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Abstract This study aimed to clarify the change patterns of grain and straw yield, sort out the evolution of straw
return to the field policies and technologies, analyze the impacts of rural population structure changes, and
explore the critical role, inevitability, and scientific implementation strategies of straw-returning to the field. Based
on statistical data including policy documents on straw return to the field from the National Bureau of Statistics
and the Ministry of Agriculture and Rural Affairs of the People’s Republic of China, this study analyzes on the
pivotal function of straw return to the field in agricultural production, the inevitability of its promotion, and the
practical gains and losses in straw return to the field practices and corresponding scientific strategies. Literature
analysis and data statistical methods are adopted. The findings revealed that: 1) Since the beginning of 21st
century, China’s grain production has increased in distinct phases, and the straw production increased from
589. 295 4 million tons in 2000 to 876. 742 8 million tons in 2023. 2) Since the 21st century, the policies related
to straw return to the field have shifted from advisory to mandatory, and technologies have evolved from traditional
manual methods toward mechanization, intelligence, and diversification. The synergy between policies and
technologies has raised the comprehensive utilization rate of straw to 88. 1% in 2021. 3) The rural population
has declined from 783. 84 million to 464. 78 million, leading to severe aging of the agricultural workforce and
insufficient labor supply for straw return to the field. 4) Straw return to the field plays a pivotal role in improving
soil structure, enhancing soil fertility, increasing organic matter content, reducing farmland non-point source
pollution, boosting crop stress resistance, and lowering fertilizer usage costs. 5) Future increases in China’s
agricultural output and quality will further drive the rise in straw production and surplus, compelling the
development of comprehensive utilization industries. Due to the “15-kilometer radius” cost limitation principle
for straw utilization, large amounts of surplus straw will be difficult to reuse, making direct straw return to the field
a feasible solution to address surplus straw. 6) Practical straw return to the field efforts face issues such as
technological unsuitability and inadequate supporting measures, necessitating region-specific, crop- and soil-
condition-based scientific strategies. In conclusion, policy formation should be grounded in the long-term
strategic needs of China’s food security, combines with the surplus straw resulting from increased grain
production, accommodates changes in rural population structure affecting straw handling methods, and aligns
with the guidance of relevant straw return to the field policies, scientific straw return to the field serves as both
a viable solution to the surplus straw challenge and a reference for green and sustainable agriculture.

Keywords straw-returning to the field; straw yield; rural population changes; comprehensive utilization of

straw; countermeasures for straw return to the field
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Main agricultural product production data is sourced from the 2024 China Statistical Yearbook?.
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Fig. 1 Yield of major agricultural products
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Table 1 Grass to grain ratio of major crops

R FF R B (R LD i R BCRA D
. Straw coefficient (grass to . Straw coefficient (grass to
Crop . . Crop . .
grain ratio) grain ratio)
4 Rice 1.00 164 Peanuts 1.14
/M Wheat 117 il 2% Rapeseed 2.87
Tk Corn 1.04 .
ZHS 2.01
% Bean 1.60 =i Sesame
R Fiber crops 1.70
Hit 4£ Cotton 3.00 :
Ho Al 9 BE Other oilseed crops 2.00
i 3% Sugar beet 0.10
7 Sugarcane 0.43 H A4 %) Other grains 1. 60
# & Tuber crops 0.57 {8 1 Tobacco 0.71

R 2 o], RS AT 28 A R R SRR ek LTt
B N 2010 4F 33T 709 3% 45 2 T 3] 2021 4F 1Y
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The data on the comprehensive utilization rate of crop straws is sourced from the annual report on comprehensive utilization of resources in
China'® , the Response to Proposal No. 1661 (Agriculture and Water Resources Category No. 181) of the First Session of the 13th National
Committee of the Chinese People”s Political Consultative Conference'”’, the report on the comprehensive utilization of crop straws nationwide'®!,

and the guiding opinions on the comprehensive utilization of bulk solid waste During the “14th Five-Year Plan”!".
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Fig. 2 Dynamic trend of straw production and comprehensive utilization rate of straw
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Table 2 Proportion of main agricultural product straw production %

ﬁt’;? 2000 4F 2005 4 2010 4¢ 2015 4F 2020 4 2023 4
T4 Rice 31.89 28. 67 27.49 25. 62 25.06 23.57
/NFE Wheat 19. 78 18.10 18.93 18.71 18.58 18. 23
£k Corn 18.71 23.01 27.65 33.24 32.07 34. 26
12 Rapeseed 5.54 5.95 5.12 4.80 4.77 5.34
.2 Bean 5.46 5.48 4.17 2.92 4.33 4.35
HJ#E Sugarcane 4.98 5.91 6.35 5.95 5.50 5.13
K Tuber crops 3.57 3.14 2.26 1.88 2.01 1.96
HA A9 Other grains 3.17 2.63 1.76 1.64 1.89 1.72
T4 Peanuts 2.79 2. 60 2.41 2.20 2.43 2.50
#i4E Cotton 2.25 2.72 2.41 2. 14 2.10 1.92
HAtb ik} Other oilseed crops 0.99 0.87 0.89 0.88 0.80 0.60
# - Tobacco 0.31 0. 30 0.28 0.23 0.18 0.19
2k Sesame 0. 28 0. 30 0.13 0.11 0.11 0.10
k2 Fiber crops 0.15 0. 20 0.06 0.03 0.05 0.03
Hf3% Sugar beet 0.14 0.13 0.10 0.06 0.14 0.10

T A SRS FE S i o = R AR AT/ AR AR SRS AT R
Note: The proportion of main agricultural product straw production=main agricultural product straw production/total annual
main agricultural product straw production.
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Table 3 Relevant documents on comprehensive utilization of straw since the 21st century

SO 4 R KA A B A Ay
File name Issuing department Release year
(K05 de B 18 ) e
. B ES

Air Pollution Prevention and Control Law'" EX 2000
(o E A BB g2 ) o
Outline of National ecological and environmental protection""’ =155 e 2000
(O TF e VR 25 A ) R G Al 7= o5 1t 180 B 8 o 5 e )
Notice on comprehensive utilization of resources and value-added tax [ N & ] 2008
(VAT) policies for other products'*’

S J B LY rk,AQ/'::AI \%ﬁ‘r] [10]
COR T o bl 4 8 A4 AF 0 865 A 238 65 A (R = ) - 46 B I A ST 2008
Opinions on accelerating the comprehensive utilization of crop straw
(O T HE— 25 i P ofi 3 A 7 40 % FF 2 & R A& be AR 5@ )t
Notice on further accelerating the comprehensive utilization of crop straw & 52 & J& Fl g 55 2 51 2> 2015
and prohibiting burning work """’

) > St o s FE 25 ) FH B R 1 3 B R O 3 o o g 5
(O T B 5 4 R R 25 T MLl 1 3 2 L 0 3 6 ) N HEEEMLEE RS &
Notice on printing and distributing the guiding opinions on compiling the W 5 2009
comprehensive utilization plan for straw '’ "

« — » e A w5 =\ [11] A . -
M kel ikl | TP TS LY P
Implementation plan for comprehensive utilization of crop straw during the I 2011

AP H

“12th Five-Year Plan” "

(4 [ ARl AT 7 2 & TR (2015—2030 4E ) )t

VAN R | o 3l
ESINE 5 N < N EE I S

National agricultural sustainable development plan (2015-2030) "¢/ TBEFREE AR P KA AR E R 2015

ok S
N y N A FA LA I I FE 2% 1 [20] . -

<3€$ﬁﬂ|§%7ﬁ@$ﬁﬂkﬁéﬂ ,1.{;| RHE S =) ) . HEEBAMKERRS R

Guiding opinions on accelerating the development of agricultural circular PRt 2016

economy' ) T "

. . V3 DR INEE S |

C PO F 7 4 B Al 2 60 L) AR

“14th Five Year Plan” for national agricultural green development ') %G PHECHE L R BT 2021
A PRI L R AR R

(AN A A 35 06 F K 1 R TR B iy 4 2 )

Guiding opinions of the ministry of Agriculture and Rural Affairs on Al A B 2024

vigorously developing smart agriculture'*'!

T bl % J 4 i 2 6 5% BUAR UF & b AR S 4R 24 0 48 2 W)

Guiding opinions on accelerating agricultural development, comprehensively 4\l & £ & 2024

promoting green transformation , and boosting rural ecological revitalization'*
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The total population and rural population data are sourced from the 2024 China Statistical Yearbook™ and the 2024 National Economic and

Social Development Statistical Bulletin of the People” s Republic of China?*!

. The actual data of agricultural personnel comes from the second and

third national agricultural censuses. The proportion of actual agricultural personnel=actual agricultural personnel/total population. Rural population

ratio=number of rural population/total population.
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Fig. 3 Trends in the total population, rural population, and agricultural personnel in China
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FERW, 3090 ~60% 15 #1285 12 45 6 = B re Al
K R D 60%6~90%, 30 % A FF A 56 45

A AR IE T 7096 ~78% ", Bk,
FF I FHXT IRV T ol i 658 7S 38 950 4 4 Bl 0 808
4.2 HEFEHEMLTERSKIE

AAE YRS AT b & AT OBk R B B A SR O TR
HE SR AR IR B b R B AR R
INZE RN AR ZRAEY TR R G 7000, B
FRi e EERAEYREAT b 546 = A, 3RS
ATk A B VBT 3R i WL SR 50 AR AR RS AT R
5 R oy AR A SR A OGS A B KR N E
K AT 4 ik HJE B8 1) R H P 25 42 4k 403, 5~
1 258.5 kg/hm? 1 % . 14.6~56.9 kg/hm* fiJ & .
7.8~28.9 kg/hm” [ 8 Fl 63. 5~152. 6 kg/hm” [ &
(KR 6) . FEAFL M RE R A RS AT b A B 0 W L 0
SEE IR TR AN B R Oy P b R NG I L SRy
R 2

x5 KBNEMERBARSEE

Table 5 Nutrient content of rice, wheat and corn straw %
149 i A w ap 2 2% 3k
Crop Carbon Nitrogen Phosphorus Potassium References
K # Rice 40.06~41.80  0.69~0.83  0.27~0.42  2.06~2.52 [40-42]
/NAZ Wheat  39.90~42.95  0.62~0.76  0.16~0.27  1.23~1.67 [40, 42-43]
+ Kk Corn 43.28~44.40  0.85~1.96  0.31~0.53 1.34~1.79 [40, 42, 44]

R6 BRHTHYFRENFSSE

Table 6 Nutrient content provided by returning straw to the field in the current season kg/hm’
=7 i A 2 kil 2 2% SCHik
Crop Carbon Nitrogen Phosphorus Potassium References
JKHF Rice 403.5~1258.5 29.9~56.9 14.4~24.4 145.1~152.6 [42-43, 45-47]
/N2 Wheat 520.5~937.5 14.6~36.6 7.8~9.7 63.5~82.4 [42-43, 45, 48-49]
F 2K Corn 585.0~1218.0 39.4~61.5 21.6~28.9 103.7~124.4 [42, 45, 48, 50]

4.3 BHLIHRESIERE

i FFId TR AE B0 3R o0 I ik 4 8 i —
TG XF - HE 2 S S5 AL A 8 7 AR B W I ZR S R
SR FHAS AT 3 TH AR B i 2o PIe A 4 1 B A 41 Joi 18] 4%
AR AR g TR RS AT S RE A8 1) -
i 15 KA LR R S5, 7 A 22 Bl AT B 5 AT b
HT 34 fiE D 2 9y 41 3t 8 I7 f I8 R0 R 1) 28 A7 36 8 e
2 HE 3 2l 2E T A A e S0 R AR AL B 42 A
PSR EE AL A 3 B SO I B O T S AT
i TH AE R AR - HE 2 5, 4 LB R fie o 4 il <
AN 3 B AR KR A RS

FEIA 34 i i - 1800 8 R AT R IR e 1, A2 i
KRR T P 2R A 1) R AL 3R A B A B i o - 4
F o FE b Ak 2R Oy T K RS FR A REAS B
P R B S R O e pL
I ERE 13.6% . Zhou %5 S B 5T W], #% AT if T
Al A RS AR 17, 78 % . L R R
HRE 1% S ARV 0 1) 26 B 3 00 5 174+ 48 G o 0 BR
Be R AF I 09 B AR M AE (B K 3k H R
A3 FLHET BE G LAl T 45 A RS A R K R
R R 45 b B A0 A I S e i — 20 BT K
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5 BRCHP®RESH

5.1 HEFFEEH—Higm

B 2 D 5 7 e TS 9 o R B A R R AR L
HEERMHEN , REREED S L TEY AL
TR R me . iR (E R e T
2024 AF M S BUIE 9 A 5 )Y, 2024 4F 4 1R £
BAf T A T R 5K B 5925 kg/hm?, [E 2023 4E 14
76. 5 kg/hm*, A5 W58 2 45 H 3] 2030 42K £ 507 35
#] 6 295. 2 kg/hm”*, 203544 35 F 6 585. 45 kg/hm”,
AN 7E B R LR NE ST, REREY
oo T AR DR R AR L RE AR RS L EOR RN
S HLA B v R PR 3 B0 VR W R FE 7 o B B A 6T
FooE S T SRS FF = A R IR B . sk, K
BE AR 3y G M A B B 2208 AR BRI R B
TG /NR P oy 48 i R Ffl 58—
ST AR A PR R TR o i) N T X
KRB G AEA M E T 58 S+ A SRR+ A AE
A Al + FE P BB, Sy e P B A A 7 R
G — R W FREA T A B — RAIRS . K
i A & A (2024 4 4 R EEAR Y A 1EAE AL
LR 55 AR 0 5 B0HE ) R, B E 2024 4R
10 HIRM A2 E K EER G 2 5% RGN FKIER G T
400 FA MREB LR RAEEAE 214 TR . X Fp
T AL AT [B) B4 3 T R B R AR B RS AT =
5.2 RAANOMBEFEERDS D

6] Ik B A I s 1 R A A 0 R A AR L Y R
R R AT AR AR A 55 2 ) KB ) SR A X —
N 3 3l B — T R R R N R B R S
T — 7 AR A 7 0 55 2 03 OHAR NI A iR
4% T O R 52 B S AR A 7 N R 2R
ARV FEFEC AR b BE L RN DR R S AR R
R B 7 FE R R R R M RS S, B R O R T B AR

BN E AR, 5 EE % 5H B0 K B AR, F BUR A R
BE B ITRE AT IS AR D W T R AT R R A
T o
5.3 RTgBEBERENET

Rl FE 10 TR0 4% 5 A A5 B8 R T 2 1 B AR AR AR
B OCHR O o AL G A FERE R 1) HL ) R AR R B
AE ORI S AR BB R 0 B AR A TR R R A 1 K
S FE . KLUk R AT — B TR E R BRI Y 3
AWRRL SR Bl 2 A B AR T K P B B R LR T ek
TR A ma T KR AT £ BOUR M ESE K BHfg
PR % 55 A5 8 A A Ml X bR R R 2l A5 A R X
5 FF AE R0 H 3 T B . MR e 4 B Rk AR
P00 2006 4F AR b R RS R L P O 182 5
2016 4F 3% — i 35 13 503 J7 15 [ KR L 2006 4F 4 b
JE B EE FE 5 762 05 1, 3K — B 2016 4F ik
#5506 J7 F1, kb 2006 4F 8 > T 256 T 1. B G
FEAF A IR 4 R A T 5628, R Rl FF A5 AN 21 i 4 )
R B8 b e 2o R B
5.4 HHEEETWK

B T WAL LA A A 25 6 R O XA 7
1z gy B ) @, B2 AR 15 4 B FR i TR o JE D)
U5 F R FF AL 32 i el B P 0 B A B, B8 15 km
WG IZHBeFe A A B3 BT, 5 8O AT £
G R 2 PR R B, 3k 2 i 20 RS T 2 IXIE0R) i G
HERR . BT R RIEY RS R LR G R St
T3 ZED RN AR AR A i B AR Al €5 R A
20200 B G , X 2010,2015 2020 F1 2024 4E F5 F |
S5 AT 0 Br , 45 SR W2 7. 2010 4%, iR RHE A
FHAE 3K 1. 0742 ¢, H A Ak C kb BR kB 3R R
b JECRHED F il 3. 7642 t, 7 FF AR Ay
K 244 1, 3K R B RS AT R i AR A L —
2015 4F , JERHE A FH 515 0 28 3. 9042 ¢, R FF F 4% 48
IR A 1. 8042 t, 3k 3 BRS AT A H SR AE B i T

x7 BEMNRAE

Table 7 Straw utilization fe.t
Py Ak ) i -
1y M AL 7 R I bt
o L Total utilization of four o
Year Fertilizer utilization L Remaining total
modernizations
2010 1.07 3.76 2.00
2015 3.90 3.30 1.80
2020 4.48 1.85 0.89
2024 3.99 2.47 0.84
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6.1 LEHRE

Fili FF 34 FH DA Sk 3 ] T 6% K K beal ok i A AR
] L, Ay A b s e 3 B A S A . R T 10 4F
R AR RO S 844, 2 ERE LA A H
AL B HEE 90961 A RO A T A0 UKL A HE RN I
AR R R E A A B VSR
T EFRICER L W 5 v 208 BEER 4y
il FF 43 it R I 35 43 1T 3B 43 BR AR AR B RL 2234 1
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5] A, 4022 B R N Y DX 08 S S s R AR AR
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