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Effects of Compound Application of Organic and Chemical Fertilizers
on Growth, Quality of Tea Plants and Soil Nutrient

Li Pingping'® Lin Yongfeng'’ Hu Yongguang'"’
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University,
Zhenjiang 212013, China 2. College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China
3. School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: To test the effects of compound application of organic and chemical fertilizers on tea plants,
five treatments of compound fertilizer mixed with organic vinegar residue fertilizer and chemical fertilizer
were set to study their influence on tea growth, yield and quality, and soil nutrient as well. The
treatments were set as organic fertilizer of 100% (100% O), chemical fertilizer of 100% (100% C),
70% O +30% C, 50% O +50% C, 30% O +70% C and no fertilizer as control ( CK). The result
showed that all the fertilization treatments contributed to tea yield and quality and soil nutrient contents,
but the effects varied with different treatments. The treatment of 70% O +30% C was the most significant
in yield increase, which was 276.91% , the treatment of 30% O + 70% C was the second and the
treatment of 50% O +50% C was in the middle; the growth indexes such as the length of new shoot, leaf
area, 100-bud weight and bud density, and the quality indexes such as tea polyphenols, amino acid,
caffeine and water extract were also the highest when the treatment of 70% O +30% C was applied. The
more organic fertilizer was applied, the more alkali-hydro nitrogen, available phosphorus and available

potassium were increased in the soil of tea fields, and the treatment of 100% O ranked the first place and
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the treatment of 70% O + 30% C took the second place, between which there was no significant

difference. Comprehensive analysis showed that the treatment of 70% O +30% C was optimal and worthy

of application in tea fields.
Key words: Tea plants
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1.1 ##

IR T 2012 4£ 9 A —2013 45 11 H 7EVLI5 4 1
VLT PR WS B 2E R AT o A5 L R o e - 43,
5AFRAE FREAT AR AL AT EE 150 em, - HEPEAR AN
T4 pH {H 5. 53, HLE & & 13.20 g/kg, Bl f#
A 130.24 mg/kg, ¥ 2 @ 30. 18 mg/kg, 3 2L 4
240. 19 mg/kg,

T 56 A AL AE Ay AR T ik BB R R B A R 2 ] 4
PRy B AG HLAE , pH {4 5. 8 ,EC {H 1. 78 mS/cm , %5
#0.25 g/em’ 4 N 4 P 14 K &40 504 5 K
2.38% .0.31% F1 1.12% . LR IR Z (4 N &
R 46% ) it BEER S (& P, 04 i A BUR
12% ) M ERH (& K,0 BT /3 %0h 50% ) o

it RE 5 = s A A HLAE LB B IE & 70% 1A
JEF 2012 4F 11 A IR 2547 K & IF I 20 em /2
A IS Jr U A 2 WE Tl 30%
RUIE E R 5 I 2E 8 o HAth A5 S it — 3

Compound application of organic and chemical fertilizer

Yield Quality Soil

1.2 {%igit

I B E 6 AL, 43 5 2 100% A HLIE
70% A HLAE +30% fLAE .50% A HLAE +50% 1L AT |
30% A HLAE + 70% FLIE . 100% 16 A8, LA B2 A it A
(CK) o HAALE/NX A 27 m* 3 R . 100%
HHLIE Sk 7 496.25 kg/hm’, 100% fb & K
1 046. 62 kg/hm® (B R 2 b B B2 455 . 67 12 40 4 301 by
348.73 543.47 (154.42 kg/hm®) . 44> &b B (1) & .
Wl Bt R A 2, BIBR T XS BRSNS Ak R B A
B FH A 4 9 R 160. 42 65,22 Fi1 77. 21 kg/hm®
25 Ak A T a0k 1 R

1 RBRLERERSE

Tab.1 Treatments and fertilizer application rate

AHLIE/ fERE/

RS Jit JIES Ak
(kg-hm~?)  (kg-hm?)
T1 100% 45 HLAE 7 496. 25 0. 00
T2 70% A HUIE +30% LA 5247.38 313.99
T3 50% A HUIE +50% fLAE  3748.13 523.31
T4 30% A HUAL +70% fLAE 2 248.88 732. 63
TS5 100% 1L JE 0. 00 1046. 62
CK A it JEL 0. 00 0.00

1.3 mBNZE
13,1 AR A BAR AR D

(L) BrRS 4 BE T A 25 30 28 T0 A 266 380 1 4%
B PRI 25 B, TR RS HT A PR 3 d W —
/i B3 S 1 R TR

(2) MR : R A Ak PR3 B 30 A A KRB R 47
() —2F BT A O LU A B BB A AR 2 > Eon
I E XG53 D A BE A TE R LR T 0.7 R AR
Pert et AR, Bt AR O i S e SE SRR AR 0.7
i

(3) 25 i 45 A0 BIX PN 43 1) BE ML SR 4 100
A2 2F BR3P

(4) 2B 45 /NX B LR B 10 4~ 0.1 m? 1y
25k 1l sk 2 kN

(5) 775 25 /DR ARl — 28 — I, B3 YR Al e B
MOPR B, S5 Jo A U5 B AR BRI 25 /N XY R

(6)H e % T 2013 45 7 H kg KA,
TN BEPLEE I 3 bR AT W, 4 5 B 2 o8 & T 10 4R
3 5 E M i) Li — 6400 (LI — COR 24 w)) fifi 5 X6
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B4, A 07 :00—18:00 Il 5 45 i ¥ 0t 5 R (P,) |
SALFEE(G,) Mlm) CO MR (C,) FZE B HER(T,)
FLHGER2hIN R, EL 3 K, BENUSHK
BN R AL E G, TR N 1 000 pmol/(m®+s),
CO, % J# 24 340 pmol/mol , & J& Jy 20. 0°C , < i o %K
A 500 pwmol/s,
13,2 Sy BT 48 b il i

F 2013 4 3—9 H R % W ] R fil — 2F — - fif
I, 28 100°C ZE 158 T [ FE, 80°C 44 J5 B 41, Jf i
FLAE AT mm [ i 1, Ak 25 3 T T . A% i P A
A3 HIE T H A2 2 8 (2 GB/T 8313—2008
WA R Ak k2 ) KR (B GB/T
8305—2002 2= T ¥k I A" ) L mE Bk (2 HE GB/T
8312—2002 £ 5143 5t 00 BE VL) Al B8 2 e (= R
GB/T 8314—2002 Bfi = [ H 1 3k ) , M 4 H o 2%
ZW RS E R R HE,
1.3.3 - 3EPALAE bR 10 2

F 2012 4E 11 H—2013 4£ 9 A, % Fl T 5 Bukk
EAEA A H/INK R4 0 ~ 20 em R+ FE, B RCRFE
MR 3 d KA 4T, 3 5 U 43 2 ORI ol 0 A
o

FIEEARNE JPRBLR LT A r ikt . £
HEA BT « B A R B 2 A I S R AL - LR R
I A2 5 R :0. 05 mol/L NaHCO, $2 5, 41 ¥ Hb (4

P (LY/T 1233—1999 ) 5 3 2 5« 5% A 1 mol/L
CPREREAR , JIAIGRETL I E (LY /T 1236—1999)

SFLL R 56 B, SR ) Excel 2007, SPSS 20. 0
PTG 5 #T o

2 RBERSH

2.1 AEMHERLENEMXEGERNEIE

SEMEYET T YR 90% ~95% K H Tt
GYER MR A VA RS B e A 22 3] N
P A K 5 ¥ R oc R RS L 3R 2 R A it IR
IO ARSI Xt WNEOE G R E,
T2 fef, 15580 7 9.43 pmol/(m’ - s) , & T Hujiti 1k HE
R, Dy 2EAr TR, T2 5 T T3 T4 (8] B % %
o ALFRE(G,) ML E] CO, ¥ (C,) 5 mi N 4
AR A A 1 B R A JRORE I Mk B, DT 52 e o
A5 R RO 5 P 3 5 A i A Ak B A B, 4% it
JIE Ak BE A 1 A M R AL L DL T2 RT3 d
Sy N2 R BRI 3.0 F 2.6 1, ZRBBAE S MY &
S A BTSSR R BT R WK 3 1) 98% ~99% FH T
FRMEAER o A5 A B ZE I T R KN BT e
WA, RN FE R T2 >T3 >TL >T4 > TS5 >
CK, S8R, A7 HLIE Fi Ak JIE E it Ak 2 14 255 oD 5 R )
T B AT HLAR sl AL AR b B, Hod L 70% A5 HLAE +
30% LA A 4 B AR B AT o

x2 AEEELENFHXEGERNZIT

Tab.2 Effects of different fertilizer treatments on tea photosynthesis

e HREHE P,/ SALRE G/ ffdia) CO, ¥ C,/ HIBHET
(pmol-m~2+s~") (mmol-m~?+s~") (pmol-mol ") (mmol-m~?+s~")
Tl 7.77 +0. 88" 0. 15 +0. 03" 223 +4% 5.84 +0.71"
T2 9.43 £1.77° 0.20 £0. 18" 235 +3° 8.77 +0.50°
T3 8.12 £1.56" 0.16 0. 01 226 3" 6.67 +0. 82"
T4 5.00 £1.41° 0.12 0. 02" 220 3% 5.49 £0.13¢
T5 4,22 +1.77¢ 0.11 0. 01" 217 1° 3.84 0. 521
CK 3.14 1. 551 0.08 0. 02¢ 215 £3° 3.67 0. 321

T [ASIT7 22 0 M LA, AN R AR B DA [/l 43 OR 2 5 B3 ,p <0. 05, T

2.2 AEIHEABALIE XS ZK M £ KIEFRAI T

3 0 6 AR A LA A4k A T ite Ak 2 X 4
WA KA BRI 52 o AR T DU Y A [ it E Ak
(1 25 T R A K iDL T0% A HLAE + 30% 4k R
Wb ¥, 5 CK A HE, 3 35 3] 230.3% o T A9 it
2 B i NP L ST A N L )
12.52% ~136. 18% , H.Fifi # 45 AL AE 7 Fic it b 22 v for
7 E 8] 14 384 0 T 8 5 25 A0 78 Ak 4 A5 1 RRUAE ]
L 100% A7 HLAE b ¥ 5 5 o A4 & 2 %5 B 48 b [ A
FEHL R A [ it AL Ak P4 L KO it AE s 334 0
JiE K 23.48% ~161.36% . Hvh T2 2E% 1 s K, 5

T 5t AT HLAL Ak P (T1) 0Bt £ HE AL 3 (TS) 1 HL
HHAE PR AR E AL P B E 22 5. A ER
7T it Ak R e — ZF I R 2 i
A3 17.34% ~180.56% .25.25% ~75.56% , 4%
Lh P AN RE R . T2 > T3 >T1 > T4 > T5 > CK,
DL BB R W], A HUIE 5 A B C it 5 A A T 4% e
HEK.
2.3 AR HERE AL 3B 3T Z R 2 R

Bl 1A [ i A A BEAS R 2R 2 i X b, A
A A [ it S Ak 38X % v A A B R R )
5T A A AR L BT A it I A 3SR RS I T AR A5
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O WEAE 13.17% ~276.91% . &% b P& 2K e &
BEE A HUIE BT 7 L) 0% 385 i 3 e, KNI A
T2>T4 >T3 >T1 >T5 >CK, 70% £ HLIE +30%
PR HE &b B 7= B d5 75, 35 #1) 665. 07 kg/hm? 5 ik
T3 F1 T4 = W 4E R AL — DB m K, 3 ) e B

Jiti A E Ak BE 5 5 149. 13% (180.52% o J5 72 70 Mt
RWL,TL ~ T4 By 5% A W5 2E 5, TS 55X T
BEZESF . LR &I, A HUIE AL E B i L
it AL AE B HE Kb B Y R R, HOA B
FEER

®3 TEBRALENFHEKIERAOZMN

Tab.3 Effects of different fertilizer treatments on tea growth

b 3 A K/ em i i FH/ em? ZEH/em R/ (A m ) LRI
— 2t —ZF_nt
Tl 13.33 £0.96" 11.88 =1.51° 2.53 £0.27° 227 +20° 19.36 £0.91° 38.03 1. 34"
T2 17.77 £1. 06" 11.23 £1. 10" 2.46 £0.30° 345 +17° 29.29 £1.50° 45.26 =1.21°
T3 9.76 +0.75°¢ 9.84 0. 81" 2.21 £0.13* 267 +26° 24.91 +1.19"° 44.50 +1. 41"
T4 8.77 £0.96° 7.29 +1.12° 2.14 £0. 06" 169 +19¢ 17.78 1. 35° 33.10 £0.72°
T5 5.72 +0. 60! 5.66 0. 45 1.98 0. 11" 163 +24¢ 12.25 £0. 99" 32.29 +0.87°
CK 5.38 1. 10" 5.03 =0. 541 1.54 £0. 19° 132 + 164 10. 44 +0.70¢ 25.78 =1. 251
800r EUARG I8 25 0 ok e vl e L e 3 B BT S

0K T2 13 1415
okl
L S [ i A Ak 380 24 I 7 e 1) 52 T
Fig. 1 Effects of different fertilizer treatments

on yield of tea

2.4 7R[E)HE BB AL FE 3 5 M S R B 5400

IR 2% W2 I ep B A 10 2% 20 T L 5 2 R R
I L K TR A 2 S R ke E A
NS 24 g 6 AN TR A HLIE A4k HE B i Ak
X 25 2% i JCFE B 00 B 0R . 5 S it B AR EL, b L R
I T i FEL Ak B 4 T A — R R b R 2K
WERE N2.51% ~16.31% ,H DL T2(70% A L
A +30% FRAE ) i &5 A o A HLAE Ak AR it b
HEep R R R B A HUAR B o5 LG A 4 i T
i, Hed 2L T2 T3 (50% A5 HLAE +50% L AE ) () & &
Bw o B R 4.12% (3. 96% . 4% 4k B2 i u i i
FRAVKE MY R S AR . BE

WA (AT MR ) A L, At Ll AR (7] i FES 4k 380 249 T A —
FE TR b AR 22 A5 0 B 2 LL, A5 Ak B B 2 L R/
FE R T2 <T3 <T1 <T5 <T4 <CK, LI F#h5E
W, 55 B0t A6 N0 A L, A HLIE Ak I T it Ak 380 i 1 6
PERAS T N B A, A I T

2.5 FAEERLENTEZRSSBHEM

225 SR A [ it N A B 0 - 8 5 4% o e B T
A P (SOM) H H25% W & + HE i R IE P R K
P % A SOIR B0 AT 5 R i R Ak R A
B, 457 A0 b BSOS [ P BB 4 8 7 LA ML
WIHE 1. 04% ~63.49% . 45 4 AT HLJT W5 A HL
IS T i ) 54 396 o v 8 o, B PG A L b T A
A7 AL A0k P T it Ab 3 T2 T3 T4 Yk, HL 3
5 TR A I X PR A B X5 Govi S5 R B BF %Y
YA Y o 7 A R, T T2 A5 oAl b P A
BEXES TARTS SHMEREESR,

- A A AR AR KRR B ARBLT 3R A R
FEAYUPIRBE o 5 7 G HE Ak B A L, 4% 6 I b 394 R
[F) 7 B ey T L HE B R S, IR 5.57% ~
24.50% ., BlE A HVLIEAEA HLAE A4k A B it r
LU B3] P 358 I, A S A 2R3 3 38, RN I R

F4 ATEERLENESGRRHFM

Tab.4 Effects of different fertilizer treatments on spring tea quality

b3 X4 2 ik 43 L/ % TR I iy B % WA B Ay A % KR T 5 Bk % ) # L
Tl 22.92 £0.30" 3.71 0. 06 3.46 +£0.05" 46.20 =0.29" 6.18 0. 15
T2 24.10 0. 30" 4.12 £0. 03" 3.71 0. 04° 48.37 +0. 56" 5.85 +0.08"
T3 22.96 0. 66" 3.96 +0.08" 3.61 £0.06" 46. 86 0. 43" 5.79 +0.24"
T4 22.16 £0. 07" 3.53 +0.07" 3.31 +£0.02¢ 45.30 £0.31° 6.28 0. 14
T5 21.24 £0.90 3.43 20.11° 3.26 0. 05 43.88 0. 52" 6.19 0. 15
CK 20.72 £0. 50 2.93 £0. 54 3.19 +0. 06" 42.15 +0.361° 7.27 1. 64*
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Tab.5 Effects of different fertilizer treatments on soil nutrient contents

4k B AHBRR I (g kg™)  BMAFTEL/ (ng-kg™')  BBEFI L/ (mg kg™ ) BEAH T/ (mg-kg™")
Tl 15.76 +0.31* 135. 68 +0.90* 32.73 +0.47* 249.22 +1.27*
T2 15.65 £0. 40 133.17 £1. 01" 32.32 +1.01% 248.87 +0. 67"
T3 12.44 +0.27" 129.45 +0.81° 32.08 +1.15* 245.02 £0.57"
T4 10.24 +£0. 34°¢ 127.55 +1. 041 28.09 £0.91" 231.93 +0. 81°
TS5 9.74 £0.11° 115.05 +0.71°¢ 27.44 +0.57" 220. 63 +2.27¢
CK 9.64 £0.07° 108.98 +1.52" 21.33 £2.09° 217.73 £0. 48
TI >T2 >T3 >T4 >T5 > CK, Bl ¥ jits 45 LT 4b BE (1 %

+ K fE R A R o, H it fe R b B4R R
18.93% . A P A AL AL PBe it 2 3 T2 (T3 T4 K Z,
[[IRERTE =i <R R i 1B L

- KB W] LA R W 2 T A g T pt B Y B
T3, SRCRR 2 W A S 0T R BT SR AR
5 ATt A Ak EE R EL it AE Ak R 85 R R T
RO T A O A, B 0 Dy 28.65% ~
53.45% 1.33% ~14.46% , i % A HLIE 75 B0 i 420
B PR (G B, S R W T e, DL B
A LA Ab 38 fe o AT UL, G it A AL AE RN Ak IE I e
AbFRAT DLW 0 4 s SR Ay 5 B, Hr L 100% A
HLIE AN 70% 4 HLAE +30% 1L AE (1 2 4> Ak P45 5 i
L2 NS
3 g

{GE 33 MU A B 5745 1) 28 12 R 0E LA 58 42 1l
JE I AN ) A K B ) 5 oK, A 4G S 2 L A
HUIE AARIE , W BE A F T A& 458 A HLIE 55 43 55 4 AL
Fe AL 3, SRR K AL I RE R 3% 43 4 i A
R, AT A B 42 A5k = ) H 1. Loveland 45 ff
AR BT HUIE R] LA 5 4 1 b R 0
T3 A By 7 2 AR IR R B, 5 R Ak T A
Hus A ALAEAE L, A HLAE 5 Ak B8 B it 25 4R 15 5 4T Y
25 AR B0 R T i 0 R e, Hod 70% A L
HE +30% 1k AE 1 Ab 38 4% 0 A K 48 bR AR R AR 4T,
AT B i e, T L Al BRI S R A 5T
i PR AT BB 2 A ATLIE A I T it 7E 5% i A K i 1
Hene LN & 5 9 5% 43, 76 5 1 1 SRR R AL AR T Hh
Pt 2 A LI R R T T R SR SR A, R I E AR
] =747 — B4 T R 4P 1Y 5 o0 i R IR S, A R e i 1
AMMAERKEE, EEME, M EIIES A
8 =5 & A AILTTAE 45 A A TR 80 A o, 2 v T
A A 0 A 3 e R R RIUR DT A e E
AW AR A B N A R R A s
. Witt &1 Goyal ZE U AEW 97 i 5 L
HRERTENBREARHERRT 7 B0l
W 5% 2% B A AL AE A0 46 AE BE it T LA 48 i BE R 9 R A

Diacono ZEWF 58 F B, E WA A A HLER B 9, &
TR 5 v A AR RN A b e, T
WO T LSRR AR 0 AR T, 15 B (R e
AEBEAR FE L A HLAE 5 4k A i % i3 T A8 Ok
S PERT, Horh 70% A HLIE +30% 4k AE b 21 A 25 S A
U 3 AT RE IR S 4 A LI s 43 L B 1 A LR
AL JIE TE MG 7T DA 4R 5 4K A o i R A T, Bl
T RE A A SR = T 5 T AW
PR K 43 e

2 18 25 BF 7 22 W1, i A HLIE A 45 4 3t ik 3% 1
HERY C/N A F T 138 R W i A K T A B
Zoid it [ B R AR K B A R 5
A A HURE 7 BB T A ML B L T
FLA U A AR B MG S AT LA sk 352 25 % FF 308 FH &
— B A LR . AR R s R
BT 45 9,5 R [ A AL B8 F, 70% A5 HLAE +30%
A A b 0 % 45 85 24 Bl - A LB A 2
A 255 A 14 AR A X e B, T S e FE Ak ) 255 el
BN S A A

4 g

(1) 5 A it FIE Ak BEAR LE , A HLAE -5 16 AE B 7 1)
KRR RORBL S 47, - B &, o 70% A HLIE +
30% A HE Ab P 7 o A e o

(2) FEAR M & 5005 1, 5 90 it A IS A BEA EE A7
PLAE S AL REBC It 32 = 1 28 MK IR W) R 2 1
TR 1 0 1Y 55, D AR I G, AT ke 1 2k
AT, o 70% A HLIE +30% A6 I8 b B2 - P £
oy RRRE R

(3) 5 5 A AE Ak FEAR LE, A HLAE F0 1k HE IS i
A DU R R R i e 100% A7 HLAE AN
70% A HLIE +30% FLIE 2 Ak BEAOCR B2 W .

(4) 25 EFTIR, 70% A3 HLAE F1 30% b L T it A
BURT A 5 e BE S I R AR, 30 0 2 I o L
A i, T L REHG N SR Oy AR, R R b AR
Hh I R A BILAE AR S TR G 21 5, (B o — 2D 4
U
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