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DAL R AR RO E . PR 1 Bt
BB KRR —, 3 K BonBuR!> T, S
T, ASCHE R L R LRI 3 Rl R IR
JRAULTS W FUIE T R B S SRR A 1 TR SR DG TR
FIMRARA A 8 BB 3 I RCR AN 5 5
i, DAY A [ J e 398 8t AT i 7 IS o ARG
HLTRT AL ST Y £ T8 SRS o

1 RS

1.1 RIS S R ARt

RIGTEIL T B X R R BB R Ll
i H G iR % (116°6'E, 40°13'N) Wik fr. HEK
100m, PSP 8m, BRI ANPI/KIGHERERS, 5H NG
B o BEA R N R Rk 260 CR BRI RN (EED
BRAFD .
1.2 Rt

I VEE 3Py 58, 8L (R). &
B (N FIRbiEL (S), YRR 1. Bl

1132 45 oK BH AR 5 RAN R Bt & e [ I T 4 R
A B 3 R Gu b K PR S RAUERUEE %, BTG R
it —EEWRAT . IR BN e, HERE 4
ST 3 K R M KRR )RR K B 70%~90%!
TEULIEAE b, JFRE T R [A 5 b R DL [A) RE K & 1
70% 1ENHEK FRR . FH B R KB 1 90% 1 e 7K b PRt
T 2 T B A T ) TR, e E A (R T R - 3
N AHAR R UCHE 7K 22 TE) AR R 7 J2 A K B 8 o R ARUEL, R IR
AL N 15~25 MI/m*. ARG 76 [/ — R s -3 R
Wit T 15, 20 Al 25 MI/m® 3% 3 MRS R EREE . K
i, -&ERIS‘ Ryov Rysv Nisv Nygv Nosv Sisv Syon stﬁ
9 AMNMGFE, B ACHRGEKEVE WK 2, BARTEIR:

1= Q- Bp - s-h-(90% —70%) x 1000 (1)
rf 1oL 25 MI/m?® 1 R E KRS 4R A5 B U HE K &
mm; QOpc AHEEFKE, % By NEEAE, gem’s
s ONTFREIETE A, BUEN 0.071 m?; A NHRIVEIEERE,
HUE N 0.24 mo APRFR A — Fih 13~ 2AH R KPR
BRI A AR PR K 2, BL 15, 20 MI/m® /N HE
KR LA s I o S B VRBE /K B2 398 0,61 0.81.

x 1 A HIRAER MR

Table 1  Soil physical characteristics
o . \ - ik 2H B Particle composition /%
AR AE e — SURLALR Partcle composition 1% —
Soil textures Bulk density /(g-cm ) Field capacity /% kL ) A L
Clay (<0.002 mm) Silt (0.002~0.050 mm) Sand (>0.050~2.000 mm)

£+ Loam 131 28.1 19.7 33.1 472
Fh#E 1 Clay loam 1.22 33.4 38.2 25.0 36.8
b3 1 Sandy loam 1.38 22.9 16.3 18.1 65.6

x2 BUBRIEKE

Table 2 Each irrigation amount of all treatments mm

1+ Loam 1%+ Clay loam b1+ Sandy loam

RIS RZO RZS NIS NZO NZS SIS SZO SZS

195 259 322 2.14 2.85 3.56 1.67 222 2.77

T AbFRARRRECT 150 20 A 25 43R LA 15, 20 A1 25 MI-m ™ (R FRAR
Gt RAREAE KRG

Note: The subscript numerals (15, 20, and 25) in the description of treatments
represent the irrigation starting points when accumulated solar radiations reached up
to the setting values (15, 20, and 25 MJ-m2) .

IREST 2021 4F 8 F 2 HEZE, 3 H¥EFh. RAEHK,
kA 30 cmx30 em (EExEE), 8 H 20 HHE 3 IN%)
HEAE, BATARES, BATAME 17 Fk. ATIEEEA 1.3 m, B
[EEE N 0.3 m, BN 2.57 #M/m®. 36 ABENLIX 4
wit, M3 AES, FNMXER 6.6 m* (8 1.3 mx
K51 m) . WRIEFRMAE RS, B EKEIR] 5 N
(8 H21H—9 H30H). #4eM (10 4 1 H—10 A
10 HD) AIZEH (10 A 11 H—12 A 23 H) . RAEH
AME T E A AT VER, AT AR B AR, A A0 Sk (A BE
N30 cem, WEAN 1.6 Lh. AFIELE &G, EHE A
— J5R - 3 SR [ 1) E R K RN W K o T ER AN ) Bk
HEGALHER A 10 B 11 H, fAEEy 12 A 24 H.
AN H W NS P,Os A1 K,0 43 7l it B 337.5. 246.0 Al
472.5 kg/hm®o 45 Ab ) L b o 5 B it 4 fR RF — S
1.3 MEFZX
13,1 ERBLHE M Ao K E M A

FEAREE X O X, PR AR 247 B R 20 em &b

B K B B AL KBS (ZZ-LRS-TSR-485 g2, Jbig
FAERIHHRA T MERET (RC4HA/C, KifE: #H
JEN 0.1°C, TR N 3% RH, LIk 6B AR BR A
FD, fRERES O B A AR K AW R, A
T 1 EHFAKE (SM-10, FEF 0.00001 m®, FHiK
ITHTERAFD ELIFEKE. G835 5 min
103k 1R
1.3.2 HMA RN T

FACFERENLEPE S /D 3 PR, 7EWEK 08:30—11:30, K
F CIRAS-3 #3056 41X (PP System, 3£[E) XM 4
THEE 6 FrThREMH e A AR EATINE, e KN
5% 800 umoL/(m*s), CO, ¥ JF 400 pmoL/moL. FHEHLIEFE
A oRk, MELETE7ESE 9 Fm, wH Mt
AT KA, XFEE 7 255 9 15 AT (R BEEAT I 2 B P34,
Mg PN 2021 4510 H 14 HA 11 A 22 H. RS
SIORFEE DU MEI E IR RIS 0, BUREHIIN 12 A 1 H.
FER BRI I R AT R R, e H BN 12 H 23 H.
1.3.3 =B A Ko F) F 2%

TR AR REK RIS AL B f5, BRATFRIC 7 BRAE R XS 3L
FEERHT S . BERK R RCR RN

Tywue = Y/ (Iowi /1000) (2)

A Ly NEEBK S FIRZCR, kg/m®s Y RS IR
B, kg/m’; I, NEEKE, mm.
1.3.4 &Rz

F 2021 4F 10 A 27 H &k U [E B 161 A7 bR i,
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11 H 5 H#CH T 550005 . n i 0 2 2 R B0 Le
ke TEPEE OSBRSS G-250 J4t
e dEAER CHERA 2,6-2 & HeEy kil e ;
TR £ 2 B K FH /K W -k B I b €y sz )
1.3.5 #3BEoH

KH SPSS 19 Gt it 7 #r # #F  (version 19.0, IBM,
USA) #4777 274, £ HEIWECKRH Tukey £56 .

2 HR5HR

BEAFESREFETL

MR KR 2 (vapor pressure deficit, VPD) & %%
A s SRR E R EAR . WE 1 ATULE, R EE
K PH AR B H R E AT EN 0.18~ 11.87 MJ/(m*-d),
FH K VPD “F¥{E AL i A 0.11~3.75 kPa, VPD 5K
PHAR S H R E A I A — 5

1

2.1

5. B .

—— K PHFEST H 2R 5 Daily solar radiation|
—a HFI7KIR K % Vapor pressure deficit
3

—
o S}

(=)}
MFIKIR R 2

KPREESTH BRLE
Vapor pressure deficit/kPa

Daily solar radiation /(MJ-m *-d

1 Date

B
Fig.1

BEAKIAG4E R R G RAoFKAEZF M
Daily solar radiation and average vapor pressure deficit
(VPD) during daytime in the greenhouse
B 4%

AR SR A AEAE W R 22 3, TITE N TR 5 R
PHAR SR 2 R B . AR EE, TR EY K

= 7

KEMPFER R, HE 2w, WIEHEEE N REAE
WYEHN 7.5~44.4 °C, KE-FHMEZRIIEE N 11.5~
25.6 °Co FKA TR Vit i S 5 2 18 52 A I 55 016 10 398 5%
H, WREANTERECT 12 C W4 S E A A S
By E i B AR T 12 °C MR BG it A 35d, &
T11H6HE9 HES: 4d 4, HAMRE RS FEEHI
TERLFRHAT 30 do

—— Hip i f Maximum temperature
—e- HIRAKIRE Minimum temperature
- & - H P34 Average temperature

w
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Fig.2 Diurnal variation of maximum, minimum and average air
temperatures in the greenhouse

KERZE, MHTEFRFTE)E

BT S SRR B ) R B 0T AN [ 3 b I = B
JRME MG AR AR R BRI a6 3 fios. 43
MrE AR 2 A E £5 51, IO 1 e Al R 3%
e R (P>0.05) . THAESS W (10 A 14 HD
AN 7 HE B S e A R AR T R E R, L 25 MJ/m?
VENMEAKEE LR SO B A R B K, BA 20 MI/m® /B2
BEKARIA SR Z, bA 15 MI/m* 1E J9RE K 4R B B .
TESE R (11 A 22 H) AS[FVEE SRS R X Al R e
AR (P>0.05) o 7EBEA 5 JICHA - 398 57 b R R

4

HRHE AT B AR =R T B (P<0.05) .

2.2

R3 TEERRBETEERESHERICEEERR, HERMTIEE
Table 3 Photosynthetic rate, leaf area and internodal distance of autumn-winter cucumber under the different irrigation strategies
in the greenhouse

2021-10-14 2021-11-22
b YA 5 % R A % o
At ek W il il T aars
Treatments Photosynthetic rate / 2 . Photosynthetic 2 -
I Leaf area /cm Internodal distance /cm R Leaf area /cm Internodal distance /cm
(umol'm s ™) rate /(umol'm s ')
Bt Ris 13.1ab 863.6bcd 10.9¢d 21.4a 790.7d 10.5¢
L Ry 13.4ab 1061.3a 13.3a 18.6ab 877.1bc 12.4¢
oam R,s 17.4a 1137.1a 12.6ab 19.1ab 1047.9a 13.7a
Bt Nis 11.8ab 781.1d 9.4¢ 15.5b 801.0d 11.3d
CT 1' . Ny 16.0ab 837.2¢cd 11.2cd 16.4ab 847.3cd 12.5¢
ayloam N, 18.7a 838.9cd 10.8d 19.5ab 902.6b 13.0b
Bt Sis 8.1b 910.6bc 12.0bc 19.7ab 732.4¢ 10.1e
S /d 1 S 15.0ab 807.2d 12.0bcd 18.5ab 814.6d 11.3d
andy foam g 15.3ab 939.2b 13.2a 17.6ab 841.1cd 11.6d

JFiHh Soil texture (S)
#EJK Trrigation (1D
JiHhEEK (SxD

ns 3k

k3 k3%

ks ks

3k

3k

k3

ok Hk

ns

k3 3k

ns

* k3% k3%

i GHIAFENG FRFORE A2 (1] 2 7 B3 (P<0.05); **FIRK LB RIF/EREE 2R (P<0.01); *FRoR&ABFAF 1L B %R (P<0.05); ns FoR &AL T

BEZER. T

Note: Different lowercase letters in each column indicate significant difference among different treatments (P<0.05). ** indicates extremely significant difference among
different treatments (P<0.01); * indicates significant difference among different treatments (P<0.05); ns indicates no significant difference among different treatments. The

same below.

98 5 b R T A Sk B A R R SR o I B
JRAE AR AR AT () B 7 AR 7 BB R o 0T
FIE AWML, Ry Nos Al Syq ABFR N - Th AR AN [H] #R

O A AE R — B b AL BE A B 8K, WP Ryss Nys AT Sy

Ak B o i AR 18] B B ), AR AN TR R A 3 o

BL 25 MI/m® {5 AR e g 5 T 3T IR A
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FEHL Ryss Nos H1 Sy, KL Rys ALEE R H-THIAR EE Ny
Sys 7T 16.1%~35.6% 21.1%~24.6%; R,s AELF5[H]
FEEE Nyse Sys 701 5.4%~16.3% —4.8%~18.1% (10 H
14 HEFE Rys F1 Sy b BRH TE R 3 27, P>0.05), £
LA 25 MI/m?* 1 A HE K R 4 i 39 4 39 - A b b+
BRI T o AR .

2.3 tkEFTIEE

BE T4 5 BB 110 VR VR TR oS AN (] 39 i iR = 2
JNFE AR = 2 ] 3a P . XTI FHE AR
HE1, Rysn Nys HI Sy ABER R RE AR = 7E [7) — 1338 i Hh Ak
R HUE K. W T, Ry AEE T AR EE Rys AT Ry
I3l 32.2% FH 22.2%; AT R, Ny AbEE R bk s
N5 Al Ny 7351 24.7% F120.1%; X TRbIE+, S,s kbFR
FREREEE S5 TSy 23 5 1 23.4% 1 30.9%. 7EAH [ 3
WEFHE T, FELL 15 MI/m {E K SE N, 3 Fh 115
i PR E LR EER (P>0.05) . 7£LL 20 MI/m?
VENFE KR SG O, 3 RN 2 4 N AR Rk R = g e T R
et 7ELL 25 MI/m® VENRE/KGEELA fRt, 3 E R MR bR
i E T E L (P<0.05).

da ab
ﬂﬂH I
R.R, R N.N N

15 20 25 15 7720 25 15 20 725

AbFE Treatments
a. bR
a. Plant height

el

(=)}
=x
o

Bk Plant height/m
[\S] £

[}

o

o

I
|7} I

2]
2]

60
be 2

50 pcd cd cd d g %
40
30}
20}
10t
ot N b

C
R'.’O RZS NlS NZU NZS SIS SZO SZS
AP Treatments
b. 51
b. Number of internode
B3 RREEBRRST 8RR ERAE RS AT B4
Fig.3 Plant height and number of internode of autumn-winter
cucumber under the different irrigation strategies in the greenhouse

C

&

164 Number of internode

BT S BB 1) VR IR SR ot A () 4 M = R
JURE R T K s n 18] 3b s . x Tt Bhig A
ML, Rysv Nos F Sy A0 FH T A IR 1Y [ £ E [F] — 3%
AL R BUE R K. XL, Ry AHE R AR R
FT R, 73 5 5 17.4% F1 9.9%; F T&hHEL, Ny dbHF
F AL N s A Ny 40507 11.2% F1 11.4%; $F Tabig+,
Sys AL T AT HHL Si5 FN Sy 20 BT 7.7% F1 14.8%. 1E
FHIFI R SFEHE T, L 20, 25 MI/m? VR NEK R 8E AN,
398 AR L T AEAR T (A1 EOmE = TR
2.4 REFEN

BT S BB 1) VR I SR ot A () 4 MR = R
SRR AR 205 IS an 8] 4 Fiom. % T4, Ry Ab3E
TR RTE S Rys F Ry 430 151 35.9% 1 46.3%; *f T-%b
HE4, Nys Fl Ny AEEE AR R 77537 G N5 157 28.1% Al
35.0%; StFRbIEAL, S, AF AR RIEH1LE Sis Al Sy 43
FIME 14.2% F126.8%. {EAHFIRIHEBL RIS T, LA 15 MI/m®
VERVE KR M, RO+ PR RIG W EEE T3
mARE L (P>0.05); L 20 MI/m? 1ENEEKGERGE A,
Wi T HEARRRIE I RK, LR, BRI,
LA 25 MI/m® {E R HEK T UG s i, 3 R 3 5 R A A
WRIE LB EZER (P>0.05). LI g5 REFEIH %R
by 0 E R S I A8 L 2 S 0 B TR AR AR R J, Hop,
WL AR T E R RIS 7.

100 ¢ _i
= g0t ab
T be be
5 ; © bed
L cde
e Orer £ def
K& 2
=& 40
=5
g
g 20}
o~
0 1
15 RZU 25 NL‘ NZ“ NZ5 S|5 SZ" Szi
Qb FE Treatments

B4 FEERAST AR ERLEZIMERE D
Fig.4 Root activity of autumn-winter cucumber under the
different irrigation strategies in the greenhouse

2.5 HSN#H. FEFERKSFIRYE

EARIG BT, MFEBEEIAEE T, F— i+
158 SRR [7) 149 A PH 88 St ) 45 A B B /K R A AR —
o XL LA, AR EAL L. &
FeiE DL HEB K AR AR B R E 2R (P>0.05, £ 4).

x4 TEEBRRBTERERESERNLNE. ~EFERKSFRYE
Table 4 Number of cucumber, yield and irrigation water use efficiency of autumn-winter cucumber under the different irrigation strategies
in the greenhouse

e AL TRAL 72 & Yield /(t-hm ) TR /K 73 R 2
X Number of cucumber/ Irrigation water use
Treatments T b ) 2021-10-04—2021-10-17  2021-10-18—2021-11-24 2021-11-25—2021-12-24 efficiency/(kg-m )
et R;s 186.9a 8.35 18.27 12.96 17.6a
. Ry, 229.7a 7.30 25.28 17.21 23.92
oam Ry 201.6a 1.81 29.16 17.39 24.6a
i N 208.92 7.70 19.99 18.17 22.2a
7| 15
Cﬁ%* Ny 225.4a 5.61 24.67 15.71 21.5a
ayloam . 234.5a 7.57 26.30 18.58 24.3a
N S 213.22 4.09 26.84 13.64 21.3a
I8 15
S W/dli;li Sy 223.8a 7.30 25.95 14.86 23.9a
andy foam g 205.2a 7.26 23.51 14.24 22.1a
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2.6 @ &

J T S BB ) VR TR SR ot AN () R MR
TR R B E 5 . T EEE e, At
FIELARIE LT, FAKSEATEREZER (P>0.05).
XAl e RS, HE N Ry AHEE R AN AR
+F, BL 1Sy 20 MI/m?® 1 N HEKGER G A A AT v b

B, HoHLREER (P>0.05). M4 R C, 1
Bt AR, BBl 20. 25 MI/m® VENREKE
hAER R R C SRR, BB LREER (P>0.05).
PR R, AR LR, Bl 20. 25 MI/m* 1
NG SN ER R S R RK, HoHLREER (P>
0.05); fERPIELR, S5 Fl S, AbFE T AYER £ & 25K

x5 TRERRE TEEREERNRR

Table 5  Fruit quality of autumn-winter cucumber under the different irrigation strategies in the greenhouse

V3 o LB
Kb Treatments IR

AIVATERE S &
Soluble protein content /(mg-g ") Soluble sugar content /% Vitamin C content /(mg-100 g ") Nitrate content /(ug-g ")

Bt Ris 1.06a 9.3a 268.1c 94.9a
L* Ry 1.39a 5.2d 290.7a 65.8bcd
oam Rys 1.27a 6.3cd 291.0a 57.1bed
N Nis 1.05a 6.7bcd 255.1c 82.3ab
C‘?ﬁiﬁéi Ny 131a 8.0abc 295.7a 56.1bcd
ay loam Nos 1.04a 4.7d 302.0a 59.7bcd
N S 1.01a 7.8abe 271.3bc 46.1d
[y 428 |- 15
o f’/diﬁ% o 1284 8.6ab 297 4a 54.8cd
andy foam S, 1.03a 5.0d 289.5ab 74 3abe
Jii b Soil texture (S) ns ns ns *
WEK Trrigation (DD * ok ok ok
ML EEAK (SxDD ns ok * *
3 1 HABA TS R RIVEEE 2 N o (EASRIG R 5% 2 B 2 SeBr 2k

3.1 HIERMAGER R BN RN 2N

T2 K B2 MK B K I BESE, 1K
B B ERE D, ARG FE R T
FEAR — B /K A 1T A A 5 B0 /K 4 A 1) TP
TREEZFPNFEEIRKF. LRI HEAKS AR, T
A BB AET R R i
B O . P15, 20 A1 25 MI/m? 7 REE K UG
5| S KR BN 21, 26 R 35, {HPERIER
TR IR, 5T ST 3 B AR 2 K
BRI [ 45 B — PP, (Bt B AR KRR
38 N E K AR R 2 38 = ) mlag e RO SN A R
D 7045 2 A 22 1 R IR e K & e &R0
HOARILFRG Y. gt 2t cEpEt,
FEARSA 2 5 (R R S (L 25 MI/m? /B 9 HE /KR HA 55
NEETEMOE AR A ks R R RO T A
BEKALFE (R 3. B 3), HFITENE kA K.
3.2 TIEBRMAEBLRAE XX B XK 2K FI AR
SEA|

1T LA 25 MI/m?® 1 i /K RS 0 i e 3 TORS Bk K 34
Ak, Gk R R R 2 K PRE S B R B, A F
25 MI/m? BRUENT R 2~5d, AN 57 Hh - 458 B ik
BN 2.77~3.56 mm. BAHER iR E HOtiR s KA
NG THAE ARG A 7 d, #EKE R 105 mm. T
2200 3 3 K AR H G IR B T THE K E A 12 mm,
FEKIINE A 3 ds Lyos N 25.7 kg/m®s BREHGEERT 4757 L
20 cm Fx 7% K LA BRRK T 28 K B VE NRE KRS, 3R
BIFE S KA E N E KRR R A RN 247~
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Effects of the irrigation strategies of accumulated solar radiation on
cucumber yield and quality under different soil textures in the greenhouse

YUAN Quan*?, LU Wei?, WANG Jun**, CHEN Ru?, LI Yansu?, YU Xianchang?,
HE Chaoxing®, SUN Mintao?, YAN Yan!

(1. Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. College of Horticulture, Sichuan Agricultural University, Chengdu 625014, China)

Abstract: Water resource is very deficient in the world. Agricultural water consumption is accounted for a large proportion of
the total. Especially, high consumption can be found in the protected cultivation of vegetables, due to the great scale and
multiple cropping index. Hence, it is urgent to develop water-saving irrigation for protected cultivation. However, simple and
practical technology is still lacking in practical production. In this study, three typical soil textures (loam, clay loam, and sandy
loam) were adopted for vegetable cultivation. Cucumber was selected as the experimental material, because of its wide
cultivation areas. A field experiment was carried out from 2021-08-02 to 2021-12-24 in the Chinese solar greenhouse in
Beijing, China. Cultivation density was set as 2.57 plants per square meter. Three irrigation treatments for each soil texture
were performed from the fruiting period in the form of drip irrigation. The accumulated solar radiation reached up to the setting
value (15, 20, 25 MJ/m?), corresponding to the onset of the irrigation system. The data logger was reset and recounted in the
control system. There was consistency in the total irrigation amount under the same accumulation of solar radiation for each
soil texture. A systematic investigation was made to explore the effects of different irrigation strategies on the growth and
quality of autumn-winter cucumber under the above soil textures. The average air temperature varied from 11.5 to 25.6 ‘C
during this experiment. There were 35 days below 12 ‘C during nighttime. The daily solar radiation on the plant canopy varied
from 0.18 to 11.87 MJ/(m*-d). Meanwhile, the average water vapor deficit during the daytime varied from 0.11 to 3.75 kPa.
Results showed that the irrigation strategies with different accumulated solar radiations caused the ‘high frequency and low
irrigation amount’ and ‘low frequency and high irrigation amount’. However, there was no influence of different irrigation
strategies on the fruit yield and irrigation water use efficiency using the same total irrigation amount under the same soil
texture. Greater photosynthetic rate, leaf area, plant height, and number of internodes were obtained, when the accumulated
solar radiation of 25 MJ/m” was set as the irrigation starting point, together with each irrigation amount of 3.22, 3.56, and 2.77
mm for the loam, clay loam, sandy loam, respectively. The highest contents of soluble sugar and vitamin C and the lowest
nitrate content were all achieved, when the accumulated solar radiation of 20 MJ/m® was set as the irrigation starting point,
together with the irrigation amount of 2.59, 2.85, and 2.22 mm for the loam, clay loam, sandy loam, respectively. Meanwhile,
there was no significant difference in soil textures on the contents of soluble sugar, soluble protein, and vitamin C. Therefore,
controlling accumulated solar radiation can be expected to serve as the irrigation starting point for the feasible irrigation
strategy in protected cultivation. Meanwhile, the discrepant parameters of accumulated solar radiation as an irrigation starting
point should be considered for the different cultivation goals under various soil textures.

Keywords: greenhouse; irrigation; soil; cucumber; accumulated solar radiation; quality
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