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1 #REFZE

1.1 BFSE X HEL

B ST XA T 5 48 8 ST YR TE B YR VLA 1A
L AE AT (27°46'N, 107°33'E), J& #4472 XS
e, RN 14.9°C, ZARFERRK RN 1137
mm, 240 b R S R RO B UR 601, 2005 A F
f, A T AR AR, TR 170 m, SRAIA
TR AW A bl A BEAR S, AR ZE . i 5k b
TR R e, AT (20224F4 H ) RET
5 (0~20 em) FYEERREAEPEIRY pH 3.54, AL
67.93 g/kg, A 3.20 g/kg, AR 64.08 mglkg, H
RN 266.00 mg/kg, AR 0.43 me/ke.
1.2 Rt

AR T H BN XGRS, F20224F 4 H &
2023 4F 4 Hiff A7, I AE A, B, B & (N
426 kg/hm’ . P,05 84 kg/hm’ . K,0 108 ke/hm® ) HH[A]f)
Fefl Bz 6 AR, A AN HERIAE X R (CK) |

+ i B HEAG & (B1, 4l 8 & 5 keg/hm® ) o - it Al
JE w5 (B2, 4 6 42 10 kg/hm® ) . P 1T S it 60
JE— % (B3, 4l 025 kg/hm® ) . - 1 155 it 61 HE
Pk (B4, Zhfl+E 0.5 ke/hm?) 14 it B AT AIK & +
M- T it B HE — YR (BS, 4l ] & 5.25 kg/hm® ),
NXTR 16 m®, AL 3 R, BEALIX 4 HE
1, PR AE I R PO 55 F 40 TR A BRA Rl A=
126 FEZE ML IR (N-P,0-K,0: 24-7-9) Fi
JRZFE (N 46% ), HIAE BE O T 20z 16 2% 51
A7 R 28 & A= 7= W Bl (Na,B,0, « 10H,0) , & fifi
B 11.34%, AR 56 25 /I DX B 3t 0 Ak 3OS [] LA
Ah, HAb MR BT e —8 B (K%
FHRE . JRZFBNRY ) 7E 2022 4F 4 A 18 2% 47 6] 3t
TR s P TR MBS S 1 Uk T 202245 H 2 H
7, B2 Ts5H 16 Hitfr, TR H)
M55 AL T Wi, 408 (XML HE) F12 4
TESAT IR V8 40t 05 78 o 4% Ak Bt A 42 D
% 1,

®1 BNBESEMEHERAZE (kg/hm®)
HiE 551 e 55 2 YR AE £
A3 EU Rl IR Wiy iy il eIl
(N-P,05-K,0: 24-7-9) (N 46% ) (B11.34%) (B11.34% ) (B 11.34% ) (N-P,05-K,0: 24-7-9)
CK 600 300 0 0 0 600
Bl 600 300 44 0 0 600
B2 600 300 88 0 0 600
B3 600 300 0 22 0 600
B4 600 300 0 22 22 600
B5 600 300 44 22 0 600

1.3 A Jik
1.3.1  ZSMHRE SR S E

A% I SR B R AT BORE BBk 2R 2R SR A
2022 4E 5 H 26 HFF£e519 H 21 H, HEAAM K
M 2023453 H 21 HEFZe4 A 19 H, #&1RY
M FARERAE A ZE, 24/ DNMX A R
3AKETS CHEIRUN 0.11 m?) BURE, FREASHf &,
FE T RFEUR B A/ INX 2SR B TSR A, 8k Al
ICSEASFETT 2R B, B T A SR AR B 5 /N X 2
SKECESR A, 180 Bl, A ELAMIEA T 2 min,
TSCHETZEEE, REAMNTE, BIra RER
B4 /INK 2k T ECR AT, 8 A2, e fEaL T
FEfB RIS 0.25 mm G 8 o R S i He Gyl
ZEMF A AR Y S B S X SR T A
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J7¥E, H1 GBIT 8314—2013 I 5E 2% i 85 4 LR &
i, JH GB/T 8313—2018 & A L &, H GB/T
8312—2013 M 7 MM 75 5 o
1.3.2  BIERESCRAE S

TR 4% el A 0 R 4 R G R SR ] A 2023
a4 H26H, i “S” BHEBEEEES AR/ NN
WREEXZE (0 ~ 20 em) 3, FHHDUs LA
500 ¢ Ze Ay, TR & o 3 R0 SR FH il 7K 4
- R etk 4 pH RAKIR$E - H7 ik
(£K=1:25); HHEAPRHERRIS S
(A ) 5 TR ZCRHILIRE /i RIEARL
Bk PRI 145 NH,F-HCL B2 48 — B0
FEVR s B R LR — KA I AE
HARME I RS (i) 10
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25 77 i (kg/hm®) =A1/0.33 x 10000/1.7 x 1.3/
1000

T2 (kg/hm®) =A2/0.33 x 10000/1.7 x 1.3/
1000

AR RS =B1/0.33

2 25 =A1/B1 x 100

XTI =A2/A1 x 100

LT R TEARIT I A A A A AR
A ARAGAS Rk A FNLAD AT PR A, AR}
AT AR E R R FE R AL HE AN 45T /ke.
JR % 2.5 90 kg, BIAD 4.9 IC /kg, 4R 25 1A h 600
JC /hm®, SR fil A $i BBk 2% 25 0T kg A 4% 36
JG kg THA, A AR G 5 S AR A8 55 AT VA IR 45
WA, 2R 2900 JC /hm” AL Wz, BI4S4E R
MIASTT EHEE &R I, THREARS: Bk
2K 77 i (kg) x50 U0 /kg+ & 7= & (kg) x70
JG kg Al gR THAE AR WiaR - AR RE 3
AN dilloss /ees x 1005 B R
BNl glillss / A x 100,
1.4 Ak

FIFH Excel 2019 #F 17 4 4b #IF 4 K 3£,
KM SPSS 26.0 #4777 20 i M Z H ik (LSD
7)o

2 HRE5HH
2.1 i FHAMIAE X 255 i g 5 i)

211 FKHEE

Jits FH A XS 25 5 = s 2. AniEl 1 R,
AR (CK) b, iHms 4 (B1.
B2, B3, B4 FIB5) HAKAEA T 7w b E k&
T 9.69% ~ 17.34%, H L& (B1) F1t it
Ea (B2) LIRS S 77 9.69% F1 16.65%, W
W5 — Yk (B3) FII: Wl M Ik (B4) Ab 353 5]
AT 10.45% M1 10.71%, H il + i v me it — vk
(BS) AL IR R, 15 17.34%. BRERT
P ERE T 5.15% ~ 26.55%, b B1 il B2
b B3 550 48 7E 5.15% F1 10.66%, B3 il B4 &b B 43
S 3% 7= 9.33% Fil 26.55%, BS5 Ak B FE ik 19.06% .
SAERBE R ERE T 7.79% ~ 18.06%, H
B1 F1 B2 b FR43 WIH4 7 7.79% F1 14.15%, B3 Fl B4
ROy 538 77 9.98% FI 17.33%, B5 AbFHIE 7 I i
i, ik 18.06%,

3500 o ZMAE oER
b

E1 AELEMNESFEHHIE

Y RN R R AL R B (P<005), T,
212 THTE

Jite O A X6 2% 7 s e W 3 . AN Rl 2 R,
5 CK tb&, i e ab3 (B1, B2, B3, B4 Fl
B5) EMKERFETR T EEERS T 7.94%~17.01%,
Hor B AT B2 Ab B4 1) 3 77 10.40% i1 13.22%, B3
1 B4 42b BR 43 51 184 7= 8.80% 1 7.94%, B5 4b P 4 ;=
R B =, 18 17.01%, BRET RS RDER S
T 777% ~ 27.88%, H:h B1 1 B2 kb B 43 1] 384 7=
7.77% F1 11.98%, B3 Fl B4 &b B 43 51| ¥4 7 12.20%
H127.88%, BS ALHLIE P~k 20.40%., 442K 0
BERE T 931% ~ 1841%, Hrh Bl f1 B2 &b 3
A3 5 36 77 9.319% F1 12.71%, B3 H1 B4 AL B 43 1] 4
72 10.21% F1 16.19%, BS &b B 48 7= 550 1 e 4, 3k
18.41%,

1000 BEME oHEEX aflE

ab a

b

750

500

250

T2 & (kg/hm?)

0

pi]

B2 ARAGEXTFH=EHFI

213 FEiTy R

it AR Xk 25 T B 3 ma an 1] 3 s, &
IR T W) B R FITE 25.75%~26.72%, FAAE
26.06%~26.87%, 4= 4 1F 26.03%~26.73%. 5 CK
Heds, i A A AR BE (B1. B2, B3. B4 fIBS)
BWARZE . BREMEEREMN TY R %A B
EES,
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TYR (%)

B3 AR ZM T R

2.1.4 AR

Jit T XSS 28 I 25 4 B s ) S 2 o &L 4
N, 5 CK I#, g4 43 (B1, B2, B3,
B4 F1B5 ) EMA TR AFHEREWNMNT 3.65% ~
17.06%, . B1 A1 B2 &b B84 51 34 h1 T 3.65% F1
9.73%, B3 F1 B4 &b #4353 N T 5.58% F1 6.08%,
B5 Ab FIE 0 B f v, ik 17.06%. FAR TR GE
i E AN T 3.43% ~ 22.89%, H:rp B1 Al B2 4b3
S IBEHN T 3.43% F1 13.55%, B3 Fil B4 AbFH43- 51|48
T 7.47% F122.89%, BS AbFREE AR EE N 20.12%.
AERFEE BEWINT 3.56% ~ 18.32%, Hib Bl
1 B2 4b B 43 ) 36 hn T 3.56% F111.30%, B3 Fi1 B4
SEFRSFBIBEIN T 6.35% F11 12.98%, B5 Ab3HIEfinigE
4 18.32%.

=5 e PAs
5000, BEMKGR Cl:ldﬁm a.bc%E bed ab

< 4000
£

< 3000
% 2000
iR

& 1000

0

B4 AEAMIEXFM % FEERR0

215 REHANE

it A AE X 28 75 @ 2R S an & 5 s, 45
WEFRES T A A B KASTE 8.51 ~ 9.04 g, HARAE
8.55 ~ 9.04 g, &HTE859 ~ 8.97 ¢, 5 CK M4k,
it A4 4b 38 (B1, B2, B3. B4 Fl1B5) HFkZE
% BREMEFNRTAFHEIEAREER.
2.2 Jits FHBRAE XA i i S5 A 5

WE 6 frzs, i O AE X5 A5 - R .
. N2 EE MR L ER N 5, 5 CK g,
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a aada

a

HHFE (g)
~

B2 B
b3

B 5 ARLGERNEZSZTEFENIN

i FHAMAC 4 4038 (B1. B2, B3, B4 fIB5) E RS
TR B B FERT T 11.61% ~ 37.31%, HA
FE IR G B ERTET 1052% ~ 31.12%, 5 CK
Feds, HEFKZEZE Bl A B2 AbFEMIMER & 2 A
T 3.26% A1 1.81%, B3 AbHHEE T 9.78%, B4 4bHf
FEAIR T 5.24%, BS AbHNEA W25 . FAZEBI
1 B2 Ab FRONMERE 5 & 53 0 FEAR T 6.80% Fi1 9.63%,
B4 il B5 ZbHAHIREAK T 10.04% 1 4.14%, B3 kb#f
WA BEES, 5 CK i, i M4 g 3=
MRBERZWM SRR ERT T 1.54% ~ 1145%; &
XA BL, B2AFRZS 21 & A W 25 5, B3,
B4 1 B5 4b B 2% 22 M & ot W) 4 0l 2 5 T 22.74% .
15.59% #1129.81%. 5 CK lb#, HEFKAS R T B3
AbBEOR B 2 A8, Bl B2, B4 Fl B5 4b B & L
R T 15.11% ~ 24.16%; #4525 % B3 b F
ZFAREFESIN, B B2 A0 & L (E 5 AR T
14.829% #1115.18%, B4 AbBRERZ HAEIEAK T 11.65%,
B5 AT T 18.00%,
2.3 Tt AR R A S s e

it A AE X6 255 it B 5 s s S 2 anf&1 7
N, 5 CK &, HEFHIIAE B1, B2, B4 Ml BS 4bFEE
R A0l 5 & 0 25 4R 5 T 20.87% ~ 47.01%,
Hov B A B2 4b B 43 i 45 = T 20.87% F 34.74%,
B4 I BS 4b BE 43 5 42 /5 T 32.20% F147.01%, B3 4b
P B A BEES. 5CKEE, iAo BL,
B2, B4 Fll BS 4b B AR5 Z= 45 it A B % i 0 AR
T 2030% ~ 4562%, H:BI FIB2 AL B A» I T
26.16% 11 45.62%, B4 F1 B5 2L HE 4 W42 55 T 20.30%
F134.93%, B3 MEFRNEA & 25,
2.4 Jiti AL A& BEREE VY

o #20 H, 5CKAH b, Bl. B2 #1 BS54t
P M IE A 22, 435 R 217, 434 1228
JC /hm®, B3 il B4 Ab B A HIAC F B4/, DR aAE

S
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BENCE BER

60
b ab ab a ab
< 40 BE
X [¢ =
e 20
o : it g
CK Bl B5
o ERGR ok
6 b be
ab
< 4 i i i i
ES e i i i
z | 8 i
% 2 i
L B il

201 B MR OFH

1.5

1.0

FHE (%)

0.5

0.0

150

a ab

100 b
50
b b ab
0 o, I{-I 4, ﬂ
B

CK Bl

iV

B 6 ARAEIIZM @RI

B e EHkE ot
a

20 ab_} ab 7 ab
3 g
=I5 ¢ ¢ at 3t ¢ B8 3
= it 3t B3 aF
s 10 1 48l Bl §
& i &t 3E 3F

ST it 8t H i

Ok B2 B3 B4 BS

AbT

7 AESEMNFEMETEEHEM

BASBAR, 430 11 #1022 5C /i’ & A IE BUAS

PREFAS | A2 A A A IR ]

5 CKAH, jiti A& A3 (B1. B2, B3.

B4 I BS ) 4RI 4 & 4 T 11532 ~ 29000 JT
/hm®, Hrf B1 ORI B2 40 BE43 340 11532 il 21226
JC /hm®, B3 1 B4 &b B 43 B 14 Y 15375 F1 29000
JC /hm®, BS 4b B 25 48 = T 28303 JC /hm’s £5 4
b PR 4l i g5 4R T T 5492 ~ 14182 G /hm’, B4 Ab
P20 25 B T B A K, 3K 14182 UG /hm?, R
JEBS AL FE, Al f $E T 13712 90 /hm’s A A
b FE A R T 03 ~ 0.86 4 [ 4> A, B4 b
PR R = 0 R, o 0.86 N E 43 A, R
B ALH, FIMEREE T 0774 H 4 AL A
AL FRBEGE AR R T 094 ~ 274 D E M, B4
Aib PG 0] R A R R R, R 274N E 4
R, HROR BS bR, HREERIHCRIEE T 2434 H
I3 Rio

&2 MERAMEKHEFNE®

e A (I M) s dilicds R RVEERR
A REOWIE kzy R HiAl (JC /hm®) (JC /hm®) (%) (%)
CK 4800 750 0 600 78864 2900 155499 67586 43.45 76.84
Bl 4800 750 217 600 84686 2900 167031 73078 43.75 77.78
B2 4800 750 434 600 89595 2900 176725 77646 43.94 78.37
B3 4800 750 11 600 86655 2900 170874 75158 43.94 78.39
B4 4800 750 22 600 93659 2900 184499 81768 4431 79.58
B5 4800 750 228 600 93227 2900 183802 81298 44.22 79.27
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2.5 it FAIMAE ST - AR 77 A5 IR

w223 Fron, it O IE XS el 4 4 A A5
SRENWEE, 5CK R, i FMEBL, B2
1 BS Ak B A5 bl HEE A Ao R T
671.43% ~ 852.38%, i B1 FI B2 4b 3443 45 &
T 700% Fi1 852.38%, BS kb P+ A 42 = T
671.43%. 1fii B3. B4 X} 4% el 1+ 35845 %00 7 & 6

FW, 5 CKAHE, it AR XS + 4 pH. AL
A A RS B (P>0.05 ), Jia B B AE X £
AN SRR EE, 5 CK L, Bl B4F
B5 Ah 38 AT RO BN T 18.53% . 26.19%
F129.85%. 5 CKAHLL, B2 A4b PR+ HE w5 & &
WERRART 10.15%, HoAth b # + e HAE % A
FXS

£33 AEMEIELAENTIEFNHESSNELERBZ

phsm AR oH AL = R R
(mg/kg) (g/ke) (g/ke) ('mg/ke ) ('mg/ke )
CK 0.21 £ 0.03b 3.61 £0.16a 59.27 + 0.86a 3.00+0.11a 64.75 £ 11.97b 259.0 + 8.00a
B1 1.68 + 0.08a 3.48 +0.09a 61.57 + 4.06a 3.02 £ 0.00a 76.75 £ 5.00ab 251.3+3.51a
B2 2.00 +0.24a 3.53+0.11a 63.11 £2.75a 298 +0.17a 63.58 + 10.09b 232.7 £ 10.69b
B3 0.30 £ 0.10b 3.55+0.12a 62.00 £ 7.31a 2.94 +0.03a 60.54 + 6.14b 255.7 +6.03a
B4 0.31 £ 0.04b 3.54 £0.09a 59.69 £ 0.67a 2.95 +0.04a 81.71 £9.63a 249.0 + 3.00a
B5 1.62 + 0.24a 3.65+0.18a 62.25 + 4.80a 3.09+0.11a 84.08 + 8.48a 2583 +3.51a

T AR/NG PR BN 225 B3 (P<0.05),

3 e

3.1 Tt AR T 255 2=k R o ) s i

Tt FHAIAE T LR A5 i b se s 7%, $E @At
MR SRR . E SR E R R, SRR Y
AT 20 ARSCRFTE A R, i AR A% b
HEFERE R ERIT 7.79% ~ 18.06%, T
KRB ERT T 931% ~ 1841%, RAEHE R
FHEINT 3.56% ~ 18.32%., 3= 7E 5 R o 2 Xt
Mo E LY (A ZESE ) A KRB EEA/EH,
— R LA Y R B H TR
YEY 1 1 38 46 31 & BRI I it FH 6 412 15 45 100 7 i 4R
bRV, H R BE G 45 S MEDAE, AR SCRESE R
M, BEEXMEHEAERLEESES TE
% REZMEZEMTESE, X5AMRER—
B B0 S e AR X 2 e R B R 5
IR, AT H, XA i ) = R
S AR TR T e L X K el it A
B, AW SRR AR R
FEOH, it AT A5 A BE XS S SRR S B R
WA RS £ B R A B E T, AR
FAE YA W AR, X 2% b B T R TR
e
3.2 Jite AR A A 75 e 5

K FH et T it A 5 AR AR AR A R P g A
— 136 —

ALY E TR R, AR EEFRITR A
Jo FEEFEM B L WiE AR, BEAE S N v S
THIEREA AR, I K Y Bf
FWRTE LI, TR RS R s S A
AR LR, KX eMesEE kA ETE ERE
T 20.87% ~ 47.01%, + jifi {% & + i i W it —
W (B5) AbFM IR R K, BRFREFERAT
20.30% ~ 45.62%, i (B2) AbPEAYHE i
Ko MR R P RERS M AT AR 4, (HIF
AERHFFA, BAZH T URE B2 MO HLA i mg
Tt AV A FIPE RN 250, R a6 e A 204 7 i v
Jiti, 11 SE R - i A T L 1k A A AR R A R A
AN RN E 3R, A4S 2 it = AL B A A5
e o8y NI v AN v e w5 LY WTETL Y O
ARt A 2 A A% R TG AR A el A A 1A 1
[=E 2R

3.3 it FHAAE X - 38 T )5 i)

R A WO A, 2 B A S
e A M oT R LN AR 1. Rk, ZEAS I AR
ab AR, WA b it FH A IE R b T S R
DIB AR 2SO IE AR KR B . ARV, B2
Ak AR K A AT RO i N 0.21 me/kg 4R THE] T
2.00 mg/kg, A3 RCHN A T2 M A B R SR B = 1Y
[P R, = HEA IO 1 1 it B A A AR 1R B R K
MR R, 22 I AR = Rk g e

| S
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AR S, HEAT SO0 i A 0.25 mg/kg $2TFF
T 0.71 mg/kg, B it AR X T A A R0 &
WA AR I, A RURRSE A A K AR AR
FOE TR T AR X A 0 R R O ) A R
By, AIEIEERM L A SRR, A
AR TR WA ke st BRI, i
FHBNAE J5 , 21498 X 2% el 4= 398 bb X B A B EH I8 32 v
- A O R OO S i, o -8 pHL AL
i, ERMEEZWARE, AFRW LI, it
FHEAE XS A5 el 38 pH ., AL, 2REA BEY
Wiy, AT 4R TE 4 SR SO 18.53% ~ 29.85%. A WF
FEFE TR FH o] RE S A T - M 4 A0 B
FOREERE A Ak, AT 4R 5 S m A ik 0%, AR F
% Hh it e A A L A S A A 1) R T R
i, XTRESE M THEMGESEAS 3™, AR
ZFER SR, T S35 SEE A
UeAh, BED i A AT AE T 2 R Nat B, KR
B RE I BG R, FEATTRE D BRI, DT ol SR B Y
AR 2,

4 #5ig

JREFTAAE AT LA AR TR T P . P A= i
KR, LR AR AR IR R R
M IR 2, B B A LM
Tt ALk BT S 3 e 4 el A - A A
i, fewiias . silias . AR AECTT R R
gib, LEmACAREE + i A AL — O LA
M BRI R E IR AL, TR S 2 bl 65 R ik
R A AT AT
Sk
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Effect of boron fertilizer application on yield, quality and economic benefit of tea

WANG Tian-yi', HUANG Xing-cheng" **, LIU Xin-giang’, ZHAO Shu-guang’, WANG Yu-ru', ZHANG Tong', CHEN
Xin-ping', SHI Xiao-jun', ZHANG Fu-suo" * (1. College of Resources and Environment/Interdisciplinary Research
Center for Agriculture Green Development in Yangtze River Basin, Southwest University, Chongqing 400715; 2. Institute
of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guiyang Guizhou 5500065 3. Sichuan Meifeng Chemical
Industry Co., Litd., Deyang Sichuan 618000; 4. College of Resources and Environmental Sciences, China Agricultural
University, Beijing 100193 )

Abstract: The general lack of soil boron nutrition in tea plantations under intensive tea production has seriously affected
the yield and quality of tea. It is of great significance to study the effect of boron fertilizer application on tea efficiency and
quality improvement to promote the high-quality development of tea industry. In this study, the effects of different fertilization
methods and fertilization dosages of boron fertilizer on the yield, quality, economic benefits and soil fertility of tea were
analyzed through the field experiment method. The results showed that the effect of tea yield increase under different boron
application treatments was significant.Boron treatment increased the annual tea green yield by 7.79%-18.06%, dry tea
yield increased by 9.31%-18.41%, germination density increased by 3.56%—18.32%. In summer and fall tea season, the
amino acid content of tea leaves was elevated the highest by soil application of low amount of treatment ( B1 ), amounting
to 37.31% the caffeine and tea polyphenol contents were elevated the highest by foliar spraying once ( B3 ), amounting to
9.78% and 11.45% respectively; and the phenol-ammonia ratio of tea leaves was decreased the most by foliar spraying twice
(B4), amounting to 24.16%. Amino acid content of tea leaves in spring tea season was elevated the highest with treatments
of B4, amounting to 31.12%; tea polyphenol content was elevated the highest with one treatment of soil application of low amount +
foliar spraying ( B5 ), amounting to 29.81%; and tea phenol-ammonia ratio was reduced the most in the treatment of
B2, amounting to 15.18%. In the summer and fall tea seasons, soil application of BS treatment increased the whole boron
content of tea leaves by 47.01%; in the spring tea season, B2 increased the whole boron content of tea leaves by 45.62%,
and B2 had the highest increase in soil available boron content, reaching 852.38%. B4 had the highest yield, net income,
profitability and return on investment, with the yield increasing by 29000 Yuan per hectare compared to CK and the net
income increasing by 14182 Yuan per hectare. The results of the study provide a useful reference for the scientific and rational
application of boron fertilizer in tea gardens.

Key words: boron fertilizer; Camellia sinensis; yield; quality
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