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Effects of different nitrogen fertilizer levels on growth, yield, water and
nitrogen use efficiency of cotton under non-sufficient drip irrigation

SHI Hong-liang', ZHANG Ju-song', YAN Qing-qging', TIAN Li-wen?,
CUI Jian-ping®, LIN Tao?, GUO Ren-song®
(1. Xinjiang Agricultural University/ Research Center of Cotton Engineering, Urumqi, Xinjiang 830052, China;
2. Institute of Economic Crops , Xinjiang Academy of Agricultural Sciences , Urumqi, Xinjiang 830091, China)

Abstract: The optimal amount of nitrogen fertilizer oncotton was investigated under the condition of non-sufficient
drip irrigation to provide scientific basis for highly efficient use of water and fertilizer of cotton in arid regions. Xinluzhong
54 was used as test material in split plot experiment design, the total drip-irrigation amount of 2 800 m*+hm~2(non full
irrigation) and 3 800 m’ * hm~ 2 ( conventional drip irrigation) for the main plot, four nitrogen (N) level, NO (0 kg-*
hm=2), NI (150 kg*hm~2), N2 (300 kg-hm~2), N3 (450 kg-hm~?) for sub-plot. Results showed that with the same
irrigation amount, the growth process prolonged significantly with the increase in nitrogen fertilization. The plant height,
the number of main leaf and fruit spur increased with the increase in nitrogen fertilization. The fourth from top leaf width,
and effective fruit spur number first increased and then decreased with the increase in nitrogen fertilization. With the
same nitrogen fertilization, plant height increased, and the number of main leaf, the fourth from top leaf width, stem di-
ameter slightly decreased with the increase indrip irrigation. The number of bud and boll, the accumulation amount of dry
matter, time of duration and the maximum rate of accumulation of dry matter first increased and then decreased with the

increase in nitrogen fertilization, which was more significantin N2, and the growth characteristic value was more coordi-
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nated in N2. The difference in single boll weight and lint yield between the two irrigation quantity was not significant,
but single boll weight and lint yield first increased and then decreased with the increase in nitrogen fertilization. Those in
N2 wasthe highest, 39.9% , 20.1% and 4.3 % higher than NO, N1, N3 respectively in average yield. Compared with
N1 and N3, the water use efficiency increased by 40.97% , 19.02% and 4.88% respectively. The nitrogen utilization
efficiency increased by 53.91% and 21.36% respectively compared with N1 and N3. Therefore, in the Nanjiang Akesu

area, drip irrigation of 2 800 m*+hm~2, and 300 kg*hm ™ nitrogen fertilization was the optimal condition for cotton.

Keywords: cotton; nitrogen fertilizer; irrigation amount; growth characteristics; yield
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Table 1

Basic chemical properties of test soil

HJZHEE/em 2R/ (g kg™) AHLBL (g kg™") KRR/ (mg-kg™")  ARBE/ (mg-kg™") PR/ (mg-kg™")
Soil depth Total N Organic matter Hydrolytic N Available P Available K
0~20 0.5 6.9 105.0 32.4 131.0
20 ~ 40 0.4 5.6 70.8 21.6 168.0
40 ~ 60 0.2 2.2 45.0 2.6 240.0
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KB ETT, T X R SR, 50 ok
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Table 2 Drip irrigation scheme
R/ (m* hm™2) THERT Rl (M — d) Drip irrigation time
Irrigation amount 06 -20 06 -27 07 -04 07-11 07 -18 07 -25 08 - 01 08 - 08 08 -15 08 —22
2800 168 224 280 336 392 392 336 280 224 168
3800 228 304 380 456 532 532 456 380 304 228
®3 MEIEAER
Table 3  Fertilization scheme
b i R FEHE JifEIEAS ] (M - d) Fertilization time
Trez . Nitrogen rate  Base N fertilizer
reAments w2y /(kgehm2)  06-20 06-27 07-04 07-11 07-18 07-25 0801 08-08 08-15 08-22
NO 0 0 0 0 0 0 0 0 0 0 0 0
N1 150 30 7.2 9.6 12 14.4 16.8 16.8 14.4 12 9.6 7.2
N2 300 60 14 .4 19.2 24 28.8 33.6 33.6 28.8 24 19.2 14 .4
N3 450 90 21.6 28.8 36 43.2 50.4 50.4 43.2 36 28.8 21.6
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Table 4 The growth process of cotton under different treatments

T i/ (- hm™2) ANLALRE A WAL A BRI L% L]
Drip irrigation Nitrogen Full squaring Early flowering Full flowers Full bolls Opening bolls
amount fertilization rate stage stage stage stage stage
NO 06- 18 06 - 30 07-08 07-23 09 - 07
N1 06- 18 06 -30 07 -09 07-25 09-11
2800
N2 06- 18 07-01 07-10 07 -27 09-14
N3 06- 18 07 -02 07-12 07 -28 09-16
NO 06 - 18 06 -30 07 -09 07-24 09 -09
N1 06 - 18 07-01 07-10 07 -26 09-12
3800
N2 06-18 07 -01 07 -11 07 -28 09-16
N3 06-18 07-03 07-14 07 -31 09-19

K5 AEAVETHREEETH/

Table 5 The comparison of cotton growth stages under different treatments

T i/ (' - hm™?) RUNLAL R R ~ W1k WIFE ~ AL BRAE ~ MRS B ~ 2R A H W
Drip irrigation Nitrogen fertilization ~ Fullsquaring ~ Early flowering ~ Full flowers ~ Full bolls ~ Growth
amount rate early flowering full flowers full bolls opening bolls period
NO 13 9 16 47 140
N1 13 10 17 49 144
2800
N2 14 10 18 50 147
N3 15 11 17 51 149
NO 13 10 16 48 142
N1 14 11 17 49 146
3800
N2 14 11 18 51 149
N3 15 12 19 52 153

F6 ARLETHIERSHERILER

Table 6 The comparison of cotton agronomic traits under different treatments

TR/ (m’hm™?) SUEALH PR/ cm B A ZIPUIH:/em ZEH/em BRI BRI
Drip irrigation Nitrogen Plant Number Fall four Stem Number Effective fruit
amount fertilization rate height stem leaf leaf width diameter fruit branch branch number

NO 67.3 ¢ 13.2¢ 10.3 ¢ 0.8 ¢ 8.6 b 3.5b

N1 69.6 ¢ 14.2 b 12.5b 1.0b 9.6a 4.5 ab

2800

N2 77.5b 15.0 a 14.4 a 1.2a 10.2 a 52a

N3 80.4 a 15.2 a 14.3 a 1.2a 10.4 a 5.0a

NO 68.9 ¢ 12.6 ¢ 10.1 ¢ 0.8c 8.4¢ 3.6b

3800 N1 71.0 ¢ 13.8b 11.9b 0.9b 9.2 be 4.6 ab

N2 81.2 ab 15.0 a 14.1 a l.1a 10.2 ab 53a

N3 83.1a 15.1a 13.6 a 1.1ab 10.4 a 52a

TEARVNEFRRIRZETEK P<0.05 BEFKF, TR,

Note: different lowercase letters mean significant differences at P <0.05, the same below.
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Fig.1 The comparison of cotton LAl under different treatments
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Table 7 The logistic model of cotton dry matter accumulation and its characteristics
THHEE o
Drip irrigation E‘HEQIE s Lo t ty At Vo/(gtgtd™h) )
Nitrogen R R
amount O Equation /d /d /d /d /(goplant~'-d™1)
3 _2 fertilization rate
/(m’+hm~?)
NO y=64.52/(1 + 480700680 72 52 91 39 0.95 0.97"
2800 NI y =67.95/(1 + B:13-0:0200) 83 62 104 43 1.05 0.99"
N2 y =106.4/(1 + 4200570 87 64 110 46 1.52 0.97"
N3 y=96.23/(1 + #3008 85 62 108 45 1.40 0.97"
NO y =56.36/(1 + *71-0:0080)) 74 53 94 41 0.90 0.98"
500 NI y=72.04/(1 + e 70-0-0610) 77 56 99 43 1.10 0.98"
N2 y=103.4/(1 + 40000550 84 60 108 48 1.42 0.95"
N3 y =88.27/(1+ #7-0:090) 80 58 102 44 1.32 0.99"

TE: ¢ AMAEH ARG R REL(d) s y ARAETPIBTR R (g k') 5 00 T W BTBUR BRI 5 ¢, ¢, 43904 Logistic A 4 B R4~
Bt A AT Y BUHETR BRI 5 v, o T B K i

Note: ¢ represents days after the emergence of cotton; y represents dry matter accumulation(g*plant™"'); ¢, represents days when the maximum dry matter
accumulation rate occurred; ¢,, ¢, are the two inflexions of the logistic equations respectively; At represents the duration time taken by dry matter rapid accumula-

tion; V,, represents the maximum increase rate of dry matter.
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Fig.4  Dynamic changes of dry matter accumulation and distributionof cotton under different treatments
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ACNO Ab 3 PR BR S5 B B I N T 11, 83% ~
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Table 8 Effects of different treatments on the yield, water and nitrogen use efficiency of cotton

T A4 S LA LS - A -

Dri irrigjlion )Ell\‘litrkn R LﬂB?ll Bt i Yi lzi:? S ARITRIA AR
P Ims 108 Bolls per o Lint yield © crease WUE NUE
amount fertilization lant weight (kg hm2) rate /o /o

/(m*~hm=2) rate plan /g grhm /% ’ ¢

NO 3.80 c 5.15b 1363.1 ¢ 1.21¢

2800 N1 4.44 b 6.07 a 1908.6 b 26.76 1.66 b 17.24 ¢
N2 5.28a 6.18 a 2366.6 a 40.41 2.05a 37.41 a
N3 5.05a 6.15a 2257.9 a 39.63 1.95b 29.42 b
NO 3.9 ¢ 5.32b 1492.2 ¢ 0.96 ¢

3800 N1 4.48b 5.97 a 1885.5 b 20.68 1.22b 11.04 ¢
N2 5.35a 6.18 a 2380.7 a 36.30 1.52 a 27.17 a
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