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Nutrient resource quantities in major crop straws and their potential for
replacing chemical fertilizers through complete return to soil in Jilin Province
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Abstract: [ Objectives ] As the fourth-largest grain-producing province in China, Jilin Province possesses
abundant straw resources. Estimating the nutrient resource quantities of major crop straws and their utilization
potential under straw return in Jilin Province can provide reference data for the efficient utilization of straw
nutrient resources, chemical fertilizer reduction, and green and low-carbon agriculture. [ Methods ] Based on

statistical data and literature, using the straw-to-grain ratio method, the straw biomass, nutrient resource quantities,

FSHE: 2025-08-05 EZHE: 2026-03-24

HEWH: EFRREAVIAITRTHE (2024YFD2300703); EF K550 4 AR ZR (CARS-23),

BAAT: XE E-mail: zsb010024@163.com; T HFH—EH 514 E-mail: 2024240667@stu.syau.edu.cn
* S AE1EH TKkE 5 E-mail: guoxianzhang@syau.edu.cn


https://doi.org/10.11674/zwyf.2025349
http://www.plantnutrifert.org
mailto:zsb010024@163.com
mailto:2024240667@stu.syau.edu.cn
mailto:guoxianzhang@syau.edu.cn

930 R R S 2%

potential for straw incorporation to substitute nutrient inputs, and economic benefits of four major crops were
estimated across different cities of Jilin Province in this study. [ Results ] The average annual resources of maize,
rice, soybean and peanut straw in 2019-2023 were 3225.68x10* t, 585.08x10*t, 70.36x10" t, and 103.89x10" t,
respectively. Straw resources were mainly distributed in Changchun City, Songyuan City, Siping City, Jilin City
and Baicheng City, accounting for 32.15%, 19.30%, 14.98%, 10.69%, and 10.07% of the total crop straw,
respectively. The nitrogen (N), phosphorus (P,0;) and potassium (K,O) resources from the main crop straw
resources in the province were 35.79x10*t, 12.21x10*t, and 57.41x10* t. The nutrient resources of maize, rice,
soybean and peanut (N+P,0,+K,0) accounted for 77.12%, 17.54%, 2.20%, and 3.14%, respectively. The
seasonally available nitrogen (N), phosphorus (P,O;) and potassium (K,O) from the main crop straw resources in
the province were 18.76x10* t, 8.78x10* t, and 48.66x10° t. The seasonally available resources from maize, rice,
soybean and peanut (N+P,0,+K,0) accounted for 77.37%, 17.82%, 1.97%, and 2.84%, respectively. In the main
planting areas of the province, the substitution potential of chemical fertilizers by rice straw incorporation per unit
sown area was N 27.32 kg/hm’®, P,O; 12.56 kg/hm®, and K,O 122.06 kg/hm®, respectively. The substitution
potential of chemical fertilizers by maize straw incorporation per unit sown area were N 33.47 kg/hm’*, P,O; 16.12
kg/hm?®, and K,O 80.55 kg/hm’, respectively. The substitution potential of chemical fertilizers by soybean straw
incorporation per unit sown area were N 20.58 kg/hm’, P,0O; 5.15 kg/hm’, and K,O 25.97 kg/hm’, respectively. The
substitution potential of chemical fertilizers by peanut straw incorporation per unit sown area was N 22.01 kg/hm’,
P,0; 8.69 kg/hm’, and K,0 36.56 kg/hm’, respectively. The average substitution percentage of chemical fertilizers
by rice straw incorporation based on the optimal fertilization rate was 15.16%, 18.50%, and 11.06%, respectively.
The average substitution percentage of chemical fertilizers by maize straw incorporation based on the optimal
fertilization rate was 15.66%, 19.42%, and 78.13%, respectively. The average substitution percent of chemical
fertilizers by soybean straw incorporation based on the optimal fertilization rate was 27.26%, 6.96%, and 43.35%,
respectively. The average substitution percent of chemical fertilizers by peanut straw incorporation based on the
optimal fertilization rate was 17.66%, 9.17%, and 30.85%, respectively. Complete straw return to the field could
save about 7.91x10° yuan, 6.22x10° yuan, and 33.09x10° yuan based on the prices of urea, superphosphate,
and potassium sulfate, respectively, equivalent to a total of 47.22x10° yuan in chemical fertilizer costs.

[ Conclusions ] Jilin Province is abundant in straw resources, with the straw from major crops amounting to
3985.01x10%, among which corn and rice account for 80.95% and 14.68%, respectively. Complete straw return
from major crops to the fields can release available resources of N, P,O;, and K,O of 18.76x10* t, 8.78x10* t, and
48.66x10" t, respectively. Complete straw return can replace approximately 65% of chemical potassium fertilizer
input and about 13%—15% of chemical nitrogen and phosphorus fertilizer inputs, saving 4.722 billion yuan in
chemical fertilizer costs. Regional and crop-type differences should be taken into account when coordinating straw
incorporation practices to achieve efficient utilization of straw resources, reduce chemical fertilizer application,
improve efficiency, and achieve considerable economic benefits.

Keywords: crop straw; nutrient resource quantity; straw incorporation; chemical fertilizers substitution;
Jilin Province
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Table 1 Straw-grain ratio, straw nutrient contents, seasonal nutrient release rates of straw, and optimum fertilizer

rates of major crops

T TEFF IR & ik (%) TEAT AR (%) HAEMIE HE (kg/hm?)
A Straw/grain Straw nutrient content Seasonal nutrient release rate of straw Optimum fertilizer rate
Crop ;
ratio N P,O; K,0 N P,0s K,0 N PO, K,0

JKF Rice 0.89 0.83 0.27 2.06 47.19 66.69 84.91 180.20 67.90 109.90
F K Maize 1.03 0.87 0.31 1.34 54.04 73.03 84.43 213.70 83.00 103.10
K2 Soybean 1.06 1.63 0.39 1.27 52.06 54.41 84.30 75.50 74.00 59.90
AE/ Peanut 1.24 1.66 0.34 1.19 41.00 79.00 95.00 124.60 94.70 118.50
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FEFF & F7 7 Wi Straw nitrogen resource quantity (N, x10¢ t)
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Fig. 3 Spatial distribution of annual average straw nutrient resources of major crops in various cities
of Jilin Province during 2019-2023

11.53%, HHoRAKRE., Tk, RGMEERT2
I8 H B A SOGR IR 4 1.05 7 t (it
12.00%). 7.30 J7 t (\5 kt 83.17%). 0.15 7 t (\5 Lt
1.70%) 1 0.28 J7 t ({5 1 3.18%). 4 Fl EEAEYFEFT
i HEP (K,0) A RS/ %S R AE 4l 48.66
Tit, ik 63.85%, HHkAKR, Fok . KEFIE
A R R 4 i O H B A RCSR e BEE & il
10.24 75 t (5 21.03%) . 36.49 J5 t (/5 Lk 75.00%)
0.75 77 t (5L 1.55%) F1 1.17 7 t (5 1 2.41%). %
GokE, KR, FoK. RO AER A4 il B S
H IR B R (N+P,0.+K,0) 20514 13.58 J7 t (4
. 17.82%) . 58.96 J1 t (it 77.37%). 1.50 J7 t (%
HE 1.97%) #12.16 J7 t (4 Eb 2.84%).

TR AE G FF 42 b i HH AR A80F7 4 0 U5 1 90 1 T s X
AT (N 0.60 J7 t, P,0,0.28 J7 t, K,02.67 Jit),
KHH (N0.51 Jit. P,0,0.23 71 t. K,02.27 Jit).
FAIRTT (N 0.41 J7 t, P,0,0.19 J t. K,0 1.83 Ji t) Fll
AT (N 0.35 77 t. P,0s0.16 71 t. K,01.58 /7 t),

SRR PR (N+P,0.+K,0) 20518 3.57 T t.
301 J5t, 243 5t f12.09 Jit, % 32.17%. 27.10%.
21.89% #i1 18.87%:

FORFEFT 42 40 T AT R 40 9% D88 et 265 v 1) e X
HRKAET (N4.88 J1t, P,0,2.35 i t, K,O11.73 Ji 1),
FAJRT (N 2.93 Jit, P,O,1.41 it, K,07.04 J7t),
DU (N 2.27 7 t. P,O, 1.09 77 t. K,O5.47 Ji t).
T (N 1.62 J7 t. P,0,0.78 Ji t. K,03.90 i t) il
M (N 1.53 77 t, P,0,0.74 Ji t. K,03.68 7 t),
SRR AR (N+P,0,+K,0) 4351 4 18.96
Jit, 1138 Jit, 8.83J7t, 630 it f1594 Jit, 4%
i 36.87%. 22.13%. 17.18%. 12.26% Fl 11.55%.

R G FE AT 4 i A T AT R 40 9% D8 265 o8 1) e X
A IE S (VAN (N 0.21 J7 t. P,0, 0.053 J7 t.
K,0 0.26 Ji t), #aJET (N 0.08 /i t, P,0O,0.02 /i t,
K,0 0.11 J7 t). Ak (N 0.06 J7t. P,0,0.02 7 t.
K,0 0.08 Jj t) FIKF 1 (N 0.06 Ji t. P,0;0.02 Ji t.
K,0 0.08 Ji t), A RIS FIRE (N+P,0+K,0) 7
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Fig. 4 Spatial distribution of annual average straw available nutrient resources of major crops straw incorporation
in various cities of Jilin Province during 2019-2023

B 0.52 7 t, 0.21 i t, 0.16 Fit, 0.15 7 t, &k
49.81%. 20.50%. 15.37% FI 14.76%.

AEAEFE AT 4 it i A 03 4 0 15 a2 s 1 L X
HRAETT (N0.51 77 t. P,0,0.20 77 t. K,00.84 J7 t).
FIAT (N 0.11 77 t. P,O,0.04 77 t. K,00.17 J7 1),
PUSEHT (N 0.06 77 t. P,O,0.02 J7 t. K,0 0.10 J3 t) Fl
K (N 0.03 77 t. P,0,0.01 J7t. K,00.04 J7t),
MA IR IR E (N+P,0,+K,0) 2%k 1.54
Jt, 03277 t, 0.18 J7 t f10.08 J1t, £ 72.50%.
15.11%. 8.50% Fl 3.86%.

23 HENEEEFYETEAERUEED

2019—2023 475 R & i A 17 v AR = 224
YIRS AR H Y AR 3 sk 2 s, B2
VEYIFE AT A 3 Y 2 i) RO SR 76.20 J7 ¢, &
YEMIREFF RIS IR0 0 72.30%, 5 M EEAEYFS
FRAHZ (N). B (P,O;) FIAR (K,0) MR 150501

4 25.85. 10.63 F1 66.28 kg/hm?®, 7K FEHEFTI8 H A
JE (N, BEAE (P,O,) FIEFAE (K,0) AYEAR T 1551 R
22.72~30.73, 10.44~14.13 1 101.49~137.29 kg/hm’;
KRR F LR X 3R L AR L R T RS A
i, FEFIERZ S 80.21%, A& KAEHSFFib MALE
AW S F 4 N 27.32 kg/hm? . P,O, 12.56 kg/hm?
K,0 122.06 kg/hm?, FOKFEFA H A EAL (N). BT
(P,O,) FIHHAE (K,0) &AW J1 4300 27.71~
39.69., 13.34~19.11 1 66.68~95.51 kg/hm?; T K+E
BRI AT . AT . PO PR R AR
i, AR 86.00%, 424 EAFEFFE AR
AW 4 N 33.47 kg/hm?, P,O, 16.12 kg/hm?,
K,O 80.55 kg/hm?, T RFEFF B AN Qe Ty <Bp e Y
BT, FORFEFF S REAULIE (N+P,0,+K,0) T
77 130.14 kg/hm? . K E R0 HAEE (N) . B
(P,O,) FIHAE (K,0) M &AW J1 4 3k 16.37~
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2 20192023 FENE EHETRUEMERNTZEDRFLETHOLRERES (kg/hm?)
Table 2 Fertilizer substitution potential of major crop straw incorporation in different cities of Jilin Province based on
sown area during 2019-2023

. N P,0; K0
XI5k - — -

Region KR Ek KT pizs KEE EK K igas KiE EK K 1wt

Rice Maize Soybean Peanut Rice Maize Soybean Peanut Rice Maize Soybean Peanut

4T Changchun  28.84 37.79  23.19 24.10 1326 18.20 5.80 951  128.85 90.94  29.26 40.03

FARTT Jilin 2696 32.68  21.51 1447 1239 1574 5.38 571 12043 78.64  27.14 24.04

YT Siping 29.66 39.69  22.52 33.81  13.64 19.11 5.63 1334 13251 9551 28.42 56.17

L5 Liaoyuan 2698 3460 2532 2040 1241 16.66 6.33 8.05 12055 8326  31.94 33.88

EAk 1T Tonghua 2545  31.79 19.99 1938 1170 1531 5.00 7.65 11368 7651 25.23 32.19

1177 Baishan 26.09  30.90 19.10 18.75 1199 14.88 4.78 7.40 11655 7435  24.10 31.14

FAJETT Songyuan 3073 36.03 19.61 29.72 1413 1735 4.90 11.73 13729 86.70  24.74 49.36

3T Baicheng 2847 2771 16.37 26.00  13.09 13.34 4.09 1026  127.17 66.68  20.65 43.20

FEEEEE AN 2272 30.07 17.62 11.45 1044 1448 4.41 452 10149 7235 22.23 19.03
Yanbian

SEHIME Average 2732 3347  20.58 2201 1256 16.12 5.15 8.69 12206 80.55 2597 36.56

2532, 4.09~6.33 1120.65~31.94 kg/hm?; K& E%
ke DX E 3 A 6 R VAN L RAJRT L ET . EAR
. HmAKET, FAEARLA L 89.27%, &8
KREFEFFE HACIE A TP 48 N 20.58 kg/hm?
P,O; 5.15 kg/hm* . K,0 25.97 kg/hm®, KEFEFF 4%
LI (N+P,0,+K,0) # 17 51.70 kg/hm?®, £ F5
FEIE HANE (N). BEIE (P,O,) FIHAE (K,O) &1L
W5y 11.45~33.81, 4.52~13.34%119.03~
40.03 kg/hm?; FEAE F MR DXAR T . HTTT . I

EHAEKEN, AL L 97.33%, SF AR
FFid H AR BT 71 448 N 22.01 kg/hm? . P,O;
8.69 kg/hm’, K,0O 36.56 kg/hm’,

2019—2023 47 AR & T 5L T e it A & 19 32
FAEYIREATIA 2 AL AR ] L3 3. 42K
FEFRG AT 38 H A BB LB R 12.61%~17.05%,
HEERAR L R 15.38%~20.81%, HRHEEAL L4
92.35%~124.92%, FHMES NN 15.16% .
18.50% Ml 111.06%, #AJiti. PWFH . K&ETH

®3 20192023 FEMNEZHET REREENETZEVEFEETHBLRERELSG (%)

Table 3 Fertilizer substitution propertion of major crop straw incorporation in different cities of Jilin Province based on

optimum fertilizer amounts during 2019-2023

N P,0; K,0
[X 15, —~ — _
Region S IE S N T < B = SIS N AN 7 SR < B SR S

Rice  Maize Soybean Peanut Rice  Maize Soybean Peanut Rice Maize Soybean Peanut
KA1 Changchun 16.01  17.68 30.72 19.34 19.53 2193 7.84 10.04 117.24  88.21 48.84 33.78
TR Jilin 1496 15.29 28.49 11.61 18.25 18.96 7.27 6.03 109.58  76.27 45.31 20.28
PUSET Siping 16.46  18.57 29.83 27.14 20.08 23.03 7.61 14.09 120.57  92.63 47.44 47.40
iTJHTH Liaoyuan 1497 16.19 33.54 16.37 18.27  20.07 8.56 8.50 109.69  80.76 53.33 28.59
B4k Tonghua 14.12  14.88 26.48 15.55 17.23  18.45 6.76 8.08 103.44  74.21 42.11 27.17
H 1Ll Baishan 1448 1446 25.30 15.05 17.66  17.93 6.46 7.81 106.05  72.11 40.24 26.28
FAJETT Songyuan 17.05 16.86 25.98 23.85 20.81  20.90 6.63 12.38 12492  84.09 41.31 41.65
1317 Baicheng 15.80 12.97 21.68 20.87 19.27  16.08 5.53 10.84 115.72  64.68 34.48 36.45
HEIFHEETSR B TR 12.61 14.07 23.34 9.19 1538 17.44 5.95 4.77 92.35 70.18 37.11 16.06
Yanbian
SH4{H Average 15.16  15.66 27.26 17.66 18.50 19.42 6.96 9.17 111.06  78.13 43.35 30.85
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32 4%

FIR T AR AR FE B R . A FOKRFS Ak H Y
BAEEAC LU A 12.97%~18.57%, WEAEEAR LN
16.08%~23.03%, #AEEEM KN 64.68%~
92.63%, F-IIEAT WK 15.66% . 19.42%F1 78.13%,
1SRy VN S < VAN /A s B O = e R A R
Ko KEFEFF L H BRG] R21.68%~
33.54%, WEHEEACELHI N 5.53%~8.56%, APAEERL
FoA6] S 34.48%~53.55%, EHMET I M 27.26% .
6.96% 1 43.35%, LT . K& . DU A AR
TR IR . AEAE RS AT A F W R B o]y
9.19%~27.14%, BEICBACILHIN 4.77%~14.09%,
BRAE AR LK 16.06%~47.40%, “F-X1E 73 5
17.66% . 9.17% #130.85%, PUFTH . SR . FHIK
AR FET BRI, &5 DR
R HPFHR (N). 8 ((P,0,) Fl (K,0) %
fREEBI53 5 18.94% . 13.51% Fil 65.85%.
2019—2023 4E 35 MR & T FEAEYFEF L H B
ALNER 258 a5 e (R 4) B, 28 LAY
FEAF AR M54 791 {26 EE (LY
15%) . 6.22 fZICHYBEIE (5 EL20 13% ) F133.09 12
JCRYEIAE (2 65% ) A, AiTeBE 1Y
47.22 {070 VEWIFEFT 4 il H US4 0 a5 2t i HE A4
AR TT>HA R TT> T > DU T >3 bR > A i 5
B E RN =E AT > JETT>H T, KRR AL
525 0.97 /2 TC R EAEEEA . 0.75 AZTT B AR 1%
A 6.96 {ZTCHIA B A, At a4 eie A
8.67 f0T0 ., 44 FKFEHFIA H A2y 6.40 /LTI A

JEHEA . 517 ACTCHIBEAE S AR 24.82 A2 T A B AE 4%
A, AT AR A 36.38 4470, B KEFEFT
HH AT 52 0.25 /2T AN . 0.11 /2T Ry B IE I
0.51 fCTC B IEEEA , it al T AIEA 0.87 12
TG, EHERFTILHE LY 0.30 /27T BRI
AL 0.20 12T HIBEIE R AT 0.80 /2T AEHEA
AT AR A 1.30127C.
3 it
3.1 EMETEEPRBHEEESH

T EEAEY RS A B 3985.01 J1 t, FE
HRIEFE . WX RE, W R
SE I VG FB- S Al DX R A DX e L AR
Ry AR RAAE o AR 6P T B SR 3 A5 AT 5%
25 (6] 43 A7 A% Jmy B DB R R 1, 35 R4 Hh P R ARl
X (KFT . ET . A S mpsrdn &
BN ER G MO JE DR PG B BOE R, 2 a4y
AR 60% , AAEDHEFITH AR 2N 480.92 J7 hm?,
A RE M 84.43% HARFER LR X (R 3 1) fif
WEEIAM . AT, G, T WAL e
AL 40%, £ A ke, FEA/EY 3G iR
BN, R BEYRERNER 15.57%. TEYIR AL
AR AR A E R AP R RN EERN R
— o MAEY = Z R K . BEBESRE . et
FWED PP AE R R I 2909, 35 bRAE rh pa Al IX b
SEANITF 5, REWR ARG, MR, KRR
K PR 2 8.30 Al 7.18 t/hm?, 4351 HoH 4 H

R4 20192023 FEREESHEEEYRF 2 EEERULHENZFTHE (<10° yuan)

Table 4 Annual economic benefits of major crop straw incorporation in different cities of Jilin Province during 2019-2023

N P,O, K.0
[X 3} — — — — — —

Region KEE EK K et KEE Bk KE i KAEE K K et

Rice  Maize Soybean Peanut Rice Maize  Soybean  Peanut Rice  Maize Soybean Peanut
KT Changchun  0.21 2.06 0.03 0.01 0.17 1.66 0.01 0.01 1.54 7.98 0.05 0.03
FARTT Jilin 0.15 0.68 0.03 0.00 0.11 0.55 0.01 0.00 1.07 2.65 0.05 0.00
VU Siping 0.05 096 0.02 0.02 0.04  0.77 0.01 0.02 0.39 3.72 0.04 0.07
FLYETT Liaoyuan 0.02 029 0.01 0.00 0.02 024 0.00 0.00 0.15 1.13 0.01 0.00
1k Ti Tonghua 0.07 021 0.01 0.00 0.05  0.17 0.00 0.00 0.48 0.83 0.02 0.00
M 1L 7T Baishan 0.00  0.05 0.02 0.00 0.00  0.04 0.01 0.00 0.00 0.19 0.04 0.01
FAJRTT Songyuan 0.17 1.23 0.04 0.21 0.13 1.00 0.02 0.14 1.24 479 0.07 0.57
31 Baicheng 025  0.64 0.02 0.04 020  0.52 0.01 0.03 1.83 2.50 0.05 0.12
FESIEREEE HIRIM 0.03 0.27 0.09 0.00 0.03 0.22 0.04 0.00 0.25 1.03 0.18 0.00

Yanbian

41t Total 097 640 0.25 0.30 075  5.17 0.11 0.20 6.96  24.82 0.51 0.80
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Al DX KR A B K SF-3 77 i = 2 14.31% Fi
9.24%.,

LAY LU R VR WA A 0 U B A A B3 10 G
HEPIR O 00 AR L AEYIFE | R B ARl
G5 BRI | AR AS BEES it 45 18 2 A0 A=
PRI IC i AT 4 [ RO R b X A A5 F B U
HATATEEER T AR AR L, RIF S5
RHAE P FEK . KRG KEMIEAE R A i
1.2, 1.0, 1.6 A 1.5, XK SFOBFFA S TRIE R
JEIX Fok | KFE . KREREEES N 111,
0.91. 1.29 F1 1.24, ZERCIIFTENNH MG TK
KA. KR WEHEY A L4 7E 1.04~2.00
CE 1.44). 0.62~1.40 (CF-# 0.94). 1.29~1.7 CF-¥
1.51) F1 1.84~2.91 (KX 2.01), AHBF5EFEAE 75 AR
BEK. K. KREAEYFEFF BRI R B2 A
JE ST A PC T RS VR A S ) B R
0.89. 1.03 1 1.06, AL A FE A B I BE X B i S50
WIS ZR AU b X BBl 1.24, 76— @ FLEE FARIE T
FEAF R RS B A e . EVEY - R — B0 ol
T AR SO B TEORRI R R AT B IR A LR 22 T
RFCORIFFT o 1) B2 A B 4 TR AR 2 A AR 9 DAL o
I3 A 38.19% F1 29.80%, 7K R FF ¢ I 2075
8.74%; 5 R FHXIGe 7k SE 5 v (1) 4% A 35 0
FRGEIR AR L, AR5 T 9 KRR A s R
T 24.55% F1 17.83%, 7K RS FT- 5 5 45 0]
21 13.18%, X FERF T IR TR . R
AR . RS IR TS S B 7 BRI Y
SR DRI, AE SRR SR A R B B R
R 24 Hb 5B 9 A LA T B A R
32 EMEFEEYRTRIRRER

TEVRE A E & A B, BRETTHLE 0 FA BL
Br, el EZRARM A TR, AWFTEEERERY],
M FEEYFRFTRA (N). # (P,0,) FI# (K,0) 77
Oy GRS 35.79 T3t 12.21 J7 t Fl 57.41 J7 t,
O3B EERE AT B3R (N+P,0,+K,0) ¥ (1)
33.96%. 11.58% Fl 54.46%. X FIAVEYIREFFHOHR &
e T ARMEBE, SORED A cE T A, B
FEIRAE TAEWFS A h i 72 0 AR R — B e,
RRFER K, o EEZRIEDFEF T A
(N). B (P,O,) A (K,0) 774 % & 43 5l i B35 4%
H1131.50% . 10.00% £ 58.50%""; Z=ELEEUWF5E K
B, WACE R IR RO E B (K0) fem, HIkh
A (N) Fiwh (P,Os), il i BRI E 1Y 55.30%

33.22% il 11.48%. AHFFE B 455 5 1 AT AHL,
HFR5 5 A A 22 5, X BB TARIT M X
VERIRRZS . Pl T BRI 45 4 L BCR FH RS FF 3R 40 &
HSHEARR REN . ANFEEDFEFFR SR & R
B ANED RS FF IR0 P IR ) S BRI, HZ B
RS PR R A DL R AR ) A 2 R R 1 R
Meo, 5RZHEW 8, AUF5CRH ChEB L
REALFE 75 ) BRI AL IR ) Corh 4R AE
YIRS FF 9500 & HOR AL RS AP SR r R IR AL, fF—
FREE B ARUE T FF 5% 43 ¢ U 5t PEAG 00 1 08 PR A —
otk

AREFFE KB, I EEAEY RS AT 2L 5
MAETRALE (N). B (P,0,) A (K,0) AT HF
PR s 18.76 J1 t. 8.78 Ji t F148.66 Ji t, 430l
IR GRIR ALY 24.62% . 11.53% F1 63.85%, FZ
YEIREF 2 E 8 B Y ] BUE SR 76.20 J1 t, J2
VEMIREFFFIE B0 72.30%, VEWIFSFFi46 5 78
EEVVE T BB A, AW R &L B
PG IRy, FIRSA B, Sm e g,
FVEY KSR TR A o I, REFF G A e e
N —FEY SRR SR . /A RS AR E H
JE AR R I, FEFF S5 B HCR 2 Ih
ST RRRIEDY, X S i T EZ L T
TSR, TR . B0 LUA N e SEE TEY
PIFEFT R, A3 A e PR R TR S B0, EE R
GUURESE BB, EORFEFF IS % (56.79%)>
THSEAEFT (55.23%)>MH HFEFT (43.44%); B4 PR Hy 51
WFFE R, Hti 69 kg/hm® B EALSE S H 15 K xt
B A2 0 AR DX KRS 22 /N 22 R AT 8 e ol R B8 T
K, 490 65.84%, HLIHABAFEZAIE ST 27.09%;
ZEFERESIIIE I, PRI AR RS R g
S T e A, SRR 4.36%~6.25%.
KA R, FEFFIFR RO R Z AR e,
o 2 NN Wl = B ) N W 73T LN 7
5 SEOSE R R A . ANBFST oK . KRERIR S
FEFFIO 50 B HCR S IR & X 57k A0 S0k 1
FIZE R, WAL FEFF AR B FR 0 BRI S I8 T B
MG E IR A R, XA R g T AR
BRE o (H AR S TR b X AR RS FF 95 0 R TR AT 22
5, ARRTFEERS A BT, D SRS E
A0 3 BT e i A A B
3.3 ENEFTEEMRBTERULRE LS

FEFFAE H TR AR AR AT, Wl fh I f it P



990 R R R L S 2%

IRBREGE AL, P TR VR R, AR S
K, HME FEEREFFEHE (N). B (P,0;)
B (K,0) IR S48 25.85. 10.63 il 66.28
kg/hm?, T KRFEFFAYZEE (N) B <R (K,0)
AT Sy, X SRR R 3, AR5
BI, EOMRAE AR T FRKCRE R R OR RS AT 9 ZIE
BRI 14390 22.72~30.73 1 27.71~39.69 kg/hm?,
LR = SFU I R B AR AT SR R OR RS AT AR
W 1M 20.39~39.85 kg/hm® e X1 HUZE S0 F 5% K B AY
R DK REFEAT 192 A8 1 0 26.38~32.61 kg/hm?
MZEARK, AU EM, FHHE FRFMKERF Y2
BARALAE (N+P,0+K,0) T 1140514 130.14 F1 51.70
kg/hm?, SIERk = SRS & AR L -t e i 7 Ji K
KK EAEFE Y TRALE (N+P,0.+K,0) ¥ 15351
g 138.71 1 38.51 kg/hm® M—5, FEFFRCALIE (K
Jiti FH 2 FVE FHASOR 52 A5 26 . A5 . RIGAE
Y. FPRETIEE . REFERREAE RS AR R], R
NE AT S aRR R0 25— R0k R B, FRE 2017
EREAEY OKRE. Tk, AN RHMEY . EE)
FhiFF 4 itid 1A 5 PO AE A (N) . B (P,O5) I
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