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TABLE Il
EFFECTS ON EXPENDITURES
Household Total
Loans and credits expenditures expenditures
Any
pay- HH Tobacco/
Amount ment Total Food Clothes essentials Medical alcohol Amount
mn @ (k1] ) (5) (6) N 8 (4]
Panel A: Overall impacts

Cash 270.77 040 149.95*  68.61~ 34,58~ 13.63" 13.18 -0.28 37124~
(53.79) (0.08) 139.00) (24.42) (16.88) (5.07) (12.29) (4. 56) (67.74)

Control group mean ™20 018 37237 270.36 14.31 792 3155 34.01 568 08

N: workers 402 402 402 402 402 402 402 402 402
Panel B: Daily impacts

Cash = day of payment 49.48% 0.79 6.96™ 373 276 205,19°~
(13.75) (4.21) (3.03) (5.03) (1.98) (34.24)
Cash x 1 day post-pay 66.61" 0.13= 39.30% 18.01 945 384~ 061 ~023 10947
(26.37) (0.03) (21.59) (15.15) 17.06) (L7 (743 (L75) (37.26)

Cash x 2 days post-pay 39.07° 0.16* 46.20° 126 2747 319 11.33 =3.17 63.73
(21.20) 0.04) 125.19) (12.36) (16.52) (3.84) (10.05) (2.24) (44.35)

Control group mean 3255 0.07 128.65 93.40 i 274 10.80 11.95 196 26
Control group mean, day of payment 272 007 102.43 T9.20 386 147 553 10.24 146.06

N: worker-days 1.160 1,160 1,160 1.160 1,160 1,160 1,160 1160 1160

Table 11 1| 1 kG T8RO J 8 =R T ASCHIAIREmT, 43 50 GEEK S H
FKEEM LS RS AR, BIAGEERE: (O METFERATA,
B T3 RS iR T AR TN BB SRR (Panel A) ¢ (2)
e LB R P 1AL EE A TN EM 3 (Panel AD 5 (3) IiEHT L
BRI EWRE T ABEATAMEZH (Panel A) 5 (4) G T8 A O b2
2H TN 823 H R TH RUOBEAE T8 R RO B3 (Panel B) o 45 B4,
I Bt 3% F A RT BASE 2% b 40 TN B S = AR TR e, 5 Bh T AL %%
PAK I R K EE HH T30, AT T AR %% 7.

D. SCIFE4E R 2. WAEFEE (Productivity) KM

TABLE III
EFFECTS ON WORKER PRODUCTIVITY

Hourly production
(8 4] @ @ 4) i5) 6
Cash x Post-pay 0.087™ 0.108* 0.109* 0.1 0.220™ 0.204°*
(0.047) (0.047) (0.047) (0.047) 10.079) (0.,069)
Cash x Post-pay x Higher wealth ~0.284** =0.190*
{0.144) (0.093)
Cash x Announcement period =0.002 0.014 0.014 0012 0.013 0.039
{0,035) (0.035) (0,035 ) (0,035) 10.072) (0.061)
Cash x Announcement period x Higher wealth 0.013 -0.039
{0.135) (D.081)
Linear baseline output Y Y Y Y Y Y
Quadratic baseline output N T Y b | Y T
Post-double selection lasso controls N N : § h Y £
Day FE and hour FE N N N Y N N
Round-wave FE Y Y b § Y Y Y
pvalue Cash x Post-pay = Cash x Announcement period 006 008 008 007 000 000
Wealth index Continuous Binary
CoefL: Cash x Post-pay + Cash x Post-pay x Wealth ~0.064 0,014
Std. err.: Cash » Post-pay + Cash x Post-pay x Wealth 0.093 0.063
p-value: Cash x Post-pay + Cash x Post-pay x Wealth 489 819
N: worker-hours 17,441 17,441 17,441 17,441 17,381 17,381

Table TIT f&7~ T B %5 e B T 58 A& RCr R DA B S Bnilfs s T 8% & ot TN AR =2
M2, &5 3 PR 1 RuERR (1) pRlagE R, 3R, paig sk T
ORI RIS TN PR B BEpm, WAEERRBERN TG, TAER
RAMMT BEFRTE. soh, 55, ¢ FEER AR I AWM & KF =K
AR, #F— D6 TR SER AT R B KT R, SRR e T8
RIBO A = 3R R AN PR 55 ) TN ST B .

E. SSE4 R 3. W TAERER /] (Attentiveness at Work) HIE0E
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TABLE IV
EFFECTS ON ATTENTIVENESS
Attentiveness High Attentiveness Attentiveness High
index attentiveness index index attentiveness

(n (2) 3 4) (5)
Cash x Post-pay 0.095* 0.170* 0.133* 0.122*
10.029) (0.083) (0.064) (0.040)
Cash = Post-pay = Higher wealth =0.243 =0.114 —-0.056
(0.177) (0.089) (0.054)

Cash = Announcement period 0.027 0.043 0.022 0.043
(0.043) (0.026) 10.086) (0.063) (0.039)
Cash » Announcement period = Higher wealth =0.098 =0.087 =0.027
(0.178) (0.08T) (0.053)

p-value: Cash = Post-pay = Cash « Announcement period 0.050 0.010 0.014 0.0156 0.019
Wealth index Continuous Binary Binary
Cooff: Cash x Post-pay + Cash x Post-pay x Wealth —0.072 0.019 0.066
Std. err.: Cash x Post-pay + Cash x Post-pay = Wealth 0.116 0.063 0.039
p-value: Cash = Post-pay + Cash = Post-pay x Wealth 0.534 0.765 0.092
N: worker-hours 13.020 13,020 12,952 12,982 12,982

Table TV Jf7r 1 5 Il I 58 A 800 il LAJ SE Rl i B¢ A 806 TN T A
EEAWRm . i8R EW: (1) 581 5IA% 2 545 1R W] A E 5 ilmet T
GEATBCH R T AR i B 5omd, R ESEhrksimm Titja, T
ANLAERHEESAA R T BERI: (2 53, 4. 5 FfliH-RIEN TH A
JEO TN TARR RS AR S RBNAER S TR BN . 82, XEEREK
W, SRIe SR LN RN L8R AR g, X—Sg 20850
ree 38 I N T 98 R R T TN AR AOVE B /1R SEBLT

F. SCAEZS R 4: M THEN (Piece Rate) HIFh7ELLe

TABLE V
PIECE-RATE VARIATION

Hourly production Attentiveness index Attendance
(1) @) 3 (4) (5) (6) (7 (8) 9
Piece rate m —U.Dld —0.000
0010 (0.010) (0.008)
Log(piece rate) | -0.034 0.002
0,028 0.029 (0.017)
Piece rate = Rs. 3 0.024 0.014°
0.018 (0.024 (0.008)
Piece rate = Rs. 4 D -0.025 —0.000
0.020 (0.020) (0.012)
p-value: equality of coefficients
Piece rate in columns (1) and (4) .001
Log(piece rate) in columns (2) and (5) 001
Piece rate = Rs. 3 in columns (3) and (6) 211
Piece rate = Rs. 4 in columns (3) and (6) 001
N: worker-hours 4374 4,374 4,374 4373 4373 4,373 898 898 BOS8

B A3 T T A= DR LEE. B4, XRGMNUGERFE AT ANZR
BRSNS TIRI B NN, (EE T T it LA R SE 5 .
J#id Table V 45 0T 40, 14 TR ZRShFCm = HY 45 51 (Hourly production) , EROS
LVERE (Attentiveness index) JEHHE M, Rk T NEMS ) TER, 47~
i, AEFEEAZI.

G. STEZR S: B3R (Priming) A% 785E50
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Table A.14: Effects of Priming

Know or Not

Hourly Production

First hour after priming

Two hours after priming

All hours after priming

1)

2

3

[

8}

(6)

PANEL A: Overall priming impacts

Post-priming 0.020 0.038 0.026 0.099 0L036 oan
(0.065) (0.082) (0u068) (0.100) (0.058) (0.076)
Post-priming » Pro-pay 0.012 0.008 0.008 -0.059 0000 0.078
(0.089) (0.099) (0.090) (0.116) (0.089) (0.097)
Post-priming x Higher wealth 0025 0160 m
(0.125) (0.126) 0,104
Post-priming * Pre-pay x Higher wealth 0,026 0.151 0182
(0.167) (0.164) {0.157)
N: worker-hours 17,41 17,381 17441 17,381 17,441 17,381
PANEL B: Priming impacts before and after interim payment
Post-priming (Day 10-11) 0.026 0.039 0.026 0.009 0.036 0.111
(0.065) (0.082) (0.069) (0.100) (0.058) (0.076)
Post-priming (Day 10-11) % Pre-pay 0046 002 0.014 0.019 0047 -0.041
[0.088) (0.115) (0.088) (0.24) (0.083) (0.112)
Post-priming (Day 6-7) 0.054 0014 -0.009 011" 0.053 -0.040
(0.071) (0.067) (0.065) (0.061) (0.077) (0.063)
Post-priming (Day 10-11) x Higher wealth -0.026 0160 -0.173*
(0.125) (0.126) 0.104
Post-priming (Day 10-11) x Pre-pay = Higher wealth -0.133 0.032 0.020
(0.170) (0.164) (0.156)
Post-priming (Day 6-7) x Higher wealth 0072 0193 0.180
(0.134) (0.121) (0.144)
N: worker-hours 17,441 17,381 17,441 17,381 17,441 17,381

FEFEABEHLE R H 5L, FoAT0 1] T AARATT 2 ] 5 48 8 0 R IRE 0 SR 3
KRBT AR T 385 PR KL Pra I E T 5 A7 o] Bl il oA k00
FEAG ™ s SRR TN HCIW 55 W oK AT REMURh At AT 158 55 0 AR BRE R /), I #2
m e Table A14 J&7n TR SN TFHER, ik BARREAIL & STl Ja MR AE
B RENTHUE — AN N LT TER 8 8 — 8 R SN B R T OR

Table A.15: Effects of Cash across Priming Conditions

Hourly Production

(1)

2)

Cash x Post-pay 0.129** 0.268***
(0.058) (0.089)
Cash x Post-pay x Cash-poor priming 0.047 -0.150
(0.105) (0.105)
Cash % Post-pay x Cash-rich priming -0.077 -0.077
(0.064) (0.004)
Cash x Announcement period 0.014 0.037
(0.035) (0.061)
Cash x Post-pay x Higher wealth Ezm
Cash x Post-pay x Cash-poor priming =« Higher wealth Kl
(D.211)
Cash = Post-pay x Cash-rich priming = Higher wealth -0.017
(0.121)
Cash x Announcement x Higher wealth -0.036
(0.081)
Linear baseline output Y ¥
Quadratic baseline output Y Y
Post-double selection lasso controls Y ¥
Round-wave FE Y ¥
Coef: (Cash x Post-pay) + (Cash x Post-pay x Cash-poor priming) 0177 0.118
SE: (Cash x Post-pay) 4 (Cash x Post-pay x Cash-poor priming) 0.096 0.096
P-val: (Cash x Post-pay) + (Cash x Post-pay x Cash-poor priming) 0.067 0.218
Coef: (Cash x Post-pay) + (Cash x Post-pay x Cash-rich priming) 0.052 0.191
SE: (Cash x Post-pay) + (Cash x Post-pay x Cash-rich priming) 0.058 0.083
P-val: (Cash x Post-pay) + (Cash x Post-pay x Cash-rich priming) 0.372 0.021
_‘%f[ﬂ_-i N: worker-hours 17,441 17,381
L o

Table A.15 &/~ T ANFEABER 25 s N fa r= AR b4 R . g5 15,
XF CBLEAR” BIHXE AR, FEEUMRE, HEE RN GE, B
FEEE . BATAAT S T KEME R w1858 T/E3) /7

V. BE R R TR R

FERE A, 1EHHRE T AT RERMASE R 2 MiRAE R R, JRBET 1 4b 8l L
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ORGSR ER . AR & 3 EER oM A
A. A F5EEREH

AR R : /F#& & Rt 7 TR 0T Ae A AT S A = A4 2 F
IRBAL IS . it , BESZERET ST TN AT Re R iR 208 “ LA i sEm
BT GLYZE AR 1 AR SZER AT S AT I TN AT 6 R A 53 B AS 24 F 1 ik
B AR o

TABLE VI 7R, ARKIAEFES R B 2 & A8 47 5 AR . BIETE
AT RAFEA G, ERATANRE TG EE TR, EASERE—RME
TR, AEAREHANEE W ERARE, FEELNRTEWHATAREER
B4 FRH TNSRHT AT G D55 77, A8 AR R IR 3 FE0R o SO R S 38 RN R
A7 R TFH S R EEAM R . WIHE SENR FF, 6] 4R B At A KA ek
AT N, HEBR AT

TABLE VI
FAaIRNESS CONCERNS

Hourly production
(1) (2) (3) (4)

Cash x 1 day post announcement —-0.015 —0.034
(0.036) (0.039)
Cash x 2 days post announcement 0.032 0.015
(0.036) (0.038)
Cash x Announcement period 0.021 0.000
(0.031) (0.034)
Cash x Payment day 0.078 0.087
(0.059) (0.059)
Cash x Payment day x Wave B 0.007 —0.006
(0.091) (0.092)
Cash x Post-pay 0.110* 0.109**
(0.047) (0.047)
Post-payment period N Y N Y
p-value: Cash x Post-pay = Cash x 1 day post announcement .009
p-value: Cash x Post-pay = Cash x 2 days post announcement 029
p-value: Cash x Post-pay = Cash x Announcement period 005
N: worker-hours 9,651 17,441 9,651 17,441

(RAERREAERZ I : S i SR T AEE I 4 58 TG AR SO B AR IR T4 i
7201, ABAEATREBRI SO AT K v I Mo = S h 4 . AF Fr it DUF 5 S0 — &
B

FESERH, BT TAER— REB LIRS A, U7 {5/E. TABLE VI &
7~y Wave B SEERALAESS 9 RICATIS, $ml4A A FI RIS R Wave A ST
A, HEER TR B AT R . (S AT TR AL P T3 T, UM EAE R
NN 5 A7 3R T R R AR, (SR A 7 ) B3R A TN SR 52 e 4
Hi¥l. Table A.16 BRfEEKFSAEBMNTR, BE—LHER TEEHLS]
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Table A.16: Trust: Effects in Later Rounds

Hourly Production

Number of prior rounds Any prior round in worksite
(continuous) (binary)
(1) (2) (3) (4)

Cash x Post-pay 0.081 0.089

(0.074) (0.064)
Cash x Post-pay x Prior rounds in worksite 0.011 0.014 0.026 0.003

(0.024) (0.024) (0.077) (0.074)
Interactions with number of total rounds in worksite ¥ N b N
Interactions with worksite ID fixed effects N X N Y
N: worker-hours 17,441 17,441 17,441 17,441

B. AHIRIE: EIF SREEIREKR

BFRHREER M : 1F 8 PRV 1 S AT SO I8 I 25 TNy E R AR DL 38
7 AIMEE A SCERAR B, 8 IR IR DL AR el AN 1 R ) P 7 A S 2 R
Mo PRk, AEFH N T TR RO R BN I S SO bR s, M52 A
7“7}1. TABLE VII 7R, MATANERRBAR LEAREESR, HEM IR
THERA TAEH P REEAFLE, HRREFRUN TR

TABLE VII
TEsTS FOR NUTRITION CHANNELS

Breakfast measures (post-pay period) Hourly production
Had any Amount Ate Ate any
breakfast  Ate rice of rice vegetables other item
(1) (2) (3) 4) (5) (6) 7 (8) (9)
Cash =0.007 -0.002 -4.048 =0.024 0.059
(0.013) (0.025) (7.223) (0.042) (0.044)
Cash x Post-pay 0.060 |0.1T3" 0.104*  0.083*
(0.050) (0.073) (0.047)  (0.045)

Cash x Post-pay x I0.014" | 0.008

Hour of day (0.007) (0.010)
Cash x Post-pay x -0.204*

Higher wealth (0.103)
Cash x Post-pay x Hour 0.005

of day x Higher wealth (0.013)
Cash x Post-pay x 0.013

Last 2 hours of day (0.020)
Cash x Post-pay x

Last 1 hour of day (0.026)
Control group mean 0.984 0.938 180.625 0.759 0.266
N: workers 320 320 320 320 320
N: worker-hours 17,441 17,381 17,441 17,441

BEEBER AP FE R - 1 A T B i) AR 75 0 e e e S T i e A 7
71. Table A.17 7, %I4T A O REARS [R5 BOR A & 2% 224k,  BRAR
XA SRR R HEBRIEIR T4 .
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Table A.17: Effects on Reported Sleep Quantity and Quality

Hours of sleep Sleep quality scale Had a good sleep
(1) (2) (3)
Cash -0.062 -0.056 -0.047
(0.164) (0.061) (0.043)
Control group mean 6.90 2.76 0.82
N: workers 400 400 400
VL451%

“Wh SRR A T NAE S A0 T R ? I W AR N B BE v il i T

NIRRT oA 55 1 e & 2 R E A iR BFRURBL, T8I 5EaT
S THRE S T ANREBEEN, THAL T AN GRS RFFRaITELIR, ALK
TFILETEAN TS R4 55 H W K5 BE 6 75 i, AT /D T A AT A 0 5548
Mo B, XEETANFETAEPRGEMSR: AR EHEM T 7% (0.11 fr4E
%), JFEMAEM RS R EL T . FLAEZMEN T AN TR E
B, T HEMLE, XR T INMEERIRTE . XN 3 BTN 55 A%
BREV TN . ARE BRI FCEE RIE s, 7E AT 3R] HF AAG I B 7 77 BB
REJRAIEFETAFHGE, FEAASAINE. XEERRY, RELTR
ERMAVIRER, F23T 559 T RENS T4 MR A PATAE S5, 30 E 2
FMEVEE R IR o

535 A BAR R SR S B A4 7 2R i) BAR O EENLE] ClndE e &
FEEHIR) o MEFHRISCIE B TAE TN ZEHERIAES, MAREX
73 SO APV A7 T B AR 1) 0 B iR Rl —— 2 B DR R e VR il D) ) 0 BB 2 iR
At 4, WELGFHmERMARK. Ak, 1EEKHRIZEA—NE WS R
ik, BIFER RGBT, TARATARE TR, £/ RN RSB 2R .
PR ACEI, RN T3 B (0 W0 95 T 0 i Bl e o A 7™ 0 7 AR R IR« 3 BB
FE RIS, BE— DRI FCE T Z BT 0 B A [ 1 e I 45 4 = 21
TR X T AR & — AN T7 W . thsh, 1B BT R RAFRR T 2
o SR EFRAHEARR R AR H SR A AT REYE, JF 4 M 55 Rk 2= il
IO R SR AEAT W] HEAE B il B B R AR SON

2025F6H1H 518



Economics Know or Not

MR S EIME T

2025F6H1H 518



02
i |4

NGIROINIGINIIEES




P4 S RETIE]: 2025-05-27 15:40:00  RAEEERMELE: hups:/link enki nev/urlid/11.1895 X 20250527.1509.019

Agronomice Know or Not

“Wk” Br T EFH A e 7 B 7=
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#oocom ', HER T, HH
(L BT R %05 B EESE, BMATF 830012: 2. JLACAYOBAL ISR, JLx 100871)

E: £ K" @R FRTFAERAE ™ 320 TR SRR URZ R A B ZREO MEer SR R Rl
B R M Fra R RESRPL T FrahfE. HR 2013~2023 £FAP[E 30 M4 (MU BIAR KR, RAIHE T hniEis
PSR T BR B A HE R BE 70 5N 2 8 BORRUR ML BR AL 7= R R K-, 532 F AR [ 5 2%
FERRRL 28 )t SRR OB BOR R AT AR AE =R . 85 REH: ObEZHETFEARRREN
B EH1 25 1) P8 G 386 0 ) 225 () 00 AT RS J) A/ 7 SR AE T g D B - 7 SRIRRFAE, 3535 R BLEE
EAEH. @2 RHUTFERRENRUHEE >~ £HIRAEREFH. @RRERRER, BFHERIRIL

WA RS T ROR BB B PR R A ORI T O R R ETEORRERX 7. @BFHAR
RS 3 R b DA B AR 7 FR FAT IE 1747 [ i H 808, Herb 300 km Dy (a)3ad HY RN (% SR IX H442, 700 km
e ik AN UR S S

XEA: BT RkBER, BRI T EER, TEREL R

DOI:10. 13227/ j. hjkx. 202503308

Impact of Digital Technology on Agricultural Carbon Productivity Under the
Dual-carbon Goal

GUO Wen-giang', WEI Xing-yu'*, LEI Ming '
(1.School of Information Management, Xinjiang University of Finance and Economics, Urumqi 830012 , China;

2. Guanghua School of Management, Peking University, Beijing 100871 , China)
Abstract: Enhancing agricultural carbon productivity under the dual-carbon goal is important for mitigating global
climate change, and the development of digital technology provides a new impetus for the low-carbon transformation
of agriculture and the green development of the economy. Using the panel data of 30 provinces in China from 2013
to 2023, the projected tracer model based on the accelerated genetic algorithm and the emission coefficient method
are used to measure the development levels of rural digital technology and agricultural carbon productivity,
respectively, and the panel fixed effect model and spatial Durbin model are used to study the impact of digital
technology development on agricultural carbon productivity. The results show that: (Dthe development of digital
technology in China has a spatial distribution pattern of decreasing gradient from east to west, and the agricultural
carbon productivity in the southwest region has a high-high clustering pattern, and both of them show an increasing
trend year by year. 2The development of rural digital technology has a significant effect on the improvement of
agricultural carbon productivity. (3) The heterogeneity test shows that the effect of digital technology on the
improvement of agricultural carbon productivity is “western > central > eastern” and “balanced grain production

and marketing area > main grain production area > main grain marketing area”. @The development of digital

WA M. 2025-03-26; ¥&iTHBH#A: 2025-05-10

E2WA: WFHAHEEIAME (23XMZ060) ; i B2 AR L % W BT H (XJTEDUZ025]102)
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#l{5E#, E-mail: 1064791036890, com
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technology has a positive spatial spillover effect on agricultural carbon productivity in neighboring regions, with
intensive spillovers within 300 km and detectable effects extending to 700 km of the spillover effect.
Key words: digital technology; agricultural carbon productivity; projection tracing; spatial Durbin model; spatial

decay boundaries
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e 1 A BRHFIE . BRHECR SO A

Table | Sources of agricultural carbon emissions, carbon emission factors and related data sources
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Table 2 Indicator system for evaluating rural digital technology development
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Table 3 Descriptive statistics

Know or Not

TR FEA I i /MA O] A
cP 330 7.105 2.509 27.106 3414
DIG 330 0979 0.342 2.292 0.366
DIR 330 0.122 0.001 0.695 0.107
ER 330 2.882 1.000 6.800 0.966
ICM 330 15.763 5.589 42.988 6.649
HI 330 10.091 4.300 14.800 2.279
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Fig.1 Spatial evolution of rural digital technology levels from 2013 to 2023

A 0 500 km A 0 500 km
|
A

C]

] fEAT
M stk
W PR
W AT
W oAk
= . () 2013 FA R R (6) 2017 L BRE 7

N N

A A -l
.

(e 202080l B () 202397 42 ol B 7

E 2 2013~2023 F RUBEFEZ ARE
Fig.2 Spatial evolution of carbon productivity in agriculture from 2013 to 2023
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Fig.3 Kernel density distribution of rural digital technologies and agricultural carbon productivity

3.3 FAE[ENAL R

F ARG 7R E AR AL A B AZE R, 3] (1) ~ (4) il Ros g B AN A Rl E
BNy 8] RN S IR R A AE R, RPEHTEINE 0.89, WHIMIMEHIAERE. F4A
AN ] 3 S AR B ARG S R AN B BRI AL B AL 7 R A e T R AR e B
(DOEEREY, A HFRARACT AR 7 R I F 0 REAE 1% 835 7K T 4 8. 209,
WA 2 A ECF BOR R AT LR & (R AR A 7 R 52 T, AU 1 k. RIIET, 24
BUr DR 7 AR A = B R B ST, SRR BRI R R, D B BHRIR st AT SR R ARk
BRHER,  $m AL BR A 7 R

% 4 HEfEEAL R Y

Table 4 Benchmark regression results

cp
B
(1) (2) (3) (4)
3.886%%* 6.906%** 2.509** B.209***
DIG
(0.387) (0.395) (1.116) (1.408)
— — —_ 0242
DIR
— — (0.924)
— - — 16.034
ER
— — — (10.080)
e = —_ —0.549*%**
ICM
. — - (0.092)
— — — 0.001
HI
o . — (0.077)
3301 %%* 0.345 4 649%*** 7.212%%*
Constant
(0.356) (0.384) (1.092) (1.240)
A~ 5 R x V V R
SRy [ s x x v d
N 330 330 330 330
R 0.17 0.83 0.86 0.89

1) ** Fl +* S51FRIEN 5% M 1% ACFFREERR, —Rmi%0 B AR R0, R o 24 fi% 0 E 2 2
Py xR B bR 2T R E RN, 355 N S R bR iR
3.4 R R YEA S
3.4.1 AR RFEA
EED| A AN EFEWIAERIRBOR, IF HEERER B XA A X 7E I B2 5%, nlRg
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22 SRR T P AR 2 SR AR - B 0K 5 B LR T RE A BB AT SR Rk e, S5 R
£ 5% (1) FR, #ZOMREAR (DIG) RECH 13.042, il 19HBEHRLK, KPS
PREGETIFEARSS, OB 0RTatd.
3.4.2 B e W AR TSR

N T W B AG THE R W, AT SO BT 1%F0 99% A i R AL 3, K v
F 99%FH AL AU T 1% 500 s I BUE AT B 4, SRS BB EAT B HERNA 04, K 5 51 (2)
SERTTHL, LR (DIG) BB FHNIE, X5 IEAER AL R A R gt
3.4.3 B4R R A

FEHEINA T 2 A BUFHAR K R R BT 8 4 R M B F R R AT I B, RS
fafdtt, RASEARAE LS ABEZZORBRZETING, R55] (3 BIHARH
SRTE 1D REACF FNIE, BUIEHE RIS,
3.4.4 WhniE kA &

T B b AR B R R A THEE SR, — T, R R B A 7 AR T S e
Ll 55 ) R S AR R 2850 SR T, i Y ek A i % AR A R T S IR DR 55 AR L 38 i 42
T+, R S AR R . T, RK SEEE KT AR R 5 4 52 AR F ARBR R
AR, MR AR BRAE = . FH KT MR T BEAE AR R SE G b B R B E, B SR
iR, AR THEDRW A MR R B . B, $hngRllk 55 shE r= 2 Mt 2 # & KF
AR TREMRL, &5 5 (1) F5REYW, DIC REBENE, BRI 2T
BT DUR R T LOb B A = R
3.4.5 AR

ZRFNZMNBFEAR SR BA =R 2 WA T NERRXR, AT 0P A b T
A BCF AR B R B A P 2 A F = AR e, SO 2 W L BOR R AT R S — IME
NTEZR. WIBFEIELE RN 5 5] (5) F1% (6) Fion, BB REH T ATE
DIG AA E3F EmEm, JH F SiHE A FIEFME 10, WA TR S, 5=
B R DIG fhit REEFENIE. B, fEf—PEMBNEMENEE, 2NEFEARERRE
P gl = SR A A R EEH .

5 REERR D
Table5 Robustness test
FER: L
R WEPTREA()  BERREAEN2)  EHREEERNEG) i) P =
13.042%%% 6.869%++ 7131 %% 58374+ —_ 9.438%++
= (2.018) (1.122) (1.853) (2.369) — (3.609)
LR B N - - e
_ — — - (0.057) —
Ffi1 — = — — 216.354 o
i A d V v v V
AR ] i R \' \l v v v
S fh (8] 52 2 J v v v v
N 286 330 330 330 330 330

1) ** F1 ¢ SGRIFRER 5% M 1% KFFESHEERR, ~FoRigmi B A RN, R BE b e iz
Bi, 555 R EE AR bR R
3.5 B
— 5T, AFEIHEIRAL B 3 X AL R SRR i i R )R . B e A AR PG R BE DA R
M 75 BURE BT i) 52 B0 S FFBCR S T, PR EENN S ER. BH— 4, RafiKrb
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R 2 MR AR BRHFBCR () G R K . BE TG, A ke ie iy e e i i
3.5.1 XA

AL B HE WS R BECEREA S AR PEAPEE, 2Rk 65 (1) ~
(3) B, SR BRI R A R 9EE T RE, RELEGHK
FH £ (30.978) @ AT S RMMEIERE. TRNERET, —Hm, RTmX
ik e, BAVESGFF PRI EEIR, 2 RN T TIARS L, 3
BB HEARLE A GG — P HE T B BRRON/N s 1T o 7 5 X 35 B it 5 Ji A X 3
559, fOlfELFS iR, FEHER5INGE EESER A%, WmfmAEE K
FIABRNE . SH— 51, PEERHE X AR AR5 5 B Mt i 22,  BerHiARiE S AL BR
Ao B AR TR R, ehd B IR RO R AE PR3 T AR FTH X RO BRAR A KP4
By BFBORMIRTE AR AR B, AR o 7 i DR b B A= 7 22 1) B o B
NEE, RHAEETHEX.
3.5.2 R W YR B o

A YA B SRR, AR R X L R T ORUR A O
X, iRk 65 (4) ~ (6) P, ZHEFEARTERE 37 X AR E 55 765 X 5 HE &
BRI A RIET. REEHX AR RS, R HRE S T A AMERITHIX, &
SRH S N FHAREERMEBO KIE, (2 TREH T H B IS, MR F BRI
WA=, MO TR ESEPAE. MEFREI X, R PEX 2 HETH
A BERR AL 221 AR BEAR - W RER SR BIE TR A 7= 8P X AR AE PR Z L, &
FAE AR R & B, XA P TS a i B B AR SE LR L B, R REE
R RS (0T 219K, R A SO R TR VR R FH R I B AR BcHE OGR L . P P XK
WA EMBIREERESD, BEAMEFH R IR Z IR T #F R, AR 37 DX 1 s A
RSB — AR R AR M, (85 88RO 9 B FH R RE % 58 Gl 3 N7 AR P2 75 5R, )i
B i A1 22 W [R) 2R

% 6 SITH A D

Table 6 Heterogeneity analysis

63 A1) hiEB2) 7 #(3) R EHEE) WAL= X(5) = FHIX(6)
] 1.196 4.414%x 30.978%** 0447 7.324%%x 36.943 %%
- (1.052) (1.691) (4.414) (0.718) (1.837) (5.553)
i) A y ) v Vv \‘ vV
A4 ] 5 2 \’ V v v Y v
A ] 5 R \‘ v R v v \V
138344+ ~2.666 ~6.765 23 387*4+ 4.147%%+ ~12.420%*
Constant
(2.449) (3.286) (4.672) (2.206) (1576) (5.013)
N 121 88 121 77 143 110

1) ** F1 o+ 55|FoRiEid 5% 1% AP T REMERL, “FaRt Sy mli%mE e 86, %9 Wi bR iR
3.6 7% a3 H RN 4
3.6.1 2 H MR

AT 2013~2023 4 30 NME G IR BHE, ERTE T 2 HEEEEAR (DIG) Fifk
B3 (CP) K4 Ja Moran” s 7483, 45RWMK 7 Fin. BH%k, iz ARNER
Moran’ s 71R¥UIEFNIE, RP\ZEHZ K S FHARGFERZN T MM, K
W, FOWERA = ZR [ Moran” s 718EUAE 2016 FE 2 AN UEAR R, HEBE IR B A =R
REEMATEE, KRS EOCEMERES: AW, 2016 2 )5, 4J& Moran’ s 7 ¥R
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NIE, FBERIRZE 0. 127, REAFRAERAE 7 575 DXCHIA] 23 H AN W 5 1) 1E 17 2 1) i H 2%
(VAR S A S VA 5 S 2 e o LT YA

#472013~2023 {45 Moran’s / 5% D

Table 7 Global Moran’s [ index from 2013 to 2023

DIG

2

4= J5 Moran’s [ Pl 4= J5) Moran’s [ Pa
2013 0.024 0.107 —0.059 0.492
2014 0.030 0.075* —0.022 0.716
2015 0.032 0.066* =0.007 0.412
2016 0.059 0.009*** 0.042 0.025**
2017 0.040 0.038** 0.054 0.007***
2018 0.029 0.076* 0.081 0.000***
2019 0.037 0.045%* 0.101 0.000***
2020 0.034 0.055* 0.103 0.000%**
2021 0.054 0.013%* 0.111 0.000%**
2022 0.059 0.009*** 0.109 0.000%**
2023 0.070 0.003 *** 0.127 0.000%**

1) * ** Of1 = DHIFGRET 10%. 5% A1 1% K7 T2 St

3.6.2 AR FF

IR 7S 8] FAH AR I EE R 2 WA HEAR (DIG) FUfbipEr=23 (CP) fF7EFH
KR, A IE 2 AT R R A8 2 IR (R RGN, R TR AT L E AR, % 8
KU, IMRIE RSt E /D@ 1055 FPERIE, 150 A7 75 25 [H]15 22 A 723 [|)360 5 2R LR &%
I6 RUATE 1%5% Z MK F T SDM BRI E 4. Wald K087 SDM BB AN 2xiE 16 SAR B SEM
R e - ) [ s R AR BT 1% 5 MK R AR e R RS, PR A SOk e 23 0 5 f

[ L FEARE R

32 8 Al R ARG IS Y

Table 8 Spatial measurement model selection test

Frgs Frid R {E P
42 J5) Moran’s [ 10.974 0.000%==
LM #55& LM-error 95.139 0.000%**
Robust LM-error 2.750 0.097*
LR-SDM/SAR 55.64 0.000%**
LR Hrli
LR-SDM/SEM 66.22 0.000%*=
Wald-SDM/SAR 56.82 0.000%**
Wald 4%
Wald-SDM/SEM 67.23 0.000%**
LR-both/ind 55.83 0.000%#=
i 2 i [ 2 20 A
LR-both/time 534.37 0.000%**

1) #1517 milid 10%M 1% 7#4CFE F S EtER

3.6.3 ZFa)FE 52 5] )3 45 B o #i

F95 (1) GEREY, EAFET AN T, 28RN AR ™
R RBAE 1B EMACE T 5.245, R 2 M EUAHER IR B R LBRAE 7 247 &
ZWRIHEM: £ NEFBORIZ A 5 Dt R 5 (26.045) 78 1% F MK FARIE, Bk
A BT BOR K i i % [t 00 & DX 33 AR b gk A = 3 A (A s 2 1) | [l 2R
B EAIE, RUARN B A7 75 0 35 1E W) 2% (W)t o T2 () 5 7003 B0 A s A <3 3th
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HOIBUE, FHASRE ELE R ER 2 MECF ook “REFFR” B mER, SO mWRMD 721
R E AN B BN BN R T 2 R B A X AR B AL 7 R P EH, B
38— A AR B R AR B A 7 30 ) BB A LA B 1224 B AH S X Al B A 77 57 A 114 5 T
TR (A B NI R 1 2 A3 RO A 2 1R AR - 7E R SRR . AR RE 2
[EIRE P BIEOERE T, 2 NEF BRI BRSNS A AN N IE, HARE 196 23
PEACTHE S . R 2 N BT BOREHES A KA IR A 42 TH R, thfe 25 F] bk 23y
FlG N, AT RO A S0 X A ML AR 7 R B EROR, Rk 2 1R BISE. £ ¥
AN ARl B A 7= A R B LR RN /N IR RN, W 2 A Al B R8I b X AR btk A 7
RO GEHAE M s T A . XFBR A REMIRNE T, SHETRREAMMNAG, KR
56 A0 G137 R AR I DX 1] Y5 A S R A 1 2 AT M X« AR T Al X Jh ST R
FRAUR RO LA, A0 D 3E i A S AL R A DA i V2 B N B AN B A0, RS R
SRR A, AR R RE A A%, ST AR, BB T ARk A e AR
H s At i+ O SO £ i A P B AN B AR R R K, R0 Py it — 20 etk 10 23 1) 45
BR, PEECT RN A A B 7 R A5 TR AN S AR X .

# 9 TR ERLHR D
Table 9 Results of spatial measurement regression
- b 2 F SRR RE(1) AHEIERE (2) = 1A P RO B (3D
= 2% [A) b S AT RS 1] e i B 1) e R i BLEER N 1) R b7
5.245%%% 6.014+%* 443354+ 5.764%%+ 12.997##* 5.812%%+ 15.075%*+
. (1.125) (1.169) (16.997) (1.097) (2.619) (1.110) (4.613)
26.045%*+ — = £ - — —
WXDIG
(6.109) = = - — = s
0.321%+ & b % LS = — —
tho
(0.163) — — — — — —
ol 2 fe J v v ¥ N v v
N 330 330 330 330 330 330 330
A 8 5 2 V’ ) vV ) v vV !
A 8 5 V Y i ) v i |
R? 0.22 0.22 022 029 0.29 0.26 0.26

1) ** Fl o+ SGRIERIEE 5% 1% KFFESEMHRR, ~—IoriZB B RS RMER, IR ch S8 H%mE
Fi, &5 MEE N ERER
3.7 2 A AE PR AE

BE— B TT 2 AT B TR R R S AR A 7 2 1) 725 1) i ) AR B B S AR AE . B 4 R
B, 2 [A)d R A2 RIS SE I A&, 2 BT RO AR OB A 7 38 1 2 (A i O
Wi 2 R A SR I R I A He R B “U” BYSFAE. 7E 100~300 km 0 EE P, 2% 8]0 H RN 53
NIE BFE58, JH7E 300km AbiAFE(E (59.776). XTH, FEANHEGL HHLEETER A,
X 3%, 7] 1 B A 158 A0 A (B E A AR AP A 15 A b A P S R A 5 B B st [E) 1, e
A BIE REE N F B T (R S A« SR, 224 BE 9 R BRI 300km J5 , 25 [B) 36 H 200N FF 4R 306K,
ZF 700km J5 ZEGEIET 0 BEAF R . XFILR 0T REIR T Hh B 2R B n T Fe AR A ehs
SE CREBRILLE” UV LA R A . Rk, R oW SRR o X e ) PRt = A
500 BRI B F PR BHEGRRE , AT 7E AT b X 7 A 5 98 A AR b B AR = R AR T2, {H
Wl T HARY A R IR, XA S5 S5 SRS . JEAb i S BUR SR 2 5.
SRR HH R 5B DA R b A 7 (Y MU R A 2% 22 JE R R 3k R, 2 el vt 2R AT R
I 1 b 0 (R 2 (R BE S SN 5, (S 3 43 RS0 E
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Fig.4 Spatial spillover effects of digital technologies on agricultural carbon productivity at different threshold distances
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EER BRI A7, AT AR A7 1 R AR A 7 7, 33 7 HR R ger 4
FRRFERAAOL SR, AR R, B AR B 5.

(2) WEERUEFRBHRE, MERRULHAESKR. ¥ 50EHFH. RAH
S X RO AT 7% (X ORI Ze 50, DRt B SER B A3 7 2 4 R R, (X S8Rl
PRSI, MTF “HBRE” RBBAGEF X, H— B 2 8RR # KRR,
W FRBR—BRIOIX, BRE “RETF HBAR, H—SHuEs SR,
(3) MBI TR, BERMXE R BEEL. 2 MNEF BRI F LR
% 1 LR, AELRAFLESS) “U” RUMFERER A, RE7E 300km ¥ Ak B AR B L 8
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54

(1) 2013~2023 FHE 2 M FHARKE ZBERRE, & EREKEZI EAEA,
22 8] b S0 p 2R 1) P R 3k R ) 2 B) 3 AT AR SRy, DX TR R AP i ) AT SR AE ROl
PR EIRE AR, EmEX HIL ‘R ERAHE, X8 2 R E# G .

(2) ZRBFHRK BB AE - RNRTHA SEEH, @idfa@EmnErEag, 4
WAKIHERAL . T8 R TEARRIXAEM T, Bt ARG = 2 (5 FHRCR
T APE IR KT -3 AR BEIREMAM T, 2 E7HEARTER & =87 X
R = X a BRI =3 . R\TESE SR A FHEAR, 3 EHXEER
FERHVE R A SRR BT, ) 2= RS R R EUR .
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HOFETEJRAFAE, bR REA P 300km B, 7% ()3 H AN REOA B, Yt B R (A 3
700km B 2% [R] 35 HY 1E [a) RONEAS B 5 3, 3R ] 2 RSB BRSOl Btk 2 7= 22 1) 28 [B) i HH % 4R
1220 300km, 73 (8] H 3L 5 700kme.

14

2025F6H1H 518



Agronomice Know or Not

S 30 -

(11 Mz, . P EEER B R SEF MK AR A IE ] PEAD « BRESH5E, 2022, 32(4) :13-22.
Tian Y, Lin Z J. Coupling coordination between agricultural carbon emission efficiency and economic growth at provincial
level in China[J]. China Population, Resources and Environment, 2022, 32(4): 13-22.

[2]  AHE, R, b, 5. 098 Bl Berb o 25 iR B e B #2047 (], Aol TREE4R, 2022, 38 (23) : 70-80.
Zheng B F, Liang H, Wan W, et al. Spatial-temporal pattern and influencing factors of agricultural carbon emissions at the
county level in Jiangxi Province of China[J]. Transactions of the Chinese Society of Agricultural Engineering, 2022, 38(23):
70-80.

[31  gkfiemg, fTer. “XUR” HAR T ARIACERR AR BUR. R 58708 ], Rk i R, 2022, (9) :35-46.
Zhang J B, He K. Current situation, misunderstandings and prospects of agricultural low-carbon development under the
targets of carbon peak and carbon neutrality[J]. Issues in Agricultural Economy, 2022, (9): 35-46.

[4] MWz, SHEE. U BER TR ) BT A SRR R (], dedrflk K24, 2024, 43(3) : 75-88.
Tian Y, Cai Y R. Research progress and future prospects of agricultural carbon issues under “Dual Carbon™ goal[J]. Journal
of Huazhong Agricultural University, 2024, 43(3): 75-88.

[5]  Zhao R Q, Liu Y, Tian M M, et al. Impacts of water and land resources exploitation on agricultural carbon emissions: The
water-land-energy-carbon nexus[J]. Land Use Policy, 2018, 72:480-492.

[6] R4, ST HE. AR HLAE A 7R ol Btk HE T 5 FEE B2 ) f) 2 () 35 HH 28ORE —— 3 T 282 46l v 0 B 4R B9 S E (). R ELA
1« B 53R, 2022, 32(4) : 23-33.
Xu Q H, Zhang G S. Spatial spillover effects of agricultural mechanization on agricultural carbon emission intensity: an
empirical analysis of panel data from 282 cities[J]. China Population, Resources and Environment, 2022, 32(4): 23-33.

[71 Wz, 05, kA B e B 4Ol BHR RORE (REm —— 25 ) M 0RE R 23 () 6 AR R 50 )], el A £
i, 2024, (11) :89-107.
Tian Y, Cai Y R, Zhang H J. The impact of digital economy on agricultural carbon emission efficiency: Based on threshold
effect and spatial spillover effect test[J]. Journal of Agrotechnical Economics, 2024, (11): 89-107.

[8] ML, k. FE AR B R B R e S T L], 24, 2020, (6) :125-135.
Cui K, Feng X.Stage characteristics and trend judgement of agricultural and rural informatization in ChinalJ]. Reform,
2020,(6):125-135.

[9] Kaya Y. Yokobori K. Environment, energy, and economy: strategies for sustainability[M]. Tokyo, Japan: United Nations
University Press, 1997.

[10]  #&3E, sRANig. FRE R /= R X w7 )], T ETIkEG, 2011, (5) :47-57.
Pan I H, Zhang L F. Research on the regional variation of carbon productivity in China[J]. China Industrial Economics,
2011, (5): 47-57.

(111 RAEHS, AL (5 A ACE (il b B 4 B2 B A P S B AR B A (1. oh B Rl 2%, 2023, (4) :177-188,
Wu C Q, Deng M L. Study on the path of informationization level promoting the growth of total factor carbon productivity
in China[J]. China Soft Science, 2023, (4): 177-188.

[12] #HFE, TR T Rl A B ARl i 77 2 ) % it} b
i, 2023, 33(2) :92-101.

HTWMBOM YRR [J]. HEAD - BHR53

Yang X Y, Qiao C X. Spatial spillover effects of agricultural industry agglomeration on agricultural carbon productivity:
based on the regulatory role of fiscal decentralization[J]. China Population, Resources and Environment, 2023, 33(2): 92-
101.

[13] von Briel F, Recker J, Davidsson P. Not all digital venture ideas are created equal: Implications for venture creation
processes[J]. The Journal of Strategic Information Systems, 2018, 27(4): 278-295.

[14]  FF3CHs, R, R B2 R AL S F MR B R TR —— R B dh P B T AR B 6 J100iE S (1], 2
LR, 2023, (6) :135-143.

15

2025F6H1H 518



Agronomice Know or Not

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Qi W H, Liang M, Qi X L. Research on the path of promoting agricultural economic growth through the development of
digital economy: evidence from the production and sales capacity of agricultural products[J]. Study & Exploration, 2023,
(6): 135-143.

FAH, MR, B BerBOARRGE ROk S R R BRI 5 MR A L], Rlk£Rr, 2024, (11) :25-27.

XS 6, o e k. B B R R R e D s HE A B e R s R AR I HLR] — LRI AT R[], A S
i, 2024, 40 (4) : 26-35.

Liu P F, Han X L. The impact of digital technology development on regional carbon emissions and its mechanism: taking
the Yangtze River economic belt as an example[J]. Ecological Economy, 2024, 40(4): 26-35.

Wame, sk, £ 5. BUrBoR R REIR T (C R R B2 WL B 9 [0, RlEghsb S50 5, 2024, 41(23) :41-51.

Chen X, Zhang X A, Wang Y B. The path and mechanism of digital technology innovation empowering urban low-carbon
transformation[J]. Science & Technology Progress and Policy, 2024, 41(23): 41-51.

XU ES, BRHE S, BUPBOR I . i 2B a5 N S DR [T ). B 20T 9T, 2023, 41(5) :841-853.

Liu J L, Chen Y Y. Digital technology development, temporal and spatial effects, regional carbon emissions[J]. Studies in
Science of Science, 2023, 41(5): 841-853.

S, AERA. SR Ol R & R R i T]. 2, 2022, (12) :102-118.

Jin S R, Ren Z J. The impact of rural digitalization on agricultural green total factor productivity [J]. Reform, 2022, (12):
102-118.

Bl BRER R, (e, 5. B HoRBAE 20l 4 & R T TR RONE [T ], A BRI 5T, 2024, 46 (5) :814-825.

Bai W T, Chen J C, Hou J, et al. A study on the threshold effect of digital technology empowering agricultural ecological
efficiency[J]. Research of Agricultural Modernization, 2024, 45(5): 814-825.

ERE, £k, FLLE. ROF S R R x4 BB A = 2R A RRE [T, R E A O« BRI S 3R8E, 2024, 34(3) :79-90.
Wang F T, Wang H, Kong F B. Enhancement effect of rural digital development on agricultural total factor carbon
productivity[J]. China Population, Resources and Environment, 2024, 34(3): 79-90.

XNoF, M. BoF e N R E W OB R B M HEW W R NS R om L H 0] R OR
%, 2025, 46(10), doi: 10. 13227/ j. h jkx. 202409145.

Liu 'Y, Xu S X. Spatial effects and influencing mechanisms of agricultural carbon emission reduction enabled by digital rural
development[J]. Environmental Science, 202546 (10), doi:10.13227/j.hjkx.202409145.

BEE, 30 Ber AR A AR B A R, ET L SR R4 (], o RO K Al (A SO R
ff2), 2025, 46 (2) : 123-135, 186.

Chen J, Yin P. Digital technology empowering ecological environment governance: generation logic, operation mechanism,
and optimization path[J]. Journal of South-Central Minzu University (Humanities and Social Sciences),2025,45(2):123-
135,186.

Nad, ik, WEX. AFe i SmAEP R, BT %Ik iE 8 0. 3 5 #l ¢, 2025,46(9),

doi:10. 13227/ j. hikx. 202406049.

Gong H Y, Ni C, Cao Y L. Digital economy and carbon productivity: based on the evidence in the logistics industry[J].
Environmental Science, 2025, 46 (9), doi:10.13227/).hjkx.202406049.

TLE i, Fe/, BARA. TI0E 000 5 L 0f o lbe Bk HE T 32 A B W — — ok TR R = AR e B I SE R B [T, SRR
¥, 2024, 46 (7) :1314-1329,

Shen Y J, Pei X H, Zhao M J. The impact of Internet use on agricultural carbon emission efficiency: Empirical evidence
from grain farmers in Henan, Hunan, and Heilongjiang[J]. Resources Science, 2024, 46(7): 1314-1329.

ST, PRI, At DX B RO A % B W B ma BT 9 ()] FEWFEEE, 2025, 46 (3) :170-180.

Su Q, Xing H Z. Research on the impact of digital technology on farmers' income increase in rural areas[J].Science Research
Management, 2025,46(3):170-180..

I, PRER AR, e, S S (b ARt Atk i b = St sema w72 17, oh B AL B 5 [X R, 2024, 45 (11) < 43-56.

16

2025F6H1H 518



Agronomice Know or Not

Bai WT, Chen J C, Hou ], et al. The impact of digital transformation on agricultural carbon productivity[J]. Chinese Journal
of Agricultural Resources and Regional Planning, 2024, 45(11): 43-56.

(28] cHfidm, £ oIy, 2. Ber it R R Rk B B B AF FIHL] (], A0k SR 7T, 2024, (7) :16-27.
Meng W F, Shi K J, LiJ Y. The impact and mechanism of digital economy development on agricultural carbon emissions
[7]. Rural Finance Research, 2024, (7): 16-27.

[29] g, Bl 3. Aol RaE: T bR R AR ll o T R R A St i (], 2% 2] I, 2025, (2) :23-32, 2.
Gao M, Yang X Y. Increasing agricultural benefits: the practical path of digital technology empowering the high-quality
development of the grain industry[J]. Study & Exploration, 2025, (2): 23-32,2.

[30] sl AROR. B HoRn (ke i 2 85 A RE A —— S T 22 RIS AR 38 (0], AR 22 BT B, 2023, 37 (9) 1 1-10.
Liu F H, Song R. The impact of digital technology on regional economic disparities: testing based on spatial overflow[J].
East China Economic Management, 2023, 37(9): 1-10.

(311 ZERI, AT, 240 o 2 0 BEma il 7 T 20 2 1R G T Y L i) B = 1l i it (], R B TR 2 2 4k (RE & R
1), 2024, 45 (4) : 37-49.
Li G, Liu M X, Wang X S. An analysis of the mechanism and spatial spillover effect of digital economy on green technology
innovation in China's urban agglomeration[J]. Journal of Dalian University of Technology (Social Sciences), 2024, 45(4):
37-49.

[32] Zhang W, Liu X, Wang D, er al. Digital economy and carbon emission performance: evidence at China's city level[J]. Energy
Policy, 2022, 165: 112927.

[33) ZEifgilg, ¥WEW. Bor bR RAeIEs “mp A EArgcing ? ——Be T3 7 fBCEaRE 09 SCUE 7 (], Wi e 24k
(T2t 2R | 2023, 47 (1) :30-36.
Li H H, HUANG Y S. Can digital development contribute to the achievement of carbon neutrality? — An empirical
analysis based on urban panel data[J]. Journal of Xiangtan University (Philosophy and Social Sciences), 2023, 47(1): 30-
36.

[34]  BEE, ZE0T, WhIT ¥, 2. A Mo (v Al B HE OO P () 7 1R 30 B B DR RS2 WF 9 (0], RR A8 TR SR (AR 2
ffZ), 2024, 49 (1) : 180-191.
Huang Y, Li X, Ch1 J T, et al. Spatial spillover and threshold effect of rural digitalization on agricultural carbon emission
intensity[J]. Journal of Kunming University of Science and Technology (Natural Science Edition), 2024, 49(1): 180-191.

[35] okER. $rpeeir. w2 sl S B O ], TR 50 274k, 2023, 44(6) :87-98.
Zhang Y. Digital economy, temporal-spatial dynamic effect and urban carbon emission efficiency[J]. Journal of Hebei
University of Economics and Business, 2023, 44(6): 87-98.

[36] ZEI%, SRimid, BRFISE. TR T HT & R s R R AR S M s e m B 52 (T, 4k BURILIE 5, 2023, 44(5) :809-
821.
Li S, Guo Y T, Chen L F. Research on the impact of digital rural construction on rural common prosperity from the
perspective of space[J]. Research of Agricultural Modernization, 2023, 44(5): 809-821.

[37] T8, #H S a0 A R Aol B AR % 3, % o\ 22 86 ) 52 BfF 90 —— LLIAT B 4 SR B 7], Ak IAC AL B
¢, 2022, 43(6) :1017-1028.
Wang ] C, Mu Y Y. The impact of agricultural technology progress on urban-rural income gap from the perspective of spatial
spillover: a case study of counties in Henan Province[J]. Research of Agricultural Modernization, 2022, 43(6): 1017-1028.

[38] e, s, Fh b, Brr e irad e r S 2 At 08 (1] SRl S 200, 2023, (1) :61-73.
Wang L, Liu LY, Jiang Y Z. Spatial spillovers of the digital economy to carbon productivity[J]. Finance and Economy, 2023,
(1): 61-73.

[39] Jrih. 3T E AR X R MG S thieah & AR AE——CLBI R & MBI (7). #IRT G R B AR 2440, 2020, 43(6) :1-7.
Qi H. Dynamic evolution of cultivated land multifunction for major function-oriented zones in Hunan Province[J]. Journal

of Natural Science of Hunan Normal University, 2020, 43(6): 1-7.

17

2025F6H1H 518



Agronomice Know or Not

[40]
[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

TR, R R LA T DR R R ACERIEE [T]. Seit 5P, 2023, 39(2) :99-104.

e B, ARG R BT R AR b 28 B I Y Sh i R R M R R A —— 2 T AR A AR e 4 [T, AR £
#F, 2022, (5):116-124.

Zhang Y, Song H Y. The spillover effect of technological innovation on agricultural economic growth and its attenuation
boundary [J]. Rural Economy, 2022, (5): 116-124.

A, AR PIE A ERE T O R S e R AR L ORI 7 (U], BUEALE, 2018, 40 (10) :2118-2131.

Wang Q, Gao C Y. Research on the nonlinear correlation between provincial carbon shadow price and carbon productivity[J].
Resources Science, 2018, 40(10): 2118-2131.

T, BE, R chEFROBHER R EE ., BT R B R T (], & WAl B9 5 (X R, 2022, 43(5) 1 1-11.
Ding B G, Zhao Y, Deng J H. Calculation, decoupling effects and driving factors of carbon emission from planting industry
in China[J]. Chinese Journal of Agricultural Resources and Regional Planning, 2022, 43(5): 1-11.

BUEST, b, BRI, S oh [H R AR RS AR (], K B3R, 2011, 25(5) - 203-208.

Duan H P, Zhang Y, Zhao J B, er al. Carbon footprint analysis of farmland ecosystem in China[J]. Journal of Soil and Water
Conservation, 2011, 25(5): 203-208.

A, Tt e, BT BN AR 10T N Al B I S 22 i R R AR ST AL (). 2074046, 2012, (4) :27-31.

Li B, Zhang J B. Decoupling of China's agricultural carbon emissions and economic development based on the input
perspective[J]. Economic Survey, 2012, (4): 27-31.

Turi A N. Technologies for modern digital entrepreneurship[M]. Berkeley: Apress, 2020

AAT AL, PRI, ch IR %y 2R R R KT RIRE i 2 i Bt A (1. Rl 22 35 ] |, 2023, (3) :21-33,

Zhu H G, Chen H. Measurement, spatial-temporal evolution and promotion path of digital village development in China[J].
Issues in Agricultural Economy, 2023, (3): 21-33.

ke, DR, SR BT 2R SRR SRR RE A SR T U], Rk 5 TR, 2022, (4) (1-12.

LiY L, Wen X, Gao W X. Exploration on timing adaptation of coordinated development of digital villages and rural
revitalization[J]. Agricultural Economics and Management, 2022, (4): 1-12.

HRUE, T, EI7, . W T G A AR e ) S IR AE (D] 23 (BT, 2020, 19 (4) 1 1401-1418.

Guo F, Wang 'Y, Wang F, et al. Measuring China's digital financial inclusion: index compilation and spatial characteristics[J].
China Economic Quarterly, 2020, 19(4): 1401-1418.

TENEA, b, k. By 2 APt inesh Ao 1 s A g g [0, FFAiEie, 2021, 33(11) :135-144.

Wang Y N, Xu F, Ye X. Can digital village construction boost rural consumption upgrading?[J]. Management Review, 2021,
33(11): 135-144.

ZER, PR, B B bR, MR A RN SRR E A AR )], R EA O - BEIRSEAE, 2025, 35(1) 1 180-192.

Li C, Hong H, Zhong C B. Ecological effects of farmland transfer: benefits or burden [J]. China Population, Resources and
Environment, 2025, 35(1): 180-192.

18

2025F6H1H 518



03

N

LT

ERVARYIR:




Literature Know or Not

DOI:10.19915/j.cnki f1s.2025.0028

PR SCEA SRR 28R R —RE A5 Sk 7 Al

TR 1R

NERE: WRXFXMFZUMAE S ERELRRX RO T &, URATERELK
AXFERRNEMNHE, L2200 FURIMRXEFAREPXFRRZR A M, HEE
Fh—x—WER KR, ELRLEEFRNEUXZRFERXE, MTEXRXEZ. X
ﬁ%%ﬁﬁﬁ%ﬁ%%,ﬁiﬁ%%l%%%%ﬁ%%xﬁuﬁ%%?&é%%z%
AHEEFRXZ. FAXE, IRXZRFE LA AXE, THEFEREANEHK
Wﬁ%ﬁﬁﬁﬁ&% EMXABSEEHEXRTE, TEHENRAX R, MTEEK
BB ZXRAXR, LAMAXAETHRERLARNRX R, FAXEFERARANEHN
Xnx kR, FEXALREOHRF &

KW ERXFXHRE; #E; ZEXE; ARXE; FAx%

fEE®IT: KEER, WK% Xﬂﬁ%ﬂﬁ,£¥M$%HK%5%£i$ﬁ%,

Title: Comparative Literature Philology: Three Forms of Exchange Relationships and
Literature Distribution

Abstract: Comparative Literature Philology is a method of reading bibliographies and noting
their relationships. Employing this method, one can discover various forms of exchanges. In
the past 200 years, the only type of exchange in comparative literature has been the one-to-
one linear relationship of the French school. However, the linear relationship of the French
school is a genealogical relationship, not an exchange relationship. Exchange relationships
also exist in a linear form, with a different nature from the linear relationship of the French
school. In fact, besides linear relationships, network relationships and common relationships
also exist. Network relationships are multi-point, multi-line exchange relationships formed
by the multiple reading bibliographies used as examples within the scope of the data. Unlike
the linear relationship, which is a fixed exchange relationship, the network exchange is a
vague exchange relationship form. To date, no prior studies have fully described such network
relationships. Common relationships, on the other hand, lack a specific exchange subject and
therefore require alternative research methodologies.

Key words: Comparative Literature Philology; canon; linear relationship; network
relationship; common relationship

Author: Zhang Zhejun is a professor of Humanities at Sichuan University (Sichuan 610065,
China), specializing in comparative literature and East Asian literature research. Email:
hon@163.bj.com

hEHPM  https:/www.cnki.net 202568 1H s 1 A


mailto:hon@163.bj.com

Literature Know or Not

14 AESCEFEER I 2025 4E55 2

St [ 22 [8) A2 L 2k Z W 9 A LA 00 ) B R4S, 3T 200 4F PURSEAT I FU iR 1
XERBRLEPM, —REMILR, —RTFTRR. PARRLEBRAXERR, X
Bl A — R R, BNEE IR IR R R R R — X — MR R, R
BN R, REEREF AR AR, —BESENA+BIEXR, ©
ZRBER AN FERR. LB XMAN T EERSW R, HiEBHEbESHE
— ARG, RERAE A E, ERREERR, KR A+ BRAMHXRR. HEAS
i [ A ARG A A o [ SR, i B T R R BRI, RN W R R R B
DAER T AR L FRR, RACERN G RIRFET %, LERRPRECTFE H
B A LE RO IR ATETT C, B SRR FF R R . (E PR
KEFAMR, FE IR0 s SO R TR B A s AR H, 2
PA—H BB RCH KRR X P RGBT AR AR RO 22 A F, 16 IHZ
YRR PR IR, BAKHAR. BAEHMEDH, sitbEs s hBliix. ik
SCEESCHRSE LB B 15 RS, thiR MR R, (HEEWBIEMHIR, REERZRKXAR
RIEmPE, X LB R B2 —

—. &EXF. AEAGIEHMENZRXF

P SC 5 SCHR 27 2 BARR A B 52 15 B BGE ST R AR RV, &4 MR KM
T 200 4 1 Ee A3 ST 7 st b B BARESE 2 SR, IR SR BT I SCRR S vk @
LA 1S B BGE R F B E AR RIAZRR RNEE, ATEURIAFER AR ZE MR &R Hr
IHE MR R TR EFRA R, EFERLA .

“AENERAMAEG, WETH®RF AR WERCEEL, RBIETBET" G
BRI 573) o B A To 1l i A IR R 3 8 R R FE RS SRR iR, B E (A )
vk “EEARTIRE (BErE) 7 KRMA “BER”, B R FADFZIR, K
ANELEY, B EWsTRETTRAYEAERN (LML) BT . BEILH
MER (edfl) REAUWMNGEE, RUEEN (EfF) 5 gkdfk) xR
MEFAELMER R WEHERX - LRAE, WCREIMARKNGER, IERSUER &%
KA IEHIH:

H—, (Mpdfk) STERM (ITHESEE) . R8N (kLML) L
“Pedmte, FE, ARMTEN, BOFH AT, RARNBRTREES, HE5
W, OKBE: S, KON, T Rar kT, MUK, Bz A, At
B (eeeeer) REAH: M4, WMtz Em L. WHHEFEHED, A58 TR
. WARBEW, SRz R T ALRERM, SEHR 7 (8, Of
i RrSEER) 274—276) E% (MgseE L) MR () KRR, fFE X
—HIZMER R

H=, iR (Eg) 5 LR THRFER” ZiEEL2AEME T THRIgH, X
—ERART (&% - ABRd) BE: “H— FEENRBREMR, SLHRAR
. EARRKE BEEFAZK. 7 “H. WBEEEWERRE STERAMEE
Z. BARLCRRRY, BEELREMM. 7 “H=. JUHEEKMWE, XSS KE

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
LeA e R, MK AR =FIESS ka4 | 5k&E®R 15

R LR ATE, RARZEETE” (E&, (ITdRrsEsE) 505D . (rdsk-T
B H) B “SUBEWPRINE, JTHERS 5 R, BRI, AR #
EiGdEE, gt bimk. HEZ60, BRHEE” (X%, (T&&E - TEZxH)
133) . XEFFREAICE T EREN R LM S, REIE (THE) S8R (EiE)
HPERAMERIERE. TR5 MR ILMECHE, WmERN (Eig) 5 7 EREDL
Fitlg, HERRN SN (TFE) FMTERE, RYUTEFZAFELERR. FA
A BER ST 4tE kR, LR RIEEFIRSCE 8O0 =4 & R AR (R /Y
Jrik, WRREMRNLEE.

{HIX BLAAAE— AN/ B ic 8 “ IR T3 5 EE0 B awig” AR, T
S E R ZER R 2RMASER R, A2 (i) 5 (IT7) AR,
AT UAEBE S ETHREOEEPARLAN, BREEANE, BH0EE ARE
B, WUBERX &t XR. WRMASEHERX -£2R7, BEIANEANER. 257
RLFRANERINR, KERRBFEER. I -EERANERRERXR, Of
w ) AR, BRI, (i) 2. WK RKNEARFIELLMERR, &R
RFRRR . RERR M WRRRTELR, ol T RE ZBRAETR
MK R, F—REMATNEXAANE, MR E TR BRAXBRLENEX R
i, RIAELERREAHE. WHRKARNRRAGES KK, EERREEETR—
K.

AR TR ZERSEES —Fargett, (Eig) 5 (IT&HEE) mRvhERAR
RF, AN SRR WORCABY I iR, SR (ITRHE8E) RN T 5i%
T HER, AL PRETHEDHARBSEE, &R, XHaHEAHEE (F
SEEAE) B (TR IFARZRN SR, (EME) 5 (TFHE) MEERRLHER
HA IR . 7G4 H e HE N RIT S, ] LR F PR GE 2 IEAi 0. Pelise 5 H
SERT AR M i) AT ARG S, BIREN CEE) BT (ERE): “ (E
%) PIEFEL T LR, M WE, e Mg tE T, B, A L 3 —IX, 2. 4k
HHEAR. 5K, FaTR. k&) =0, BENELRE" CR#S52) . kil
BHERENLE LM TN, 5 “WBTHRFAR” NFAEEMEE. “BHERE
4™ i B RALAE SR ECTFE (1368) IEAMIPUH, fENK (M) BENEE, H
TRM, FE5. MERERATAEAY, TFEERRAMAHE. (Effk) . “XK
JL, @i, ——wmRE. 2WWEN, Kok, MeRE, TN RZUBIS
7 RSS2 « FEBHBHAAAA 4, ERA—ITRN R, SiERER (£
i) , MM SRERSE., MERE KL, OUES - £R21k) MERMERAR
M — s iR Rl 2= 3 = Al ) e R 50— o, TERCT PR — R R R - 7
XE&E ERATH, REAW: xR, WRAER. WRFRKAEERGERE (3
JEk - LEAE) , WANEAHARTTRENE, FrAERERERYEH, ZX280E M RIERR.

MRS R ARMRANE R, BRBSESEREAME. (Hg) 5 (ITHHE)
HIRPER R RIRR KRR, FEMRERR, BALHNS. (Ei) 5 (E81%) 1

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
16 AMESCEAREFS || 2025 4R35 2 1

VR RARELZRMK TR, FAELZRN R, BARR, RANGE. FRRXRE R
LR ARG XAMERKEZN, WG XARZEARRKHRRKAR, BEXANIEA, F
PR BIA— R B BIFCA, BRAEFHRCA R —Fhe SRR R B B2 7 AZREX
i 5 ERERRE, TRRXANYEFRRAERZRN G, BRI EMAER
kAo BT HAEBRMZRGES, BRBEZHRINR .

B2 PRP A S BRI — 2R IERRAN? B A IEIR? WK R 5LH KRR R A
AR, FHEIER, RRAXFERAAERE ST ENELE. ALEMEEEH T
FHERWR, ROERTZARRZOTI, KHRRRFTRFLHI, AT
AR EERAIIAFEDEZE, —BEESAATHRE (Efg) 5 (ITRE) Litx
AHZR. WEARNIREAWNER, RAES5FNEETER, ZRNERCR
TEEW, BRI AR SR BEAREOKRE, SFEieleRkik. mARRZ
Kk, WAmTURYE (ITde) Belh. (rassed IR, BUILJEORHE, W7 PR Tk
RN ER. RZRR, BT ETRENSKEBR, FARENASKERNE
B B i A R AR S O Z R R R . (HEF S RS EWE
%, AREIEMAER 2 LR, AR EZRNERE. —BRITHROERKRE
RIEE CEZMEY , BREIWR AREANTSEE, BIBERETEX. 5
PR FSKIE AL, ARFLHROTEBEAR B NEH. FRXRBESR
5, FrAR LA R F L, (EARA 5 DO Al Al R sk, AR R iR 1 3558 (i)
REPRRR R, XS, ERRARFL. PEEB AT, TR —fhd
52 BRI REMNRIER (EZAL) RELT (EiE) MAER, S/l THRIHE, X
PR FARMT RO R LRRR ROTIC, WA DLEBIRIRN (E%fe) (TFHH)
R (ERMEY , BA (TREk) , REMEARZRT (IrFHE) .

HREBEFIFRKRP R (FRME) , WRBARSE: Pifhs REBA T ER
ERIHE, AERMBA R BELRORERN (MLAEML) , WENFRENRER, X
AR LS. B (Efe) eREMANEER, FEREWE. ERA5IA
FEBHZA, (THE) 5 (ERE) e8P H, MELCARH—F4 H CiE
A A I OGRS T iR R, JRE N A &, EF (TR R MmT Rt Res
%, ZPEFETRMNELZR. SIAREBEZE, —UakEZE: (CEE - £
ZAE) fE R E, AR TERFRKIIAGER, BUEY T R RS Bk
PR RS, SRR AR RS BORIE, RACH R RAARE, ArB 15 H BBk
RAGZFERIE R XIRR R R R, IR ONEE, WZRR AR, H#HEENEE. H
BUAE I ] R AS AR — N BE O EL B, TSR TR A B IR B, WIRRLR RORE, (I
i) TP M ERFHRK TR TR, HELZRE (LML) BTk ZHE
R IR AR 308 I F A IR, AR A BERI B AT B AR AR GV, EIFARIE
HIER, WHHRRRBRIERBEAMZR KR (ERME) WEW T B B BA 2k
Sal§etk, G HERRBEEU - RBHERNEGR, TRXANHARER,
RIS ENRIY S =g

hEXM https:/www.cnki.net 202568 1H 147



Literature Know or Not
PRS2 SRR : AR AR =AMIES SR am | kiEE 17

2 VPWRAR T A RE TR ER? BASIAREDR, FERXREZHEK
RCEMGE, BRBRBRRARAELARR, AEFEMFLEERR, EARIEER
FREETH KL MEXRR. ROAMRY T TIRFEETH KL, AReRER 2R
AMHIG XA KRR, ARFMETHREEFERIYE. THRSARAFET R LMK
R, THRAFETERIRR, MEAFETZRRR. MEMNCERKEZRN (E21E)
ERELT T#R, XAEER SRR T AR RO T A S . EERKETHE, ARRET
HA, EiRf (mfg) Faaes. o Ra o ESCE R M H A SR
A5, ZFFEBRSHIEIRAE . PARES B ERZR KRR, A S 2 K5
REE. BRKANRRATRLELIENZR, WMATREREMRNZRR. RN
HC S SCHR ) 8, 4 3 e TR SCAE 1) ) SR 2 A o 1) R ME — ik BAB 5 BT
B S0 R RBIX R OCERAIFE S, P4 HRERE XA IRR K R B KR AN ER, B
RECTHIE R M T MBI B R, RWEBIERIR, X2 80 B SR 7 B & SR
fE. HEBOCAIRREN EEMEZ — R AEW IR RIER AT R M HEMYE, R LA ik
BHER, TikRmdEE, WBOCE i Rk THEERE . MR A 3
B H, ERFRBJERRR, BICE T AT RS IEH, WARELEFHEZRKR, H
BE 4B IR TLK RARE LT RK Fo WM KRR R, TRKRMEELR, H
HREBG XA PR MER R, A RERIERFER R RIS, LRAZHRRRMES

AR 5 H R LR OC R I ) — ), RBIUE S 15 H A ). Sl A, AR
s B SRS B B AR TR %k b, ARtk R. HRAR R BT
TARMEESH, THRAREFEERLELDANT 2L, X817 7E G 5
JE S5 TS H B IR . REREBIE L4515 B, MiFIE S B R R/ AREBUZ MR T H , 3K
FEAREBILIERR, MAERASREDHEHENSSHE. BRI HEAGE
fFRAER i1 B R, @2 NBE A/ R, 588 S5Y)E A A #E A BUE it
¥+ H B E

(SiFWAEIDY —FFzm: “BEHAERREI, FGEEHER. [ILRESRE, X
BERSZRK” GrBFR 532) . ME\ERBFR (BELEF) KGERE, M
W HE5HBRBRN CRIFERE « M4 ZEME IR ERZDEFRE) £=— “&
FHEAR, SiELAEI. MOCHES, EWEER” (21, ORGSR -
AR ERZECARERR Y 421) o BT (REE) B, (EERF) £
0. S G R E A, EXECAEA RS H. R CREEERE) (ORI
AR)  (EIEIRRF) #REERIE, Mo RS B HERAS, A
MR RGMRKRNHAGIES . ZABBREMRLZEILBE, SGRA (A4 L
ERERZEVGRRIFD 5, REEFEERE, W LESEiEBE . Al CRIFEE)
WE RSt F ERNGEE, EXEIH AR E: ‘7% FH B END) =
WRAMENL, IRERERBWER. AMHE, RS, RSt AFa2, &
Wi R RE, SO EmEmER, KL ERZES. EZEREE, AR
RNZRR RIizZhd, BYELEFER.  BAfCRRmHRZ, B JHERE, 1

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
18  AMESCEAREF |1 2025 4R35 2 1

TRR. REWE, ELE, MEESTFEt” 7 (EH,  COR¥EFREDE « @i
AEME T ERZ LR D 421 . “SiFLEF” 5 74 SRR RZEFNE
RER, WEMFRBE THXHNE. CREEE) BEEL,  GEEFFF) KE
X5 (REFFERE) AR, BB AEIMNE R RBWE B2, B al LA
E (RSO EE) Z2MEHE, B, RESBEEBRTELEXR, ZTEEEFER
B5Y&EORYUE LR AT,

AL ) RO R e e, CBEA BT R CledFsAEmeEm) , T
(RBURSE) B, (OmE) HRRERH, EEWEICFAE RS —Fim RetE:
ik 0 (CRMEE) 5 (ERTF) 2a, X TR CedtmAismesms) , M
FRETARBERNANEREREGIHE—E. XMt FEER, XHMEWEmHD
fBENLIERARLATEE, RAMRTHRGFRS (GRIRE) KRR ARE, 7+
REfRJEIE IR PR S (AR ERIED HIZRMER AR, B2 W T oaX — ) e 2 {5 B
EEVE VAR BERIERZRE: WE (SIELET) MAFCEE, el (R
R ARTE) FESCRISI RISy, XU ORI RMIEHE. 7R Cedaes
FIMEERED) R —RBIKHCE, WRGSEMICR TR AEMR—4, ABMEFEE, Z
T T CR¥GFRED) RIS ARTERE. BHKERRAHAR (SifELEIT)
RERISCA, B O BRI, Ul B B IR AR 7R i B S O (R A1 )
TERF R AT REME R AFER . FiR iR “ RO FNS YR REBMATEIMEZFERI. 5
FRFZE, X -WEPRTECS RN CasEmaElR” . “RlRESEE” —H
MANEART CRIFBAEmEEE) , HRFHRRAEA “ LA, BER
ARE A2 EOR B 5B Ak R SR IR A R R IR RIS ) 5130 RS
) HiESCGRMEE TH (RWEE) 5 GEERE) EAFEENELRE, T LUH LR
FAKREME SR R RN - TR A RN tREEEE, SEEEN
F &, BB R AR CSE LA T BSCARTH, AR R IR T EE R . OR
WREEE) SENEREERRREFRKNGEEEREYS, TUSUE (RIFFEE) 2
SIEHH, BRER T BN ERR.

B2 MW R AT AR —RAFSORIEE . EEARNYS
FE, aURER RS EEAREELER, MRUAELZR KR, REFEZER. —
RS RMY & ARG R REBRS B, ARG RSN, Hir2EEDH
RENEERESFRATEMGEEERNAEYG. FREFENCALEEEERAN
XA, BESGRAEKHXANEERH. FEEALE, WHATRAFERERR, 5
HFERAAEERRZNEESE. EERENZ DR UIERZEBIISCA MK, TR (i
WA FHESRERLAN AR, CORBGFEE) Bt TEAMENERE, (&
W) et rid 2 MERE, HIBDIRREFHRCARER . (RIEEER) (lETrR)
BARBRMmERE (SIFLEIT) NEMEE, FEERD, WHAFELEXR,

hEXM https:/www.cnki.net 202568 1H 147



Literature Know or Not

PLE SO SCHR Y. SRR R =FTES SR | KR 19

. MRXR: AREESEMITRXR

MWK RA R RIWLRIES, WINEHAMIRK R, ZEREEERRENZ N
HIAZIRIERS, N 2 BT T .

P PERK RO 5T S 2R R R 5

PURR RA R TR R, BE A AR RG A6, T I T ZEm e, 52
IS RE TR, WHREA 7 AR. iR R R R iR e s, W
JE R Z R EAEHRE ) RBEFMRRAMIES SR “WHERBP 2Lz, FHX
AREFMHE. SEAEICIHFIFT, AEXREOR” R S48) o “AiIEXIR” 2
TRX BB R G, (R iR AT R 5UAR . “8R” SR, [iEEXIRE—15 th
TRERH (5 E « Filf ZWMRLAIET]) . “Ruoc =+ N1 H RS, i
MAGIEAR. &%, WHEM, FWBMAYS. E+%, GE5m ANEFHIE
LR, WRWAE, EAERUE-NZE. X HE TAHHENE, 2R
EREF. mFZE, HRER W, MERIEHREZDNRTHENE. HEB—+/\7, U
R, MAM_F=H. AFPEVRE, PIEFRRIAETT. MpkiE L IaTa? [
FEXIREASAsk ! 7 (B8 308) BTEEXIEEE x| @29, T (RmBEXE) , (HF
I KAWL I 51D AP, Hp A RFEAESERMA. wREEHBERE (X
REIE) KRG, B4 dE B 5 S5 A 3 [F R 2 ] Side 5 A S, TR
etEc AR (HIAR B A H A ], X (T ) B SR ] S SR A
Ho (IHFED - XIEBE) N0, (WMENEBNE) =, (GSFICEEREE)

== (2FHRMEAE) B\, CEIre - XEH BN, (FFiFLm) &
e G BINAE, ARBEA A, AARE. Frods Rk, AR
#H, (DEEANER) G2 RAX &SR, BEAF. FRFXHMH “arEx)
BR” REA A, ACATE,  CRBGREDE - BAENGH ST 2RE) 1. “RF
WY EER, EXIETR” (B0, CORBOFEE « 8RB 4L T 284D
169—170) . (RWAEE) £\ (HETF) B+, (KEE) B_=. (ItH
£ B\, (LENE) BREEREBH, WERAAERARM. EAFNRTERE
H,  CRTEEXIBR” BN T AEMPREEER, MERAICERAR, AECENET TR
EtkikiE, ZREANEARNSAENECLETA—. L&D HOEHMHHY
J 1SR4V ], SRV B ) BT P 0 A T SR R A BT RE X B — R, TR T RIRR AR .

PR K R 2RSSR AL &L, MIRKRNZRES. FREIRHLZ
WARPETME—%, MEMETEZAEL. TRAEKRERBEAEEME, 24
A B B4 H A HOH B SRR A 2 [ A E R A Ac ik etk R R HA — AN i
BHEAHG, B %%, ERAES5ER R EET X — KL VERARZH, X
R AME L. PURR R T f B LR R KRR R A A EL, 20+ =461
BT, = FEMDUERZRN R, B ERFLU ERZRL, £+
R =%k, HERAMFRLREL, MLTERMRK R, HIH RIS K

hEXM https://www.cnki.net 202568 1H s 1 A



Literature Know or Not
20 AMESCEFAETS 1 2025 FE 2 1

FEPPRK RO A AR, ZRMARKRAE . B E AR RERE T
WL, WNFH—RALZRRKANOIRE, BARESEAG, SR AFEZR K
Fo AR HEHMAL HUR LRSI R R, BIZtEXR. FHEEEHNRH
A5 H RG], sRWIGFERIEIGE . PR R S4E 0 R 5 SR V0 Bl A 7 28 2 37 0
B, —FARARBUEN L, HERMIRR, AR MEEH, LXK, W
ATRER ARG R, RZIFR. HIEEXIBERT B34 HILA 15 6, e 15 262k, 48
BT HERR K, ILSUN 7 —iKM . X8 AETE R, R RRIEE .

HK, PR RAERIE, BAEESEERRNOARER. &tEXxR2EHENZ
WRFR, WLIRK R STIR R BB R R o BUE R E IAZ T &, B
FBUE R E AR R R EIFARPTLERER BT EL TR KR, 7 LA E SRR
AP E T SR Ve B E KRG [ 2 N SR VO TR BRI SC R M — A B Rl LLE I R
AWK FR, BAARVEFIR) R B R AT REME, AREWIE XL LR K R R
SYEVG R BIARETR AR, R AER B 0. WIRBEW IR S BMSLHRE—K
2, MAMRKRDARREEXRKBN, PORXAZARAZFE. HIEIEHE R E—H
¥ J2 SE ARl A, KT th TCVE e Dy St R T B4 Vi L 6 P 51 5 408 PR 46144 i e A
ANl s 5 SRR R LG R, R, AT RER MR, R, B R
FAWY & BRI TR S R AR, (BBl T ER]EREYE
FE, LB EEREESVEERBUE LR, M H A EXI A HGE ML, —
RAAGILHE, ~REAARHILH, FREFAE, MU m st k & . H
FEREEVEEMRIMAZERFIE, RN ANE: FRERNESESHIESH
HBIERS RN E . WmEFRKAE “AEXRE” Y47, AR I8 A T 352
BHMAG, HARAATHECE. HAFNFEET “AEX” B4 7, Tig
ERICRAFEAL, MERM FEFREGEE, MEHETEEH, ZRRXARN 0. X
KM AKAE, FafiE, AAFHOEEEE, MAEAEANEEREH, E
ROFPEE 22 3 A A2 DA LA o PR BT B (AR ARTE D » IXRFERIRFEHIE T E, {2
TR HZPPRK R — k2. CRKESEY GLH/ME) AmmiRe i MK mEEHE, B
Bn, {HAREEH HAETEE, PARCRIISSRILSRA .

FEAERIRK R R AL, —8 2 REREFARNCIZ T, —#k ESME
Rz Bk, B X AE KRR R SEBRUIIR G . MR A6 5E m S,
RE R OGEMW, WaF 2R, B 20%&ERR L%
KAEGMIRKZ KRB AR KCIZTT, EBERAEIZ 7 E AR K R SR E 52
2 E. FEARCIZAT PZE— RS 5E R, Wa] BA Rk s i, BOE 2 — K5
B ERICiZZ G, N AWEE, BEmAREICiZ; R R FEA R BT E
I A2 B HT B T IRZIACAZ . sk LR UMK &, 5 2 Al 21 3 4fs Y 1 F R
KFZ, HEASRARFKIAMR KRG SIS B 20T, B3R THH
R, MELMEAB RN R SIAMERHZE, BBRAKEREIIAA THE, (B
R ERAL 0 45 R B dL 9 Y R AT R R A, st n] CAPE B Fo e B 4R i A AT 3R 1

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
LeA e R, MK ARM=FIESS a4 | 5k’ 21

AL B R EM L, R TRRXAPERE. HEPEHERHEGRE T
SR VG FE 3 5, SX A sk ] DAk 5 21 S HE TS L (1) 3 5, gk ] DAic iR S YE B i 7« L
—PBHERBRRZRXR, WAZRKRZNTREGEE, stk imaEriast, o
%ﬂ%&%ﬁﬁﬁﬁﬁe&Eﬂ&ﬁ%%ﬁ%%ﬁﬁ%%$ﬁﬁ,E%ﬁ%ﬁ%%w
bR, TAAF, MAEFET —ERTEE 2 N, X0 s S, R MR 6
AIEHE.

Hx, BFEMSBETE. —RBFXTAIANTRFARE, Wbl 8%, EmE
PLEEH . ATBEXIREtH T-X & ied, & TX&HN (XEZXE) - XNEHE (HF
HXHULE) 5] B2, WHERELRTAE., EESE, (TeEA4af) 2
JEANLA) LR, BRSWAXHHRIXE K. (B AERIEY (HE5FE
REE) (EFHAMHE) CEIid) BARKBRMER, N (HiFZER L)
W MR, METFXAEFEEREH. GFFa@) GER5E) 239, s
MEEDREZ —RILFE S MiFAREE, EmX)ES0FRERT IS CHED)
EEBIEY, MNEHAENEENEEXNESNHIREH 5RFCEE, B (HHEX
AU 20 ) 2 B 15 1 SR g R ) 1E YO ) (P X AR 4 ) ) IR T BA L2 M H , B
B R PRI R R X BB k. B T H g2 A, AFERRA. AR A
PR R EE . (RIEAEE) (RBERFER) OhEHir) F%, #enR
R4, MEERERH, XFEHAESRE .

PR, WSO 5 S 5 T vk W NE I ILHOR RIS S1E R, DYt
R A B R B, X WEFFACIZRIER —& 0, WBEBEERRIRICRM
R 2 —. ATREXIERIBLAE (ARIEFEENE) (RREEEE) f1 CILWi/hE) , RAE N
155 FH ) o B 038 ) RIS C AR I P ARV ), 0 SR 2 Ml S AR RF AR ) v R B A T B X B« (K
BE) RERFATERMNE, CLME) ERERMAE, (LENE) ZRERENGF
WOESE, WA T AT X R . Hw iR R RTE B i R P A R AT R 8 X e A [R] [
S H B AE], tERE O i y R TE I — 8 . X ER SR B AR A WE H [F—
MR EIE T, WAERHY, SEWE THRAFENNE, XFAZRK R
PETEE R R 2 — . SPEEEER O R IAME LR, REL—&THLERME, &
1T FEH AR BEAE AT XS R .

B, MARXARM MBS SR,

B, PERKRMEARLS. MRXRPERESAH - — &R HMEHHA
15 #8 5 EBE R AE R A ERIL R R, B AR CAME W G, FTEREEEP
FA B 5 O A R SR I ACIE R R, XEMR K RIIREAS . BT TR R “AT
FEXNEE” 5 15 AN EEBEHRABRRR, 2R TREMES, FRAPIRKERZIX—H
AENZ. —EMRXRFETHEHERHSRE B El. HEZEEH, =AM
REXRATUKEMSL, HZETHEAER, SZETRHAERENER, XFERSE
AR AR IR G &R . AT RE B2 2 1, VERE SO A& 8] 91 5 s+ H 1Y A
k) BB ST R R R H G SRR, —&EEBEe, —

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
22 APESCEEER 2025 EHE 2

AR, HARAGTUET A, WATUEEMY. REEERE-4AKH, B
LRASTENIR KGR, RARERE. BE—HAETAEREH R EE, R
ik BEMKRXR. PHEMARE - "HH, SEAATEHEH, WRMASTERS
HEMBPIRXR. HE—Z2REEESEERATAREEH, A—HAETARBEH, &
[F 5 HXGRTARBE, WA HZE MR R JE R A1) BRI T 1) &
Bl (HZEMAER)) , REERTAREETEE, 6. SEBRRT ZEZL, X
BESTENRT B Z AR R . STEEXIRE I TR 0E 5, R B X T AE
MIFHERFNE, LRER—PRFZR. aUEXIEEHIT GRESEY (dLME) (T
BNEY . BEAR, MEBAR, XMSHERL—MRKR. MIRERFEREZA
L, BERORICAERE D, RAFEBRERSAST. KRk i mr e x| 8E 2 5o
ZILA, 515 %MPIFEEEZRIELER, ©

HK, MRXRMERES. —FBHAE AMRERERRERES, H—KiEH
A ULAFEZANMRK R, BIRKEARGEUEXRNAETES. KUEXREMRXARL
SRR, MABFRRUTILIE, NEBR T EFNERES? BHEBR TR
RIEL?

HR AR (RITBEW=AFEIFRD « “WafkR, S525E, AR, W
BAHK, ZRZHEF? HBAZIKF? AEZKRF? 7 (505 2 K2 B 2HRE R
W T EREs s, feW B2, Tl g b E SC s EA B, (B4 32 0k ek
EZWMAG, WA EARERG, KPR IEM =&RRRXR: —£2EEHEEMN
AFEHE, HmIERN P A BIN= “MHE=HMilE. B, BHUFET
. HRBERE, HIENE” (GEME 1749) . (HEEBEY) BRI, (GEX) %
——O. (KFHEEY BI—7N. WO NAFMRIFEEE. ZHIE 8 FE
B, AR (ETFRERTIHRE - FKTF A=) BN SRS, %
AR HEAR” FEE 7700 o (HFKEFHFE) B+ =P, (EFREHLHBFE)
Ex. T REH BEME) B, FEENSH NETEE. —=EEmREN
b EH AL, 6], REEMREERR, BIEARTE (KEE - KE=1%)
Bt — “HMETIEMBE, YOS R (5 432) . EREWAPIKMIRX R,
REEIEG (UEEFEATF - FR AR ET8)Y . =0 (KBHHBEER
B B U RE S 0 R AT A Y DA AU R 2 AE =) A (CE T REA T HRE)
BN B\ RFRIHER (EiFL®E) & - =1F R, BT X—ANRRXRY. 1
“ERRKXATHITHAIMRXRE —PMEREXRNAEGTHES, KR — KB
LMWK BRATAHEFZANPRK R, FRKRZBATLLGRME X RZLTF. SPMPRRXERS
ZEME R R NI TR RANE, KA —RIRRE RS &5 R AR R0
BN O T RIIRRIE R, R KRR RN EEDFIRCIRE R, 80#
IR R G &ML RILTE.

PRIR G R G ML RLER ST, Mg FEs, HXEARARAENARE
Fe PPRXEREHEREMNZRKX R, ZEM. LS. 2RKMIZHEZMKK R

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
LeA s R MR AR =FIESS R m | 5kE®R 23

FEE, — KB MNZRRRGTAEARER, X[l 2% AER. AHBH. &
il AT L R SR R . AR R A2 LB 1 N B, 816 I i A, #ia
FEARMAE R A F, BRSMMEEARFAR K R &0 FHZ L& R R
Hz—, ERFFRIZERZBHRZH, 2B T2 RKER. MUOTRKERE
FHPREERE, AOEEZ DA —, Wl UFEELSINPRKER, SEAMRXRYS
BHERRILTE. MIRXRZRELEREZRARFAET X HBZR AR, & BFE
FAER USRI KR, XEERE SRR R G LM X RN LR R —21k
MK RT, AAREFENFEMRIRGEMERXRR. B KRR RESMLANR
KEZR, HEZICTEEFRKIZR Y, XELRERA XHIMIRKE R AFEBEEF
EARFE RS, WRAEFMOBNZEZRER, LREBEEAFEGORS. XFEHRAE
—HHELRE, R ET G, S ABBACL, L THRRREANAAKES. IR
BAHEBFANB BT, (FREAEREW. F-BHMRRKR, ZERERET TF
AWK Z L .

HX, BEBHSEIEBEMMRERES. MRXREREZHRP F R, i
5 A GEAERE) BRSPS EREBERE Gl nE)
A AT R4 Y, X Z H MR R Tl SCEE A AT E X B G, LT 4
M TFEERH, WERRMN (R ERE: NS RENK, FIEIRRE
{7 (533) o (RBIFEERZE) : “IMMARTEXIEEA, KARREEIE” (533) .
A R SC o0 TR 5 = CR AR A T 28 ) I #5107 AL ), Wk 2 K1) B T e ™ OO
NE=, [#EE] 3D . MEBKSFHEENN (AN . “HHREZEUW, #
FEXNERABKBR”  GEMEZ N 641) o WA EANRIHZEZHBFEN, (B4R FIH
FaE ARG )IF=, HalEMRXR. L XEFEXRANAZ, B
W FEEZXIER, R (XEMERZSFSMETME) . “XEELEELSHE, &
THkIE TR (552) , (HEHD) “XIEE KR TFiL, KaZEHEFRE” (573) .
MEH A ()« “KEMBkRR, Withh3ER. SRR, XIBREZH” (916) . 1#
JIE= (RBRIEIER) « “FASfhd (H) WA, MEXEEFE  [HAERHE
RG] 316) . FUJALARA (WWIEEF 8D « “XIEWEREG, BRZLETH
€7 (2738) . 1SRREE (RPIMFAEEERIT Z4) - “XEEARER, 0F XH
MEBE” (2640) . PHJALR A SIS EER B AATFENE ST, SHHAECH,
BFEEAR. mESGHEAASEEE, BH5ABRK. SREZNZSEEFRA
TR o X BB X REAS R, X B %) R 48] L0 2 H T2 i BB 4, SO R — A~
WRFR, XEEEBEREHHRTHENPRER.

BB HAEMRKR, BEPBREEMRKR, —HEZRFEMMPRR? 2
— KRR KRBT, EREIKMARKR? XRWIKFPIRKER, Rkt H SEE
FHEBMARKEE, WA KRR, (HPEKMN Z A7 LR
#, R H PR C R REED H ORRC R RIETEE . BRI E E
LR R ASLF IR EREH, (XEFZXEY 5 (REFEEY EZREHH

hEXM https:/Www.cnki.net 202568 1H s 1 A



Literature Know or Not
24 HMESCEFAETS 1 2025 FE 2 1

R TR AU B AR B H o B B RR R R RAELR KR, BHAEBEB
ARV RIKERZRK R . BERAE=FTRAKR: —=RERFANES L H
HIPPIR R &R, —RAFEFAMNESEERLHOMNRK R, =L/ EHHESEEDSED
PURK R BRI TRIAF LIRS R, BAEFRAE=FPRKR. B=MRRE
AW R A ZOAE, Wtkh eB2dd. HiedHSEESHS B, L%
KEGMRKRIPATFRE. EEHEH A6, BERTEEXR, BEEEDH
W LLAFE R BRG], R RINAR R R A BB LE o E SO R IR ARAT, BEHAK
AT, HEAEIT 2 —sig it R R 5MIRK R FILE.

PPR K R SRR RAR, FERTERSAR, #RRIRK RS EZCREEDHE
RIEAE, ERARE = RS EEEG RS, /&A% E
SAEVEE KB H SHE, HRGEEHER. B BRI R v i
H#l. RESBE, XFEA AR EE K e BE R . 2R CAE 4048 v H 8 fr
Bl, WERKAKINERE. AT TERE, —SoApUeRB4. Ba. B85, &
W 151 3C. IXRERT LUK AR IR, HiLR R LR KIRENZRER, 1R
] DA I S v o 5 WK SR R AN T AR RCGE R SOLB, e M e SR A AL
WSS M E 8L, X2 4 Vi B AR VE TR E K. WPIROR ZR A VERE 5 1y S SOk 27
RIVERATEAN R, i SR 27 IR th 28I SISO A 41, B S84 52 2 AN Rk
BOG, hHSGHRHERN R BAHGA —ERBHETH, FA-EE8ELERANE
Bo MEuBfmsaEE R aEEEE, SFELRXANGE. HK, &R
ERM R B R Z2B0], FARVUEFIDS, HBOCF RAER N ZEBOH Bl 25
AN B 5 o J A R AR B BT H , BT H RAFEL AL 5
1 H R GHERAFE L e . KRG TG N A T AT iR, W RECH B
EHEMER, WHRASERESEAFRES. SRSGRAER B RERE, B
AR IR R A2 WG BRI T, RET R ATV E A 5 T OOk 5 LA T
MR BB 2 e, 4R ML AR V0 I 300 S TR IR R S SR O B AT 5

=, ZibXF: ERAGASHFHNZRXE

WK RN WK R, SRR R BEHEZREEAR, ZIF
TRHIZZ MK R, BA RN R, WA RN RETEE, IRRELFOZRKR
ST AR, W EXAAFRNITE,

By BTH R TRIE LKA

TR R Z Wk B AR E A WG, X I0E S S R AT R S I BT IR
M KR SRR AEREAIES, R EREARERBRN T AR IR
Aifia], WY T i ERHE R — . A REAE R AT EMN P ECIRG, EX
FESCHR. HW AT REA T I, i e] BABEAL 31159 . AR IR 2 &% WiE, SR
T, HEEET ZEEREH, KT 5HEMERZRRSR, WEHH GEEDH . &
R B kA HE, BRI WG i PRk R SUETER . XA LLR

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
LeA S R MR AR =FIESS R h | 5kE®R 25

ERHERZRRRZNTIEHEREER L HHAERAUREREHERLRXR
7.

. K A WZREALAEIATEMRE, BAFTEER. HERENL (B
#e) “HRPULHFIER” [ ESM - B Exvza] =1 818) HIEY, &Y
KEFE, NYFECFERZRKIR. RMFEFRE N HABHERIT, LiEREER
FRIZRKR, Lhr LA FEERZRRR. FAEFPHCFEREELEAG, Fl
HAFHBEEDE (2R A 1424 46, (SR A 1975 6. 3L
f B B LR HASC . HL SR E TR, X R A A R R As
WA RITEE, RELUFBLRRR. Bk TR REDR, Wik, #
i LR HBIE £, TR LLAARWARBRAERS, BT SHAXZREEZIE
TR X HIERNE R A HENBE, FRNZRABEE HENLE,
I WAE R 5 H WX RIEEAE S, XPEE AR T 75y 1 )

H—, BWiEW. % LRRENTR. EAEEGHY0EBEE, FALXABS
MM KFEM. BEARIE NEAERHEEEANT, SHFERURETNL, HELH
KRRAEAAN . IF ] B A B LA IR R R AR A B e B3 A B IR L, 53¢
FHH SN BREHRERERAE W, 765 M IIEAE . AR LR X R
E, BABNEELh, FETLRIXRBAZN. BEEEFEME XAHR, mER
EFHEN, HBATHE. BESFMEIHERE S E¥, B8 HAR L FEhRAT R
AN . B8R L. sy — BRI, 2P B APt T S T i AP ) 37
IC®, W BRI A . FBER A LBA AR, EREDL T il A M
PRAEGEAERFIR R L, BMERR RS R G R Y T — 8RS, hRFERE.

H=, WA xR HER I, % W70 4 A 5% R n] LU= A L
KA, ZFEEMTFERE. FRENLCERIAN FIAE, iES6a: ‘A
HRIALD, EiEAHE. " O%F, HEEEFRZHREZIL) : “= NHZAICH, 4
JERITIHER. BRILEHELHM, BERESARR” ( [EEgER] — 668) . il
a1 Bl ANM#EF R, B—FRRAEFNXER, BHAANERER, 5T
BEMFEACTE R R . BN AE, bR RFER BRI “GHEAIT” , X
FEst AT LBt JL 4R ), thaliifioe T IERR. HEENRFWHRER R, BEE
BRI IRk R — A 5. B HAWRAR, (SIFEFE - BFRABRIKE) &L
KR GUHFEEE) B, HAHEHRN FRIEKEY 8, =43 R5E
FHPERE . & WFRHERRTTE T LASURE WZHE B KRR, 5% WER
FHERKRFR. HNFASHEXRZEAFAAERMN R, KRBAMRAETEL, ABRH
BEARMRZRES, X2 HEREARKSE.

B, BETERNELRRSER. AT,

W WAE R AT DU AR, (B RARE % WiERE AR, 8B RNEEN
WESER, XM 7 HER L EE. 8 WG R M X 80E 5 AR AR, %
LSRR g ol X3 e AR R Y B A 22— o AR ST BB ) e R [ 4 A o [ 11

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
26 HMESCEFAETS 1 2025 FE 2 1

AR, BN E, HEEAER) =, BRI, W, RE. B R EYESE
BT U, X SO R R BRI FE R 2 — o R SO P A e TR 3 () 4 2K 3 A 11 2R
WL, FEEEAS_E AT DU T B 32K & (A — e R WG W AR ik . 15 &
5 AR T E AR R, MR ABE A AR R, Tl A B2
ATHESFEIIPLE, BT EMAR AR, LE. EERRMESENEIR. X
FERIH R SR € 15 WA SCAGR T I SR &R, gt LB L5 W R E R E LS
RFERSCAS ALK AR

HFHHR BSHHE LRR LA HERR, # LR RRER A KRR,
BAZRANROVEE, RZREMN, RAEEREHRZRRR. R KR BT H
ESHF, HERE NSRRI R, winl BLE dit B S s &, X
Pt A S &R AR RARRARNTTEAR. w2 AR — e, 25
AOCANRH R, BARBER R, 2 ETET.

mEGR AR (RFRERE) . “HEXBMWEEZ, WREH 5. MEEET
FREE, PRB MM RE”  (539) o “RE” RHRE. WRME, HUAT AR
W P E AR —f R, Tl CAR AR AE, JRE08 T Hlis iR 3K
B, BEMUERT . ZHEEREREY SRR K R, Mok 1R — K&
w2, Wt AGSRER . EXFERZ R fA i . iR AR S v
B AR R 2 5 AF 2 S 0 R AEVE [ ? RKBRIZ . 758, e, Rhdr <5 N B
ARERC, AT EL NS H, (8RR R W 5 R E —7ok E BKFR 2
FANRAER. MRFRPFRESE. . PhilERE, #3EE T REESEAN
WERF L RPIESRKHEHFE AR EFRA LR KR "E2FREEKHAEZEHFA
KBV A ELZRRRAIME—RR, ERERZ - RRLCEEH IR RR, BIEEE. K
FaPECTFHE R, WRALSCHRE R BIR=K GREFENF) id#:

HAREFHAR, RTUKX, BASFE, BfmEd, hibhAz, HNEF
Fhzt, FEHEh, —WHFRE, BFEPMAREZL. KAMLK, HE
BE, THLRORE, vHERZEL, US4, - EELEN, BE
WE, FH . A5FR, HRF HFE, “TERLFEA " ZTEEFTHL W
i, EZFEBU D FE, S Z BN BHRR, B Fo, FRZ S, NEHUE, B
FREE? (ENE=, [#4E ] 906)

BN =CUARTUORIRE R “tetbfaz” , Ababnr i, st 7 R . HiX
FHAGRVNRETFRYIRE P E, ZRKRRAEN, HEFREREF AN
WMRFR, HATFBEE KR HAEKKDEMGNSETERESKERNLY, HF
K fgUEA, Al I der 2 I AW IR B SR = DU A AR B 7] 565 AR IE
HRERF, NMEXFRZEGHER, REFEANTHE, FRENT —MiFHRt. H
XHARP LT ARRER, 6506 RABEANREFFALRK R, Tl

hEXM https:/www.cnki.net 202568 1H 147



Literature Know or Not
LR SO SR : RRMR AWM =MIES SR || kg 27

W AR S OGEE AR W R 2 s B e i RRRFAE, T AN AT 4 58 ST A
hIR R EAE K. HERAEREREFN—SRRREE ™A 7R K R, FHEUE
THCKWRER, $9E XAZEEA MMZR KRR EABRESHRER AT LI &+ H
A RRERF, HIFARYIT HIRERFR SR Z AR R R R, Wl oiE 2 L4
RKABIEEHE . XOTF5F. K. K. WEEHFRNCRKREEMEAE, HELR
EHRER. F. KR RN REDE, HiXETRIERNEREYIHAKE
FE. HARBEARRARER, HAMRERFLIEEARA MR, w2 Emi.

WRRABANZRIEEARATLRERR. MAIRKR, NMEARAARTRTE. [
B H Rk T A RE, BT PR R AR ST D R BRSO LR T . R
AP E T RE R E XANZR KR, 7T HE R+ HIRER, A2 IAZH
KA WA FIRR R AR, FEDSLHRE TR EXARZTRI R ¥ RRKR
YR TR SIRFAEAS A B, B 50530 B i, X FERT RA E ot Bk 7o 8- il i an
R FORE R AR A RS, R AT R RARE R LR E A AR, A
MR Z RN, BRI A T EAREASES. RREETFE THRNGEE,
etk T HRIRIAE. RMZIRERN-ESRE, RouikEre Mgl RE SR, W
R B RFERER, XAEFRZRNE KR, T HEuEE b 1 w2
REFLARZRAREE, HXAREROBS, MRBEHMZHRARDE. WL
RAERIROZRAK R, WETHE - RTHBAZESR, WA 42 %5 A b
FEHKEL, REfREMEREE, TeEmERAMBE, HEERBRTEE AN
5 H 3R

ML B A IR IR IE R &R, BIHCEOCA R E R SR E R R, FRIFPRR R
HSERXKR, TRRANMBCERE T HEENZNL. TRRRAERLE, HEE
AW TUE IR R R R R, XF TR RAGFER, BAATREZHL. B
TEEFIRIRR R R A, EFERE =MAR KR, KNS EEE T KRR
L IR TFUBEXFLRRANAAGEEENEZEL: —ETERBSERFL
AR, HTETHAMBRZRKAZRFRREERR, L5
FA R R ZZ TR R RN TR E R R, PR A R IRZ Wk, K 5e4a]
REREREFHALTRRKAMNANR. ZRRIPZTRKRIES G, BREWAREKK
PR FRITT, MAFHEBILRR R EFE, AR K R 2 i ik IR
WEMER R, FMZR KR FAR T AR A EEM AR Fer il & ik, e
WRAZRHIA R F LB, XA RER IEHER SRR REIAIT.

¥ % [Notes)
O « FERYE: “HIEN B CFRBEM AL RERADIRAFAEN ‘=l KR, XERET7ERE
SetEN, BRERMER, B REMBARER: XX RN LT ZRIEMBEHEMASR” (B2

hEXM https:/www.cnki.net 202568 1H s 1 A



Literature Know or Not
28  AMESCEFAETS |1 2025 FE 2 1

BOCERY , MR, SR AREER 2000 4E, 55138 T1) . BLA S AAR AR Y WA 5T FATEERE, B
REHM P LA BN B . X YA FERR L, E0EET 5H—MF. WFERRF TR
REEGIRL —, REHA—EUMMBFL, FITHAAE. BHBa, FrmAtTFResn TR
i “HE” , 5ARMNFREELRKAR, HEXMEPDRIEARIERH.

@R THBLFLMFEATSHERER: (FEBROME SR ERAM%E: B CRFR
By . HPESCEFETFERY F2H, 20238E5H, H122—14271: KR (HLECCEA SRR AIE
EBHBMRX RERCEZRERPRY ,  GFESCEL) F4W, 20244111, 5132—151
s KR (NHBDEED B BIMBOCE GRS —ARATLAENLE) , (PEEB )
B, 20244F 1 H, 224241700 k¥ER: (HECECHRY: TS R4 RS @
Y » (T HREHSEE) S, 202449H, $153—173, 2877%%.

@—4iBWZ B EMMIRK RREALE, — 8 IFTOR b R BB MR, A2kl RET77E 3
IR G R . HEMPRKC RS BN, WA, ERR A FE R AL ENER, FEE
BifgiBia e — E R R, XPERFEMRARERBATAZEE, HRERKOFRLER. KOMRRERE
HARARKC RIS, ERR TR, KIALR LB TR % .

@IXA R, FR (WA ED) 0 e AERURRRIES: “BotmkEs, Mz
BAANER” (ZWEHREAR: [TEEE] , [HLsCREE] Fam, $£573 1)  RiEBEEH
B, SRS AR L. RS E NS EEE (PIEILE « B3RS R BT R AOLALM, S A
& (S WS (PRI B8 A, RATWEE, PHEH/H, 20034, F461 71D . (X
i) BN A, (ZOCRE) =8 (WS FOCERNE) E_hEH, FEAREDHEEE. Bt
PEHXAEENFHRGAG, RAHE GREE - WhHA)Y B “BoHmETzs, £ —
B (BRAER: (KEFEEE) B2+, R8REHE, #FiL1ik, 1998 4, 535070 .
AR, TERTERMRR, RO T 2k R 5 MRERILENTES.

L b S R B S SR UL B H MiE A, ARRIEPIE R E, EEhR EX AT R JL A
FE: B, —ARNENRFIARTAEZH0I%, ReaBtFrEEEmBE . XEREREA
MRZRER, RESRIR, BMRER. RERAERELRIRMER, wASER™EN S, LK, &
EBEFFERD, FUURERARAENR. (2H%) (HER) (ZEHSR4E) FEBEHOK.

5| 3zt [ Works Cited ]

HE: (ETRERTARRE TR+ I AR=181) G&E/N), CRENTIHE D E245) 28 1069 fit, &
TSRS EDHE, 1986 4.

[Du, Fu. Poems of Du Fu. Vol. 6, Four Libraries of Wenyuan Pavilion, vol. 1069, Taiwan Commercial Press,
1986.]

SREE: M) . TRLscRef] (=), RRKREHRE, 1971 F.

ulE: (FIE - 2R (BRT=) , FEREE, FHRBERE, 1965 4.

[Fan, Ye. Jiang Gong, Book of the Later Han Dynasty. Vol. 53, annotated by Li Xian et al., Zhonghua Book
Company, 1965.]

FEFM https://www.cnki.net 2025468 1H 18R



Literature Know or Not
LeA S22 R, KRR =FTES S Bk | kTR 29

JiE: (KEFFARGE) (B0 , REBERESE, ®ili4i, 1998 4,

[Fang, Yue. Qiuya Poetry School Notes. Vol. 24, annotated by Qin Xiaocheng, Huangshan Book Club, 1998.]

HMEN: [ERSFREEREEE] , [l sCREHEl (=), RaURRHRE, 1971 4.

B = [WEXEEEE] ., [FLSCEFE] (), KeRKEHRE, 1971 4.

—: [HEE] , [HLSCRHE] (B, KR RBEHERE, 1971 .

—: [$#E] , [TRWsCRHE] (), KREKRHRE, 1971 4,

MES: UEBE - BFEZENAE) BT, FEERT, PEBR, 1990 4.

[Liu, Yuxi. The Collected Works of Liu Yuxi. Vol. 24, annotated by Bian Xiaoxuan, Zhonghua Book Company,
1990.]

AR [EAEZR] , [HLSCREE] (B , FRRKRHRE, 1971 4,

Kife: (CCRSE - E2ME) BT, CONENESTY GB12234) ., GIEMSEME, 1986 F.

[Song, Lian. Biography of Wang Mian. Vol. 10, Four Libraries of Wenyuan Pavilion, vol. 1223, Taiwan
Commercial Press, 1986.]

RS (e S - Bk EiESF2 @) =F, [TLse@2HiE] (BN, REUREHRE, 1971
.

——:  [HfEME#E] —, [IlCREFE] GEN) . REREHRE, 1971 4.

FE&: (ramirside) , PRI ENFL ARG, 2011 4,

[Wang, Mian. Sequel to Zhuzhai Poems. Xiling Seal Society Press, 2011_]

—— (MTH&E - THEZIA) GEd) , R MR, 2011 4.

[---. Zhuzhai Poems. Vol. 2, Xiling Seal Society Press, 2011.]

EAME:  CORBFFERE « B4R A ERZCEREDY (E=+—) , CrMENES$) (1109
. BEESENE, 1986 4.

[Wang, Shipeng. Collected and annotated Dongpos Poetry Collection. Vol. 21, Four Libraries of Wenyuan
Pavilion, vol. 1109, Taiwan Commercial Press, 1986.]

——:  (RIETFEE - BB A 2R (B, CrMElUESS) (11094 , &8
R BT, 1986 4.

[---. Collected and annotated Dongpos Poetry Collection. Vol. 10, Four Libraries of Wenyuan Pavilion, vol.
1109, Taiwan Commercial Press, 1986.]

MEEAMR: [REFES ORB 1, THLCEHR] (B2, ®EREHERE, 1971 4.

R R A TRER] , [LhXRef] B=) , BxXHE, 1973 %.

RiEHE: Rz

hEXM https:/www.cnki.net 202568 1H s 1 A



04
NERY)

PRYTOLOGY




Phytology Know or Not

March 2025. Horticultural Plant Journal, 11 (2): 463—485

L))

Check for
updates

Horticultural Plant Journal

Available online at www.sciencedirect.com
The journal's homepage: http://www.keaipublishing.com/en/journals/horticultural-plant-journal

Review

The coordinated interaction or regulation between floral pigments
and volatile organic compounds

Yueqing Li?% Tingting Bao“, Jia Zhang ®, Hongjie Li“, Xiaotong Shan®, Huijun Yan®,
Shadrack Kimani®%, Liangsheng Zhang®", and Xiang Gao®"
#Key Laboratory of Molecular Epigenetics of MOE, Northeast Normal University, Changchun, Jilin 130024, China
P Genomics and Genetic Engineering Laboratory of Ornamental Plants, College of Agriculture and Biotechnology, Zhejiang University, Hangzhou,
Zhejiang 310058, China
€ Flower Research Institute of Yunnan Academy of Agricultural Sciences, Kunming, Yunnan 650205, China
4 School of Pure and Applied Sciences, Karatina University, Karatina 10101, Kenya

Received 31 August 2023; Accepted 2 January 2024; Available online 28 January 2024

ABSTRACT

Floral color and scent are crucial for plant—environment interactions, especially in reproduction by attracting pollinators for fertilization.
They also have wide applications in cosmetic, pharmaceutical, and nutraceutical industries. Plant pigments are typically classified as chlo-
rophylls, flavonoids, carotenoids, and betalains, while volatile organic compounds (VOCs) are grouped as terpenes, phenylpropanoids/ben-
zenoids, and fatty acid derivatives. Significant progresses have been made in understanding the biosynthesis and regulation of these floral
pigments and VOCs. Despite differences in their biosynthetic pathways, floral pigments and VOCs are biochemically connected and exhibit
synergistic interactions during flower development and in response to biotic and abiotic stresses, suggesting the existence of pleiotropic
regulators or complex mechanisms co-regulating their biosynthesis. In this review, we summarize and outline the metabolite pathways mainly
integrating flavonoids, carotenoids, terpenes, and phenylpropanoids/benzenoids. We also provide a series of scenarios illustrating the coor-
dinated regulation of floral color and scent. Finally, we suggest areas for future research. We hope this review will spark interest in this research
direction and stimulate further studies.

Keywords: Color and scent; Co-regulation; Pleiotropic regulators; Promoter analysis; Specialized metabolites

1. Introduction

Angiosperms, or flowering plants, comprise the most diverse
group of land plants on Earth, with over 300 000 species known to
date. They first appeared in the fossil record around 140 million
years ago, and their rapid diversification and proliferation have
been linked to the evolution of their unique reproductive struc-
tures, particularly flowers (Benton et al., 2022). Unlike ferns and
conifers, which rely on wind or water to disperse their spores or
seeds, respectively, angiosperms have evolved a more efficient

+ Corresponding authors.
E-mail addresses: zls83@zju.edu.cn; gaoxiang424@163.com

means of reproduction through the use of flowers. Flowers
contain both male and female reproductive structures, allowing
for efficient pollination and fertilization, often facilitated by an-
imal pollinators such as bees, butterflies, and birds. This efficient
reproduction mechanism has allowed angiosperms to dominate
terrestrial ecosystems, comprising the majority of plant biomass
and providing the foundation of food webs (Chanderbali et al.,
2016; Ramirez-Barahona et al., 2020).

One of the main functions of flowers is to interact with polli-
nators, driving the evolution of traits facilitating pollination, like

Peer review under responsibility of Chinese Society of Horticultural Science (CSHS) and Institute of Vegetables and Flowers (IVF), Chinese

Academy of Agricultural Sciences (CAAS)

https://doi.org/10.1016/j.hpj.2024.01.002

2468-0141/Copyright © 2024 Chinese Society for Horticultural Science (CSHS) and Institute of Vegetables and Flowers (IVF), Chinese Academy of
Agricultural Sciences (CAAS). Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

e [ &1

https://www .cnki.net

2025F6H1H 518


mailto:zls83@zju.edu.cn
mailto:gaoxiang424@163.com
http://www.sciencedirect.com/
http://www.keaipublishing.com/en/journals/horticultural-plant-journal
https://doi.org/10.1016/j.hpj.2024.01.002
http://creativecommons.org/licenses/by-nc-nd/4.0/

Phytology

464

Know or Not

Yueqing Li et al. 2025. Horticultural Plant Journal, 11 (2): 463—485.

color, scent, shape, and nectar production. These traits often co-
occur in pollination syndromes, suites of traits adapted to
particular pollinators (Raguso, 2004; Dellinger, 2020; Yang et al,,
2023). Shifts in pollination syndromes have enabled angiosperm
diversification by exploiting new ecological niches and
geographic regions (Bradshaw and Schemske, 2003; Zufall and
Rausher, 2004; Hoballah et al.,, 2007; Vandelook et al.,, 2019;
Yarahmadov et al., 2020). Additionally, metabolites underlying
flower color and scent can deter florivores and herbivorous in-
sects, and affect predator attraction after florivore attack (Landi
et al., 2015; Song et al., 2018b; Qiao et al., 2021a; Skaliter et al.,
2022). For humans, flower color and scent are important orna-
mental traits that have been selectively bred in many flower
crops. The commercial importance of these traits has led to
development of numerous cultivars with unique colors and
scents, widely used in floral industry for aesthetic appeal (Zhang
et al.,, 2020; Caissard et al., 2022; Skaliter et al., 2022). In addition,
natural components of flower color and scent are used across
various industries, including cosmetics, pharmaceuticals, and
nutraceuticals. While flower color and scent have been studied
separately, growing interest exists in understanding potential
links (Raguso and Weiss, 2015; Smith 2016, Wang et al., 2021),
which is important not only for basic research in botany and
ecology, but also practical applications in horticulture and floral
industry. For example, when pursuing color diversity of orna-
mental plants and trying to prolong vase-life, flower scent seems
to be weakened or degraded gradually (Dudareva and Pichersky,
2008; Hsiao et al., 2011; Amrad et al, 2016; Raguso, 2016; In
et al., 2021). Further research could help develop new strategies
for breeding ornamental plants with desirable color—scent com-
binations, minimizing trade-offs at the same time.

In this review, our aim is to summarize the molecular mech-
anisms underlying interaction between flower color and scent
biosynthetic pathways, and explore potential co-regulation by
transcription factors or other complex mechanisms. We also try
to suggest future research directions in the end.

2. Components of floral pigment and fragrance

Flower pigments can be broadly classified into several groups,
including chlorophylls, flavonoids, carotenoids, and betalains
(Davies and Schwinn, 2010; Zhao and Tao, 2015). However,
flowers with high chlorophyll levels are rare in the wild as green
flowers can be difficult for pollinators to distinguish from the
green leaf background (Narbona et al., 2021). Betalains are water-
soluble pigments that provide a limited range of colors to flowers,
but are mostly limited to Caryophyllales and mutually exclusive
with anthocyanins, the most widely distributed pigments in
plants (Narbona et al, 2021). Flavonoids, with their varied
phenolic structures, are found in various plant tissues and or-
gans, including anthocyanins, flavonols and flavones that confer
yellow, red, purple and blue hues to flowers in most plants
(Davies et al., 2012; Tohge et al., 2017; Wen et al., 2020; Narbona et
al., 2021; Shen et al,, 2022; Ge et al., 2023; He et al., 2023b). Hy-
drophobic carotenoids such as lycopene, carotene, and zeax-
anthin, can be co-accumulated with flavonoids, usually giving
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yellow or red hues to many flowers (Yuan et al,, 2015; Sun and Li,
2020; Sun et al., 2022). Flavonoids and carotenoids are more
widely distributed and are often mentioned when referring to
flower colors (Tanaka et al., 2008; Ng and Smith, 2016; Narbona et
al., 2021; Yang et al., 2023).

The floral scent is a highly complex and dynamic mixture of
volatile organic compounds (VOCs), which can be mainly classi-
fied into terpenes, benzenoids/phenylpropanoids and fatty acid
derivatives based on their independent biosynthetic origins
(Dudareva et al., 2013; Muhlemann et al., 2014; Qiao et al., 2021b).
While components belonging to all three VOC classes can be
detected in a single flower, the relative contents vary across
different species. For example, chrysanthemum and peony cul-
tivars tend to release more terpenes than benzenoids/phenyl-
propanoids or fatty acid derivatives, while petunia and rose (Rosa
damascene and Chinese rose) are known for synthesizing benze-
noids/phenylpropanoids in their flowers (Sun et al, 2015;
Raymond et al., 2018; Song et al., 2018b; Luo et al., 2020; Huang
et al, 2022b; Hou et al,, 2023). Fatty acid derivatives are the
major volatiles in the carnation flower fragrance signature and
also dominant components detected as green leaf volatiles in a
wide range of plant species (Schade et al., 2001). Overall, terpenes
and benzenoids/phenylpropanoids usually represent the largest
and second largest class of floral VOCs, respectively, compared to
other VOCs such as fatty acid derivatives, sulphur- and nitrogen-
containing compounds.

In this review, our primary focus is on color-related flavonoids
and carotenoids, as well as scent-related terpenes and benze-
noids/phenylpropanoids, to discuss the interaction and coordi-
nated regulation between those floral pigments and VOCs.

3. The synthesis or pathway of main floral
pigments and VOCs

Floral pigments and VOCs are rarely discussed together on a
molecular basis. However, their biosynthetic pathways can be
traced back to several precursors derived from primary metabo-
lisms such as glycolysis, the tricarboxylic acid cycle and the
pentose phosphate pathway (Behal et al.,, 2002; Zhang et al., 2017,
Barja et al.,, 2021; Le et al., 2022). In fact, the main floral pigments
and volatiles mentioned above can be broadly grouped into ter-
penoids (including carotenoids and volatile terpenes) and phe-
nylpropanoids (including flavonoids and volatile benzenoids/
phenylpropanoids) based on their common core backbones. Fig. 1
illustrates how terpenoid precursors, such as acetyl-CoA, pyru-
vate, and glyceraldehyde-3-phosphate, enter the mevalonate
(MVA) pathway in the cytoseol and the methylerythritol phos-
phate (MEP) pathway in plastids to produce the 5-carbon
precursor isopentenyl diphosphate (IPP), which can be iso-
merized by isopentenyl pyrophosphate isomerase (IDI) to
generate its allylic isomer dimethylallyl diphosphate (DMAPP).
IPP and DMAPP are substrates for isopentenyl diphosphate syn-
thases (IDSs), including geranyl diphosphate synthase (GPPS),
farnesyl diphosphate synthase (FPPS), and geranylgeranyl
diphosphate synthase (GGPPS), and serve as 5-carbon building
blocks of all terpenoids. Terpene synthases (TPSs) then convert
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Fig. 1 Proposed biosynthetic network of the main floral pigments and VOCs in plants

Main floral pigments and VOCs are shaded by red and yellow background, respectively. Enzymes responsible for each biochemical
reaction are shown in bold red. Characters with blue color indicate key metabolite pathways. Established single biochemical reactions
are presented by solid black arrows, while unidentified steps or multiple reactions are shown by dashed arrows. Plastid and
peroxisome are represented with green and orange colors. Abbreviations: IDI, isopentenyl diphosphate isomerase; GPPS, GPP synthase;
FPPS, farnesyl diphosphate synthase; GGPPS, GGPP synthase; TPS, terpene synthase; NUDX, Nudix hydrolase; PSY, phytoene synthase;
LCYE, lycopene e-cyclase; LCYB, lycopene B-cyclase; CHYB, B-carotenoid hydroxylase; VDE, violaxanthin de-epoxidase; ZEP, zeaxanthin
epoxidase; NXS, neoxanthin synthase; CCD, carotenoid cleavage dioxygenase; NCED, 9-cis-epoxy-carotenoid dioxygenase; pCAT,
plastidial cationic amino acid transporter; PAAS, phenylacetaldehyde synthase; PAR, phenylacetaldehyde reductase; PAL,
phenylalanine ammonia lyase; CTS, peroxisomal cinnamic acid/cinnamoyl-CoA transporter COMATOSE; CNL, cinnamate-CoA ligase;
CHD, cinnamoyl-CoA hydratase/dehydrogenase; KAT, 3-ketoacyl thiolase; TE, thioesterase; BS, benzaldehyde synthase; BALDH,
benzaldehyde dehydrogenase; C4H, cinnamate 4-hydroxylase; 4CL, 4-coumarate-CoA ligase; CFAT, coniferylalcohol acetyltransferase;
EGS, eugenol synthase; IGS, isoeugenol synthase; CHS, chalcone synthase; CHI, chalcone isomerase; F3H, flavanone 3-hydroxylase;
FNS, Flavone synthase; DFR, dihydroflavonol 4-reductase; LDOX, leucoanthocyanidin oxidase, MT, methyl transferase; FLS, flavonol

GPP to most C10 monoterpenes, FPP to most C15 sesquiterpenes,
and GGPP to diterpenes. It is widely accepted that the diversity of
plant terpenoids is largely attributed to TPSs, which have
attracted special attention in both evolutionary and catalytic
prospects over the last decade. Studies reveal that the TPS family
has expanded several times due to gene duplications during
plant evolution and has provided context for structure remodel-
ing, differential expression, subcellular segregation, and neo-
functionalization (Karunanithi and Zerbe, 2019; Jia et al., 2022).
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Although TPS has been extensively studied in many plants,

ental knowledge regarding the origin and evolution of

TPS in angiosperms, as well as the molecular or structural basis
underlying functional differentiation of angiosperm-specific
TPSs, remains in its infancy (Alicandri et al., 2020; Chen et al.,
2020; Zhou and Pichersky, 2020; Jia et al., 2022; Bao et al., 2023).
Additionally, GGPP derived from MEP serves as a primary
precursor for various terpenoids including carotenoids, tocoph-

tamin E), gibberellins, chlorophylls, plastoquinones, and
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more (Hermanns et al., 2020; Barja and Rodriguez-Concepcion,
2021; Li et al., 2019a). Among these, carotenoids are crucial for
photosynthesis and photoprotection, and impart vibrant orange,
yellow or red colors to flowers. Interestingly, carotenoids can be
cleaved or degraded by specific enzymes such as CCDs (carot-
enoid cleavage dioxygenases) or NCEDs (9-cis-epoxy-carotenoid
dioxygenases), nonspecific enzymes, or non-enzymatic oxida-
tion, producing a range of apocarotenoids, including phytohor-
mones ABA and strigolactones, and a variety of volatiles with low
odor thresholds, such as p-ionone, pseudoionone and 6-methyl-
5-hepten-2-one (MHO), affecting the development, color, and
scent of plants (Han et al.,, 2013, 2014; Yuan et al.,, 2015; Daruwalla
and Kiser, 2020; Wang et al., 2023b).

The well-known shikimate pathway utilizes phosphoenol-
pyruvate (PEP) from glycolysis and erythritose 4-phosphate (E4P)
from the pentose phosphate pathway to synthesize aromatic
amino acids, including phenylalanine and tyrosine. Tyrosine can
also be used for betalain synthesis in Caryophyllales, although we
will not dwell on its discussion here. Phenylacetaldehyde syn-
thase (PAAS) catalyzes phenylalanine to form phenyl-
acetaldehyde, which is then converted to phenylethanol,
providing the C6—C2 backbones related to phenylpropanoids.
Alternatively, phenylalanine ammonia lyase (PAL) competes
with PAAS to convert phenylalanine to cinnamic acid which can
be used to synthesize benzenoid (C6—C1) skeletons, such as
benzaldehyde, benzyl alcohol, and more, or transformed into
coumaric acid for the formation of phenylpropanoids (C6—C3),
lignins and flavonoids, and others. Recently, the benzaldehyde
biosynthetic pathway in the model petunia was deciphered, and
a peroxisomal heterodimeric enzyme involved in the p-oxidative
pathway was found to be highly conserved among plants and
contributed significantly to this process (Huang et al., 2022b).

It is widely accepted that flavonoid biosynthesis begins with
coumaroyl-CoA and malonyl-CoA, converted by chalcone syn-
thase (CHS) to produce chalcone. This is followed by cyclization
by isomerase to form flavanone, further transformed into other
flavonoids, like dihydroflavonols and flavones. Dihydroflavonols
are key metabolites for producing flavonols and anthocyanins.
The pathway has been extensively studied and described in
numerous plants (Cheynier et al., 2013; Tohge et al.,, 2017; Wen
et al, 2020). We won't delve into further detail here, instead
depicting main floral pigments and volatiles together, using hub
metabolites in metabolic fluxes.

The specific metabolic network appears much more compli-
cated than originally proposed in Fig. 1 considering the presence
of versatile modification enzymes, diverse structural compo-
nents (Bureau et al., 2007; Lairson et al., 2008; Bontpart et al.,
2015), non-canonical biosynthetic pathways (Dudareva et al.,
2005; Magnard et al, 2015; Sun et al, 2016a), and trans-
membrane transportation of terpene precursor IPP or GPP
(Magnard et al., 2015; Sun et al,, 2016a). Here, we focus on the
biosynthesis of geraniol and its derivative citronellol, primary
constitutes responsible for characteristic rose scent or essential
o0il, for further discussion. Despite their importance, the intact
biosynthetic pathway remains unknown and has been subject of
much research. Although geraniol or citronellol is long consid-
ered as terpene synthase (TPS) product (Dong et al., 2013; Li et al.,
2017b; Zhao et al., 2020a), no TPS has been found responsible for
rose geraniol synthesis yet. Instead, the cytoplasmic NUDX1-1
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enzyme has been identified participating in hydrolyzing GPP
and forming geraniol in rose (Magnard et al., 2015). Moreover,
NUDZX1-2 also participates in farnesol biosynthesis by hydrolyz-
ing FPP (Sun et al.,, 2020), indicating the earlier canonical TPS
family isn't the only enzyme family catalyzing volatile terpene
synthesis. Recent research has provided further insights into
geraniol biosynthesis in rose flowers, with the identification of
the cytosolic bifunctional ReG/FPPS1 enzyme clarifying the role of
MVA-derived GPP (Conart et al., 2023). Geraniol is thought to be
sequentially converted to several derivatives, including citral (a
mixture of geranial and neral), citronellal, and citronellol, as
verified by labeled isotopes (lijima et al., 2014; Tan et al., 2018).
Several enzymes such as GeDH (geraniol dehydrogenase), OFR
(12-oxophytodienoate reductase), and GER (geranial reductase),
are believed to be involved in these reactions (Chen et al., 2011;
Sato-Masumoto and Ito, 2014; lijima et al., 2016; Xu et al., 2017;
Tan et al., 2018; Martinelli et al., 2023), but their orthologs in roses
have yet to be uncovered. Additionally, the ambiguous molecular
mechanism of citronellol pathway requires further investigation.
For example, although the substrate of the cytoplasmic NUDX1 is
cytoplasm-originated (Conart et al., 2023), the potential phos-
phatase following NUDX remains uncharacterized. It is also un-
clear how and where citronellol is converted from geraniol and
whether cyclocitral, mainly generated from CCD-mediated
cleavage of carotenoids, channels with geraniol or citronellol
biosynthesis.

Contrary to most enzymes in specialized metabolite path-
ways, floral pigment and VOC synthesis has become more com-
plex and challenging due to the involvement of heterodimeric
enzymes like heterodimeric GPPS and benzaldehyde synthase,
plus uncommeon GPPS activity from cytosolic FPPS (Ueoka et al,,
2020; Huang et al., 2022b; Conart et al., 2023; Song et al., 2023).

4. Synergistic regulation of floral color and scent is
common among angiosperm plants

Plants typically rely on wind, water, insects, and birds for
pollination, they can be classified as anemophilous, hydro-
philous, entomophilous, or ornithophilous (Ackerman 2000; Klein
et al,, 2007; Ollerton et al, 2011). However, insect- and bird-
pollinated plants are more efficient in terms of energy cost and
reproductive success, thanks to their brightly colored or specially
scented flowers that effectively attract pollinators (Delle-Vedove
et al,, 2011; Miller et al., 2011). As a result, floral pigments and
VOCs work together to create an effective language mediating
plant—pollinator interaction. Variations in floral pigments and
VOCs are closely related to pollinator transition during plant
evolution, and have been independently discovered and vali-
dated in several plant lineages, such as Aquilegia and monkey-
flowers (Fenster et al, 2004; Hodges and Derieg, 2009;
Shuttleworth and Johnson, 2010; Byers et al., 2014; Amrad et al.,
2016; Liang et al., 2023). However, whether floral scent shows
concerted changes with floral color has long remained unan-
swered for several reasons. Firstly, compared to floral color, floral
scent is more difficult to define and appears more sensitive to
various biotic or abiotic factors, making stable conclusions chal-
lenging. Secondly, due to earlier insensitive or uncommon
analytical approaches and instruments, few researchers studied
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inter- or intraspecific floral scent variations during pollinator
transitions within or between closely related species. Thirdly,
previous plant—pollinator interaction studies focused mainly on
single floral trait like color, with few researchers explicitly
considering possible floral scent transitions accompanying color
change. Finally, even if such synergistic changes were observed,
their intrinsic interaction and underlying mechanism require
further exploration. However, recent decades' technical and
multi-subject developments including analytical chemistry,
evolutionary biology, developmental biology and molecular
biology, have increased attention to floral color and scent corre-
lation at community, species, population, and individual levels
(Mackay et al., 2009; Raguso and Weiss, 2015; Kantsa et al., 2017,
Feng et al., 2021).

An increasing number of plant species exhibit synergistic
changes in floral color and scent. For instance, studies suggest
white- or pale-colored flowers tend to emit more VOCs than
darker-colored ones across various species like rhododendron,
orchid, rose, and carnation (Zuker et al., 2002; Huang et al., 2009;
Campbell et al.,, 2010; Zhu et al., 2010; Delle-Vedove et al., 2011;
Bendahmane et al., 2013; Dormont et al.,, 2014; Shaipulah et al,,
2016; Yeon and Kim, 2020). Although floral pigments and VOCs
are produced through distinct metabolic pathways, they share
some precursors in the early stages. This interaction may result
from metabolic flux diversion, leading to competitive linkage
between floral color and scent. On the contrary, some studies also
report inconsistent results in natural populations or engineered
transgene lines (Salzmann and Schiestl, 2007; Oliva et al., 2015;
Yeon and Kim, 2020), suggesting the relationship between floral
color and scent is more complex and may be species or lineage-
specific.

The variation in floral pigments and volatiles within indi-
vidual plants or flowers is intriguing and often manifests as co-
variation, paralleling the flowers development. For instance,
early-stage flower buds appear green due to high chlorophyll
and carotenoid levels in plastids. As flower develops, chlorophyll
degrades or bleaches, while carotenoids may remain stable or
even increase in fully blooming flowers but decrease during
floral senescence in some plants like petunias, chrysanthe-
mums, and roses, in which CCDs cleaving carotenoids into vol-
atile apocarotenoids like the aromatic B-ionone, pseudoionone
and MHO (Simkin et al., 2004; Huang et al., 2009; Zhu et al., 2010;
Chen et al,, 2021). Another vital and widely accepted scenario
during flower development is the change of floral color or scent
after pollination, which functions as signals of floral reward,
attracting pollinators to high-reward, fresh flowers and deterring
them from old, low-reward ones (Sheehan et al,, 2012; Kantsa
et al, 2017; Larsson et al.,, 2021). Moreover, hormones like gib-
berellic acid (GA), abscisic acid (ABA), and ethylene, whether
internal or exogenous, may be other factors regulating the
fluctuation of floral color and scent (Kumar et al., 2008; Ravid
et al.,, 2017; Khunmuang et al,, 2019; Liu et al,, 2020). Auxin is
also reported to inhibit anthocyanin accumulation but promote
terpene biosynthesis (Danova et al., 2012; Cakmakgo et al., 2020;
Wang et al., 2020a). Similarly, flavonols, the co-pigments of an-
thocyanins belonging to flavonoids, may alter scent compound
biosynthesis by affecting auxin transportation (Teale et al,
2021). Furthermore, pigments and VOCs are among the tactics
that plants employ in response to flexible environmental
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conditions. Consequently, environmental factors such as light,
temperature, and humidity can concurrently fine-tune the
display of flower color and scent (Hu et al., 2013; Ye and Zhong,
2022). Of particular note, these factors may not function alone
but usually in an interactional or reciprocal regulation mode. For
a more detailed discussion about proof or examples pertaining
to the synergistic variations of floral pigments and VOCs, recent
reviews can be referred to (Raguso and Weiss, 2015; Yeon and
Kim, 2021; Kapoor et al., 2022).

Flower color and scent can largely be attributed to variations
in metabolite fluxes, primarily resulting from fluctuations in the
expression of structural genes. Next- and third-generation
sequencing technologies have rapidly advanced, enabling inte-
gration of genome or transcriptome sequencing with metab-
olome analysis to investigate genes coordinating flower color and
scent (Raymond et al., 2018; Yang et al., 2021b). However, there
are still more intrinsic mechanisms that need to be deciphered,
considering the intricate correlations between flower color and
scent.

5. Some pleiotropic regulators could co-regulate the
biosynthesis of floral pigments and VOCs

Transcription factors are proteins that cells use to turn specific
genes on or off, or to fine-tune enzymatic activity by modulating
gene expression levels. As a result, changes in flower color and
scent are often attributed to pathway gene expression changes
mediated by transcription factors. Increasingly, studies have
identified regulators from multiple families that participate in the
modulation of floral color or scent. We endeavor to summarize all
characterized transcription factors involved in either color syn-
thesis or scent formation. While regulators related to color have
been extensively studied in various tissues, organs, and diverse
plants, our focus is primarily on regulators that have been char-
acterized specifically in flowers or have a direct impact on flower
pigmentation. Remarkably, floral anthocyanin biosynthesis
alone boasts over 100 characterized regulators, while floral
carotenoid formation involves only around a dozen factors. In
contrast, no regulators associated with betalain biosynthesis
have been characterized in flowers as of yet (Table 1). Notably, of
floral anthocyanin-related transcription factors, the MYB, bHLH,
and WD40 families predominate, underscoring the canonical
MBW (MYB-bHLH-WD40) complex's conserved role in regulating
flower anthocyanin biosynthesis across plant lineages. Addi-
tionally, about 100 transcription factors have been characterized
in governing terpenes and benzenoids/phenylpropanoids
biosynthesis in plants (Table 2).

However, if we narrow our consideration to transcription
factors specifically impacting floral VOCs, the number of such
factors would markedly decrease. These regulators are pre-
dominantly associated with MYB, bHLH, WRKY, ethylene
response factor (ERF/AP2), basic leucine zipper (bZIP), and NAC-
type families. However, most regulators associated with volatile
terpenes and benzenoids/phenylpropanoids biosynthesis are
frequently examined in isolation, either within a single plant
species or independently of other well-established regulators.
This lacks consensus rules or mechanisms, unlike the well-
defined MBW complex in anthocyanin regulation (Ding, 2023).
In most cases, these regulators were thought to be quite specific

E1HA



Phytology

Know or Not

468 Yueqing Li et al. 2025. Horticultural Plant Journal, 11 (2): 463—485.
Table 1 Transcriptional factors involved in floral anthocyanin biosynthesis
Species GeneFamily Gene Metabolite Reference
Anthurium MYB MYB2 Anthocyanin Liet al. (2016a)
andraeanum (Hort.)
Antirrhinum majus MYB Roseal, Rosea2, and Anthocyanin Schwinn et al. (2006); Shang et
Venosa al. (2011)
MYB MYB305, MYB340 Anthocyanin Moyano et al. (1996)
MYB MYB308 Anthocyanin Tamagnone et al. (1998)
bHLH DELILA, MUTABILIS, Anthocyanin Albert et al. (2021), Goodrich
INCOLORATA I et al. (1992), Martin et al. (1991)
WD40 WDR Anthocyanin Albert et al. (2021)
small RNAs SRNA Anthocyanin Bradley et al. (2017)
Aristolochia fimbriata MYB MYB114-like Anthocyanin Munoz-Gomez et al. (2021)
bHLH TT8, GL3
WD40 TTG1
Cattleya hybrid MYB PAP1, PAP2 Anthocyanin Li et al. (2020a)
‘KOVA’ MYB PCP1 Carotenoid Li et al. (2020a)
MADS AP3, AGL6
Chrysanthemum MYB MYB4, MYB5-1, MYBS, Anthocyanin Hong et al. (2015), Hong et al.
morifolium MYB7 (2019), Liu et al. (2015b), Tang
et al. (2022), Xiang et al. (2015)
MYB1 Anthocyanin Zhu et al. (2013)
bHLH bHLH24 Anthocyanin Hong et al. (2015)
bHLH2, bHLH2.1 Anthocyanin Xiang et al. (2021)
bZIP HY5-1,2,3,4 Anthocyanin Dong et al. (2020), Ohmiya
(2018)
GATA GATA4 Carotenoid Huang et al. (2022a)
Clarkia MYB MYB1 Anthocyanin Martins et al. (2017)
Clarkia gracilis ssp. MYB MYB12, MYB6, MYB11 Anthocyanin Lin and Rausher, 2021
sonomensis
Dahlia pinnata (syn. bHLH IVS, DEL Anthocyanin Ohno et al. (2011)
variabilis) MYB MYB1
WD40 WDR1
Dendrobium hybrids MYB MYB2 Anthocyanin Li et al. (2017a), Wang et al.
(2022), Wu et al. (2003)
bHLH bHLH1 Anthocyanin Liet al. (2017a), Wang et al.
(2022)
Freesia hybrida MYB PAP1L1, MYBS, Anthocyanin Li et al. (2019¢, 2020b, 2020c)
MYB27, MYBx
bHLH TT8L, GL3L Anthocyanin Li et al. (2016b)
WD40 TTG1 Anthocyanin Shan et al. (2019)
Gentiana triflora MYB MYB1R1, MYBIR9 Anthocyanin Nakatsuka et al. (2013)
MYB3 Anthocyanin Nakatsuka et al. (2008)
bHLH bHLH1 Anthocyanin Nakatsuka et al. (2008)
Gerbera hybrida MYB MYB10, MYB1 Anthocyanin Elomaa et al. (2003), Laitinen
et al. (2008), Zhong et al. (2020)
bHLH MYC1 Anthocyanin Elomaa et al. (1998, 2003)
Gorteria diffusa MYB MYBSG6 Anthocyanin Fattorini et al. (2023)
Hydrangea MYB MYB114 Anthocyanin Peng et al. (2021)
macrophylla cv. WER WER-like
“Forever Summer” WDR WDR68
lIochroma loxense MYB MYBL1 Anthocyanin Gates et al. (2018)
Ipomoea nil MYB MYB1, MYB2, MYB3 Anthocyanin Morita et al. (2006)
bHLH bHLH1, bHLH2, bHLH3
WD40 WDR1
Lilium spp. MYB MYB6, MYB12, Anthocyanin Lai et al. (2011), Yamagishi
MYB12-Lat et al. (2010, 2012, 2014, 2018),
Yamagishi (2020)
MYB18 Anthocyanin Yamagishi (2018)
MYBS5, MYB1 Anthocyanin Yin et al. (2021)
MYB15 Anthocyanin Yamagishi (2016)
bHLH bHLH1, bHLH2 Anthocyanin Nakatsuka et al. (2009)
WD40 WDR Anthocyanin Dou et al. (2020)
Medicago truncatula MYB WP1 Carotenoid Meng et al. (2019)
bHLH TTS
WD40 WD40-1
Mimulus aurantiacus MYB MYB2 Anthocyanin Streisfeld et al. (2013)
Mimulus guttatu MYB MYB1, MYB2, MYB3 Anthocyanin Lowry et al. (2012)
Mimulus lewisii MYB PELAN, NEGAN Anthocyanin Yuan et al. (2014)
bHLH ANDbHLH1
WD40 WD40a
MYB MIXTA-like RZR3 MYB Carotenoid Yuan et al. (2013a)
MYB RCP1 Carotenoid Sagawa et al. (2016)
HEHMN  hitps://www.cnki.net
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Table 1 — (continued)

Species GeneFamily Gene Metabolite Reference
Mimulus lewisii and MYB ROI1 Anthocyanin Yuan et al. (2013b)
Mimulus cardinalis MYB LAR1 Anthocyanin Yuan et al. (2016)
MYB PELAN Anthocyanin Liang et al. (2022)
Mimulus. lewisii and MYB NEGAN, RTO Anthocyanin Ding et al. (2020a)
Mimulus. guttatus
Mimulus lewisii and TPR RCP2 Carotenoid Stanley et al. (2020)
Mimulus verbenaceu
Narcissus tazetta L. MYB MYB2 Anthocyanin Anwar et al. (2018)
var. chinensis Roem
Narcissus tazetta L. MYB MYB2 Anthocyanin Anwar et al. (2018)
var. Chinensis Roem
Nelumbo Adans. MYB MYBS Anthocyanin Sun et al. (2016b)
WD40 TTG1
MYB MYB108-like Anthocyanin Liu et al. (2023b)
Nelumbo nucifera MYB MYB5 Anthocyanin Liu et al. (2023a)
Oncidium Gower MYB MYB1 Anthocyanin Chiou and Yeh, 2008
Ramsey
Osmanthus fragrans WRKY WRKY3 Carotenoid Han et al. (2016)
Paeonia suffruticosa MYB MYB12 Anthocyanin Gu et al. (2019)
bHLH bHLH
WD40 WD40
SPL SPL2 Anthocyanin Luo et al. (2022)
Petunia hybrida MYB AN2 Anthocyanin Quattrocchio et al. (1999)
Hoballah et al. (2007)
MYB DPL, PHZ, AN4 Anthocyanin Albert et al. (2011)
bHLH AN1 Anthocyanin Spelt et al. (2000)
Quattrocchio et al. (1993)
bHLH JAF13 Anthocyanin Quattrocchio et al. (1998)
WD40 AN11 Anthocyanin De Vetten et al. (1997)
MYB MYB27, MYBx Anthocyanin Albert et al. (2014)
WRKY PH3 Anthocyanin Verweij et al. (2016)
Phalaenopsis spp. MYB MYB2, MYB11, MYB12 Anthocyanin Hsu et al. (2015)
MYB MYBx1 Anthocyanin Fu et al. (2019)
bHLH bHLH1-3 Anthocyanin Hsu et al. (2015)
Primula vulgaris MYB MYB Anthocyanin Li et al. (2019b)
bHLH bHLH Anthocyanin
Prunus mume MYB MYBal Anthocyanin Zhang et al. (2017)
Prunus persica MYB MYB10.2, MYB9, Anthocyanin Zhou et al. (2016)
MYB17-20
Ranunculus asiaticus L. MYB MYB1 Anthocyanin Liu et al. (2021b)
Rhododendron MYB MYB4 Anthocyanin Xiao et al. (2023)
latoucheae Franch bHLH bHLH130, bHLH41,
bHLH123
Rosa chinensis'Old MYB MYB1 Anthocyanin He et al. (2023a)
Blush' bHLH bHLH42, EGL1
WD40 TTG1
Rosa chinensis MYB MYB114 Anthocyanin Li et al. (2022)
‘Semperflorens'cv.
‘Slater's Crimson
China’
Rosa hybrida MYB MYB10 Anthocyanin Lin-Wang et al. (2010)
MYB MYB114a, MYB3b Anthocyanin Yan et al. (2023)
bZIP HY5
Rosa rugose MYB MYB113 Anthocyanin Zou et al. (2018)
Sophora japonica L. MYB, bHLH, PAP1, MYB111, Anthocyanin Gao et al. (2021); Guo et al.
WD40 MYB1b, MYBL2, TTS, (2022)
TTG1
Syringa oblata MYB MYB Anthocyanin Ma et al. (2022)
bHLH bHLH Anthocyanin
WD40 WD40 Anthocyanin
ERF ERF Anthocyanin
WRKY WRKY Anthocyanin
Torenia fournieri Lind. MYB MYB1 Anthocyanin Nishijima et al. (2013)
ex Fourn.
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Table 2 Transcriptional factors involved in biosynthesis regulation of volatile compounds
Species GeneFamily Gene Metabolite Reference
Actinidia spp. NAC NAC1,2,3,4 Terpene Nieuwenhuizen et al.
(2015); Wang et al. (2022)
Amomum villosum Lour. WRKY WRKY61, WRKY28, Terpene He et al. (2018)
WRKY40
Antirrhinum majus MYB MYB24 Terpene Han et al. (2022a)
Aquilaria sinensis JAZ JAZ1 Terpene Liao et al. (2023)
Arabidopsis thaliana bZIP HY5 Terpene Michael et al. (2020)
WRKY WRKY40 Terpene Alfieri et al. (2018)
bHLH MYC2, PIF Terpene Hong et al. (2012)
bZIP HY5 Terpene Chenge-Espinosa et al.
bHLH PIF (2018)
MYB MYB21 Terpene Yang et al. (2020)
bHLH MYC2
MYB MYB21, MYB24 Terpene Tholl et al. (2005)
MYB PAP1 Benzenoid Zvi et al. (2008)
MYB PAP1 Terpene Zvi et al. (2012)
Artemisia annua bHLH MYC2 Terpene Shen et al. (2016a)
bHLH MYC2 Terpene Majid et al. (2019)
bHLH bHLH1 Terpene Jietal. (2014)
bZIpP HY5 Terpene Zhou et al. (2015)
bZIP bZIP1 Terpene Zhang et al. (2015b)
AP2/ERF ERF1, ERF2 Terpene Yu et al. (2012)
AP2/ERF ORA Terpene Lu et al. (2013)
WRKY WRKY1 Terpene Ma et al. (2009)
NAC NAC1 Terpene Lv et al. (2016)
Catharanthus roseus MYB BPF1 Terpene Liet al. (2015a)
WRKY WRKY1 Terpene Suttipanta et al. (2011)
AP2/ERF ORCA3 Terpene van der Fits and Memelink
(2000)
AP2/ERF ORCAZ2 Terpene Liet al. (2013a)
AP2/ERF ORCA4, ORCAS Terpene Paul et al. (2017)
Zinc Finger Z(CT1, ZCT2, ZCT3 Terpene Pauw et al. (2004)
Proteins
bHLH MYC2 Terpene Zhang et al. (2011)
bHLH BIS1, 2 Terpene Van Moerkercke et al. (2015,
2016)
bHLH bHLH Terpene Mertens et al. (2016b)
Chimonanthus praecox L. bHLH MYC2, bHLH13 Terpene Aslam et al. (2020)
Chrysanthemum morifolium WRKY WRKY41 Terpene Hu et al. (2023)
Cinnamomum osmophloeum WRKY WRKY Terpene Lin et al. (2014)
Citrus sinensis AP2/ERF ERF71 Terpene Li et al. (2017b)
AP2/ERF CitAP2.10 Terpene Shen et al. (2016b)
Cymbidium MYB MYB1 Benzenoid/ Ramya et al. (2019)
phenylpropanoid
Fragaria x ananassa MYB EOBII, MYB10 Benzenoid/ Medina-Puche et al. (2015)
phenylpropanoid
DOF-type DOF2 phenylpropanoid Molina-Hidalgo et al. (2017)
Freesia hybrida MYB MYB21 Terpene Yang et al. (2020)
bHLH MYC2 Terpene
Gossypium arboreum WRKY WRKY1 Terpene Xu et al. (2004)
Hedychium coronarium ARF ARF5 Terpene Abbas et al. (2021a)
MYB MYBs Terpene/ Abbas et al. (2021b)
benzenoid/
phenylpropanoid
MYB MYBs Terpene Ke et al. (2021)
MYB MYBs Terpene/ Yue et al. (2015)
benzenoid
bZIP JAZ1 Terpene Abbas et al. (2021b)
Lilium MYB MYB308, MYB330 Terpene Guo et al. (2023)
MYB ODORANT1 Benzenoid/ Yoshida et al. (2018)
phenylpropanoid
bHLH MYC2 Terpene Shi et al. (2018)
Litsea cubeba WRKY WRKY17 Terpene Gao et al. (2023)
MYB MYB44 Terpene Zhao et al. (2023)
Lavandula angustifolia bHLH MYC4 Terpene Dong et al. (2022)
Lavandula x intermedia MYB MYB Terpene Sarker et al. (2019)
bZIP bZIP Terpene
NAC NAC Terpene
GeBP GeBP Terpene
SBP SBP-1 Terpene
HELMN  hitps://www.cnki.net
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Table 2 — (continued)

Species GeneFamily Gene Metabolite Reference
Malus domestica bHLH MYC2 Terpene Wang et al. (2020b)
AP2/ERF ERF3 Terpene
MYB MYB85 Volatile esters Li et al. (2023a)
MYB MYB94 Volatile esters Li et al. (2023b)
bHLH MYC2 Volatile esters Li et al. (20233)
Medicago truncatula bHLH TSAR1, TSAR2 Terpene Mertens et al. (2016a)
Mentha spicata MYB MYB Terpene Reddy et al. (2017)
YABBYS YABBYS Terpene Wang et al. (2016)
Nicotiana attenuata WRKY WRKY3, WRKY6 Terpene Skibbe et al. (2008)
Oncidium hybrid MYB CCA1 Terpene Yeh et al. (2022)
Oryza sativa bZIP TGAP1 Terpene Okada et al. (2009)
bZIP bZIP79 Terpene Miyamoto et al. (2015)
bHLH DPF Terpene Yamamura et al. (2015)
Osmanthus fragrans MYB MYB21 Terpene Lan et al. (2023)
bHLH MYC2
bZIP JAZ3
bHLH bHLH35 Terpene Han et al. (2022b)
AP2/ERF ERF2 Apocarotenoid Han et al. (2022b)
AP2/ERF ERF61 Apocarotenoid Han et al. (2019)
WRKY WRKY19/36/84/139/7 Terpene Ding et al. (2020b)
Petunia hybrida MYB 0DO1, EOBI, EOEBII, MYB4, Benzenoid/ van Moerkercke et al. (2011)
PH4 phenylpropanoid
MYB 0DO1 Benzenoid/ Verdonk et al. (2005)
phenylpropanoid
MYB EOBII Benzenoid/ Spitzer-Rimon et al. (2010)
phenylpropanoid
MYB MYB4 Benzenoid/ Colquhoun et al. (2010)
phenylpropanoid
MYB EOBI, EOBII Benzenoid/ Chopy et al. (2023)
phenylpropanoid
MYB PH4 Benzenoid/ Cna'ani et al. (2015)
phenylpropanoid
AP2/ERF ERF6 Benzenoid/ Liu et al. (2017)
phenylpropanoid
Phalaenopsis bellina bHLH bHLH1, bHLH2, bHLH4, Terpene Chuang et al. (2017, 2018)
bHLH5, bHLH6
MYB MYB22 Terpene
bZIP bZIP1,4 Terpene
AP2/ERF ERF1,9 Terpene
NAC NAC1 Terpene
Picea glauca (white spruce) MYB MYB4 Terpene Bedon et al. (2010)
and Pinus taeda (loblolly
pine)
Prunus mume MYB MYBs Benzenoid/ Zhao et al. (2017)
phenylpropanoid
Prunus persica L. Batsch bHLH bHLH1 Terpene Wei et al. (2021)
Rosa chinensis WRKY WRKY70 Terpene Yu et al. (2022)
Salvia miltiorrhiza bZIP bZIP1 Terpene Deng et al. (2020)
WRKY WRKY1 Terpene Cao et al. (2018)
AP2/ERF ERF128 Terpene Zhang et al. (2019)
Solanum lycopersicum MYB MYB75 Terpene Gong et al., 2021
Zinc finger-like EOT1 Terpene Spyropoulou et al. (2013)
bHLH MYC1 Terpene Xu et al. (2018)
bHLH MYC2 Terpene Spyropoulou et al. (2014)
bHLH JIG1 Terpene Cao et al. (2022)
WRKY WRKY73 Terpene Spyropoulou et al. (2014)
NAC NAC-NOR Terpene Gao et al. (2022)
SCL SCL3 Terpene Yang et al. (2021a)
Tanacetum cinerariifolium MYB MYBS8 Terpene Zhou et al. (2022)
Taxus chinensis WRKY WRKY1 Terpene Li et al. (2013b)
Taxus cuspidata bHLH JAMYC1, 2, 4 Terpene Lenka et al. (2015)
Torreya grandis bHLH bHLH95 Terpene Zhang et al. (2023a)
bZIP bZIP44
Vitis vinifera MYB MYB24 Terpene Zhang et al. (2023b)
Zea mays AP2/ERF EREB58 Terpene Li et al. (2015b)
bHLH MYC2 Terpene Ma et al. (2023)
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in regulating particular metabolite pathways (Liu et al., 2015a;
Ramya et al., 2017; Wu et al., 2022).

The number of structural genes is much higher than that of
regulatory genes in a specific plant, which reflects the fact that
different structural genes may share the same regulator (Tian
et al., 2020). It is widely accepted that structural genes involved
in the same metabolite pathway can be regulated by the same
regulator. It is also possible that the structural genes belonging
to different pathways, such as color and scent formations, can be
regulated by the same regulator. Pleiotropic regulators or
hormone-mediated regulators are reported to regulate distinct
specialized metabolites (Bedon et al., 2010; Meng et al, 2019,
2023; Geng et al., 2020; Ni et al,, 2023; Wang et al.,, 2023a; 2023b;
Zhao et al., 2023a, 2023b; Zvi et al., 2012). Recent investigations
have also highlighted the potential involvement of versatile
regulators in concurrently governing pigments and VOCs
(Raguso and Weiss, 2015; Yeon and Kim, 2020, 2021). For
instance, over-expression of Arabidopsis AtPAP1 in Rosa hybrida
results in elevated levels of phenylpropanoid-derived color and
scent compounds, alongside terpenoid scent compounds (Zvi
et al., 2012). In petunia flowers, the synchronization of scent
emission and pigmentation is finely regulated by the rhythmi-
cally expressed MYB transcription factor PH4, wherein PH4 af-
fects petal pigmentation via vacuolar acidification in the early
bud stage, and promotes scent emission during subsequent
anthesis (Cna‘ani et al., 2015). Furthermore, Freesia FhNMYB21 has
been identified as a participant in flavonol and terpene synthe-
sis, while its orthologs in other plants exhibit diverse roles in
response to the jasmonate or light signaling pathway (Shan

et al,, 2020; Yang et al,, 2020; Zhang et al., 2021, 2023b; Chopy
et al,, 2023). The bZIP transcription factor AtHYS, involved in
light signal transduction, has been reported to bind to Arabi-
dopsis promoters of AtPAP1, AtMYB12 and AtTPSO03, thereby
regulating anthocyanin, flavonol, and terpene biosynthesis,
respectively (Stracke et al., 2010; Shin et al., 2013; Michael et al,,
2020). DELLA protein is another factor co-regulating both
anthocyanin and terpene pathways (Hong et al,, 2012; Xie et al,,
2016). Notably, the rose anthocyanin related RcMYB1 also plays a
role in carotenoid and volatile aroma metabolic regulation (He
et al, 2023a). In this context, we summarized reported tran-
scription factors involved in both color and scent formation in
Table 3. It is worth noting that the interplay between floral color
and scent appears considerably more intricate than previously
envisioned, warranting further in-depth investigation. In
conclusion, the synergistic variation in floral color and scent can
be attributed, at least partially, to the co-regulation by pleio-
tropic regulators.

6. Other possibilities explaining the synergistic
variation of floral color and scent

In addition to the key enzymes represented by CCDs, which
bridge the pigment and scent biosynthesis pathways, and the
pleiotropic regulators mentioned earlier, there are other versatile
genes that encode catalytic enzymes that can affect color and
scent-related compounds simultaneously (Table 3). For instance,
chalcone isomerase (CHI), which has long been known as an
anthocyanin or flavonoid biosynthetic enzyme, also modulates

Table 3 Pleiotropic enzymes and transcription factors characterized to affect both plant pigmentation and scent

Species Gene family Gene Metabolite Reference
Brassica CCD CCD Carotenoids Zhang et al. (2015a)
Dianthus caryophyllus L. F3H F3H Anthocyanin/Terpene/Benzenoid Zuker et al. (2002)
Glycine max CCD CCD Carotenoids Gao et al. (2021)
Nicotiana attenuata CHS CHS Anthocyanin/phenylpropenes Kessler et al. (2008)
Osmanthu fragrans CCD CCD Carotenoids Chen et al. (2021)
Petunia hybrida CCoAOMT CCoAOMT Anthocyanin/phenylpropenes Shaipulah et al. (2016)
rosa damascena CCD CCD Carotenoids Huang et al. (2009)
Rosa rugosa. BAHD ACT Anthocyanin/Terpene Feng et al. (2021)
GT GT5
Solanum lycopersicum CHI CHI Anthocyanin/Terpene Kang et al. (2014), Sugimoto et al.
2022
Arabidopsis thaliana SPL SPL9 Anthocyanin/Terpene (Gou gt al. (2011), Yu et al. (2014)
bZIP HY5 Anthocyanin/Terpene Stracke et al. (2010), Shin et al.
(2013), Michael et al. (2020)
bHLH DELLA Anthocyanin/Terpene Dombrecht et al. (2007), Xie et al.
(2016)
bHLH MYC2 Anthocyanin/Terpene/Jasmonate  Dombrecht et al. (2007), Hong et al.
(2012)
MYB MYB21, MYB24 Anthocyanin/Terpene Yadav et al. (2012), Shan et al.
(2020), Yang et al. (2020)
Freesia hybrida MYB MYB21L1, MYB21L2 Anthocyanin/Terpene Yang et al. (2020)
Shan et al. (2020)
bHLH MYC2 Anthocyanin/Terpene Yang et al. (2020)
Ipomoea purpurea MYB PAP1 Anthocyanin/Terpene Majetic et al. (2010)
Petunia hybrida MYB PH4 Anthocyanin/phenylpropenes Cna'ani et al. (2015)
MYB PAP1 Anthocyanin/phenylpropenes Zvi et al. (2008)
Rosa chinensis ‘Old Blush® SPL SPLS Anthocyanin/Terpene Raymond et al. (2018)
Rosa hybrida MYB MYB1 Anthocyanin/Terpene He et al., 2023a
MYB PAP1 Anthocyanin/Terpene Zvi et al. (2012)
Solanum lycopersicum MYB MYB75 Anthocyanin/Terpene Jian et al. (2019), Gong et al., 2021
Vitis vinifera L. MYB MYB24 Anthocyanin/Terpene Zhang et al. (2023b)
WRKY WRKY70 Flavonol/Terpene Wei et al. (2023)
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terpenoid production in the glandular trichomes of tomato (Kang
et al,, 2014; Liu et al., 2021a). Carnation flowers with cream color
morph produced by suppressing flavanone 3-hydroxylase (F3H)
emit more methyl benzoate and 2-hydroxy methyl benzoate than
reddish-orange basic cultivars (Zuker et al.,, 2002). The widely
distributed glycosyltransferases have been characterized to
transfer different sugar moieties to specialized metabolites, thus
changing the color and scent by altering pigment stability and the
volatility of VOCs (Song et al., 2018a; Chen et al., 2019; Zhao et al,,
2020b). Additionally, the Rosa rugosa acetyltransferase gene
encoding CoA geraniol/citronellol acetyltransferase is reported to
participate in flavonoid, phenylpropanoid, and terpenoid
biosynthesis, while anthocyanin glycosylation-related GTS is
involved in both flavonoid and phenylpropanoid biosynthesis
pathways (Feng et al., 2021). In Petunia, PhCCoAOMT1 catalyzes
caffeoyl-CoA methylation to produce feruloyl CoA. Silencing
PhCCoAOMT1 reduces eugenol but not isoeugenol. Down-
regulating PhCCoAOMT1 activates the anthocyanin pathway
through R2R3-MYBs PURPLE HAZE (PHZ) and DEEP PURPLE, with
petunidin predominantly accumulating (Shaipulah et al., 2016).
Although the aforementioned pleiotropic enzymes could co-
regulate floral pigment and VOC biosynthesis, the descriptions
have largely been examined within individual species.
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Establishing a universal framework requires more comprehen-
sive research, especially encompassing diverse plant species.

Pleiotropic effects can also arise from quantitative trait loci
(QTL) controlling floral traits. Flower color and scent can be
influenced by multiple QTLs, many of which are pleiotropic,
affecting multiple floral traits (Smith 2016). However, the co-
localization of flower color and scent traits within the same
QTL does not necessarily prove pleiotropy as a single QTL can
encompass many genes and the observed influence on multiple
traits could be due to linked genes (Hermann et al, 2013).
Combining fine-scale mapping and identifying candidate genes
expedites finding genuinely pleiotropic genes underlying pleio-
tropic QTL (Smith, 2016).

Post-transcriptional mechanisms such as differential splicing
(Wang et al, 2022) and the involvement of regulatory RNAs
(Raymond etal., 2018; Yangetal., 2021b; Yue et al., 2022), introduce
an additional layer of control for modulating enzyme activity and
finely adjusting pigment or scent production (Sun and Li, 2020).
Moreover, post-translational regulation, which includes pro-
cesses such as phosphorylation and sumoylation offers additional
potential strategies for the coordinated regulation of color and
scent (Kersten etal., 2015; Yangetal., 2022; Khan and Abbas, 2023).
Additionally, the orchestration of metabolic flux through multi-

Floral volatiles

Post-translational

AL
3 Y

phosphorylation

Multi-enzyme

ubiquitylation complex

SUMOylation
methylation
acetylation
glycosylation

Floral pigments

Post-transcriptional

Fig. 2 Hierarchical regulation of floral pigments and floral volatiles
Floral pigments and floral volatiles are regulated by signals including developmental program and environmental cues, which could be
transduced to nucleus by various hormones. These signals converge at the level of transcription factors to regulate gene expression. In
addition, the transcription of pathway genes or the activities of key enzymes are regulated at differential levels. Epigenetic regulations
represented by histone modification and DNA methylation/demethylation control gene expression. Differential splicing and non-
coding small RNAs provide post-transcriptional regulations. Post-translational regulations examplied by protein modification and
enzyme complex play critical roles in controlling metabolic pathway activity and fine-tune product production.
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enzyme complexes presents another avenue for exploring the co-
regulation of these floral traits (Camagna et al, 2019;
Grabsztunowicz et al., 2017; Lloyd et al., 2017; Qiao et al., 2021a;
Stanley and Yuan, 2019; Waki et al., 2020; Yu et al., 2023b).
Furthermore, epigenetic mechanisms that integrate DNA
methylation and histone modification are also potential mecha-
nisms underlying the coordination and crosstalk between floral
colorand scent (Yuanetal., 2021; Tangetal., 2022; Yuetal., 2023a).

In summary, the interplay of hormone-mediated develop-
mental and environmental signals, orchestrated by the actions of
transcription factors, structural enzymes, major QTLs, as well as
post-transcriptional and post-translational controls, and influ-
enced by epigenetic modifications, collectively contribute to the
diverse variations in flower color and scent observed in plants

(Fig. 2).

7. Future prospect

Floral scent research has become an enriched area in horti-
culture and plant science in recent years. Significant progress has
been made in understanding the biosynthesis and regulation of
floral scent compounds, as well as their new functions over the
past several decades. While recent technological advances have
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Fig. 3 Proposed schema interpreting the correlation between
floral pigments and volatile organic compounds (VOCs)
The possible crosstalk and coordinated regulation between floral
pigments and volatile organic compounds can be interpreted in
the following aspects: pleiotropic regulators and enzymes,
metabolic flux competition, plant hormone mediated regulation,
genetic linkage, and epigenetic modification.
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greatly aided this progress, there is still a long way to go to sys-
tematically clarify the mechanisms underlying the diversity of
floral scent compounds, or even to catch up with our under-
standing of floral color molecules. The limited knowledge of floral
scent formation and regulation has resulted in the underlying
coordinated mechanisms being overlooked for a long time. As a
result, various outstanding questions still remain to be addressed
and interpreted.

The identification and characterization of pathway genes
involved in intrinsic metabolism, especially VOCs, continues to
be a focus area of research. Although the main metabolic
pathway is well understood, it is still unclear whether there is
potential interflow or exchange of intermediate products, or
whether alternative pathways exist. In addition, knowledge
about the late modifications of color and scent molecules by
modifying enzymes, such as cleavage, glycosylation, methyl-
ation, phosphorylation, and acylation, remains limited (Cao et al.,
2023). The final pigments or VOCs should be localized to specific
organelles or secreted into the air, but solid evidence is needed to
understand the balance or interaction between compound syn-
thesis and final floral coloration or aroma. Moreover, whether the
enzymes or pathways that have been identified in specific species
function in the same or similar ways across plant species is
another fascinating question. While increasing studies suggest
potential correlations between floral pigments and VOCs, the
coordinated regulation of these biosynthetic pathways, how
developmental and/or abiotic cues trigger coordination, and how
plants evolve these capabilities remain unsolved mysteries that
need further investigation. Although some transcription factors
have been shown to regulate color and scent pathway genes or
enzymes, gaps remain about their bona fide functions, functional
conservation, interrelation, and how they respond to signaling
pathways. Without a doubt, there must exist a highly intricate
network within flowers that integrates all conceivable factors to
finely regulate both color synthesis and scent formation (Fig. 3).

The advent of high-throughput screening technologies has
opened the way to a new era of biological research. With an ever-
growing number of multi-omics data integrating genome, tran-
scriptome, and metabolome analyses based on either natural or
artificial hybrid populations, we can gain more comprehensive
insights into studying the molecular mechanisms behind flower
color and scent. A meaningful model with an efficient genetic
transformation system will dramatically broaden our under-
standing on the aforementioned questions.
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Study on stability of a class of planar nonlinear systems
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Abstract Inspired by the Routh-Hurwitz stability criterion for planar linear sys-
tems, we investigate in this paper the stability of a class of planar nonlinear systems
with unknown parameters. Drawing upon the framework of homogeneous system
theory, we study the stability of a nonlinear system, which is inherently a homoge-
neous system, under various conditions of unknown parameters. The analysis em-
ploys both Lyapunov’s method and the particular solution method to derive insights
into the system’s stability characteristics. As a result, several sufficient conditions,
and necessary and sufficient conditions for stability are derived. The particular solu-
tion method adopted in this paper can be effectively applied to analyze the instability
of the system, thereby enriching the methods available for the stability analysis of
nonlinear systems. Furthermore, the results obtained in this paper have practical
applications in the controller design of certain nonlinear systems. To demonstrate

*EH % @ R EE & E (61807030) ¥t B ¥R 8.

i 5 AE A 40 & 3, Emailiylzou@yzu.edu.cn

2025F6H1H 518


mailto:ylzou@yzu.edu.cn
https://link.cnki.net/urlid/11.2019.O1.20250521.1356.016

Mathematics Know or Not

2 2 4 B % 5 ¥ % x&

this, specific examples are provided to illustrate how the results can be utilized in
practice.

Keywords planar nonlinear system, stability, special solution method, Lyapunov

function.
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AV (2) = —Bagzl 28 + azzl25 = 0, BLIS R 5 (3.1) & — AR B 4%, WA & B 3k 73 5 1.

2) Y ay,ag —F—IEW, Hajay > azaz 13 asaz < 0, Kk — M, Wa; > 0,a4 =0,
MEFTEEREHEV() = —=—2" + 1221 Haas < 08B V(2) & IEE K.

“(p+l)az p+1
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V(z) X TFHEES B AV = —%{:a]zfp — %gangzg +azzlzh = —%lealzfp >0. Bz #£
O V(z) >0, R XM EE2 e R2\ {z =0} FV() >0HV(z) >0, HEM23 B F
4 (3.1) AR HE R E K.

3)Ha; > 0,a4 > 0. FHagaz >0, AR — MM, Hay > 0,03 >0 WEZFITE
Wk KBV (2) = 532&‘12% — agazzyzz + %zg, H ajas > azaz 1§ a1asazag > (azaz)?,
M V(z) IEE. V() KFHEKSFERV(2) = as(a1as — azaz) 2" +as(arag —asaz) 2.
M aras > asag B, FAERE (21,22) # (0,0) BV >0, HEF238 R4 (3.1) AL H#TE
5E M.

%62(13:0, E%%%(Bl)ﬁ\%ﬁﬁf%ﬁﬁ‘]

i azaz < 0, FIEF T HIE KBV (2) = —@—ffmszJrﬁng, i azaz <073 V(z) &
ERM. VE)XTHERNSHEN() = —Ra12l? — Raezfdd + as2hzd + aszbh =
— 80y 27” + aqzy’, BE AR R (21,22) # (0,0) HV(2) > 0, HE# 2.3 3 K% 3.1) R
T2 I A E 1. ]

SEBE3.6K M, a; 3F it H aq B AE AW, 35 araq > azas, W R G (3.1) A & # i fa @
. FHEATT i e May EOHF A NN, RE (3.1) #LFEE K % 4.

EE3.7 (i) Ga <0,a4 >0, #F ayay > azaz Ha?*' > —aqgal, W & 4t (3.1) A2 #i
I A3 %€ 1;

(i) 5 a; > 0,a4 < 0 B}, 35 ajaq > azaz E_ai"'l > —abag, W R 5¢ (3.1) A2 # i §2 52 1.

i () HWiEEE TR KAV (2) = —21—2:12—1—&21224—%25, Hrfg = e ey b=

tH aras > asas AT B a2 < b, AT V() RIEEM. V(z) kT AKNS

az(aias—(p+l)azas)’

V(2) = 2151 + an 2z + azas) + bzdy

1

= (a1 + aa3z)2d™ + (aag + bag) 28t + (ag + aag)z1 25 + (aay + bag)zPz.

A o ajag—agag 4E
= ajas—(p+1)azag >0, 3

V(z) = a1 K27 - %Kzg“ +(p+1)asKz 25
3

_ S a@az p pﬂp‘_liaj p B as pt1
=+ D22k (L) F - Bl - B
i 1 ;
XS a8 > —anal, B (—22)" < (-~ fEBYSI B 2508 V(z) <0, dEH 228, K
4t (3.1) A& i F20E 1.
(WEFETEERBHV() = 222 +anz + 222, Hfe = m%s b=

sl R () WAEW, T8 Y e > azas Haf™ > —abes M A% (3.1) £
ik £ E 1. [
EHE3.8 Ma <0,as <0, FLM ARG (31) REERENREEXH N >

a2a3.

iE () 1) Hasas < OB, WiEZF T H K RBEHV(2) = —ﬁ)ﬂ—gzﬁ’ﬂ—}—ﬁzé’ﬂ,
M azas < 013 V(2)0IE%E. V(2) KT M B FEOAV (2) = — 241257 — Lazaf b +azaf 25+
agz¥ = —%ﬁ:alzfp + ay227, HET XA (21,22) # (0,00 HV(z) >0 HEH22 5, &

% (3.1) & #TE AR E M.

2025F6H1H 518



Mathematics Know or Not

xH P WG 2% — 287 T 3F 2R &R G AR E YR T 7

2) % azag = 0 B, ¥ 3 28 W0 98 KR KV (2) = p$P“+Hlylﬁ¢a>oﬁ>o
V(2) % F i I8 ) & 5NV (2) = Ga123” + (dag + bas) 2?28 + bay23?, B agas = 0 19 7 1L i
REAMGHMER GG 45 V() <0. HEM 2218 &% (3.1) & ¥ i E K.

3) X azaz > OBF, ANk — itk @ ax > 0,a3 > 0, I iEZ W WK Kk V() =
— 938422 + asagziza — 4223, M a1aq > asaz 13 arasazas > (aza3)?, B V(z) IEE. 3F H

V(z) = (agag - a1::«:3¢14)zf+1 + (a3a3 — a1a2a4)z§+l

= ag(azaz — '.'11a4)2{]+l + az(azaz — a1a4)z§+1

BT X B (20,22) £ (0,0) A V(2) >0 HEM22 8 K% (3.1) 2 #i ik k& K.
(BN HHRZAUE Y ajaq < azaz B, R4 (3.1) ARHEREN. HEH34H
W B 2 A WAL [ |
EE3.9 Maj+ay <0,a104 =00, RG: (3.1) BTN RELZMNN a1a4 > agas.
iE () Ak —BM Wa < 0,0 =0 HEFTELIERBHRV() =
32 A T + AT, WA V() = —a,F, FRV(:) <0, HEE22 BF% (31)

p+1)az 24

R
(0 1) B e #3415 2 B & koL [

4 fF

a1 ZBE R (3.1). May =a4 =0,a2a3 <0 B, HEH3I6 UM (1) B AR
% (3.1) E—RGH G, Max=1a3=-1,a1=0s=0,p=30, RE (3.1) K
{8 07 5 0 B 1w,

Bl ay=a4=0,as=1,a3=—05,p=3 Fz(0)=(2,-1)7 B &% (3.1) IR % i#
(Figure 1 Oscillating solution of (3.1) with a; = a4 =0, a2 = 1, a3 = —0.5, p = 3 and 2(0) = (2, -1)7)

A A B A Ka 5w P 4 0F AT LA Ok 0 b — R BR AR 45 A 4% A% it el R R
T £ B AN B 5 81T ok it 4T 30 AL
4.2 % E R G

(4.1)

#1(t) = —421(t) — 23(t),
Ta(t) = u+z3(t).
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W4 & B 3.7, BT DL O T 2 ) 2%
u = ki (t) + kaxd(t), (4.2)

¥ (42 RN (41) /3

@1 (t) = —4ai(t) — 23(t), w3)

To(t) = ki3 (t) + (k2 + 1)z3(8).
Boky M ko 95 Bk > 0,ka+1> 00, HEMIT, & (-4 (k2 +1) > —k1 B (—2)* > &3,
W R (43) BERE. ki =3, ke = —F H ¥ F M (21(0), 2(0)) = (-1,2) B, &
4t (4.3) BAR A B E B 2 Pk,

a T 3 r
2 2|
1

1000 2000 3000 4000 5000 [} 2 4 6 ] 0 4990 2 4904 4098 4098 5000

B2 (ki k2) = (3,-3) K xz(0) = (=1,2)T B R % (4.3) KPR B 5h ik
(Figure 2 Trajectory of system (4.3) with (ky, k2) = (3, —3) and z(0) = (—1,2)" )

Bla.3 %8 R 45
Z1(t) = —91$:1}(t) + ﬂz.’tg(f-),

(4.4)
Za(t) = u,
Ko, A RKRMIESH. R
a1 <61 < bi,az <02 < by, (4.5)
Horftay, by ap M by 2 2 F1H & fhE B 3.8 18, v DL TF 4% 1 2%
u = k23 (t) — kawd(t), (4.6)

Hohky, ko > 0. 25385118 28 ky A ko 6 2 (—601)(—k2) > Ocky, B ky ko < 601/600 B, B2
&AM (45) 8, RE ki /ky < min(0,/0s) = a1/by, W 4% #1] 28 (4.6) AEFRILE &R 4 (4.4) #
HRE Fl, Ha=2,be=1H, Hh=1Lk=20=a=2 Ho=b0=1MUZFK
4t (4.4) B fi& o B 3 P oK.

5 45ig

AW T — 3Pl AR 2 & g8 00 fe o vk ) R, 45 iR T AR E 0 T R A g
M, Hip=gq Ha <0,as <0 I, BB T RGHIEF2E 0 78 E KA, I B A FH R R E
T REMAFaEN. FRITEET A RGN AR EN TR A EEE X 5
X773, T B AL A O — M AR & R G A AR E M. X T AR SR AT AT &
%, F A2 BRI T8 7 0 B DL AR ST IR T R Fa 2 T ik — 22 B 5L, L Ah,
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xi B, K PHAELLE RG W fa 2 R 9
; ; ; |

B3 (ki,k2) = (1,2), (61,62) = (2,1) } z(0) = (2,-1.5)7 B &% (4.4) KRS
(Figure 3 Trajectory of system (4.4) with (ki, k2) = (1,2), (61, 62) = (2,1) and z(0) = (2, —1.5)T)
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