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Evaluation of social and economic effects of chemical fertilizer application reduction and efficiency

improvement technical modes in tea gardens: A case study of green tea gardens in eastern Fujian, China

RAN Qin', WU Daoning', WU Zhidan™, HUA Wenyuan', LUO Liangguo"

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2. Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China; 3. National Agricultural Experimental
Station for Soil Quality, Fu’an 355015, China)

Abstract: To further promote the action of chemical fertilizer reduction, it is necessary to evaluate the socio—economic effects of the
developed chemical fertilizer application reduction and efficiency improvement technical modes in tea gardens and select the appropriate
and prioritized technical modes for application. The index system was constructed by comprehensive literature research and expert
consultation method to evaluate the socio—economic effects of chemical fertilizer application reduction and efficiency improvement
technical modes. The grey correlation analysis model based on multiple correlation of expert opinions was used to evaluate the socio—
economic effects of five chemical reduction and efficiency improvement technical modes (mode 1 is special fertilizer for tea, mode 2 is
partial replacement of chemical fertilizer by organic fertilizer, mode 3 is new urea formaldehyde compound fertilizer, mode 4 is biochar—
based fertilizer, and mode 5 is soil fertility improvement and biochar combination application) in the green tea gardens of eastern Fujian

Province, China. Among the final weights obtained using the multiple correlation weighting method, the technical characteristics index had
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the highest weight at 36.52%, followed by the economic efficiency index weighting at 26.95% and the social efficiency index weighting at

21.24%; the lowest weight was the management index at 15.29%. The order of comprehensive evaluation scores of the five technical modes,
from high to low, was as follows: mode 2(0.798 6) > mode 1(0.744 4) > mode 4(0.560 0) > mode 3(0.482 4) > mode 5(0.467 6). The

results indicated that the green tea gardens in eastern Fujian is suitable for popularizing partial replacement of chemical fertilizer by

organic fertilizer mode, followed by special fertilizer for tea mode, while other three technical modes need further research and optimization.

Keywords: tea garden; chemical fertilizer application reduction; organic fertilizer; social and economic effect; index system; evaluation

model; eastern Fujian
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Figure 1 Location of the test zone
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Table 1 Comparison of five technical modes

BB BT X [ Hix it
Technical mode Aiming at the problem Goal Characteristic
B 1 MRS XA SR AN A IR A BRI A F RAH B XIS il A B A 7 2R 257 43 e SR AL , ol % el 5%
A —H AR 30% LA | M
B2 7R A AT HUEHE A LG 2B A HL3R A A W 1 30% LA b, ZSTEAT MLIE B AR TR A A I , Dol 184 2
AN 38 509% LA
B3 FROMEETN L S A R 4 oK FEAE /b 30% DL b Sl i SR oy SRR R4S G L BRI AE K R R a0y 4 S
NN &5 2% e R
4 [ AR 2% X AR A R AL A -3 pH BEAE AR 0.1 AL AR AE R ARk AL R SRR, B R SR AL PRI, v
UiINpigt= IS JHAEI/30% D) | HEpH
5 [ AR 2% X SR AL, R AR -3 pH AR 0.2 AN AL, AR A R - SR BRI I e BE AR ER LB i e
Tz BT FHAEIE/ 30% DA 1 B pH T AE W 2241 e SV, e R A3 Ak 1k ot
F2 ST AREX HEAR4HE
Table 2 Characteristics of fertilization amount of five technical modes
EZ NS AL A N/ P,0s/ K,0/ IRy M A RE Rk 2 EE A1)
Technical mode Fertilizer combination (kg-hm™)  (kg+hm™) (kg-hm™) Total nutrient/(kg-hm™)  Chemical fertilizer reduction rate
izl AL A 375 80 120 575 37%
B2 AHUIE+Z I AL 225 48 72 345 62%
i3 JhR Y R A A AT 300 75 150 525 43%
Bk 4 AW BN R 300 80 128 508 44%
A5 R+ ) BT 315 90 135 540 41%

T AL IR L A7) — 4 A BRI R K

Note: The chemical fertilizer reduction rate in the column is be rounded up.
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Table 3 The evaluation index system and definition of chemical fertilizer application reduction and efficiency
improvement technical mode in tea gardens
Are R e FosbL HERRRL fi
Target layer layer Index layer Sub index layer Definition of index Unit
ARRE UGG BARFRE AR C1 AL T FEIE N T D1 WA A R S B AT A7 4 Nt & kg-hm™
ffﬁgﬁf Bl BETRLIEPOFIRD2 A AT LB ST A POSE kg-hm™
N BRERLIE KGO IREDS MZA AP ABURRHLIESTAE ) KO B kg-hm
HAR MG C2 AN AR5 ) 145 AT ] D4 MR A TR AR A ST 3 T BT hehm?
HARFENEC3 AN R I RS T ) 8 DS BN TS BRI MSCAR 2% I i it kg+hm™
FRHE N FIF 2 C4 FEHE N 424205 D6 MBF P NS A AT AL FEES G 7 ik 22 AT Al kg-ke!
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AL J5 3 C6 T D8 TR AS NG T 25 el 45 -2 16 —
TRt FH (1Tt 7t ) D9 VI e 2 + R E R A5+ e S —
KHE—14E D10 BRI — 2 LR A R A ALY —
R X
4T C7 Bff A D11 B 58 3 P AR ALY mg-kg!
D12 BT v 3 P A R0 i mg-kg™
B D13 AT v B PO mg-kg™!
HHLE D14 B E AP R g-kg!
pH D15 - SEFR A I —
ZEM T C8 Kiz D16 BT e 25 Pk I %
LW DT BT AP A 2 it %
IR D18 e e UYL 3T ety %
HERDI9 BT A P R 1 i %
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BN A [ R A% D25 B B el 1 FAB B 2 JG+hm™
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c10 5 A B TG A R A5 A U 0 LT A R i JE-hm
SCHFRED27
hasias HORMMET R CIL BRI Rkl w5 IR AL ) SRR R LS 2 AR TR E 43 E %
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HARML R B2 ARRRNZEAR G 2R AR B2 H AR P e 5 2 R P BRI E S %
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M Sy R ZERHET R R A B D34 FAANEFRSE A Al B RS AR =
C15 FiA A T B BB D35 AT A IR % Ml 75 S 2 45 —
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Table 4 The weighting result based on the method of multiple correlation of expert groups

Gt Crvn O fibEbUE bl P
layer weight/% Index layer Index weight/% Subindex layer weight/%
FARNHE 36.52 AV it FH i i 4.99 AN R N A o 2.45
AN TE AR P,Os 1.24
PR AEAR K0 AR 1.30
HARR e 8.14 BN R R RS T P 8.14
ARIE N FI R 9.80 FRHE N A2 3005 9.80
Far=T A PLN AL 0.88 A HUIE N 5 JCHUIE N i i e 1 0.88
RV 1.27 LA 0.36
BT 0.01
AL 0.01
AL 0.32
pH 0.57
A5k o 11.44 KR H 3.57
S 4 2.52
WA 1.02
TR 433
ZR Rk RE 26.95 AR PE AR 25 13.63 PR RS 5.10
PR R AE AR A 4.01
BANG AR AR T A AR 452
PO TR RS 13.32 SRR A LA T R I £ 13.32
FARESE 21.24 HORAHE 4 7.14 B AR TR 7 > SRR 1R LA 7.14
AR B4 F i i 2 4.54 B2 HAREIAAR X IR ] 454
UL FORINH 9.56 AP RIS 3 hm L 1 SRR P o I I 43 U 7 L 161 9.56
(egil 15.29 Hb O BUR G BUR 8.08 JE A HBU O SCEB R EHER AR 4.99
H LR EBR 2.90
AR AR S B 0.19
2 %l ik SR 721 T R AT A FH T 7.21
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Table 5 Evaluation results of grey relational analysis model based on multiple correlation of expert opinions

HOARKHE

Technical characteristic

ZTRRLGR
Economic efficiency

PARE

Social efficiency

w2 o LA AN

Management Comprehensive evaluation

Technical mode

55 Score ¥ Rank 1843 Score  HE/F Rank 543 Score  HE/¥ Rank 7343 Score  HEJ¥ Rank 7543 Score /¥ Rank

Bk 1 0.1632 5 0.2452 1 0.183 1 2 0.1529 1 0.744 4 2

izt 2 03225 1 0.1108 5 02124 1 0.1529 1 0.798 6 1

i3t 3 0.1826 3 0.137 2 3 0.096 3 4 0.066 4 3 0.482 4 4

R4 02128 2 0.1590 2 0.081 1 5 0.107 2 2 0.560 0 3

K 5 0.168 2 4 0.133 4 4 0.099 5 3 0.066 4 3 0.467 6 5
—542— http://www.aed.org.cn



PRz, 45 R Pl AR AR Dt S AR S R TR RCR P —— DU AR 22K X O 8

202245 H

288 A M Dol 57 T Dl /0 PR AR I AR AR T i e A1
SR A, ST RSN SO T i A
HURE AR , S Sz 2 B T AR i o £ T L
oo B gk I SRR A HUIE B U AR A B,
AU TSI S A HLAE RAS T & , P00 2 B
IRFAEIZ DI 11 SR B A S A BOR HE = T A HLIE A%
AT HLAE bt FH A — 22380 . R, 4 A HLIE
BACHR AL HE B AR, B R R AR T,
B ARSI KR ECR, EANRAR IR HLIEE:
FRALREEAR MAIN S B RAS , SR A5 | 2 AR B
SRS PR A B A

4 it

(1) 7 e ] ) 7 s DX 4 2% 2R 7 2 PR O, 4645
] PN Sh 2 3 AR 5 TR Z RO HOR PR 5 AR i 2L BF 5T
20, RGUHEE T AT X 25 el A FE it 2 A AR 2
MBS 2 RCRIFN R R . XK R BR S
3 3 ) B 30 ) PR R B AR AR FE AR AR R A
B ZEH AT R A FC A A ) P RS Dt e AR 1o
BRI R A R i fe it 2%

(2) I I 22 38 UL 22 T AR SR A K (8 SR 15 23 s
TR0 A ) AR 2 25 X 5 BRSO  T y A 2x 2
HORBEATIVAS , 25 G BORVFAN 15 20 R B 2> 45
B 4> HE 3>RS,

(3)5 Tp AR 23 2, R HLAE AR 23
PR AR A o BT ), (B DRt FH A LI T ™ A= B 83
SN 5 BB 1 1 20 (0 SR BUR 28 T H AR AMEE,
PAS I A A AR A 7= S ke P R I T AR AR K

(4) % el e IS Dok it 394 20 2 AR 2 RE 77 A P 2R
2N, BR T SEARA LY LR P e R 1 45 Rl A 45 A
KAN, i 32 BIHCARME) M 55 12 ORE ™ 1 LR
SR BBUR NSRS FHAME 19 S5 1 E R E A% 1
PR A4 RS BT B B A SR

SE 3k

[ f5iRE, BT A, R, 45 6 B AS el il NS BUIR 55 0t v 71 43 #r 11,
T E IR SRR, 2019, 25(3) :421-432. NIK, LIAO W Y, Y1
X Y, et al. Fertilization status and reduction potential in tea gardens of
ChinalJ]. Journal of Plant Nutrition and Fertilizers, 2019, 25(3) :421-
432.

[2] Thor e, MREL4A:, BADEAR, 45 . WIVLAR 428 )7 X 2R el T HE B0IR S 1
WL[T). ZnlRb, 2013, 33(1):74-84. MALF, CHEN H J, SHAN Y
J, et al. Status and suggestions of tea garden fertilization on main green
tea—producing counties in Zhejiang Provincel[J]. Journal of Tea Science,

2013, 33(1):74-84.

http://'www.aed.org.cn

[3] ERIEAR, BT A, WISRAR, 45 . 2 Bl 2% Bl e N BRLAR 15 6 51 43 11,
Zbim Kk, 2015, 37(3):108-113. QIAN X H, LIAO W Y, HUR G,
et al. Current situation and countermeasures of fertilization in tea gar-
den of Anhui Province[J]. Journal of Tea Business, 2015, 37(3) : 108—
113.

[4] 530, ZRIE T, W0, S5 2R e s g DR K B R ). # &
ZNFE R, 2018(6) :24-26. CAIX, LI Y S, YANG P X, et al. Cur-
rent situation and control measures of non—point source pollution in tea
garden[J]. Newsletter of Sericulture and Tea, 2018(6) :24-26.

[5] B8 0, /NS, IR PF, A5 A el 4R A A D8] A B3 B A T A 9 o e
BT ZEMRR, 2020, 40(1) : 15-25. FAN Z H, TANG X J, ZHENG
D, et al. Study and prospect of soil acidification causes and improve-
ment measures in tea plantation[]]. Journal of Tea Science, 2020, 40
(1):15-25.

[6] W H, X ELUL, 7KW, 45 . ARNE welite b 3805 2% el 439 3% 43 Mo 2k it
o T A B[], B 0l 2 4, 2020, 51(4):887-896. YANG HY,
LIU H J, ZHANG N M, et al. Effects of different fertilization applica-
tion reduction methods on tea garden soil nutrient and tea quality[J].
Journal of Southern Agriculture, 2020, 51(4) : 887-896.

[7] S, VAR, JUR W, 46 Lk 5 AR IO AT ML 4% bl 40 M40
AR 2, 2019, 51(6) :1070-1077. WU Z D, JIANG
FY, YOU Z M, et al. Variation of active aluminum content in tea gar-
den soil with manure applied for 5 years[J]. Soils, 2019, 51(6) : 1070-
1077.

[8] 1%, BkoCi, Be, A5 . Wha AL NE FIC bt A ATLAE X 2 el - 3 5% 4
T A8 P i R B R ML) AR A PREESE AR, 2018, 27(12) : 2243~
2251. WANG Z T, GENG Y B, LIANG T, et al. Effects of reducing
chemical fertilizer and organic fertilizer combination on tea garden soil
and tea yield and quality[J]. Ecology and Environmental Sciences,
2018,27(12):2243-2251.

(9] FUAZAZ, K Zr, /M, 25 . B2 AR B A X 2 el L3 R 2 S 1Y
B[] Z8HSE R, 2019, 46(2) : 154-161. HU S 'S, GAO S L, GUO
B, et al. Effects of interplanting alfalfa on tea garden soil and tea quality
[J1. Journal of Tea Communication, 2019, 46(2) : 154-161.

[10] X7 %, Je ke, ARIF 8, %5 . ARNC it xs < 2525 145 7 5t 5 5h BT
S o E AR R, 2018, 34(6) :60-64.  LIU S C, LONG Y,
LIN K Q, et al. Effects of chemical fertilizer reducing on yield and
quality of tea ‘Qianchal’ [J]. Chinese Agricultural Science Bulletin,
2018, 34(6) : 60-64.

[11] FUAZAZ, K G5, BRAE T, 45 . B R0 R S X 28 el A I 5 R 4t 1 5 1)
[J]. 79 R 4l 2407, 2019, 32(12) :2776-2782. HU S8, GAO S L,
CHEN Q J, et al. Effect of interplanting soybean on fertilizer demand
in tea garden[J]. Southwest China Journal of Agricultural Sciences,
2019, 32(12):2776-2782.

[12] Shr e, R, JHie =, S5 . Wivr s el Ab A0 wslits 1 sl R AR 2 o
TER R BRI T EZE T, 2019, 41(10) :40-43. MA LF, NTK,
YI X Y, et al. Technical mode of reducing fertilizer application and in-
creasing benefit and its application effect in tea garden of Zhejiang
Province[J]. China Tea, 2019, 41(10) :40-43.

[13] BREIT, b, 5680, 55 . ANEWUtExT & e 28 7 5 | iy 5T AL LR
FH 2R T 28 e 3055 (52 A [J]. 255 )27, 2020, 40 (6) = 758 -770.

CHEN Y Z, WANG F, WU Z D, et al. Effect of chemical fertilizer re-
—543—



AN BRI A - 55 39 4 - 45 3 1]
duction on yield, quality, fertilizer utilization efficiency and economic 121.
benefit of Oolong tea[]]. Journal of Tea Science, 2020, 40 (6) : 758- [25] J& 5t . AR Ak JIE VRt 18 R AR EAN 5 s 4 28 4 2 R 1 FH A 9

770.

[14] e, BRih, BRDUMK, 55 . 7 AR BN X AR M st 44 28R AR AL F
FE[J]. Z5 0L, 2020, 40 (5) : 607-616.  ZHOU B, CHEN Q,
CHEN H L, et al. Technical approach of saving and improving effi-
ciency of chemical fertilizers in Dancong tea area of Guangdong[J].
Journal of Tea Science, 2020, 40(5) : 607-616.

[15] 4 55, Faiti s, sk 9, 45 T SWAT R TR 2% el Ak IS vl it 1 46
HE LA FE L] o R AR S AR 2 4t (R 3300, 2020, 28(8) £ 1239
1248. MENG L Y, YANG H Y, ZHANG N M, et al. Optimizing
chemical fertilizer use in a tea plantation based on the SWAT model
[J]. Chinese Journal of Eco—Agriculture, 2020, 28(8) : 1239-1248.

[16] R 5k, FHe, EMUR, 55 A H AN S5 R LB AR R R
AT Al BB, 2017, 13(12) :65-71. NI X M, WANG Y, WANG
N N, et al. Selection of agricultural technology evaluation index and
index system construction[J]. Agricultural Outlook, 2017, 13(12) : 65—
71.

[17] e Tk, B R, 270, 45 K FEVEY) A0 IE Dt 39 8RR PP
PR R ). Z’iwf/ﬁ SRR, 2018, 35(4):301-310. NI
X M, LUO L G, LI N H, et al. Establishment of evaluation index sys-
tem of chemical fertilizer application reduction and efficiency im-
provement technologies in rice farming|J]. Journal of Agricultural Re-
sources and Environment, 2018, 35(4) :301-310.

[18] %% . iIH’i@Kiﬁﬁ@ﬁ%ﬂ:)&ﬂﬂﬁﬁ{:ﬁ@ﬁ#*ﬁJ‘Cﬂ”’??’éﬁﬂﬂi3%1"&]
A RS BT FE D] bR o A AR B, 20202 14-17. YANG
S. Study on evaluation index system construction and application of
chemical fertilizer reduction and benefit improvement technology
models of protected vegetables in cold region of Liaoning Province[D].
Beijing: Chinese Academy of Agricultural Sciences, 2020: 14-17.

[19] VAN CAUWENBERGH N, BIALA K, BIELDERS C L, et al. SAFE:
A hierarchical framework for assessing the sustainability of agricultural
systems[]]. Agriculture Ecosystems & Environment, 2007, 120(2/3/4) :
229-242.

[20] DARNHOFER I, FAIRWEATHER J, MOLLER H. Assessing a farm s
sustainability : Insights from resilience thinking|J]. International Jour-
nal of Agricultural Sustainability, 2010, 8(3) : 186—198.

[21] REED M S, FRASER E, DOUGILL A J. An adaptive learning process
for developing and applying sustainability indicators with local com-
munities[_lj Ecological Economics, 2006, 59(4)'406—4]8

[22] FMEL, WAL, ST . —RhE T K ALA 2 B AN 1 FRA s
K. Gtk 5 P, 2012(19):88-90.  SUND Z, YU D K, TIAN Y.
A subjective weighting method based on multiple correlation of expert
combination[J]. Statistics & Decision, 2012(19) : 88-90.

[23] X, Z20e, B3R, 55 . K (ORI M AT R BRI e ik S ). R 4E
TRHE 55k, 2013, 33(8) :2041-2046.  LIU S F, CAL H, YANG
Y ], et al. Advance in grey incidence analysis modelling[J]. Systems
Engineering: Theory & Practice, 2013, 33(8) :2041-2046.

[24] RIS S5, 0. ZHAREEA M kLR R )] Goit 5 PR, 2004
(11):119-121. YU X F, FU D. Review of multiple index compre-
hensive evaluation method[J]. Statistics & Decision, 2004 (11) : 119-

—544—

D] db s h E Al BB, 2019: 13-15.

lishment and application of evaluation index system for chemical fer-

NI X M. Study on estab-

tilization — reduction and benefit improvement technologies in rice
farming[D]. Beijing: Chinese Academy of Agricultural Sciences,
2019:13-15.

[26] fiirsr~F . B WRA A 5 S AR PEAN Hh 9 18 I T —— A2 R
WA ). 15 B 5 5Bk, 2021, 44(2) :50-56. YU L P.

Study on the essence of objective weighting method and its applica-
tion in scientific and technological evaluation[J]. Information Studies:
Theory & Application, 2021, 44(2) : 50-56.

[27] RELLA, B RN PRIE AU R AN 1 AR 1 A o SR g R HE R i [ 3R
—HE TR E AR RG], LA R, 2015, 43
(31):314-316. CHENG H L, HUANG E. Influencing factors about
farmers’ adoption of environmental friendly agricultural technology :
A systematic analysis based on agricultural technology spreading][J].
Journal of Anhui Agricultural Sciences, 2015, 43(31) :314-316.

(28] FRELLL, §19, EHE . PR N AR P OB AR RN &
FE 0 R AT gt 3k, 2013(1) :106-110. TAO Q S,
HU H, WANG Q J. Analysis of influencing factors of farmers” willing-
ness to adopt new agricultural technologies under environmental con-

straints[J]. Statistics & Decision, 2013(1) :106-110.

[29] TR 2, Thar e, A oeqE, 45 A% B IR 38 = B4 S0 sl SRt 5
1. T E 2501, 2017, 39(4) :26-27. YIX Y, MALF, SHI Y Z,

et al. Study on the effect of special fertilizer for tea on reducing
weight, increasing yield and increasing incomel[J]. China Tea, 2017,
39(4):26-27.
[30] XU ML, RS BE, AR, 45 . 28 & FHIE R BLIEAE STHI 28R B
FA A FAICR D). ACH IR S5, 2020, 37(12) :45-48.  LIUF W, SUN X
Y, TIAN W C, et al. Application effect of special fertilizer and organic
fertilizer on tea plants in Guizhou[J]. Agriculiural Technology Service,
2020, 37(12) :45-48.
ZEPEIE, MK, BA7O6 . A HUIE S AL NERC AT 28 0 A R 43 57
Sy EE R[], Al BB 7412, 2015, 46(2) :64-69. LIP P, LIN Y
F, HU Y G. Effects of compound application of organic and chemical

[31]

fertilizer on growth, quality of tea plants and soil nutrient[J]. Transac-
tions of the Chinese Society for Agricultural Machinery, 2015, 46(2) :
64-69.
[32] PVF i, TRACH], FHEE, &5 HLR A R A BV U AR X L Ty
AR I = 0k A SR L), v AR 2 4, 2019, 35(21) : 43-49.
SUN Y L, ZHANG Y L, WANG Y J, et al. Effects of chemical fertil-
izers replaced by organic manure on soil fertility, tea yield and quality
in machine—picked tea garden[J|. Chinese Agricultural Science Bulle-
tin, 2019, 35(21) :43-49.
[33]) BEAR I, H i n, SR, S5 4% el A A D Ak 1 A AR )
LU 2R £ B ) AR AR B4, 2020, 47(2) 1 75-82.
HUANG J C, XIAO Z Y, WU X N, et al. Promotion and application
of “chemical fertilizer saving and efficiency improving technology” in
tea garden: A case study of Dabu County, Guangdong Province[]].
Guangdong Agricultural Sciences, 2020, 47(2) :75-82.

http://www.aed.org.cn



