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Effect of nitrogen management on lint yield and nitrogen utilization
of field-seeded cotton after barley harvest
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Abstract The traditional cotton transplanting technique was adopted as an intercropped planting system to improve
comprehensive harvest gains in limited acreage fields. However, this method was not suitable for current cotton production
because of self-evident production barriers such as intensive labor requirement and overuse of nitrogen fertilizers. The new
cotton planting system (field-seeding after barley harvest) without transplanting is more economical in terms of labor input,
and therefore more convenient for mechanized cotton production. It is the now prospective direction of cotton production in
Yangtze River Valley. To optimize the cultivation strategy of this new cotton cultivation system, the adoption of short-season
cotton varieties and simplification of nitrogen application are the key techniques under consideration for the effect of the
shortened growth duration of cotton after barley harvest. The objective of the study was to explore the effect of different
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nitrogen management schemes on yield, biomass and nitrogen use efficiency of short-season cotton variety (cv. CCRI 50)
sowed after barley harvest, and to recommend the appropriate nitrogen management scheme under the cultivation system. A
field experiment was conducted in 2013 and 2014 at the experimental station of Jiangsu Academy of Agricultural Sciences in
Nanjing, Jiangsu Province, China. A split-plot design with three replicates was adopted where the main plot factor was
nitrogen application rate and the sub-plot factor was application frequency. There were 5 levels of nitrogen application rate
[0 kg(N)-hm ™2, 75 kg(N)-hm ™2, 150 kg(N)-hm, 225 kg(N)-hm > and 300 kg(N)-hm™] and 2 levels of application frequency
(1 or 2 times). Biomass and yields, nitrogen use efficiency of cotton were investigated. The results showed that cotton lint
yield significantly increased following an increase in nitrogen rate from 0 to 150 kg(N)-hm™. The cotton lint yield in 2 times
fertilizer application treatment was higher than that of one time fertilizer application. The interactive effect of nitrogen rate and
application frequency showed that the cotton lint yield was highest under 150 kg (N)-hm™ nitrogen rate and 2 times application
of fertilizer condition. Biomass and nitrogen accumulation also increased with increasing nitrogen rate and application
frequency, while reproductive organ distribution ratio decreased. When nitrogen rate exceeded 75 kg(N)-hm™, apparent
nitrogen recovery efficiency (ANRE), agronomic nitrogen efficiency (ANE) and nitrogen production efficiency (NPE) decreased
with increasing nitrogen application rate. ANRE and ANE in the 2 times application treatment were higher than those in the
one time nitrogen application treatment, but NPE showed the opposite trend. The interactive effects of nitrogen rate and
application frequency showed that under 75-150 kg(N)-hm™ nitrogen application condition, ANRE and ANE with 2 times
nitrogen application, while NPE with one time application were higher than others treatments. Correlation analysis showed
that lint yields and biomass significantly correlated with nitrogen accumulation, but did not correlate with nitrogen distribution
coefficient. Nitrogen utilization rate did not correlate with cotton lint yield. As a result, the optimum nitrogen management was
150 kg(N)-hm ™ with 2 times application for cotton under field-seeding after barley harvest.

Keywords Field-seeded cotton after barley harvest; Nitrogen management; Nitrogen application frequency; Lint yield;

Biomass accumulation; Nitrogen use efficiency
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Table 1 Effect of nitrogen management on lint yield and yield components of cotton under field-seeding after barley harvest
in 2013 and 2014

2013 2014
Nitrogen ay;ggifgn Bolls number . . L Bolls number . . P

rate frequency  per hectare Boll weight Lint po)ercent Lint ylfilzd per hectare Boll weight  Lint gercent Lint ylfilzd

(10*hm?) (2 (%) (kg'hm™) (10%hm™?) (2) (%) (kg'hm™)
No 56.3t1.4f  4.6+0.2bcd 41.5+0.2ab 1 070.9+31.6g 41.6x1.5f 4.6+0.1c 41.7+0.8a 799.3+43.1¢g
N, T, 76.5+5.3¢ 4.3+0.2¢ 41.7+0.2a 1381.6+137.2f 61.0+1.5¢ 4.5+0.2¢ 42.0+0.3a 1156.4+81.3f

T, 99.242.0c 4.5+0.1de 41.5+0.3ab  1837.9+£7.1d 64.4+0.8d 5.0+0.1b 41.7+0.2a 1 344.8+20.2¢

N, T, 87.9+2.6d  4.5+0.1cd 41.4£0.3ab  1639.9+£79.7¢ 65.0+1.2¢cd 5.1+0.2b 41.7+0.2a 1 370.1+65.8de

T, 110.2+1.2a  4.7+0.1ab  40.9£0.3bcd 2 130.4+54.2a 74.4+0.9a 5.3+0.0ab 41.3+0.3ab 1 614.0+33.8a
N3 T, 99.2+1.3c  4.8+0.1a 41.0+0.1bc 1 956.3+34.4c 67.4+1.7bc 5.1+0.1ab 41.2+0.4abc 1 428.0+82.9cd

T, 112.1+1.8a  4.6£0.2bcd 40.3+0.2d 2 063.3+98.5ab 72.6t1.1a 5.1£0.0b 40.4+0.1c 1 483.5+25.6bc
Ny T, 104.7£3.3b  4.7x0.1ab ~ 40.7+0.3cd 1 999.0+57.6bc 68.8+1.6b 5.4+0.2a 40.7+0.6bc 1 506.5+50.6b

T, 112.1+1.7a  4.7+0.labc  40.5£0.2cd 2 119.2+82.9a 72.2+1.5a 5.2+0.0ab 40.3£0.3¢ 1517.5£10.5b

Source of variation

N . o ok o o o o ok
T o s % o ok ns X ok
NxT o o ns o ok o ns *
No: 0 kg(N)'-hm™; N;: 75 kg(N)-hm™; Ny: 150 kg(N)-hm™; Nj: 225 kg(N)-hm™; Ny:
300 kg(N)-hm™ T ; Ta: 3 + , 0.05 ko Hx
0.05 0.01 ;ns (P>0.05) Nj: nitrogen rate of 0 kg(N)-hm™; N;: nitrogen rate of 75 kg(N)-hm™%; N;: nitrogen

rate of 150 kg(N)~hm’2; Nj;: nitrogen rate of 225 kg(N)-hm’z; N4: nitrogen rate of 300 kg(N)~hm’2. T): one nitrogen application; T,: two nitrogen
applications. Values are means + S.E. (n = 3). Different letters mean significant difference (P < 0.05) among different nitrogen rates and application times.
* and ** mean significant differences at 0.05 and 0.01 probability levels, respectively. ns means no significant difference (P > 0.05). The same below.
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Table 2 Effect of nitrogen management on biomass accumulation and biomass distribution ratio of reproductive organs of cotton
under field-seeding after barley harvest in 2013 and 2014

2013 2014
Nitrogen Nitrogen o i S R
rate @pplication (%) (%)
frequency  [nitial bloom Peak bolling Boll-opening Initial bloom Peak bolling Boll-opening
stage (kg'hm™) stage (kg'hm™) stage (kg-hm™) stage (kg'hm™)  stage (kg'hm™)  stage (kg-hm™?)
Ny 587.8£25.7e  2877.7+64.4g 42585+3.7g  66.5+2.1a 16352+62.3d 3 966.7£89.1e 4 434.4£100.2h 58.1%1.1a
N, T, 940.5+37.3d 3 855.3+61.2f 5405.4+142.9f 60.2+1.1b 2279.6+132.6b 5608.1+85.9d 5 688.6+140.1g 54.3+0.1b
T, 725.2+47.7d 4 677.7+63.1e 6 931.9+49.3e  61.8+0.0b 1981.9£70.0c  5680.1£277.8d 6299.3£59.3f  55.6+0.8b
N, T, 1 042.6+40.6b  5989.6+1.2d 6 810.4+75.8¢ 56.2+1.4c 2478.2+5.6ab 6 488.8+267.0c 6 731.3+109.8¢ 51.3+0.2¢
T, 1 032.8+0.4b 7 153.7+66.4b 8 455.2+19.6d  60.4+0.6b 2 296.5£46.7b 6 758.4+£224.6c 7 776.4£137.9d 54.2+0.8b
N; T, 1224.5+559a  6231.0+£30.2cd 8518.2+6.3d  55.4+0.4c 2 634.4+59.4a  6377.2+338.3c 8 124.5+41.1cd 48.1+1.2¢
T, 938.2+14.3c  7432.4+6.8a  9450.9+73.5¢c 55.8+0.6c 2476.9£57.8ab 7 470.4+100.2ab 8 732.6+373.9b  52.0+0.3¢c
Ny T, 1202.0+18.3a  6405.6+19.7c 9 668.4£63.9b 49.5+1.3d 2 607.9+40.6a 6 965.6+65.7bc 8 329.1+£169.7bc 47.0+0.9¢
T, 1 038.3+4.2b 7 494.0+17.5a 10431.3+88.0a 53.5+0.3c 2 412.7£106.6ab 7 925.4+216.6a 9 216.4+£223.8a 49.6+0.3d
Source of variation
N o *k *k ok o ok o *k
T ok *k *k *ok ok o ok *k
NxT * *k *k * ok * * *
BDRO: BDRO: biomass distribution ratio of reproductive organs. The same below.
2.3 2.4
3 ;
; 4
No~N»(2013 ) Ny~N,(2014
) ,
>
NARE NAE R
>
N4F, : 2013 NPE , NPE
N,T, N,T, 2014 N,T, NARE NAE — NPE
(NARE)
(NAE) ;
(NPE) N, , ’
3 g
, NARE NAE NT, 31
N,T,; 2013  NPE N,T, N,T, , 2014
NT,  NiT»
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Table 3  Effect of nitrogen management on nitrogen use efficiency of cotton under field-seeding after barley harvest in 2013 and 2014

2013 2014
Nitrogen a“}{;’fggn NAR NDRO Nitrogen use efficiency NAR NDRO Nitrogen use efficiency

rate gsquency (kg'hm™) (%) NARE NAE NPE (kg'hm™) (%) NARE NAE NPE
(%) (kgkg)  (kgkgh) (%) (kgkg')  (kgkg™h)

No 95.3+1.0h  61.1%1.3b 11.3+03b  92.6+3.8h  51.8+0.0b 8.6+0.4b
N, T, 120.2+2.8g 60.7+0.7b 33.1+2.4f 5.1+0.9c 12.2+0.5a 120.6+2.5g 51.6£0.3b 37.4+1.7de 4.8+0.5b  9.5+0.2a
T, 172.6£1.3e  65.7+0.1a 97.6+3.1a 10.1£0.5a 10.9+0.1bc 140.1£2.1f  53.5£0.5a 63.3+23a  7.3+0.7a  9.6%0.la
N, T, 144.8£2.1f  59.1+1.2bc 33.0£0.7f 3.8+0.4cd 11.4+0.6ab 152.7+3.0e  49.1£0.0c  40.1+0.5cd 3.8+0.5c  8.9+0.2b
T, 209.940.0c  64.0+0.6a 76.3+0.7b 7.1+0.2b 10.2+0.3c 183.9+1.6d 51.9+0.9b 60.9+3.6a 5.4+0.1b  8.7+0.1b

N; T, 188.8£0.2d  56.5+0.6cd 39.1+0.4e 4.0+0.1cd 10.8+0.1bc 191.5+0.4cd 46.9+0.6d 44.0+1.5¢c 2.8+0.3d  7.4+0.0c
T, 207.8£2.5¢ 55.9+0.4d 61.3t1.6c 4.6+02cd 9.1£0.4d 203.4+82b 49.3+02c 49.2+2.0b 3.0+0.1d  7.3£0.3c

N, T, 239.0£1.9b 46.4+12f 43.8+1.0d 3.2+02d  9.0£0.1d 196.9+1.8bc 452+0.7¢ 34.8+0.7¢ 2.4+0.1d  7.6%0.lc
T, 2493+1.8a 50.7+0.le 58.8+02c 3.5+0.2d  7.9+0.4e 219.8+5.1a  48.5+0.3c 42.4+0.4cd 2.4+0.1d  6.9+0.2d

Source of variation

N o o o o o o o o o o

T o o o o o o o o o o

NxT o o o o % o X o o o

NAR: ; NDRO: ; NARE: ; NAE: ; NPE: NAR:

nitrogen accumulation rate; NDRO: nitrogen distribution ratio of reproductive organs; NARE: nitrogen apparent recovery efficiency; NAE: nitrogen
agronomic efficiency; NPE: nitrogen production efficiency. The same below.
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Table 4 Correlations among nitrogen utilization, biomass and yield of cotton under field-seeding after barley harvest

NAR NDRO NARE NAE NPE

Biomass 0.986" -0.365 0.126 -0.421 -0.537"

BDRO -0.522" 0.899" 0.544" 0.793" 0.777"
Lint yield 0.823" 0.163 0.461 0.153 0.011

[13].
2

[14-16]
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(2014 ) ; , ,
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4~5 [2,17] , ,
50% 2~3 1A
(20] 75 kg(N)-hm ™ ,
[18]
0~
75 kg(N)-hm™ , , 75~150 kg(N)-hm™
151 3.3
, , (18.21] , 75 kg(Nyhm™> |

E
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