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Effects of different pruning methods on growth, photosynthetic charac-

teristics, yield and quality of cucumber

YANG Shusheng, ZHAO Haitang

(Pingding County Modern Agricultural Development Service Center; Pingding 045200, Shanxi, China)

Abstract: To investigate the effects of different pruning methods on the growth and development, photosynthetic charac-
teristics, yield, and fruit quality of cucumber, and identify the suitable pruning pattern for providing theoretical support
and practical reference for high-efficiency cucumber cultivation. Bojie 118 cucumber was used as the test material, and
four treatments were set up: Single-vine pruning (A1), double-vine pruning (A2), triple-vine pruning (A3), and contro
(CK). A randomized block design was adopted, and the growth, photosynthetic, yield, and quality indices of cucumber
were systematically determined during the growth period. The results showed that the comprehensive performance of the
A2 treatment was the best, the plant height and stem thickness increased coordinately, and the number of lateral branches
per plant was stable at 8-11. The net photosynthetic rate during the full fruiting period reached 18.93 pmol-m~”-s”, which
was significantly increased by 31.2% than that of CK. The yield reached 6 862.99 kg- 667 m”, which was significantly in-
creased by 28.5% compared with CK. The fruit quality of Al treatment was the best. Compared with the early fruiting
stage, the content of soluble protein and soluble sugar during the full fruiting stage increased by 56.3% and 80.8%, respec-
tively. The yield and quality indices of A3 and CK treatments were significantly lower than those of A1 and A2 treatments
due to overgrowth of side branches, high leaf area index, and imbalance between photosynthetic efficiency and nutrient
distribution. Correlation analysis showed extremely significant positive correlations among vitamin C, soluble protein, sol-
uble sugar, and soluble solid content. In conclusion, double-vine pruning can optimize the population structure, improve
photosynthetic efficiency, balance nutrient distribution, and unify cucumber yield and growth coordination, which is the
optimal pruning method for cucumber under the experimental conditions. The results can provide practical references for
high-quality and high-efficiency cucumber cultivation.
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X BE R 5T

5 JN (Cucumis sativus L.) N & 7 FL38 JNgE , 2&
IR ARG S AR . PR XU R, Jo Hh ff
WL SoKER, B HEER VYR CEARSE
By, B TE BVE R R K M SE DR TR B
HEW fEARERIRET, BN &85 K fe
R, T S EREAR A IRy sa A R 3 DG
GBS RRE , KRR E RAEK S 4
FEAEK R BRI R, FEAEpE A A Y,
7 B EY R = 5 i, i T e 2
g5k, N EM A K K EY.

RO e B S DT FR R R A,
“URT R RBDEA MRS, CE” R R B 7B A
Y- R R A WEY AR K K B E E A
R —, AAEEE A REER b, 52 5 AL
AEFERE I Be RS m T, A BRI B i RO AR
R EE LG, (2 i3k SR s rh R KL S AR B, i B
FE s TR A KR IR - PRI P )8 e (1) Al
R, A B B e OGRS R R AR
PRI SHE, , o R 90 475 i A v 7 R0 o R s R % o BR
H AU LE P BH I B A 2R B L e B i SR
LA B Uik i, J8 o Y B B R, A Dh Re
GO 1A RS RS2 (D 197745 43 BE B, SI23
EHRAEK S ETE AR, A BT R,
SR, AR T 1K AR, o JIC Rk 85 b A A 2 7 50
I3/, TG H Bk = 22 SRR T IR 22 P3[R AL )
R GHENT -

AN TF R 7 XS AE W AR K & P2 A AN [ 52 )
FFL 2 B, PR O 1 SRR g K, R A AR B
B, =28 Eam"". AEBMER T
5y 3B RALAS L, BT AR B R XT F7 7 TH #E
EINREAR VR E R R, I A2 = 2 5 iR N
HE— B T BN B A K 2, 22 3 DU

118 Jytp e}, W B & & =& AR IR, &
GrllE LARIENS DG SHL B R R, B
FEAB 7R AN [R) B A 7 AR 258 808, B e 0 B A A
OB A FA L], DL B T 10 B AR 1 45 2
WE B R S .

1 ARSIk

1.1 #H

AR BT A O S 118, R e B 4 TR
AFEE, ER R A E SN, K%, K
25~35 cm, ¥ & 200~300 g, Ui M5, & A 5
iy R R AR S -

1.2 Rt

T 2024 4F 4—9 H 7 1L a4 BHIR T 8
HLFg 5 IR & A S A e R AT . SR BEHLIX
Hikil,3 IEE, B/DXEHA 15 m2(3 mx5Sm), 3t
12 AN BANX ERE 60 #, #R1TEE 40 cm*60 cm,
ANX A E 1 m 55 B AT .

4 H 10 HIUEE W, Ay 50 9L, B 7%
KA 10 emx10 ecm;5 H 15 HA4hHKE 3 0 1
OB ERE,9 H S HATfE4 ack . A EF K
FHE R, RN R A WLIE+ S AR, 7ERI 4R
W R SRR AN, LAt B B ) RN R Hb AR
e 4 ANMEER T UL 1.

1.3 NEEIRSHEE

1.3.1 AK#HEZEMN EHE10d f50EBRKH,
BEAS /N DX BEALIE 10 PRI E bR & 200, T 5P
B PR R 2K IS, 2O ks B
2cm b EAAF.

FEE RIS, 2 1 e MEE TS 10 D (4
RAIACS2, 56 1 SeMEFETTIUS 20 d RS FIH(S3,
51 ZEMEIETT S 30 A 45 BRI (S4, 55 1 ZE

x 1 EROEKERT

Table 1 Experimental design of pruning treatments

%'y Ab 3 (s
Number Treatment Operating steps
Al LY % 2 PREA & TR AT MR EAL, EEKE 1.8 m BFE O (2 257D

Single-vine pruning

grows to 1.8 m(about 25 nodes)

TS L, R A 3.4 6 2 A SRR AR, MK 1.5 m O

Pinch the main vine at the 5-leaf stage, select and retain 2 robust lateral vines at the 3rd and 4th nodes, re-

A2 PIE-%:2573

Double-vine pruning

Keep the main vine, remove all lateral branches and tendrils, and pinch the tip of the main vine when it

move the remaining lateral branches, and pinch the lateral vines when they grow to 1.5 m in length

A3 —ER
Triple-vine pruning

T 4 M, IR ST 2,34 0L 3 K ME, HARMIRZER, MK 1.2 m IO

Pinch the main vine at the 4-leaf stage, select and retain 3 lateral vines at the 2nd, 3rd, and 4th nodes, re-

move the remaining lateral branches, and pinch the lateral vines when they grow to 1.2 m in length

CK Xof B CNEERD

Control(no pruning)

TR B ARZEAC, ANEATHT AL AR 0o A 2R

The plants grow naturally without pinching or topping treatments
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hOE R

39 %:

TEFF UG 40 DBEPLIEEL 5 #k, K LA-S AL #
A E FEAR TN BE I (5 6~8 Fy EL ) I A [ A, 2
523 R, Guvh BObR R R B, T B T AR Fe 2
(LAD, "I R = - T A/ - Hh i AR
132 k&H&nz AWM, TK 09:00—
11:00 R H Li-6400 Jt:& {0l € Th e it (55 6~8 Jv
FEM AR P VAL T (G VIEIE COL ik
JFE(CO TR ZR(TD , R BE A 1200 pmol -m? s,
SR Z 200 mL - min, 35 B ] D 25 °C ;2 &
SHONE/NXGRRL 3 B, BARIE 3 FrDheert, &
M A SR 3 B
133 Z=aamme SR HE, AR 10
W, BRI 3 R R (K E=25 em, TEHETE) , il 2
T TCEA RO 5 B /N R EL 50 %, 20 R0, B R
7d R IR Geit SR SR THE N X E T
Ho667 m’r &, T H AN 7 B/ (kg 667 mP)=/)
X 7= Ex667 m2//NX TH A
134 RFE&RAAE % 131 7 4 ADEHE
R 53 TR 45 JE R L 28 S b )L B SR AN & R oK Y
HWRS I, SR 25 S W7 52 W8 G-250 R 5 ml A 1 2R
&R, K 2,6- /ey e ikl e g E &R C
By m Y, SR B Eb ) s AT A R S Y, R
FREPEEETE TD-45 M€ nIEPERE TR & &
1.4 ¥IESW

% Fil Microsoft Excel 2020 # 3 5 45 %4 , % A
SPSS 26.0 i AT LK 2 U7 % 4 #t (ANOVA) , 3K H
Duncan #7 5 W 2153047 2 57 W35 AR 56 (P<0.05),
K FH Origin 2021 4 & % .
A 250 -
| C A IEEEAENAEEECK

200

Plant height/cm
9
S

—_
(=3
(=]

i

i
(=]

10 20 30 40 50 60 70
SEAEHT 8] Time after planting/d

2 AR5

21 AEEFARNMEREKELXBEHEMW
211 #HEGftaess T BE1-A A, &

AERRR R Y BE A B W 2SR K, [A]— Ab HL & A
MR EES. ©HEE 10d, Sk s Z 558
/N(21.8~25.6 cm) , H & B (25.6 om) I = 5 7€ AH
20~30 d, Al ABEIF IG5 H AR AL 3T il 5 25 22 57 3R
BN P K e M T 40 d MR RS HT , 4 b
HO bR s K s AR [R] 2 ARCE R S 10 d 3K
7 132.80.118.13,105.47 F1 110.90 cm, H 1 A1 &b
B PR R 3 T A AL B, Dy 158.37 em, 3 CK
(132.93 co) B HE 15 19.14%, 117 A3 4bFE 4 CK &
FZRBET 424%; EHEH 40 d 5 KL Z B K,
Al MEFRFREEAR G ;24 70 d ik 215.83 cm, A2 AbFE
N 183.80 cm, CK A 197.90 cm, A3 4b # #% fik
(156.03 cm) o & AbBRARK =y el 9 & KNI 9 - Al>
A2>CK>A3. HILAT I, 2 B &4 R T 2 N &
(38K, B o B E T D SV #E , B AR 3
R GiRSES SMTEA X 35 avS I R RN 1 7 =
K

HH ] 1-B ] A1, 200 B 39 4 35 5 ik = A AU E
ZE A%, S AL ) 2 I K E AN, A2 A FEY
ZERLTE A A AR A . Hod e 10~20 d, %
A0 T ZEH 6 L E 0.48~0.96 cm, A2 AL FRECH , 1E &
M5 20 d 23w T HAh A3 ; e A8 5 30~50 d, %4k
PR KR, A2 F AT BRI R B E T A3 4t
FEFI CK: €M 50 d e Ptz ig &, A2 il A1 4b

B 20
1.8; CJAIEERBA2EAZEEECK
16/
14/
12]
10]

0.8

# Stem diameter/cm

0.6
0.4

e
ES

0.2

0.0

10 20 30 40 50 60 70
SEAE Y (] Time after planting/d

 AFVNG R R R I R R FIAL AR 0.05 K ERBE. TR.

Note: Different small letters indicate significant difference among different treatments of the same time at 0.05 level. The same below.

& 1

TEEZRFRTHREMEZANNTEN

Fig.1 Dynamic changes of plant height and stem diameter under different pruning methods
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X B&HF 5T

TR T A3 AEFEA CK, @48 70 d J5 , %407
BIABEAE , thET A2 AbFEE: CK B3 HI N 21.48%,
Al ACBERIR 2, B ZE RN 12.59% ; A3 RbFEAY 2 25 4
T 5.92% , % 4b B 200 1) 2 3G K & 2 i A 1.04,
1.05.0.91 1 0.82 cm.

212 FRBESHAFHEGHETNH HFE2A
B, A AL TR (AL A2 A3 BRI b i T 48 (B 2
KT CK. CK MMFL 5 2 I RF SR K A 3, B K3
TR 41 K 5 B8 RORG PR R S0 B 00 2 , 45 B S0 A
BB AR 1~2 45,10 CK 1 2.94%~15.38% , il i
564 L BRINEL , 38 G0 77 53 1) Jo RO A 70 e, ff OR 3 &2
ARKARIEIRTFE IR . WE (A2 A =& (A3 BN
FHE AR E , 7 WA ETE 6~10 25.7~14 %k, 5L CK
/D 46.15%~75.61% » IR I B 0 &%, 980/ TU AR
I RLIFR A

*2 TEEESRTEEMREK

Table 2 Number of lateral branches per plant under
different pruning methods

KT i 1A Period

Treatment S| S2 S3 S4

Al 2+1.15¢ 2+0.58 ¢ 2+0.58 d 1+0.58 d
A2 6+1.15b 8+1.00 b 10+1.00 ¢ 10£1.15¢
A3 7+1.53b 11+1.53 b 14£1.53 b 14+1.15b
CK 13+1.53 a 25+3.51a  41+2.00a 34+3.06 a

W FAIAE/NG FRERIRE 0.05 KFEREE. TR,
Note: Different small letters in the same column indicate signifi-

cant difference at 0.05 level. The same below.

M 3 T LLE TR S, A R B A 7 200
T KA B e 22 72 B35 . CK B el
PR, 55— 2 METE TR 10 d IS 9 69.57 em,
40 d 1A F] 138.83 cm, 4K 99.55%, H AL 264 55 5 151
PR R BB (A W e K ML 10 d 2 36.30 em, i
AH R KE 61.17 em; = B R (A3) 5K F;
10 d A 38.40 cm, 30 d 3% 81.40 cm, Ji7 HI4k 21 K
L RO DR R 8 25 R A, e KM A R R AR & A
17 cm AR o HHBE AT DL, 8y =0d i 43 o0 Al 25 g
A A 25 2 DA AR K, B O ok 1 P At

#3 TEEZAXTHEKMEKE
Table 3 Length of the longest lateral branch under

different pruning methods cm
Kb i H#] Period
Treatment S1 S2 S3 S4
Al 7.57£2.23 ¢ 10.47£3.84d  15.60£2.98d 16.17£3.15d
A2 36.30£6.82b 54.47£5.52bc  52.30+£3.56 ¢ 61.17£3.00 ¢
A3 38.40+8.79b 72.30+£6.46cb 81.40+6.41b 89.83£9.22b
CK 69.57+6.58 a 93.10+5.41a 118.73+8.52a 138.83+8.56 a

CK T [ ZRAE A, 008 = 6 R Al ok 47 0
A e YA £ & PRV
213 staEBRBFEHEAESSHK AFRLEF M
IR HOL G LK 4. A2.A3 I CK AL FE ) LAT B
EEMEL ETHE TRERES AL MR N
TR LT T R R B, U R 2 R B AE R 0
S3, B v T HAd I 9, CKOME K de bR, L2 A2,
A3 AL KEEE, 43 5 ST 38N T 28.12%26.79%
26.09%A1 17.39% , 1 W1 SR 52 147 ot T R
HIR BRI B . [R]— I S A LAT K/ 5 R 0
DIM %, BAR R Iy CK>A3>A2>A1, Bl { & H i
b, AR i BRI
x4 TRIERH AN RNHEREKHZIE
Table 4 Effects of different pruning methods on
cucumber leaf area index

b i A Period

Treatment S1 S2 S3 S4

Al 0.23£0.02d  0.21x0.01d 027+0.01d 0.25+0.01d
A2 0.56+0.01 ¢ 0.60£0.02¢ 0.7140.01 ¢ 0.63+0.02 ¢
A3 0.9240.02b  1.030.02b 1.16£0.05a 0.99+0.01 b
CK 0.96+0.02a  1.17+0.04a 1.23+0.04a 1.03+0.02b

BERIDEESHON E (R 5)RY, &AL P
J1 HEIE] COL ¥ FE CCOAHEL T CK 2R B, T <,
FLFE GO B R (P RAMEE R (O 2
DL AR BB, B CK A i k. 5 CK ML,
A2 Kb BRI P, i (18.93 pmol - m™? - s, # CK
(14.42 pmol - m~-s™) & 42 =y 31.28% , Ui I X &
A e A T T AR S KSR A 3R T LA R
F H KON A1(16.84 pmol - m? - 57 Al A3 kb 7
(14.56 pmol -m?-s™) . Al ZAHE WM F G, i &, A2
AeFRURZ B CK 3ol i 2 2 e 38.71%1 25.81%,
A3 RPN S CK BREZR TS GBS B,
RIN A1>A2>A3>CK, IX 5 5 & B RGE KL L
XU BERREAR S5 4 & JA 5%, T = & BRI CK
MR R S BURSLR ML, R BT SS . G P,
A% > CK 15 155 (318.52 pmol - mol™) , A2 4b FE 7 {1

x5 BRATEREBRAAMNELHFAESHBIFM

Table 5 Effects of different pruning methods on cucumber

leaf photosynthetic parameters at full fruit stage

e P/ G/ a T

Treatment (pmol-m?-s™) (mol-m*+s") (umol-mol™  (mmol -m”-s")
Al 16.84£0.50b 0.43+0.01 a  298.05+8.10 bc 5.28+0.06 a
A2 18.93£0.49a 0.39+0.01b 286.36+£5.00c 4.84+0.18 b
A3 14.56£0.24 ¢ 0.32+0.01 ¢ 312.36+£7.45ab 4.32+0.10 ¢
CK 14.4240.15¢ 0.31+0.01 ¢ 318.52+7.74a 4.09+0.26 ¢
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X ISR 5T

o L S =3

39 %:

(286.36 pmol - mol ™) , J XX & Y CO, T FE 75 3L »
M CK B EEHETS S8 CO. R &5 b, W&
B A S E R, = 8 8E L CK
T RV B0 ) T A AR
2.2 AEE#FZFAI RN E RSN
BTV B 5 4 SRR 0 B I B R B K, —
AR B R ER B . R 6 vk, A
AR TR S AME, FrEREER. 1
A2 JEFR R RECE R 2, N 806 1Y, BE T
AL HE 6T RETE Py ) H A AR B, B CKO 3 T 18.01%,
Al FUA3 b ER RS SRR AH ZE AR, 2T
CK. N, A2 B iR K, B3 2T CK, K/h
NI A2>A1>A3>CK ; AN [R5 A A 3 1) B R 7 i
ZRAREZE EIN A2>A3SAISCK, & A HE ) RE
25 MREE RPN RR 8 A2 B, 1E
6 862.99 kg - 667 m™, . 35 & T H AR AL ; A1 AT A3
MR s A3 KEFE N 5 478.00 kg 667 m?, 5 CK #
RAEE. gL, A2 A FE R R ECR TR =
By, e s R I , Ui B 8 I Y O R 2
2, AR THRE =,

A LA EEIA2 B A3 EEICK
a

—_
(o]

—_ —
[\ w

w4 & O
Vitamin C content/(mg-100 g')
o

i} 1 Period

C COATEEE A2 I A3 BEERICK

47 a
M b

wCA YRR
Soluble sugar content/%

S2 S3 S4
i ] Period

*6 AEEBHARATRNTEMRERLE
Table 6 Comparison of cucumber yield components
under different pruning methods

rieg vty JIEC B/
CRRe/NXD BT N o
i TR kR R
Number of  Single . .
Treat- il fruit Yield per Yield/
commercial  frui
t lant/k; (kg 667 m?)
e melon/ mass/g pranvkg & m
(No.-plot™

Al 727£3876b 217.92£1.98a 2.66£0.08a 6297.07+323.31b
A2 806£1943a 218.14168a 2.84£0.19a 6862.99:314.37a
A3 717£1562b 207.53£0.60b 2.80£0.13a 5478.004248.91 c
CK  683£721b 20694£235b 2.61£0.13a 5341.48:8336 ¢
2.3 FAEERAANHENRLEF @RI
GRS GRS 29\ UL 79IV =1 A R5A8-3
w5 E WSRO, BRE
FERRIR 0 BL 506 B MR I, Jom 3 JIUR S8 77
dn i o AN AR AU B TUR SE4E A 3K CL T I
E=INCIRR G R NIRRT 27 s S SR e TR P
FE 2. BAKE, Al A4 F RN
e /K AP R A AT VA I W A R R N
FWEAH , HE A2 C ARVAE IR T4 & B AR 25 AR )

v}

COATBEE A2 I A3 BERICK
15 a

I

wCAEMEE D
Soluble protein content/(g-kg™)

S1 S2 S3
i 37 Period
COATEBEEA2 IR A3EEICK

f

O

w Al A M TP
Soluble solids content/%

3

0o sl 2
i 34 Period

B2 HHHAEERGRXTRLARILEFRGBERNINSEN

Fig. 2 Dynamic changes of cucumber fruit nutritional quality under different pruning methods at different stages
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X BE R 5T

e A R R 3 A $E E 56.3%+80.8%44.3% Al
28.9% ; H.7E 45 B 5311 (A2 Ab PR A 35 M [E ) & &
BR85S T R AR B2 = T A2 A3 b
TR CK, 32 B FL 2 4 Rl KO e 4, it ol i
A, ARk R S K R A RS
&R,
24 XM

NE B ST PEAR &, X0 & T FE bRk A7 A0 OC 1
SN, INER T Fron . JeA IR EREE, LS
JE 5o Al R AR R EA G 5 Co, ik
FEREM R ENAMEK., BBERELFOLEHE R

fL3 B B 25 1A G, 5T CO, WK 2k
BEGMK. HEHRBESHLEER AT
FEAR VR B SS , H A5 Bp ™ B A R R R O
Ko R RIGIR 510G HE R AL T M
AR B PR, iR R E A S RS
AR R E UK. TR bR R R P R 4
ARCHE.IHEEEASE. TR SEM
AR TR A ) B AR A IR A OG, 4
AR CEHERESAFEEEA SR TEEEEY &
AR R 9, 1l W s ARSI B2 22 4R A8 T (A
RIS R

*7 RINZIEREREX S

Table 7 Correlation analysis between cucumber indicators

BEB e Wl CO. Kk E N Yir 3 C ﬂ‘l/’?f'fi% E‘Jﬁ'fﬁ)ﬁ ﬂ‘]ﬁ‘% B
=S FL B 7% [P o R ARy gy WA B PR E
*Eﬁﬂt\ ?Ei& Net W}Lﬂ‘}; Intercellular %%@4 ﬁ; ﬁ [=-==N [N ﬂ:/#@ [=0=2N IU‘E
. . Stomatal Transpiration ~ Soluble Soluble Soluble Yield
Indicator Leaf area photosynthetic CO, Vitamin . .
. ; conductance rate protein  sugar solids per
rai .
index ¢ concentration Ccontent content  content  content  plant
D P 0.316
Net photosynthetic rate
LT 0.107  0.902%*
Stomatal conductance
JalFl COL ik 0.191  -0.788** -0.864%*
Intercellular CO,
concentration
P SUES 0.119  0.775%* 0.793%* -0.693%*
Transpiration rate
LERCOR -0390  -0.442 -0.296 0.379 -0.111
Vitamin C content
EIRG S qER= -0.343  -0.498* -0.365 0.432 -0.199 0988
Soluble protein content
AR R -0324  -0.430 -0.343 0.430 -0.133 0.959%*  0.956**
Soluble sugar content
WEEEIEY SR -0371 0386 -0.224 0302 -0.046 0.979%* 0.973** 0.935%*
Soluble solids content
R -0.543* -0.323 -0.163 -0.027 -0.029 0.600%  0.629%* 0.512%  0.669**
Yield per plant
JrE -0.527* -0.165 0.015 -0.317 0.223 0.271 0.253 0.182 0.343 0.591*
Yield

T ¥ 3RIRAE 0.05 AT R E ISR+ RIRAE 0.01 KT HlR B AR

Note: * repreaents significant correlation at 0.05 level; ** repreaents extremely significant correlation at 0.01 level.

3 W4

TR Dy SR f) & AR R S, ™ A 5 R 7
ol L AR LR P 22 G I B 285 T R BB 2
ek J2 S5, SR DL RESR A I RCR R TR
PR R R WTTUAR S S A B AR, e
35 ek J= G A, B S R P (138 XGE LRI B A

RO T AR AR PRAE T R I U Ol & 7= ) e,
AR TSP R DR, BRI 5 AT AR g i 4
FELR R 0 235 K0 TR 28 S 2R PR A% Lo T B S TR
ARt Er s D AL A R B A D , BT
Yl A 1S 7 BE R o ANRVB BT SRR AR (i
o LKA T BN 3 B R A AR RS B A
PRI,
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IR SR AR I I W AR B AR A A
aE, FEIRIIREM T W2 TR T AR R R AV
GRS o VR EBCGE AL R 1 R AR
FE R A BRIEAT . IR Ah AR, B S R R
MR T CK, AR T2l Bl es, B 212
oS, SEIR S 2 I P RIS, T
B4 R — . A S LB 2 RO,
S o ol 1175 o I 7R A = X v S Ml i
B (1) 22 /b B 52 e A 1) P A 2 5 e 381 L 5
BRI AR R /N A B A U R YRR R ) L
il BRI, TR 2 SR F R A A O 2, S B
P BB R 2 AR S, 1 R it 2 R AR
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