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Abstract: Anhui Province is rich in crop straw resources, it is important to fully utilize straw nutrient resources for the purpose of
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maintaining a nutrient balance in farmlands. For this cause, the potential of straw as a natural alternative to chemical fertilizers was
evaluated in order to provide a scientific basis for the reduced use of chemical fertilizers in Anhui Province. In this study, we selected
main crops such as rice, wheat, corn, soybean, peanut, and rape as study subjects in Anhui Province. We consulted the published
literature and statistical data, and estimated the amount of straw, straw return rate, and nutrient utilization rate of main crops in Anhui
Province in 2017. The results showed that the amount of straw estimated at 46.999 million tons in 2017. Furthermore, the distribution
of straw resources was more in the northern and the middle regions of the province, and less in the southern regions. We also found
that the total amount of straw nutrient resources was 1.248 million tons. The amounts of N, P,Os, and K,O were 0.381, 0.114, and
0.753 million tons, respectively, and these accounted for 40.1%, 32.1%, and 68.9% of the main crop nutrient requirements of the
entire province. Therefore, the potential of straw replacing chemical fertilizers is great in theory when all the straw is returned to the
soil and the nutrients in the straw are fully utilized. However, the utilization rates of N, P,Os, and K,O were only 38.9%, 52.3%, and
69.9%, respectively. The actual nutrients contents of N, P,Os, and K,O of crop straws returned to the field accounted for only 15.6%,
16.8%, and 48.2%, respectively, of the nutrient demands of the main crops. Moreover, the actual amounts of N, P,0s, and K,0
returned to the field accounted for 8.6%, 6.4%, and 41.4% of the total input, respectively. By returning straw to the farmland,
approximately 0.633 million tons of chemical fertilizer can be saved, representing 19.8% of the amount of chemical fertilizer that
would have been used without the straw. It is also worth noting that the application reduction rates of N, P,Os, and K,O were 11.4%,
17.2%, and 40.7%, respectively. Thus, the improvement in straw returning-to-field rate and release rate of nutrients in crop growth
period point towards the benefits of promoting the reduced use of chemical fertilizers.

Keywords: Straw yield; Straw nutrient resources; Nutrient utilization rate in season; Chemical fertilizer; Anhui Province
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Table 1 Ratio of grain to straw, nutrient contents in straws (air-dried base) and nutrient requirements for unit economic yields of
different crops
Nutrient content in straw (g-kg™") Nutrient requirement for unit economic yield (kg't™)
Crop Straw/grain N P,0s & N P05 &)
Rice 1.0 8.3 2.7 20.6 14.6"% 6.21'% 19.20%
Wheat 11012 6.2 1.6 12.3 24.6"" 8.5 27.7M
Maize 12011 8.7 3.1 13.4 25.8M11 9.8 27.8"1
Soybean 160519 16.3 3.9 12.7 81.40021 23,0802 32.08021
Peanut 151517 16.6 3.4 11.9 43727 10.07%% 53.88%
Rapeseed 3.01L1] 8.2 3.2 22.4 43.0%) 27.01 87.0123
1.3 =2017 +
, = X 1.4
(%)% (%) Microsoft Excel 2010  ArcGIS 10.2
[24] ( 2
®2 EYREFTTEERFSLERHED
Table 2 Ratios of straw to farmland and rates of in-season nutrient release from straw of different crops™*! %
Crop Ratio of straw to farmland Rate of in-season nutrient release from straw
N P,0s K,O
Rice 92.77 47.19 66.69 84.91
Wheat 78.11 50.11 62.01 89.05
Maize 70.11 54.04 73.03 84.43
Soybean 61.44 52.06 54.41 84.30
Peanut 61.44 51.61 66.50 85.82
Rapeseed 61.63 52.65 66.31 82.18
2 BREH X ’
13.7% 11.5%  10.6%
2.1 > >
2017 12.0% 10.8% 9.8%
46999 (3, , 400 t 4 ,300 ~400 t 4
, 34.4% 200 ~300 t 1 , 100 ~200 t 4
38.3% 13.7%, 13.6% 100 t 3
> 2.2
40.9% 29.1% 2017 40977 t,
13.0%, ) )
9.0% , 738 hm’, 239.8 t
352% 38.6% 44.2% N P,0Os K,O 952 t355 t109.1
( tC 35) ,
) ,2017 , ;
16 N P05 K,O , 403 t 139
( 4, R t 453 t
40.9% 39.0%, , N P,0Os K,O
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Table 3 Crop straw yield, contained nutrients quantities and their percentages in the whole straw yields in Anhui Province in 2017

Straw Straw nutrient
N P,0s K>O0
Crop Yield Percentage
(<10*1) (%) Amount (x10* t) Percentage (%) Amount (x 10%t) Percentage (%) Amount (X 10% ) Percentage (%)

Rice 1616.6 34.4 13.4 35.2 4.4 38.6 333 44.2
Wheat 1.800.8 383 11.3 29.7 2.9 25.4 22.1 29.4
Maize 642.6 13.7 5.6 14.7 2.0 17.5 8.6 11.4
Soybean 170.9 3.6 2.8 7.3 0.7 6.1 2.2 2.9
Peanut 136.2 2.9 2.3 6.0 0.4 3.5 1.6 2.1
Rapeseed 332.8 7.1 2.7 7.2 1.0 8.9 7.5 10.0
Total 4699.9 100.0 38.1 100.0 11.4 100.0 75.3 100.0

R4 2017 FRPAEAFEMXKE. MhE. R XE. ##F. BRFFERMEVERRERSZRSH
Table 4 Distribution of straws and their nutrients resources of rice, wheat, corn, soybean, peanut, rape in different regions of Anhui
Province in 2017

Straw Straw nutrient (x10* t)
Region City ) . N P,Os K,O Ranking
Yield (X107 t) Percentage (%) Total
Huaibei 148.4 32 1.1 0.3 1.9 33 13
Huaibei Region Bozhou 539.9 11.5 4.1 1.2 6.8 12.2 3
Suzhou 495.8 10.6 4.2 1.2 6.4 11.7 5
Fuyang 645.4 13.7 4.9 1.4 8.6 15.0 1
Total 1829.5 39.0 14.3 4.1 23.7 422
Bengbu 369.3 7.9 33 0.9 5.2 9.3 7
Jianghuai Region Huainan 310.0 6.6 2.4 0.7 5.2 8.3 9
Chuzhou 491.2 10.5 3.9 1.2 8.4 13.5 2
Hefei 388.2 8.3 3.2 1.0 7.4 11.7 4
Lu’an 359.2 7.6 2.9 0.9 6.6 10.4 6
Total 1917.9 40.9 15.7 4.7 32.8 53.2
Anqing 278.9 5.9 2.4 0.8 5.6 8.8 8
Region along the Chang- Tongling 83.0 1.8 0.7 0.2 1.7 2.6 15
Jiang River Wuhu 166.3 3.5 1.4 0.5 33 5.1 10
Ma’anshan 133.6 2.8 1.1 0.3 2.5 4.0 12
Total 661.8 14.0 5.6 1.8 13.1 20.5
Chizhou 90.1 1.9 0.8 0.3 1.8 2.8 14
Region south of the Xuancheng 159.4 3.4 1.3 0.4 3.1 4.8 11
Changjiang River Huangshan 41.2 0.9 0.4 0.1 0.8 1.3 16
Total 290.7 6.2 2.5 0.8 5.7 8.9
RS 0T FRBEFTEMEYTE. MERRRFSIFKRE
Table 5 Yields, sown areas and nutrient requirements of major crops of Anhui Province in 2017
) . _— Nutrient requirement (><104 t)
Crop Yield (x10 t) Sown area (x10° hm”) N P,0 .0
Rice 1616.6 2326.0 23.6 10.0 31.0
Wheat 1637.1 2392.0 40.3 13.9 453
Maize 535.5 844.7 13.8 5.2 14.9
Soybean 106.8 935.6 8.7 2.5 3.4
Peanut 90.8 183.4 4.0 0.9 4.9
Rapeseed 110.9 698.3 4.8 3.0 9.6
Total 4097.7 7 380.0 95.2 35.5 109.1
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Table 6 Nutrient requirements of major crops in different areas of Anhui Province in 2017

Nutrient requirement (x10* t)

Region City N P,05 K,0 Total Ranking
Huaibei 3.6 1.2 3.6 8.4 10
Huaibei Region
Bozhou 13.0 4.5 13.2 30.7 2
Suzhou 12.1 4.1 12.3 28.5 3
Fuyang 14.8 5.2 15.5 35.5 1
Total 435 15.0 44.6 103.1
Bengbu 8.3 2.8 9.3 20.4 5
Jianghuai Region
Huainan 5.8 2.2 6.8 14.8 8
Chuzhou 9.2 3.5 11.0 23.7 4
Hefei 6.5 2.7 8.6 17.8 6
Lu’an 6.3 2.5 7.8 16.6 7
Total 36.1 13.7 435 93.3
Angqing 4.5 2.0 6.2 12.7 9
Region along the Changji-
ang River Tongling 1.3 0.6 1.8 3.7 15
Wuhu 2.7 1.2 3.6 7.5 11
Ma’anshan 2.3 1.0 3.0 6.3 13
Total 10.8 4.8 14.6 30.2
Chizhou 1.4 0.6 2.0 4.0 14
Region south of the Chang-
jiang River Xuancheng 2.7 1.1 3.5 7.3 12
Huangshan 0.7 0.3 0.9 1.9 16
Total 4.8 2.0 6.4 13.2
2.3 2,
0.5~1.1 , 15
N P,0Os K,O 1 1 08 , 2017
, [24] 360 kg-hm™,
352 kg-hm™,
1 2017 225
, 3187 t,  kghm™ 16
N P,0s K0 1564 t 880 t 743 , 6
t, N P,O5s K,O 1 056 047 N P,0s 124.8 t, N P,0s
K,O 1.6 K,O 381t 114 t 753 t
2.5 0.7 , : 52.0%, N P,0s
> > > , K,O 40.1% 32.1%
43.4% 33.7% 68.9% 39.2%,
16.1% 6.9% 6 N P,0Os K,O 24.1%
2,13 13.0% 101.4% , ,
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Fig. 1 Comparison of nutrients demands of crops and supplies of straw nutrients and chemical fertilizers in Anhui Province in 2017
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Fig. 2 Fertilizer recommendation and the nutrient input of both straw and chemical fertilizer in different areas of Anhui Province in 2017

[29]

2017 ,
N P,0s K,0 ,
15.6% 16.8%  48.2%, 2017
N P,0s K0 46999 t, ,
38.9% 52.3%  69.9%,  60% 50%

http://www.ecoagri.ac.cn



1796

) 2020 28

2017
392.1
18.7%  81.3%,
1.6 ,N P,0s K,0 1.8
2.6 1.2 (30]
, 3

8 15

2017

19.8%, N P,0s K,O
179 t 151 t 302 t
11.4% 17.2% 40.7% ,

633t

[31]

27 2017
46999
, 86.4%

[25]

4 %ig

1)2017
4699.9

) 86.4%,

2) ( ) 392.1

t, 18.7%
81.3% N P,0s K,O
1712t 940 t 1269 t,

1.8 26 1.2 8

15

2 ,

3)

58.8%, N P,0s K,O 38.9% 52.3%
69.9% 633 t, 19.8%,
N P05 K0 179 t 151 t
302 11.4% 17.2% 40.7%

S EZHk References

[1] . (2017)[M].
,2017
National Bureau of Statistics of the People’s Republic of
China. China Statistical Yearbook (2017)[M]. Beijing: China
Statistics Press, 2017
[2] s s , . [J1].
,2011, 44(17): 3557-3564
CHEN Y J, XIAO B L, FANG L N, et al. The quality analysis
of cultivated land in China[J]. Scientia Agricultura Sinica,
2011, 44(17): 3557-3564
[3] . (2017H[M].
,2017
Anhui Provincial Bureau of Statistics. Anhui Statistical
Yearbook (2017)[M]. Beijing: China Statistics Press, 2017
[4] , ) ,
(1.
, 2013, 33(2): 565-575
WU J, GUO X S, LU J W, et al. Decomposition characteris-
tics of wheat straw and effects on soil biological properties
and nutrient status under different rice cultivation[J]. Acta
Ecologica Sinica, 2013, 33(2): 565-575
(5] , ; . -
[J11. , 2017, 33(9):
133-140
ZHANG D, FU B, HU W L, et al. Increasing soil nitrogen
fixation capacity and crop yield of rice-rape rotation by straw
returning[J]. Transactions of the Chinese Society of Agricul-
tural Engineering, 2017, 33(9): 133-140
[6] SINGH Y, SINGH B, LADHA J K, et al. Long-term effects of
organic inputs on yield and soil fertility in the rice-wheat ro-
tation[J]. Soil Science Society of America Journal, 2004,
68(3): 845-853
[71 , , )
— 1. ,
2014, 30(29): 222-228

http://www.ecoagri.ac.cn



11

1797

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

BAO E C, TIAN Z G, LIU W W, et al. Main crop straw re-
sources investigation and energy utilization evaluation —
Taking Anhui Province as an example[J]. Chinese Agricul-
tural Science Bulletin, 2014, 30(29): 222-228

[D]. ,2013
WANG X B. The research on straw nutrient resource and
utilization strategies of Anhui Province[D]. Hefei: Anhui
Agricultural University, 2013
[M].
, 1999
National Agricultural Technology Extension Service Center
of China. Organic Fertilizer Nutrition Records of China[M].
Beijing: China Agriculture Press, 1999
[J1. , 2007, 25(6): 80-83
ZHANG P D, YANG Y L, LI G Q, et al. Energy potentiality
of crop straw resources in China[J]. Renewable Energy Re-
sources, 2007, 25(6): 80-83
s . [J].
,2007,22(1): 9-19

LIU G, SHEN L. Quantitative appraisal of biomass energy
and its geographical distribution in China[J]. Journal of
Natural Resources, 2007, 22(1): 9-19

> s . [J].

, 2003, 25(4): 62—67

ZHONG H P, YUE Y Z, FAN J W. Characteristics of crop
straw resources in China and its utilization[J]. Resources
Science, 2003, 25(4): 62-67

) . 1.
, 2011, 44(20): 4207-4229
LI S T, JIN J Y. Characteristics of nutrient input/output and
nutrient balance in different regions of China[J]. Scientia Ag-
ricultura Sinica, 2011, 44(20): 42074229

[J1. ,2011,29(1): 119-123
WANG C, HU Y F, WEI J, et al. Study on stock estimation
and utilization status of agricultural residue resources at a
county[J]. Journal of Sichuan Agricultural University, 2011,
29(1): 119-123
[J1. , 2009, 25(7): 173-179

GAO L W, MA L, ZHANG W F, et al. Estimation of nutrient
resource quantity of crop straw and its utilization situation in

China[J]. Transactions of the CSAE, 2009, 25(7): 173-179

[M]. , 2000
Headquarters of Rural Social Economic Survey of the State
Statistical Bureau. Fifty Years of Agricultural Statistics in
New China[M]. Beijing: China Statistics Press, 2000
. [D].
,2010

BI'Y Y. Study on straw resources evaluation and utilization in

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[27]

China[D]. Beijing: Chinese Academy of Agricultural Sciences,
2010
BURESH R J, PAMPOLINO M F, WITT C. Field-specific
potassium and phosphorus balances and fertilizer requirements
for irrigated rice-based cropping systems[J]. Plant and Soil,
2010, 335(1/2): 35-64
LIUM Q, YU ZR, LIU Y H, et al. Fertilizer requirements for
wheat and maize in China: The QUEFTS approach[J]. Nutri-
ent Cycling in Agroecosystems, 2006, 74(3): 245-258

[J1. ,2004, (3): 41-42
ZHANG X M, CAI D L, WANG F Q, et al. Comparison of
nutrient uptake and yield of different varieties of soybean[J].
Soils and Fertilizers, 2004, (3): 41-42
SALVAGIOTTI F, CASSMAN K G, SPECHT J E, et al. Nitro-
gen uptake, fixation and response to fertilizer N in soybeans: A
review[J]. Field Crops Research, 2008, 108(1): 1-13

[J1. , 2003, 14(11): 1917-1920
ZHOU K J, MA C Z, XU C B, et al. Effects of potash fertilizer
on nutrient absorption by peanut and its yield and benefit[J].
Chinese Journal of Applied Ecology, 2003, 14(11): 1917-1920
, .4
[J]. , 2008, 27(2):

> >

229-234
ZOU J, LU J W, LIU R L, et al. Dynamics of dry mass accu-
mulation and nutrients uptake in 4 double-low rapeseed
(Brassica napus L.) varieties[J]. Journal of Huazhong Agri-
cultural University, 2008, 27(2): 229-234
[D].

,2018
LIU X Y. Study on nutrients balance and requirement in ag-
ricultural production in China[D]. Beijing: Chinese Academy
of Agricultural Sciences, 2018

). ( ), 2019,
27(5): 717-725
LI X W, HAN S, LEI Z M, et al. Effects of nitrogen forms on
decomposition and nutrient release of rapeseed straw[J].
Chinese Journal of Eco-Agriculture, 2019, 27(5): 717-725

[ ,2017, (19): 197-198
QIAN X H, ZHANG C J, HU R J, et al. Research and coun-
termeasures on the development of commercial organic fer-
tilizer industry in Anhui Province[J]. Journal of Green Sci-
ence and Technology, 2017, (19): 197-198

TR, , .
[J71. , 2016, 32(23):

226-232
ZHANG J T, WANG J, ZHANG L, et al. Effect of physical
and chemical pretreatment on decomposition and nutrient re-
lease characteristics of maize straw[J]. Transactions of the

Chinese Society of Agricultural Engineering, 2016, 32(23):

http://www.ecoagri.ac.cn



1798 ( ) 2020 28

226-232 LIU Q P. Environmental risk analyses of non-point source pollu-
[28] R R , . tion from fertilization in Anhui Province, China[J]. Journal of

. ,2019,35(13): 218-224 Ecology and Rural Environment, 2015, 31(6): 876881

HUO L L, ZHAO L X, MENG H B, et al. Study on straw [31] s . [J1.

multi-use potential in China[J]. Transactions of the Chinese ,2009, 11(2): 39-43

Society of Agricultural Engineering, 2019, 35(13): 218-224 XU X J, WU W G. Crop straw resources and their utilization
[29] s R , in Anhui Province[J]. Journal of Agricultural Science and

[J1. ,2018,24(1): 1-21 Technology, 2009, 11(2): 39-43

SONG D L, HOU S P, WANG X B, et al. Nutrient resource quan- [32] N s R

tity of crop straw and its potential of substituting[J]. Journal of [J1. ,2019, 35(16): 95-99

Plant Nutrition and Fertilizers, 2018, 24(1): 1-21 LI M, HAN S, WU J, et al. Crop straw biochar: Nutrients
[30] [J]. change and field returning effects[J]. Chinese Agricultural

, 2015, 31(6): 876-881

Science Bulletin, 2019, 35(16): 95-99

http://www.ecoagri.ac.cn



