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Abstract To scientifically assess the nutrient resources of straw and animal manure and guide the utilization of
agricultural waste as fertilizer in various regions, data on crop yields and livestock and poultry breeding volumes
from 2000 to 2023 in 31 provinces across China were utilized (Statistical data do not include Hong Kong, Macao,

Wi EH: 2026-04-24; 4 5% A #] : 2026-06-25

E2WH: AXHBEBRAFHFEKRTIE B (2025ZDSF0022) ; K 2 4 61 #7 81l Il 2541 %I BT B (202411631020)

E—1E& . BXEF(ORCID:0000-0003-4143-7017)  BEBEAR R L  FENER U FRSHH A SHRERPH R . E-mail: chuts@cau. edu. cn
BIAEE : #EZEE(ORCID:0009-0001-0381-6641) 8% H+ TENBEREVERBESRRIFRESHF AEMAH K, E-mail: 1322361744@qq. com



150

0 LN ES I Y NS S 4

and Taiwan regions. The same below). The Monte Carlo method and Copula function were employed to
systematically evaluate the carbon and nitrogen nutrient resources of straw and animal manure over the years.
To meet the material requirements for animal manure fermentation, the required quantity and proportion of straw
were estimated with the carbon-to-nitrogen ratio as the key parameter. The results showed that: 1) From 2000
to 2023, the carbon and nitrogen nutrient resources of straw in China showed a trend of initial decline, followed
by a rise and subsequent fluctuations, reaching 3. 19x10% and 7.49x10° t, respectively, in 2023. Henan,
Shandong, Heilongjiang and Inner Mongolia were the hotspot areas. 2) The carbon and nitrogen nutrient
resources of livestock manure showed a trend of initial increase, then decline, followed by fluctuations, reaching
6.07x10" and 3. 92x10° t respectively in 2023. Henan, Hebei, Shandong, Xinjiang and Sichuan were the hotspot
areas. 3) The demand for straw as fertilizer and the demand proportion in China showed a trend of initial increase,
followed by decline and subsequent fluctuations, reaching 2. 85x10° t and 37.01% in 2023. respectively. The
median value of the demand proportion for straw as fertilizer in 17 provinces and municipalities including Xinjiang,
Inner Mongolia and Shanxi was less than 50%, while in Beijing, Fujian, Hainan and Xizang it exceeded 100%.
4) For every 10% increase in the proportion of straw used as fertilizer, the increase in livestock and poultry
breeding volumes in China was 2. 15x10° heads (in terms of pig equivalent). In conclusion, this study suggests
that Fujian, Hainan and Xizang should improve the straw collection, storage and transportation system and
transport straw from resource-rich areas; promote the utilization of straw resources from characteristic crops to
alleviate the imbalance between supply and demand of straw as fertilizer; Xinjiang, Inner Mongolia, Shanxi and

other 17 provinces and municipalities could appropriately expand the scale of livestock breeding and provide

2026 4F 55 31 %

straw to resource-poor areas.

Keywords crop straw; animal manure; fermentation; fertilization; carbon-to-nitrogen ratio
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Table 1 Parameters of cumulative probability curves for carbon and nitrogen in straws and manure.

/% il 2 RME fe/MME A KA e Pt
Nutrient Species Maximum Minimum Type Parameter K-S test
content P-value
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/N Wheat 480.87 370.10 MAME 434 a=1.32, loc=420.52, scale=9. 27 0.23
£ K Maize 510.40 304.80 ZyuyiahsrAi  a=0.44, b=1.60, loc=428. 68, scale=32.59  0.51
3% Rapeseed  487.47  361.30 & W4 /31 loc=416. 86, scale=14.62 0.17
3 4 Cotton 498.22  361.90 MWAME 434 a=1.76, loc=444.29, scale=11.77 0.20
73 , ¢=34.19, d=0.15, loc=-2.05,
D attle  508.00  63.95 {AA/R4r 0.09
Carbon W34 Dairy cattle R 7353 4 scale=419. 29
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X% Layer 497.58 101.10 T~ X IE& 4 M f=0.85, loc=323. 36, scale=28. 83 0.03"
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253 v 3 4
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387 4 A 7
_— IR ESE i
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Nitrogen . A X FR L i
54~ Dairy cattle  39.59 4.01 k=1.01, loc=21.06, scale=3. 81 0.75
Y 37 43 A
. A X Bk 7 3 )
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b i
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i FR B E i .
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Note: a, b, ¢, d, f and « are shape parameters of the distributions; loc is the location parameter, and scale is the scale parameter. The

goodness-of-fit of each distribution is evaluated using the K-S test. P-value>0. 05 indicates no statistically significant difference between

the fitted distribution and the original sample, representing a favorable fitting performance. For values marked with 7, where none of the

candidate distributions passed the significance test, the distribution with the largest K-S test P-value is selected as the optimal

distribution.
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Fig. 1 Fitting results of the joint distribution of carbon and nitrogen in straws and manure
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Fig 2 Carbon and nitrogen resources quantity of straw and animal manure
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Based on the standard map with review number GS(2024)0650, and no modifications made to the base map. Data do not include those of Hong
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Fig. 3 Spatial distribution characteristics of carbon and nitrogen resources from straw and animal manure in 31 provinces of China

from 2000 to 2023
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