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Effects of Straw Incorporation with Reducing Chemical Fertilizers on Nutrient
Absorption and Utilization and Grain Yield of Double-cropping Late Rice
under Mechanical Harvest

ZENG Yan-Hua, WU Jian—Fu*, ZENG Yong-Jun, FAN Cheng-Gen, TAN Xue-Ming, PAN Xiao—Hua*, and
SHI Qing-Hua

Collaborative Innovation Center for the Modernization Production of Double Cropping Rice, Jiangxi Agricultural University / Key Laboratory of
Crop Physiology, Ecology and Genetic Breeding, Ministry of Education, Nanchang 330045, Jiangxi, China

Abstract: Replacing chemical fertilizer with straw incorporation is an important way to reduce fertilizer application and improve
fertilizer efficiency. The objective of six year field location experiments under the same N, P, and K inputs, was to systematically
explore the effects of straw incorporation and reducing chemical fertilizers on plant nutrient absorption and utilization under me-
chanical harvest, so as to provide a basic support for the reasonable utilization of straw resource, rice high yield and its nutrient
management measure in the southern rice zone. The experiments were conducted being in the cultivated land quality monitoring
station of Wenzhen town, Jiangxi province, Wufengyou T025, super hybrid late rice cultivar. Four treatments were included: total
straw incorporation and reducing chemical fertilizers (SI+NPK), straw burning and reducing chemical fertilizers (SB+NPK),
chemical fertilizers (NPK), and no chemical fertilizers (CK). The three fertilization treatments were with equal quantity of ferti-
lizers (N 195 kg ha™', P,Os 87.8 kg ha™', and K,O 175.5 kg ha™') whatever chemical and organic ones. The variation of rice yield
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and nitrogen, phosphorus, potassium uptake and their utilization efficiency were determined. SI+NPK of early rice in continuous

six years was avail able to balance the panicle and spikelet, and hold steady grain yield of late rice, with the same level compared
with SB+NPK and NPK. Compared with NPK treatment, SI+NPK treatment had lower N, P, K contents and accumulation at the
vegetative growth stage including tillering stage and panicle initiation, but higher those at the reproductive stage such as heading
stage and maturity stage. Moreover, the P, K accumulation was significantly increased in SI+NPK treatment. Compared with NPK

treatment, SI+NPK treatment enhanced N, P, K fertilizer harvest index, agronomy efficiency (AE), recovery efficiency (RE) and
partial factor productivity (PFP) significantly, but SB+NPK treatment only enhanced K fertilizer harvest index, AE, RE, and PFP
significantly. Meanwhile, compared with SB+NPK treatment, SI+NPK treatment increased N, P, K fertilizer harvest index, AE,

RE and PFP. Overall, straw incorporation replacing partial chemical fertilizer of early rice, in contrast to straw burning and

chemical fertilizers application, is proved to be a feasible way to stabilize grain yield of late rice, enhance nutrient utilization effi-

ciency, and realize the efficient utilization of soil nutrient resource in the southern rice zone.

Keywords: field location experiments; equal N, P, K inputs; straw incorporation and reducing chemical fertilizers; grain yield;

nutrient utilization efficiency

[1-2]

[3-4]

[5]

[6-7]

[8-10]

[91

5

[10-13]

[13]

[51

[14]

1 #MR57FE
1.1

(28°20'7.14"N, 116°5'29.73"E)

5 >

17.5°C, 1600~1800 mm,

[8]

77%,

1900.5 h, 291d
, 34.16 gkg™'
2271 gkg™ 126.0 mg kg™ (P,05) 31.34 mg
kg (K,0) 97.9 mg kg™', pH 5.48
1.2
2010 ,
120 m?% 3 , ,
4 (1)
(SB+NPK),
, ; (2)
(NPK), , ; (3)
(SI+NPK), 5~8 cm
, ; (4
(CK) T025
195.00. 87.80  175.50 kg hm,
( )
=5:2:3 ,
=7:3 ,
N 0.658% P,0s
0.118% K,0 1.492%, N P,0s K,0
0.185% 0.440% 8.360%
1, (N) 26.7%
(P,05) 10.3% (K,0) 64.1% 13.3
cm*26.4 cm, 6 10
1.3
2015—2016
N P K , 8 11 )



456 44

x1 ZERAEBRSAE

Table 1 Chemical fertilizer and organic manure application in different treatments (kg hm?)

N P,0s K>,0
Treatment
Chemical fertilizer ~Organic manure Chemical fertilizer ~Organic manure Chemical fertilizer =~ Organic manure
SI+NPK 143.00 52.00 78.80 9.00 63.00 112.50
SB+NPK 193.06 1.94 81.00 6.80 60.00 115.50
NPK 195.00 0 87.80 0 175.50 0
SI+NPK: ; SB+NPK: ; NPK:

Organic manure includes straw and straw ash. SI+NPK: straw incorporation with reducing chemical fertilizers; SB+NPK: straw burning with
reducing chemical fertilizers; NPK: chemical fertilizers application.
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Table 2 Effect of straw incorporation with reducing chemical fertilizers (SIRCF) on grain yield of double-cropping late rice

. 2
Yield (t hm ™) CK NPK
Treatment 2010 2011 2012 2013 2014 2015 Average CvV (%) RYTIto CK (%) RYTI to NPK (%)

SI+NPK 8.12b  872a 9.00a 9.58a 9.17 a 8.60 a 8.86a 5.66 67.64 2.80
SB+NPK 892a 897a 887a 945a 9.02a 8.02b 8.87a 5.28 67.83 2.92
NPK 8.14b 821b 887a 9.25a 9.04a 8.23b 8.62a 5.65 63.07 —
CK 595¢ 5.dlc 6.17b  5.10b 480b 4.60 ¢ 5.29b 11.92 — —
5% SI+NPK: ; SB+NPK: ; NPK: ; CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer; RYT: rate of yield increase; CV: coefficient of variation.
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Table 3 Effect of SIRCF on yield components of double-cropping late rice
Effective panicle . . Seed setting rate 1000-grain weight

Year Treatment (x10°hm ) Spikelets per panicle (%) ()
2014 SI+NPK 276.2 a 160.2 a 93.14 ab 2490 a

SB+NPK 270.6 a 155.5 ab 93.39 ab 24.76 a

NPK 284.7 a 151.5b 91.47b 2484 a

CK 1719b 126.5¢ 96.23 a 24.66 a
2015 SI+NPK 268.5a 1543 a 89.43 ab 25.01a

SB+NPK 2553 a 150.7 ab 88.05b 24.66 a

NPK 280.6 a 1404 b 89.34 ab 2452 a

CK 193.1b 1155¢ 93.15a 2427 a

5% SI+NPK: ; SB+NPK: ; NPK: ; CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer.

*4 BELCHBELEMYNEGESREASENZI
Table 4 Effect of SIRCF on N content in organs of double-cropping late rice (mg g™')

TS PI HS MS

Treatment

SS Leaf SS Leaf SS Leaf Panicle SS Leaf Panicle
SI+NPK 17.30 b 3590b 6.07b 19.97 b 1033 a 2797 a 14.37 ab 6.60 a 12.14 a 1197 a
SB+NPK 17.40 b 3480 b 7.37 ab 26.50 a 10.16 a 26.10 a 13.80 b 6.37a 1397 a 1133 a
NPK 19.10 a 3750 a 8.72a 26.80 a 9.97 a 2733 a 1570 a 7.02a 13.90 a 11.13 a
CK 11.50 ¢ 27.10 ¢ 5.02¢ 17.97b 5.15b 14.87b 831c 3.10b 6.55b 791b

5% SI+NPK: ; SB+NPK: ; NPK: ;
CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer.

*5 BWELHBEUEMNEGESEERSENZIT
Table 5 Effect of SIRCF on P content in organs of double-cropping late rice (mg g ')

TS PI HS MS

Treatment

SS Leaf SS Leaf SS Leaf Panicle SS Leaf Panicle
SI+NPK 2.38a 2.19a 244 a 1.86 ab 344 a 2.65a 243 a 1.70 a 143 a 2.80a
SB+NPK 2.69a 1.56b 28la 2.19a 3.04ab 2.18ab 2.02a 1.35ab 1.21a 2.20 ab
NPK 246a 225a 277 a 230a 2.76 b 240a 220a 147a 1.30a 232a
CK 28la 2.07 ab 287a 1.67b 2.11¢ 1.61b 131b 0.94b 097 a 1.64 b

5% SI+NPK: ; SB+NPK: ; NPK: ; CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer; TS: tillering stage; PI: panicle initiation; HS: heading stage; MS: maturity stage; SS: stems and sheaths.
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Table 6 Effect of SIRCF on K content in organs of double-cropping late rice (mg g
TS PI HS MS
Treatment
SS Leaf SS Leaf SS Leaf Panicle SS Leaf Panicle
SI+NPK 4324a 1840a 3538a 16.39a 2332ab 13.15a 6.95a 29.64 b 9.09b 552a
SB+NPK 44.05a 16.41ab 35.80a 17.30 a 22240 12.61 a 591a 28.05b 8.57b 525a
NPK 4743a 1845a 37.02a 17.19a 21.85b 13.14a 5.65a 27.66 b 7.70 b 5.18a
CK 3538b  15.59b 3793 a 13.76 b 2739a 15.00 a 572a 3631 a 14.66 a 6.50 a
5% SI+NPK: ; SB+NPK: ; NPK: ;
CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer; TS: tillering stage; PI: panicle initiation; HS: heading stage; MS: maturity stage; SS: stems and sheaths.
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Fig. 1 Periodical N, P, K accumulations under SIRCF of double-cropping late rice
5% SI+NPK: ; SB+NPK: ;
NPK: ; CK:

Bar demonstrated ley different lowercase letters at the sampling date are significantly different at P < 5%. SI+NPK: straw incorporation with
reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application; CK: no

fertilizer; TS: tillering stage; PI: panicle initiation; HS: heading stage; MS: maturity stage; SS: stems and sheaths.
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Table 7 N, P, K use efficiency of double-cropping late rice under SIRCF

HI (%) AE (kgkg™) RE (%) PFP (kg kg™)
Treatment N P K N P K N P K N P K
SI+NPK 70.46b  7405a 27.99a 2794a 50.69a 63.40a 65.13a 2671a 0.83a 60.13a 109.12a 143.31a
SB+NPK  67.70bc  73.02ab 27.56a 17.49b 42.11b 56.85a 44.58b 17.34b  0.69a 41.10b 98.95b 127.22b
NPK 62.74c  70.00b 2601b 18.60b 4131b 20.67b 46.62b 17.84b  0.25c  4221b  93.75c¢ 4690c
CK 77.59a  7524a 27.12a — — — — — — — — —

5% SI+NPK: ; SB+NPK: ; NPK: ;

CK:

Values followed by different lowercase letters in same column are significantly different at the 5% probability level. SI+NPK: straw incorpo-
ration with reducing chemical fertilizers; SB+NPK: straw burning with reducing chemical fertilizers; NPK: chemical fertilizers application;
CK: no fertilizer; HI: harvest index; AE: agronomy efficiency; RE: recovery efficiency; PFP: partial factor productivity.
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