9978 **
N300 81a 64 a 100 ab 36b 1.71a 58a 0.9935 **
N450 82a 63a 103 a 40 a 1.48 ab 54a 0.9951 **

7 (Note ) : y=k/[1+e@®], y—H34ET-H) Hi L 2 The cotton dry matter accumulation; t—Hi £ H 1 J5 K%L The days after the emergence
of cotton (d); t—Hx KA K R H PR A] The days of the maximum accumulation rate occurred; t—iF AP K W [A] 453 4% The beginning time
of inflection point of rapid accumulation; t,—#%%5 HHLHE 1 K AR 7] 45 15 The end time of inflection point of rapid accumulation; At—RH 5457
HF 18] The continuous time of rapid growth; V,—# K4 K % The maximum growth rate; GT—HL# K HAA: K AFE({E The eigenvalue of rapid
growth; [F] 5 EHE 5 AS [ 7B 2 AL PEIA] 22 55 5.2 (P < 0.05) Values followed by different letters in a column mean significant differences among

treatments (P < 0.05); **—P < 0.01.

22 FRMSERTEEZENIEE TR EN
A

A 1 AT, R TR S R R E T 45 AR
Ab BB SRS ORVAE A8 B T B AR SR A3 L L )3
Bl A= B HERR QRS M RS N, IR E R AR
WM, MEBE M EAERZEL MK, F—4%
NEARBET, dE 780 WA HLHEWE N 25 ZUIE AL 3
Frar B AR A BRI PF R T 4.1% . 9.4%.
] —WEE T, Bl ZUEME R A, ERASE
TH AR B BRI, RIA N450 > N300 >
N150 > NO; AFA#AFE TY R R i 25T R R
o LI N N300 > N450 > N150 > N0, A58/ HE
55 H FUHEE T 5 2L N300 Ab B 8 77 A K S i ) A
FaER T, Him Rl 30.7% F131.8%, HAEFR
STVEIET N300 &b HAME A FE 2% 1 49 5t 43 B L 431
MR B H BT R N300 AEFIRE T 24.0%
4.
23 FRMSERTHEERENEEH ERRRR
REWF

A8 7550 HE TR T 18 i ZUIE X AR AL L B R R 103h
A BB HOLER S, AEmniE T A FZ R R
KA R B E] | R AP K A s ] | 4
RCTR S 448 K 1 o (1) B PRk 498 K AR S5 e ) A 0 T R
SRR T 4d. 3d. 5d & 2d. BRI
W T & AIE AL P A R R R R A K R

BF ] L A AP T A ] L 8 B bR A
1) % e 3ok 348 K R 22 ) [R] 34 R B N450 > N300 >
N150 > NO; 5 KR SRR 5P K A K RHE(E
(GT) HJFEFL 9 N300 > N450 > N150 > N0, AEFE/H
BEF N150, N300, N450 &b BEARAE e KR 2 i R g5
NO ZbH MBI T 15.2% . 27.3%. 26.9%, GT &
NO AbHEIN T 31.8% . 56.5%. 53.0%; & AR
N150. N300, N450 &b AL i AR R 4 NO &b
PEAFA4EE T 14.4% . 26.4%. 21.5%, GT % NO 4b
PN T 31.9%. 56.2%. 47.4%; HAEFE MM T
N300 AbH MR 385 HEE T N300 4b B iR R
FHUREM GT 4053 E T 3.1%. 0.4%.
24 FFEFRSEBRTERETEITBEM EHRERER
E57 /0

FH % 6 AT, AEFE 4/ E IS RLE I T 45 AU
REFRAEAN R A B AR 25 57 (P < 0.05)

AR HEME N 45 R AL BEAE T 1 = A (8
FAEKRNE) BREE CE. M) 54MEE &, 8
7o, L4k PREFTEH 53.9%~76.4%. 23.6%~
46.1%, HH B E A E AR I T 3.7%~
8.8%, (HTEAEFHAR B AR /BN T 11.2%~12.6%;
2 FEME T 7EE SR AR E Th AR SR R N450 >
N300 > N150 > NO, 7EAFHGE TAESBRIR N
NO > N150 > N300 > N450,

AL FEAMHEE T 45 FUE AL BRAE AL 1 2k 20 (4=
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HRFY) TR 2 5 40 BiC The accumulation and distribution of dry matter per plant (g)

HEWE S Irrigation 2800 m*/hm?
W 5973 H Vegetative organ

O %45 B Reproduction organ I I

NO [N150[N300[N450[ NO [N150/N300[N450[ NO [N150[N300|N450[ NO [N150[N300[N450] NO |N150[N300[N450] NO |N150|N300[N450!

LT BRI WAL AL R i ]
Squaring stage Full bud period Flowering period Full flower period Full boll period Opening boll period

FEWE & Trrigation 3800 m*/hm?

NO [N150[N300[N450f NO [N150[N300[N450f NO [N150[N300{N450| NO [N150{N300{N450{ NO [N150{N300{N450{ NO [N150{N300{N450

I RERE HIFEH] REAEH] AR i )
Squaring stage Full bud period Flowering period Full flower period Full boll period Opening boll period

1 FARIERE R TYREEFRESEERETHNEE

Fig. 1 Aboveground dry matter distribution in vegetative and reproductive organs of cotton under different treatments

x4 AELEMHZHREN ERTHRRREREAEFRESEERE FHOECELG)

Table 4 Aboveground dry matter accumulation amount and distribution ratio in vegetative and reproductive organs

of cotton at boll opening period under different treatments

/3 HL Distribution (%)

WM (m¥/hm?) AR U (g/plant)
Irrigation N level Accumulation EH BT Vegetative AR Reproduction
2800 NO 52.7e 754 a 24.6d
N150 59.7 c¢d 73.9 ab 26.1 cd
N300 83.8b 69.3 cd 30.7 ab
N450 85.9 ab 70.3 bed 29.8 abc
3800 NO 55.8 de 73.0 abc 27.0 bed
N150 63.1¢c 72.5 abc 27.5 bed
N300 88.5ab 68.2d 31.8a
N450 914a 70.6 bed 29.4 abc
F{H F value
IR Trrigation () 7.27 * 1.80 1.72
ZE N level (N) 127.85 ** 8.83 ** 8.89 **
M < AT N 0.13 0.44 0.47

H (Note) : [FIZVEHR G AR AR /R AL #7225 5 2% (P < 0.05) Values followed by different letters in a column mean significant
differences among treatments (P < 0.05). *—P <0.05; **—P <0.01.
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x5 FELEREN EBEARRR Logistic #RE R HHHEME

Table 5 Logistic models and coefficients for aboveground N accumulation of cotton under different treatments

HEERE (m/hm?) RUKT b tu t At v, o ©
Trrigation N level (d [g/(plant-d)]
2800 NO 45¢ 34¢ 59 ¢ 25¢ 2.64d 6lg 0.9760 *
N150 50 de 35¢ 66 be 31d 3.11c 89e 0.9692 *
N300 59 be 40 be 8la 20 3.63a 139b 0.9773 *
N450 61 ab 43 ab 80a 37¢ 3.6la 129 ¢ 0.9721 *
3800 NO 48 de 36¢ 62 be 26 ¢ 276 d 67 f 0.9822 *
N150 53cd 37 be 70b 33d 3.22be 98.d 0.9776 *
N300 64 ab 43 ab 87a 43a 375a 153 a 0.9818 *
N450 67a 49a 87a 38 be 3.51ab 127 ¢ 0.9685 *

7 (Note ) : y=k/[1+e@®], y—Hi £ E FLE & The cotton nitrogen accumulation; t—HiA£ H 1 J5 AU KX The days after the emergence of
cotton(d); t,—Zl i KFL B R H BLIA] The days of the maximum nitrogen accumulation rate occurred; t,—iF A PR F Z AT [A] 45 15 The

beginning time of inflection point of rapid accumulation; t,—%%

TR R E WA A4 25 The end time of inflection point of rapid accumulation;

At—F T R 522 K AL The continued days of rapid nitrogen accumulation; V,—%& fix KFLE# * The maximum accumulation rate of nitrogen;
GT— P 1) A K AFAE(E The rapid growth eigen value; [R5 R 5 AS [ F-HE /R A BEA] 22 57 .3 (P < 0.05) Values followed by different
letters in a column mean significant differences among treatments (P < 0.05); *—P < 0.05.

BN ) BIRAE . EEEE PR R S =t
R R H 32.0%~42.5% . 57.5%~68.0% M
33.4%~62.5%, BHHBEBE IR E AR 0Bl
BT 6.9%~7.3%, HAELEMSEPRR SR T
3.5%~5.9%; BAWIZEMHA R T 5.8%, HE
WIZEM R RN T 0.3%; 2 P FAEE BT
A ZE IR N450 > N300 > N150 > NO, 4=
B E AR BRI NO > N150 > N300 >
N450, {HEFHE ZHAREBRFRI N N300 >
N450>N150 > NO.,

it W, 2 BT NO. N150 4bFRARAE A=l
WEAZMEILAIR, HERAZHERR/N, TY
PR BB/ (R 4), KA RS N300, N450 4k
HAFEREES R 7)), WHINO. N150 ZHAFAER
[ RE A2 5 AR 70 E IR A RV I T N300 Ab 2
B E I LN 2 0.4%, (H A AR5 A B Ak
RN A I R, RERBERIEE T 5.1%.
25 FERDERTERTEHHBESERK, &
FIRAERF

B 7 RIAL, 2015 4F-FEE X RTAR 7= 2 10 52 i A
IREN R, 2016 AFXDRFAR I A5 Ik 5] b
EVEZES (P<0.05); 2 2 AEXTANEA 20952 0
KB RFEVERE S (P <0.05); HEZE 2 AFXK AR
5 RNEAFF R AR Ik B B 3 25 5% (P < 0.05).
RNCAE L 2 AEXFFAR = 5 . KR . BBk

= ) FH 2 K R ) 22 0 5% e 3 58 B AR 2 2 R
(P <0.05), #EME-SANCH)2E B AE e SE 2 %A
HE A 2 I F 6 100 5% i 8 31 PR 22 5 (P < 0.05);
2016 4EXF K 3 A RS2 s B 3% 2 7 (P <
0.05), XfANMEFHFELE B EHEZER (P <0.05),
2015 12016 4FHE 7050 M 5 8 R IR~ N300 Al
N450 ZbHR[A]ZESE 2 AR NEL AT 2R 5 ZE A%
FEAE S, (HX IS0 HE 5 N150 b3 H] B A
NEA 7 R RIS FR R AR AE B2 S & SE
2 AEATAR 5 K 4 R R 3 R B N300 > N450 >
N150 > NO, AMHFHELERM K N300 > N450 >
N150, AEFE4-HEME T Lk 2 4F N150, N300, N450
AL FROFF AR = B8 NO B35 T 13.5%~15.0%
28.5%~39.7%. 25.2%~36.7%, K| R
NO AR T 13.5%~15.0% . 28.5%~39.9%.
25.2%~36.7%. ‘W AUEME T ZELE 2 4F N150, N300,
N450 &b HAFAR ™ 548 NO A B4 334 i T 10.9%~
12.7%., 26.0%~37.5%. 23.1%~33.2%, KOF|FR
AENOAAFIRE T 10.7%~12.7% . 26.0%~37.5%,
23.1%~33.2%, 2015~2016 4F3F 7570 -5 FLE
WE T 39 it U5 DL N300 AbFRER iR e ok, HAEFS
S HEE T N300 Ab BRAMZASN 48 H MR E T N300 4k
BEAFARIG =28 L KA R . AL 2R KA
JEF R B T 6.1%~8.8% ., 6.1%~8.8%,
4.3%~8.2% M 17.3%~18.0%.
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Table 6 Aboveground nitrogen accumulation and distribution in different organs of cotton under different treatments

e i 2% Stem - Leaf # Bud 45 Shell 214 Fiber LR
frigation " 0 NA NP TE NA NP TE NA NP NA NP NA Np  TowN
(m?/hm?) (kghm?) (6) (%) kghmd) %) (%) (kehmd) %) (ehm) (%) (ehm?) o)  kehm)

AR Full bud period

2800 NO  27.04h 23.63 53.17h 46.47 3421a 29.90 11441 g
NI150 28.19f 24.10 59.73 f 51.08 29.03¢ 24.82 116.93 f
N300 31.54d 26.60 62.73d 5291 2430 20.49 118.56 ¢
N450 34.16c 28.34 6337¢ 52.57 23.02f 19.09 120.53 ¢
3800 NO  27.64g 24.14 56.55g 49.40 3030b  26.46 11446 g
NI50 28.88e 24.28 62.10e 52.23 27.93d 23.49 118.89d
N300 3536b 28.63 6520b 52.81 2292f 18.56 123.46 b
N450 44.12a 33.12 70.57a 52.98 1853 g 13.90 133.19a

JEAE ] Full flower period

2800 NO  2395h 16.17 36.65h 24.75 42.19a 2848 4587a 30.60 148.09g
N150 27.21f 17.75 4820f 31.46 3770c 24.60 40.12¢ 2619 15320 f
N300 37.29d 20.63 72.85d 40.30 3293e¢ 1821 37.72d 2086  188.13b
N450 38.80c 20.62 83.05b 44.14 3046 f 1619 3586f 19.06  188.11b
3800 NO  26.78g 17.09 4291g 2739 41.10b 2623 4533b 2928  156.63¢
NI150 3120e 19.74 54.83¢ 34.70 3481d 2203 37.18e¢ 2353  157.99d
N300 44.09b 23.43 80.74¢ 42.92 2836g 1507 3494g 1857 192.22a
N450 50.47a 2625 86.47a 44.98 2424h 1261 31.07h 1616  180.76¢

AL Full boll period

2800 NO 20.26h 1398 1541 2635h 18.19 28.11 4547c 3139 52.78e 36.44 144.84 h
N150 23.65f 15.19 13.07 3581f 23.00 25.71 45.55¢ 2926 50.66g 32.55 155.65f
N300 33.64d 16.72 9.81 59.82d 29.74 17.89 50.56a 25.14 57.13b 28.40 201.11¢
N450 35.71c 17.90 797 70.19b 35.18 1549 42.8le 21.46 50.80f 25.46 199.47d
3800 NO 22.72g 1483 1518 31.26g 2042 27.16 4496d 2936 54.17d 3539 153.08 g
N150 26.67e¢ 1555 1451 42.18e 24.59 23.08 4729b 27.57 5539c 3229 17149 ¢
N300 39.96b 18.52 937 6695c¢ 31.03 17.08 5045a 2338 58.43a 27.08 21576 a
N450 47.19a 22.49 6.49 7542a 3594 12.79 40.10f 19.11 47.13h 22.46 209.81b

it 24 Opening boll period

2800 NO 19.09h 12.52 2031 2527h 1657 31.07 51.06h 3348 57.07h 37.43 152.45h
N150 2236f 13.59 17.81 26.28g 1597 4549 5320f 3234 62.68e 38.10 164.49 f
N300 31.42d 1557 1577 33.92d 16.81 5345 62.41b 3093 74.04b 36.69 201.75¢
N450 32.80c 1649 1547 40.94b 20.58 50.71 5640c 2836 68.74c 34.57 198.85d

3800 NO 2123g 13.05 20.74 2871f 17.65 33.11 5221g 32.11 60.48¢g 37.19 162.6 g
N150 25.06e 1423 1970 29.16e 16.56 46.83 55.03e 3125 66.85d 37.97 176.06 e
N300 36.65b 16.51 1686 34.64c 15.60 57.11 7045a 31.73 80.32a 36.17 222.03a
N450 4430a 21.02 1223 483la 2292 44.14 55.64d 2640 62.51f 29.66 210.73 b

# (Note) : NA—HZE R 4E Nitrogen accumulation amount; NP— g7 B 245 L ff] Percentage to the total; TE—#5F5R Transfer rate; [d]
B 5 A A R n AL B A] 22 5% .2 (P < 0.05) Values followed by different letters in a column mean significant differences among treatments
(P<0.05).
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Table 7 Seed cotton yield and efficiency of nitrogen and water use of cotton under different treatments
2015 2016
HEBE (m*/hm?) RAAubH
Trrigation N treatment WUE NAUE NUE Y WUE NAUE NUE
(kg/hm?) (kg/m?) (kg/kg) (%) (kg/hm?) (kg/m?) (kg/kg) (%)
2800 NO 41474 ¢ 1.48 ¢ 3808.4 d 1.36¢
N150 4796.1 b 1.71b 4.3 abc 17.2d 44792 ¢ 1.60 b 45b 17.1¢
N300 5797.5a 2.07a 55a 329a 63379a 226a 84a 374a
N450 55433 a 1.98 a 3.1bc 21.6¢ 6018.3 b 2.15a 49b 294 b
3800 NO 4321.1¢ 1.14d 4041.9d 1.06 ¢
N150 4847.5b 1.28d 3.5 abc 11.0e 4629.6 ¢ 1.22d 39b 13.5d
N300 5836.8 a 1.54¢ 5.1ab 27.1b 6464.2 a 1.70 b 8.1la 30.7b
N450 56183 a 148 ¢ 29¢ 214c¢ 6053.6 b 1.59b 45b 18.0¢
F {H F value
WEE Trrigation (I) 0.62 172.8** 33.22%* 10.76* 5.04* 252.3%* 43.48%* 70.77*
ZUIE N level (N) 645%* 42.63%* 565.9%* 776.8%* 1377%* 169.0%** 1382%* 1694%*
MM x ZIE 1N 0.08 1.47 3.65* 0.09 0.45 5.44%* 5.74% 308.7*

7 (Note) : Y—HF#iif=H Seed cotton yield; WUE—/K 43 Fl i Water use efficiency; NAUE—Z LA 2 F F*K Nitrogen agronomic use
efficiency; NUE—%UILFIF % Nitrogen use efficiency; [[51 5 f5 Al 7 BE /R AL BRI 22 5 il 2 (P < 0.05) Values followed by different letters
in a column mean significant differences among treatments (P < 0.05). *—P < 0.05; **—P < 0.01.

2.6 JEFE7E T AL IR TE A4 BRI 00

HH 3% 8 W, I AR 2016 AEXF R AL AT Gl
5T RE RS R B 3 25 R (P < 0.05), RNEEZE
DAERHRAELT A I | T YRI5 T R b 58 iR 38 1) 5
M4k EME B E 2 S (P <0.01), HEMSANEKEE
VR SR 2 AR XA AE LT AR | 2F 2 5% 55 13 T I 4
LU BE S M P R R B i E M 25 R . 2015—2016 4F
BT E IS E I R S AE A B AN
N300 Ff1 N450 &b H T & fabr iy LR HEME 2= R
(2016 45 MBEWE T AR 4E K EERRSM), HE 5 NO K
N150 b3 H] & FRbR R AAAE 1 P25 5 4% 2 4F
WRAELT eI | 27 2 8 57 1 R T 24 EL i B 38 e Ky
N300 > N450 > N150 > N0, AE 5o/ gL 2 4F
N150, N300, N450 4b BT 4k B 45 NO AbFH 43 51| 454
T 3.8%~5.4%. 82%~9.5%. 8.0%~9.2%; 4
HEFT R NO A FR A FIBE I T 2.3%~3.5% . 5.9%~
7.9%. 5.4%~7.5%; Wi Lo B NO b3 53 51 3
T 4.1%~4.4%. 7.3%~8.7%. 6.5%~7.7%. & H
R R 4L 2 4E N150, N300, N450 b2 4 K i
BENO AL FRATHIIEAN T 3.7%~4.2% . 7.6%~7.9%.
4.0%~7.6%; LR NO AL A T
2.4%~3.3%. 5.5%~7.5%. 4.4%~7.4%; Wi

FERNO AL PRGN T 3.9%~4.9% . 7.1%~
7.6%. 5.0%~6.1%, 2015~2016 4EIE 75/ HEME 5 5
FRTEE T 19t EAE S LA N300 4b BRI g BE ok, H.
JEFT A HEE T N300 Ab B RN 2 8500 55 H A0V T
N300 b BRLF 2K | £F 257 B S B2 Lok i 43 )
BT 43%~20.1%., 5.7%~7.3% K& 2.2%~12.5%,

3 e

TRy T BRANE SR A RIS 5 SRR
AR A AAF R R PR R, A
FLAERZ AR AR R ANAEAT, AR IR AR )0 37 70 B
WORIA R, E RS FEIRE e R, [ — &R KF
T, Ky i P AR R A R R R R AR
TIEWMOKAL BT . FRAFEEER BETER T, Kot
ZEAE T T RUIE XA A 0 o R AR R i A
AR R . ERFEEOIR R, KT
BRI, Wt —E B EILE, EY T Y B
AR R BRI 2. H TR0
34 it Z8NE BE 5 A2 22E (7] 4 49y 1) JE i B KL 1 o 1) B
iz, YRR T Y BORR B ST, S TR Y
PR R AR GRS R —2, F—R
FZKF, B T Y R AR AR
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Table 8 Fiber length, uniformity and strength of cotton under different treatments

Zé/ﬁﬁi P 2015 2016
Irrigation N level KIE mm)  BFE %) WEIRE (CNex) K (mm)  #5F (%) B LRE (CN/tex)
(m*/hm?) Length Uniformity Strength Length Uniformity Strength
2800 NO 26.02 ¢ 79.02 ¢ 24.02 ¢ 26.12d 80.53 ¢ 24.00 ¢
N150 27.05b 81.88b 25.04b 2761 ¢ 82.46 b 25.10 be
N300 28352 85.78 a 2590 a 28.86a 85.56a 2628 a
N450 2827a 85.38a 2570 a 28.80 ab 85.08a 26.00 ab
3800 NO 2637 ¢ 79.43 ¢ 2421¢ 26.57d 81.22¢ 2435 cd
N150 27.37b 82.18 b 25.19b 27.70 be 83.21b 25.61 ab
N300 28.62a 85.83a 26.06 a 28.80 ab 85.90 a 26352
N450 2853 a 85.74 a 2579 a 27.67 ¢ 84.95a 25.62 ab
F {H F value
T Trrigation (I) 0.44 3.24 0.43 10.92 * 7.25* 1.53
ZUIE N level (N) 21.06%* 94.62%* 18.96%* 142.95%* 888.06* 48.70%*
WM < A 1N 2.08 0.81 0.86 0.05 0.57 0.03

# (Note) : [RIFNVEIEG AR TR R FER 2257 B3 (P < 0.05) Values followed by different letters in a column mean significant

differences among treatments (P < 0.05). *—P < 0.05; **—P < 0.01.

3 L 5] K AR R R IR T8 WA B 5 2 AR
A RUIEALFL L N300 4b 32 9 A i T4 iR
H5REMEE, HmAmEaSE aim slis; JE
FEATETE T N300 b H AL T N300 Zb3 T4
F 5 AR R AR A3 SR & T 15.0% . 0.7%,
TR 5 AR R R R AMERON 53 4 5 T 0.9%
3.1%, TH5E R K LG E L AMERU 53 5
BET 2.5%. 5.1%.
FHRAECRE R, £ T R N XHh R
(A1 7= AR B 8 T A R, AR EY T
A IR AR K AT AR R R A S .
TN AR AFCIRFIE 2R, KOG P A M i MU 1Y)
PR RS I R R B R G ISR, T —
S B BRI AR 23 5 e 7 R MU 1 7 A L R R R
FORTE R, EKE IR A —EE T, BRRESEA
AU i O R AR RONE, AR ™ B [ B3k 215 7K
MHEE, rRFEREK. BARHE, EEHEPR
Ny, RGBT ) A/ N A R e T R
, HSACF R /IO A R TR e A
W=t m . AREECH BR, 6 EE A
X IK 4> O AFAERMERON , S P i e B — 22 B b
PERONE, MR B it 280 B 1 0 S 1 IS I
H & E RS EYK R, AR5 5 5 A 45

R, AEF T B U A MERCR RN
N300 > N450 > N150 > NO; JE /- T % A 4ab
PR FFAR = AT R B ;s AR e v T B it
RIEILL N300 AbFRAMERLN BN I, SRINFEAFAR
e R E R AR EOK . AR, &)
HRLHEME T N300 Ab FRAME RN 43 A48 & 1 6.1%~
8.8%. 4.3%~8.2%. 6.1%~8.8%. 17.3%~17.9%.

ARNB AT, KA K A E R
R FREFR; ARBLEREW, RIEXREA
KRB WMWK TR, JREEE AL H 41
KAPIROL R AF . BHEELR TR B A R A,
A A RE A REY FUK 27 B B R, XA fE
Fatb— 25T . KA it XA 4 5 i — e R I
S MARERB L[, AR IS E AT AR A 1 34,
P, 3E 7840 HEWE T 394 it ZUIE X AR AEAR 2R & B R AE
HISEIE A Rt — 2B 5T
4 g

Jiti % 300 kg/hm? T, HE 7870 % -5 5 B IR AH
e, A E2E S AR, (SRS T 6.1%~
8.8%, FFLIE KN ANE XA IR IR o N AME R £ |
P — o B L AMEE TR AR PR K 2 AN T 1) 52
Wi s T ) A B A B A C L B R T 24.0%, AFE
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W) E SR 50 R

24 4%

AR B RIEE T 5.1%, Ml ZAE A 24 F]
PR RNER 4 o AT/ T A AE AL
3 A AR T 5 ) AR T AR A BC LU RN R R B R R
EETTRBI . B, 7EmsE ARESZNT, L
A 7543 HEE T it & 300 kg/hm? IR AE B AT & B T4
FISARBERE, A E I LE RARERE
B, K. AR RES, 200 2.1%~2.3%.
32.9%~37.4%, HT7/K 26.3%.
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