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1.1 REEHH

AR IR (Cucumis sativus L) SaFh R e
267, i H E R B2 BE B 3R AL T 5T B it
1.2 REHE

I T 2017—2018 7RG 5T T AR AMFELE Be
BRI D EROE IR E T, #RIE R
A6 Tt i RAMBLE BE gk SE R 5 OB R B R IR AT
A A o = P T i 3 R4, AR aE Al
EXFEXE=48 cmX20 cm X 13 cm, FFEEILH
TR BN R BRSO ARYE H A 1L
BRNEL B B VE SR T K & FIBL S
B i N KBIEE N.P.K.Ca, Mg, S && /394
11. 60.1. 30.6. 51,2. 24,1. 00,1. 39 mmol « L',
TAE R R BE . LA e kv . 2R
3 ML LB EAE TE KR, Sl 1 AL K 07.00—
19:00 4% 5 ¥k, [E1F& 180 min, &AL 6 min,
I ECHE(2.3+£0.2)mS » em™, FF1E45 5 41
EC{H(3.1£0.2)mS « cm ', pH 6.4+0.2, &
I B AT HTAL B0 & R BR AL S Bk
it R A R PR

PRIRE R 22 Gk 53 Rl AR R AR o T R 1B ik

FitE o AL B, IR B T1. AR 2 Bk,
FEHE 40 cm, B} 33 330 #k « hm ?; & T2. &4
PR ARG 3 A%, FEHE 40 com, B 49 995 #% » hm™%;
R E T3 BAFAEREFAE 2 BR, AEEE 20 cm, B
66 660 #f « hm 2, DA BACEAATHEH150 cm,
W3 WER ,45/DXIEF 50 m”,

1.3 mMENZE

1.3.1 AERBNE

HRWGENRR KR SRR R R
HEE it R 3 RELE. BEEZN &
6 Hk.

1.3.2 RSB E

WITIE  JL, 3 IRE A, BUF¥E. AR
M REPRE R s R R E R
AR, TR R K- R b RRIE T 8G BT
BRI & K 2, 6- G B 5 Vi g e
EEER CHENY ; BN vkl & nT &
B ACT-1EC FH3r 49U (H 4~ ATAGO) il
ERNEEE Y& & NaOH % 2 3% 0 2 7T E
FRa B B R G-250 Ye il nl i i
BEREEM,

1.3.3 F=EMNE

PRI E UCR IR G T Bk = R e
1.3.4 MREESERAMNEKERSEHNE

FHURHRH 95 %0 Z B2 e g b AT et
HEMGE o HEER b AHGRTEIMERE
a/b,

MBI GEML 48 D F-4h , A B2 T 58
4,710,017 it (HFE>>5 em) FEATARIC B 55 1)
FEA AL O AR I TR A AL, HFE X
4 iR FLERESIICATH . SR LI-6400XT
A (3 E LI-COR) FE&NHIRE X 08:30—11:00
MESE 4~5 F it AL AR SIS E
] CO, ¥ FE K 25 5 3 %, N B k3R 800 pmol -
m ? e s7 HENERES KU 500 pmol + s,
CO, ¥EE (400+2) pmol « mol™, T B E
Semani £k , PFD 24 0~1 500 pmol » m™2 « s77,
e B REOE A R, RS a2 &
H R P BRI F R TR,
1.3.5 PREAHREAINE

T T kv AR, B2 fi L &L 50
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AT EM T RRE . HHE RS =0 1
[E A L W s T1F AVA= <X (VA wb: AT 2
1.3.6 M RS

TR NI BUEE 4 M kA 5 mm X5 mm
I /NG, F FAA BB B E 24 h UL E, &5
K GBEY] RS AR YR BB Y6, R
B 1.2~1.5 pum Y] i F Leica CTR 4000 B 45
TUgIRYY, K43 10 Ul A, BikY
BEAL 3 SOREFI R R JRE . B R R
HAGERAREE JFTHEM-E L.
1.4 HiES

¥ F Microsoft Excel 2010, Auto CAD 2009
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A TEE AL PR, SR ) SPSS 17. 0 &4+ Duncan
B TR BT K LSD(P<C0. 05) K556 .
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2.1 AEAMEZEENEREKNZIT
AFFAER X AR A RER ., H
B 1AL, L, T3 Ab s THEARE, &
M40 d, T3 43 %I T1, T2 A HRR 5 6.29%.
7.83%(P<C0.05), FAHHHFHRTEEER,
BAMEALL T3>T2>T1 4B, EHi 40 d, T2
5 T3 b3 & K u i B 4 B b T1 AL 48 5
17.79%.24. 75%, H T2 5§ T3 b BER AT E,

-T2 —-— T3
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Leaves number
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Bl FEMEREXERERHZIE

Fig. 1 Effects of different planting densities on cucumber growth

2.2 AEMEREXELIMFXSIERBNZE
2.2.1 MBRETRICEER

I I 2 F I 4 G o S S )
HE R 1R, R a b SEAHSRREEY

DL T2 AbFa s, S0 5 b T3 Ab B 3 78. 31%.
159.26%5 98.18%,{HS T1 At HE R A B E,
H4EE a/b L T3 AbBHEE .

Rl TRAMEZEENERMFHEZESERHRMW

Table 1 Effects of different planting densities on chlorophyll content in cucumber leaves

Ab3E MRER a SR MHEEDER 4% a/b BMRREE
Treatment  Chlorophyll a content/(mg * g~1>  Chlorophyll b content/(mg * g—1) Chlorophyll a/b Total chlorophyll content/(mg + g~ 1>

T1 1. 3840. 05a 0. 4940. 03ab 2.8240. 09ab 1. 8740. 08a

T2 1.4840.12a 0.70%£0.13a 2.2540. 30b 2.18+£0. 25a

T3 0. 83+0. 06b 0. 27+0.02b 3.13+0.07a 1. 1040. 08h

W RPRRNEFRFRERE0.05 KK T ERE. FTH.

Note:Different letters in the table indicate significant difference at 0. 05 level. The same as below.
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H2% 2 AT, BERMRE S BRI, BN b it
AR BB E R 2GS, IL S CO,
WEREFEREEE, H T T2 A EME LS
BORENE AR T3 AbHRHER 6. 7300.4. 8200, 7K 1%
BRI, T3 AR 28.70%0.26. 71%, H T1 5

T2 fhF2E RN D2 T3 S LS B Tl
5 T2 RbBEFEAR 35. 90% . 41. 86 %, ffE] CO, MREE4>
SIE T1.T2 AbFEREARK 7. 67%.8.84%, BLAAEHIZ
PSS TR IR 9% BE 66 660 #% « hm” (T3) bR | ok
AR ETRAR,

R2 TEMEFENHLMFESEFRERM

Table 2 Effects of different planting densities on photosynthetic index of cucumber leaves

e WA A SASE Hala] COz ¥ R HER
Net photosynthetic rate Stomatal conductance Intercellular COz concentration Transpiration rate
Treatment
/{pmol + m™2 « s71) /(mol e m™2 « g7 1) /(gmol + mol—1) /(mmol «+ m™2 + s71)
T1 14. 60+0. 42a 0. 39+0. 04a 300. 71%1. 79a 5.83+0. 48a
T2 14. 34750 49a 0. 43£0. 04a 304.57£3. 23a 5. 74=£0. 40ab
T3 13.68£0. 55b 0. 2520. 03b 277. 643, 14b 4.53£0. 54c
2.2.2 W HOENIR R AU BB H A4 K B AR TR T2

e 3 rn . AHEL T1 4b¥H, T2, T3 A ¥R 4b
2 S PR AR, (A T2 B /N T3 435 T,
T2 AERFEIFN A B 4 I B T3 4275 78. 16 %4,
61.42%, {580 T1 5 T2 4bBEw]F] FH SRR .

AbFR B s WHTE FRAE B DL T3 B FE, 43 S H
T15 T2 b BHRE T 54. 84%.11. 30%. i8] T3
AR (B35 66 660 #& « hm 2 W[ BEE M Kk
HE %, FE0k R B AR 8, BRI

x3 AEMEZEENHLM A ESERHR0

Table 3 Effects of different planting densities on photosynthetic index of cucumber leaves

RRELAEE SR

BN I RUABTHAE

Ab ) ) ) ) ) ) ) ) » L TR ARE

Maximum net photosynthetic rate  Optical saturation point  Optical compensation point Quantum efficiency
Treatment Leaf area index
/(pmol » m—2 « s71) /(pmmol e m—2 » s71) /(pmmol » m—2 » s71) /{pmol « mol~1)

T1 13. 3040. 10ab 1 996. 74416, 60a 2.1940. 19a 1. 4940. 04ab 2.4840. 44b

T2 15.1941. 44a 1 809.13410. 83a 1. 8140. 42b 1. 6240. 04a 3.45+0. 54ab

T3 11.5640.57b 1120.7347.79b 1.5240. 68b 1. 2440. 10b 3.8440.54a
— 29 Ve 2t y ol

2.2.3 ARMHLOLEERSR R ELERES .
WA MO ot A R B, i AR 2.2.4 T RIS

IR 4, HE 2 AT, T3 AR & it il
EHERMETF T2 kb, B T3 b3 FE AL 8] 4E
K b EEE T Sk, 4, T1 5 T2
RRFREE 17 it o B AEE AR 70,63 d 4TRF, T T3
AP 17 F-ihTEHE 56 d #THF, T1 5 T2 &bg
%517 B A VR B 4R R R 4 B3 T3 b
MIEK 14.7 d, T1 5 T2 435 10 BT 248
91 d 470, M FOEAEE I 4ERF T 43 d, 1 T3 b3
%10 FHTEM 77 d 3T, 435565 1F A )
H7 29 d, B0 T3 AbFRES 10 B mH4Ed e A1t
B EE T1 5 T2 AbBHgE%E 14 d, #E—68 T3 4k
PR B Y BLZ  T, JEH R T A 3

MR 5 S5 3 B, BNt EEL T1 4
B, bt T3 Ab B4R 26.89%, T1 5 T2 kb3
ZRARE; ETREBE WA SRE e
Fb BRI 25 B4 I S SR T RS e, R 4
LUEELI T1 5 T2 bR, 475t T3 Ab3e
15 38.38%.,44.15%, T3 Ab 38 By - H 45 51 Eb
T1F T2 AbERREAL T 6.94%.11. 84 %, = RK 8
K, 1B T1 A T2 AbHE AR 4 2 HES 55 %
FHERARE., AE3ITLUESL,TL Al T2
b 3 RS A S HE S AR X #E ST B R D,
T3 A PR 241 SRR B » HEF A XA BT, R
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Table 4 Leaf position changes of leaves 4%, 7%h,10% and 17t with planting days
AbEE SEFEJEREL Days after planting/d
Treatment 48 56 63 70 77 84 91
4 7 9 11 12 14 16
7 10 12 14 15 17 19
Tl 10 13 15 17 18 20 22
17 20 22 — — — —
4 7 8 10 12 13 15
T 7 10 11 13 15 16 18
z 10 13 14 16 18 19 21
17 20 21 — — — —
4 8 10 13 14 15 16
7 11 13 16 17 - -
13 10 14 16 19 20 - -
17 — — — — — —
R R TEATH.
Note; — indicates that the leaves have been removed.
—m— 41 —— 7 e 10 - 170
I3 L
= T1 = T2
; 16 ; 16
514t g
eS| sl
2210 210t
s <
ﬁg 8t a§ 8+
2E 25
W= 4l = 4l
® ol ®ooaL
<1 4
& 48 56 63 70 77 84 91 & 48 56 63 70 77 84 91

TE MG K%L Days after planting/d

16 T3

e GA TR Net photosynthetic rate
/(umol-m2s")

TE MG K%L Days after planting/d

56 63

70 77

84 91

TE MG K%L Days after planting/d

B2 REMIEER R E A A A R

Fig. 2 Net photosynthetic rate of leaves at different leaf positions with different planting densities

RS TEMEFENHLM T BRSEERM

Table 5 Effects of different planting densities on the microstructure of cucumber leaves

. . WAL - WRA LR
bRER THREE WHASURE  BMEgURE HHEL ’
_ _ ARE _ PUER armm AR
b3 Thickness of Thickness of Palisade tissue ~ Sponge tissue  Ratio of palisade
Blade thickness Ratio of palisade Ratio of sponge
Treatment upper epidermis lower epidermis thickness thickness tissue-sponge . . .
; / /pm / , . tissue thickness- tissue thickness-
m m m tissue

e # a ¢ leaf thickness leaf thickness

T1 10.64F£1.01a  9.08£2.32ab 156.40£3.80a 58.30+0.92a 81.2442.38a 0.7240.07ab  0.37F0.01ab 0.52%£0. 03a

T2 12.01%1.66a 10.86+*1.43a 155.96+=1.84a 60.73+1.62a 79.85+1.39a 0.7610.08a 0.397%0. 0la 0.51%0. 03a

T3 9.79%x1.73a 8.42%1.63b 123.26=1.71b  42.13+2.24b  63.71%2.40b  0.6710.09b 0.347%0. 01b 0. 52710. 0da
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Note: The picture shows the cross section of cucumber leaves; UP: upper epidermal cells; PT: palisade tissue; ST: spongy tissue:

AC.air cavity.

M3 REMERERET BRSO

Fig. 3 Effects of different planting densities on the microstructure of cucumber leaves

2.3 ARMEFTENEIRFEHE0E

HiZ 6 I, Pakr= & Ll T1 b5, 405
b T2 5 T3 AbBEIEE T 5.68%.30.99%,T1 5
T2 hEEL R AR B S BEAMRNAR &2

o MEAREEE R T3 4B 667 m® PEER R,
b T1 AMFEERE T 52.69%, H T2 5 T3 Ab3E% R
AW, UL T2 ZhBE (P RE 49 995 #% « hm™)
BEAE IR R = 2R | R R &=,

®6 TRMERENEN~EHMMW

Table 6 Effects of different planting densities on cucumber yield

4R LR Y PR IREL 667 m? BREL 667 m? P&
Treatment Single plant yield/kg Single plant number Number of 667 m? plants Yield of 667 m?/kg
Tl 0. 93a 3.71a 2 222 2 066. 65b
T2 0. 88ab 3. 58a 3 333 2 933. 30a
T3 0.71b 3. 21ab 4 444 3 155.52a

2.4 AEIFNIEREXE N &R
2.4.1 AT &R

H3 7 BTN, REFPAT R B, BB Fe 4k
ERTEHGES ., RIEHRHE T2>TI>T3,58

FKE, T2 A BRI 36 504 B tE T1,T3 AbH R
BT 11.57%.12.93%., PiRBR LR Sk LL
FE 49 995 #k » hm 24,

R TEFEEE T ELSMNRE & &R0

Table 7 Effects of different planting densities on external commodity quality of cucumber

i R Rz RAR K KWK S 71
Longitudinal diameter Transverse diameter Flesh thickness Stalk length Ratio of fruit stalk length- Fruit shape
Treatment of fruit/cm of fruit/em /mm /em longitudinal diameter index
Tl 32. 330, 60ab 3. 8910. 06a 9.5540.77b 4, 80710, 31a 0.15%0. 0la 8.3010.12b
T2 33.1610. 37a 3.8740. 10b 10. 08+0. 09a 4, 27%0. 23¢ 0.13%0. 01c 9. 2610. 41a
T3 30, 50%0. 50¢ 3. 4240, 088¢ 8.54710. 22¢ 4, 4070, 31b 0.14740. 01b 8. 2010. 52¢

2.4.2 ‘BFEHK

H1Z% 8 [l 4eA R C & &L T2 A HE
5 T1 4 HERARE; ATEEEIEY & 2L T1
AbERE R RO T2 4bPH; T2 AR 3RS E K2

30t T1.T3 AR F#E T 1.63%.1.82%
(P<C0. 05) s i e R & &L DA T2 b3 BHK, B&
HHERTREZS: NEHEEEESELD T2 4
R
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Table 8 Effects of different planting densities on nutritional quality of cucumber
e ®ERCHR AR HEERE Y& ' RS R REEkE I ERS & TSR AR &
T Vitamin C content Soluble solids Soluble sugar Fruit water Titratable acid Soluble protein content
reatment
/(mg + (100>~ 1) content/ % content/ % content/ % content/ % /(mge gD
Tl 8.17%0. 12a 3. 87%0. 08a 2. 98710, 07a 93.75+0. 71b 0.2140. 02a 0. 9910, 18b
T2 9. 20£0. 31a 3. 80£0. 18a 2. 8040. 20ab 95. 2840. 04a 0.1740.18a 2.08740. 06a
T3 6. 9510. 62b 3. 63%0.08a 2.34710.71b 93. 58+0. 22¢ 0. 34710, 02a 1. 47£0. 04b

3 iS4t
3. AEMEZEENHAXEEENERY

) £ A RN T4 B RO RIS
PR SO, RO 2 Bl 95 B
A TR BT (1 S5 P A
WP BRI R, R
S A LR B R BB (L J KT
Rt G GRS S
IR A A T 5 BT
5 R TR T PS5 B 7 B K
WBLES R % (LS AL T T ot 2 40
BOBR ELI H MO 2 TS b R
TS G B AT — 0, 45 LG R BERE
A BRAO BT 1 A AR T UL
e LB O
3.2 REMEE RS AR AR A
REREHB

1IN S5 R AR T 9
KM T T 53 BB 0. T LK
HAFRIRET b2 R & RIS W TR
WA, ISR o A
TR 4 5 A A
B0 HATLSRE M) CO. YR G 243
TSRS 5. PR AL SR R 5340
I PR e T 5 R AL
AT F R A M B R B T AR 5
oo RSB0 N BEARIFL I H 4 5
A AE MR T o1 T 0, A o A 3
RSB

BORRAS % Yy (L8 B9 T K AL 568
5 0 RO R DR R A B0

WHEHEZR S A RE R 20685, BE ik
[E] 65 B8 135 . HE— ks A = B T, o
HHHARER R EEREZ SN EENR, W
AWML A BE T EBE R ik,
55 4 LA PR M T AR S RO, BEAR B B, 3
BRI A s R, s 17 iy
G BE T I 1B] FARR S A J 14 L BE— PR T
R AR R R . LR BRI S A S
WA BRI, Ik AR TE
T A, WA= 20 SR K AR5 BE T
R, KRGS R R ML, P E AR RS
WA 2 LIS L T e 4 R AR BRI LU IR T R
7 BEAL B, PRI A R AL B AR O BE 1B , FT RE
SRR G T e 4 5 Ak 2 DR D A 2
GUE , T R AR A RESTIEAR
3.3 AEMEZEEMHAXNEEENRRE™
B

AN R R AL BE T AR R R TR S A8 LA B Bl
A RE 7 S R R A SRS A R R R
RIS T A G R PR A A A A
J&, AT RESEARAR B B 19 RE 7 Ko il R b 9 BT 2L
HZEKIE 667 m” FFREEFARE . HHER
P 2 R 2 R T LA i 8 PR T R BT T A
FEREST s 7351 P R BRI MR S RS R
WAL LR R BRI —E
AR S AR A B, FTRESEBL T RHMAS M S
MMRTHRERP A e B LRI R — 2
e,

WS RS AR s L e K T AR B
667 m? FE I R, M0 R SE AT VA PR L TR R AT
Vg B R RER. PEERETFRER
IR R S B A AR BB BRI YA ™
HL,WIER T P UM A s R B A R
Wam, SRMEKEEZRAFRF KL,
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Effect of Planting Densities on Yield, Quality and Photosynthesis of
Cucumbers Grown in Enclosed Trough Culture

MENG Xianmin' , LIU Mingchi*®, ]I Yanhai®? , WU Zhanhui** , LIANG Hao**,ZHAQO Min'
(1. College of Landscape and Ecological Engineering, Hebei University of Enginneerring, Handan, Hebei 056038;

2. National Engineering Research Center for Vegetables, Beijing Academy of Agriculture and Forestry Sciences, Beijing
100097; 3. Key Laboratory of North China Urban Agriculture, Ministry of Agriculture, Beljing 100097)

Abstract; Cucumber variety of ‘Zhongnong 26” was used as experimental materials, with the system of

enclosed circulation trough culture, the differences among different levels of planting densities
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treatment were investigated at 33 330 plants « hm ? (T1), 49 995 plants + hm ? (T2) and
66 660 plants » hm?(T3). In order to select the suitable planting density and provide theoretical
guidance of cucumber in enclosed trough culture, so we measured the plant height, leaf number,
maximum leaf area,net photosynthetic rate and chlorophyll content of cucumber leaves. And also made
a comprehensive analysis after combined with the leaf microstructure, leaf senescence rate and leaf area
index. The results showed that the plant height, the maximum leaf area and yield of cucumbers
increased with the increase of plant densities, while the contents of soluble sugar, soluble solids, and
yield of per plant decreased. Compared with T3, T2 had higher chlorophyll content and photosynthetic
rate in leaves, more developed palisade tissue and stronger self-regulation ability. The water content,
vitamin C content, soluble protein content and fruit shape index of fruit were higher, which the content
of tiratable acid was lower, there was no significant difference between T1 and T2. T3 increased the
total yield of cucumber, but the yield of per plant and quality of fruit were significantly lower than T1
and T2, To sum up, the leaf structure of the medium density (49 995 plants + hm™?) treatment was
better and the leaf photosynthetic capacity of the plants populations was strong, and the yield and
quality of cucumber were improved,

Keywords: cucumbers; planting densities; photosynthetic; quality; yield
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