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Effects of commercial organic fertilizer substituting chemical fertilizer partially
on soil nutrients, plant development, and yield in cotton
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Cheng-Song*
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Abstract: The objective of this study is to investigate the effects of commercial organic fertilizer replacing partial chemical
fertilizer on soil nutrients, plant development, and yield in cotton, and to assess the feasibility of achieving stable yield by
reducing chemical fertilizer, thus providing theoretical basis and technical support for scientific fertilization and soil nutri-
ent improvement in Yellow River Basin. A three-year field experiment from 2016 to 2018 was carried out using variety
K836 with five treatments including no fertilizer (NF), traditional chemical fertilizer (NPK), commercial organic fertilizer
(COF), traditional chemical fertilizer plus commercial organic fertilizer (NPK+COF), and traditional chemical fertilizer
reduction 30% plus commercial organic fertilizer (0.70NPK+COF) by a randomized blocks design at Linqing city of
Shandong province. Results showed that 0.70NPK+COF increased soil nutrients, dry matter accumulation, leaf SPAD value,
and LAI at different growth stages in cotton, and compared with NF, the yields were annually increased by 9.63%, 26.18%,
and 59.96% during three years. Compared with NPK, 0.70NPK+COF increased soil organic matter, but there was no sig-
nificant difference in alkaline hydrolysis nitrogen, available phosphorus, and potassium contents of soil, dry matter accu-
mulation, leaf SPAD value, LAI, yield and yield components between 0.70NPK+COF and NPK. Both 0.70NPK+COF and
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NPK had similar yield of 3976-4105 kg hm™ from 2016 to 2018; COF+NPK increased soil organic matter, LAL and leaf
SPAD value, but there was not significantly increase in yield and yield components compared with NPK and 0.70NPK+COF.
In conclusion, replacing partial chemical fertilizer with commercial organic fertilizer (0.70NPK+COF) was an economic,

environmental, and feasible fertilization method for increasing soil nutrients, promoting cotton growth, maintaining high

and stable yield.
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Table 1 Treatments and methods of fertilizer applications from 2016 to 2018

Treatment Amounts and methods of fertilizer applications
NF s No fertilizer.
NPK : (N 46%) 67.80 kg hm >+ (16-22-6) 442.50 kg hm >+ (K20 50%) 54.90 kg hm?;
332.55 kg hm >+ 162.00 kg hm™

Urea 67.80 kg hm™, compound fertilizer 442.50 kg hm™, and K,SO, 54.90 kg hm™ were applied as basal fertilizer; urea
332.55 kg hm ™, and K,SO, 162.00 kg hm™ were applied as topdressing when seeing first flower.

COF : ( 50%, N 2.0% P,051.5% K,0 2.5%) 1200.00 kg hm™
Commercial organic fertilizer (organic matter 50%, N 2.0%, P,Os 1.5%, K,O 2.5%) 1200 kg hm™ were applied as basal
fertilizer.
NPK+COF : (N 46%) 67.80 kg hm >+ (16-22-6) 442.50 kg hm >+ (K,0 50%) 54.90 kg hm ™+ (
50%, N 2.0% P,051.5% K0 2.5%) 1200.00 kg hm™; : 332.55 kg hm ™+ 162.00 kg hm™

Urea (N 46%) 67.80 kg hm™, compound fertilizer (16-22-6) 442.50 kg hm™, K,SO, (K20 50%) 54.90 kg hm™, and com-
mercial organic fertilizer (organic matter 50%, N 2.0%, P,Os 1.5%, K,0 2.5%) 1200 kg hm™ were applied as basal fertilizer;
urea 332.55 kg hm? and K,SO, 162.00 kg hm ™ were applied as topdressing when seeing first flower.

0.70NPK+COF : (N 46%) 47.46 kg hm >+ (16-22-6) 309.75 kg hm >+ (K,0 50%) 38.43 kg hm >+ (
50%, N 2.0% P,051.5% K,0 2.5%) 1200.00 kg hm™%; : 232.78 kg hm >+ 113.40 kg hm™
Urea (N 46%) 47.46 kg hm 2, compound fertilizer (16-22-6) 309.75 kg hm 2, K,SO4 (K20 50%) 38.43 kg hm™, and com-
mercial organic fertilizer (organic matter 50%, N 2.0%, P,0s 1.5%, K,0 2.5%) 1200 kg hm™ were applied as basal fertilizer;
urea 232.78 kg hm™ and K,SO, 113.40 kg hm™ were applied as topdressing when seeing first flower.

NF: s ; NPK: ; COF: ; NPK+COF: ; 0.70NPK+COF:
70%
NEF: no fertilizer, as control; NPK: traditional chemical fertilizer; COF: commercial organic fertilizer; NPK+COF: traditional chemical ferti-

lizer plus commercial organic fertilizer; 0.70NPK+COF: traditional chemical fertilizer reduction 30% plus commercial organic fertilizer.
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Table 2 Effects of commercial organic fertilizer replacing partial chemical fertilizer on 0-20 cm soil nutrient in cotton field from
2016 to 2018

Year Treatment Organic {rllatter A!kaline hydrolyislis Available phcfphorus Available po}?ssium
(gkg™) nitrogen (mg kg™ ') (mgkg™) (mg kg™)

2016 NF 11.14b 36.00b 24.71b 103.00 b
NPK 11.18 b 43.55a 28.61 a 120.11 a
COF 11.24a 4325a 28.36a 119.05 a
NPK+COF 1126 a 43.65a 28.64 a 12022 a
0.70NPK+COF 1123 a 4345 a 28.55a 120.00 a

2017 NF 11.05¢ 2571¢ 22.03 ¢ 8520 ¢
NPK 11.12b 4373 a 28.72a 12034 a
COF 1130 a 40.11b 2571b 100.25 b
NPK+COF 11.33a 43.82a 28.77 a 12232 a
0.70NPK+COF 11.26 ab 4370 a 28.57a 120.22 a

2018 NF 10.85¢ 2030 ¢ 20.11b 59.00 ¢
NPK 11.02 ab 4395a 28.77 a 122.01 a
COF 11.38a 38.07b 23.33b 93.75b
NPK+COF 11.40 a 44.08 a 2890 a 12325 a
0.70NPK+COF 1130 a 43.88a 28.57a 12022 a

1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters in the same column indicate significant

difference at the 0.05 probability level in the same year among the treatments.
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NPK  NPK+COF 571% 7.74% 8.42% 4.41%; COF 5.71%
0.70NPK+COF 0.70NPK+COF ~ NPK 7.10% 7.11%  4.41%; NPK+COF 8.57%
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222 T SRA AR AR I o & AR S # 14.71% 12.00% 13.97% 9.61%;

ol 2016—2018 (LAD) 0.70NPK+COF 11.76% 11.33% 13.70%
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Fig. 1 Effects of commercial organic fertilizer replacing partial chemical fertilizer on dry matter accumulation at different growth
stages in cotton from 2016 to 2018
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Treatments are the same as those given in Table 1. SS: squaring stage; EF: early florescence; PBP: peak boll period; BBO: beginning of boll
opening.
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Table 3 Effects of commercial organic fertilizer replacing partial chemical fertilizer on SPAD and leaf (the second leaf from the top)
P, in cotton from 2016 to 2018

SPAD value P, (umol CO, m™2s™")
Treatment 2016 2017 2018 2016 2017 2018
NF 51.8+13b 48.6x1.4 ¢ 438420 ¢ 27.1£14b 25713 ¢ 222411 ¢
NPK 553+22a 552+15a 55.5+1.8a 27712 a 28.1%13a 28.140.9 a
COF 547+1.1a 533+13b 53.0£1.6b 27.5¢15a 26.5£1.8b 257412 b
NPK+COF 56.0+1.8 a 56.2+1.4a 56.3+1.5a 2824144 283+1.5a 293+1.7a
0.70NPK+COF 552+13a 553+1.82 55.6+1.62a 27513 a 28.0+1.8a 282+14a
1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters in same column indicate significant differ-
ence among treatments at the 0.05 probability level.

F 4 2016-2018 FEMENILBER S 1L ALIT 1848 bbFn B 2% Y E2 1
Table 4 Effects of different fertilizer on seed cotton/stalk and earliness of cotton from 2016 to 2018

2016 2017 2018
Treatment
Seed cotton/stalk Earliness (%) Seed cotton/stalk Earliness (%) Seed cotton/stalk Earliness (%)
NF 0.66 b 94.5a 0.62 ¢ 954a 0.50 ¢ 958 a
NPK 0.70 a 929b 0.72a 939b 0.72a 91.9b
COF 0.70 a 92.0b 0.66b 93.7b 0.62b 90.1b
NPK+COF 0.68 b 89.4c 0.69 b 90.4 ¢ 0.66b 88.6¢c
0.70NPK+COF 0.71 a 92.8b 0.73 a 94.0 b 0.75a 91.5b
1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters in same column indicate significant differ-
ence among treatments at the 0.05 probability level.
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COF 1.72% 8.00% 4.60%, 0.70NPK+COF



12 : 2517

£S5 2016-2018 FREAMENBERT LB RBETR=EN=EMRE RN
Table 5 Effects of commercial organic fertilizer replacing partial chemical fertilizer on seed cotton yield and yield component from
2016 to 2018

Year Treatment See%k(;);:r(;?z})field ]?gglfdserril%izt)}/ Boll(\;/;:ight Lint pE:Or/oc)entage
2016 NF 3666.55+25.27b 65.6£5.1b 5.80£0.31b 38.60+1.50 b
NPK 4020.17422.25 a 67.8+43a 591£0.23 a 39.81+2.03 a
COF 4000.90+27.81 a 67.7+42 a 5.90+0.32 a 40.00+1.40 a
NPK+COF 4031.30+£36.57 a 68.1+3.6 a 5.99+0.42 a 40.02+1.12 a
0.70NPK+COF 4019.81+£29.82 a 67.8+4.4 a 5.90+0.30 a 40.00+1.50 a
2017 NF 3151.66+28.62 ¢ 57.3+5.5¢ 5.50+0.32 b 38.51+1.80 b
NPK 4073.40+£35.71 a 68.0+5.0 a 5.95£0.22 a 39.90+2.00 a
COF 3756.88+32.22 b 64.3+5.1b 5.94+0.33 a 39.92+1.61 a
NPK+COF 4105.04+37.60 a 68.0£4.7 a 6.00+£0.31 a 39.93+1.56 a
0.70NPK+COF 3976.80+32.42 a 67.5£6.1a 5.95£0.35 a 39.92+1.60 a
2018 NF 2495.28+25.75 ¢ 47.8+4.0 ¢ 5.2240.33 b 38.50+1.84 b
NPK 4105.25+38.00 a 68.4+£5.0a 6.06+£0.25 a 40.10£1.40 a
COF 3605.35+37.50 b 60.4£5.0b 5.46+0.27b 40.10£1.42 a
NPK+COF 4152.85+34.31 a 68.3£6.5a 6.08+0.27 a 40.10£1.35a
0.70NPK+COF 3991.36+46.32 a 67.8+4.4 a 5.97+0.31 a 40.00+1.77 a
1 0.05

Treatments are the same as those given in Table 1. Values followed by different lowercase letters in same column indicate significant differ-
ence among treatments at the 0.05 probability level in same year.
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