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Abstract: [Objective]l This study focused on determining the appropriate soil water parameters and the potential of soil
nitrogen supply at different growth stages of drip irrigated cucumber to optimize the water and fertilizer management and to
guarantee the sustainable green and high yield production. [ Method] A plot experiment was conducted inside a greenhouse using
cucumber as tested material during the winter-spring growing season. Drip irrigation with 3 water amounts (W1, W2 and W3) and
3 fertilizer amounts (F1, F2 and F3) were designed to form 9 combination treatments. The impacts of the irrigation and
fertilization amounts on the fruit yield, qualities, nutrient uptakes, water and fertilizer use efficiencies, soil water contents and
nutrient availabilities were analyzed in the study. The response relationships between the marketable yields , the root zone soil
water and available nitrogen contents at different growth stages were built. [Result] (1) Compared with W1, the total marketable
yields were increased by 11.1%-12.8% under W2 and W3. The marketable yields were deceased by 10.4%-17.7% under W3
during the Ist-2nd fertigation managements, but which increased by 10.8%-26.2%, 21.2%-40.3% and 33.5%-46.4% under W2
and W3 during the 6th-8th, 10th-12th and 14th-16th fertigation managements, respectively. The rootzone (0-40 cm soil layer) soil
water contents were increased by 4.2-6.4 percentage point by maintaining at the soil relative water content of 79%-87% uder W2
and W3 and the N, P,0s and K,O uptakes by 17.9%-20.2%, 28.3%-36.3% and 25.9%-33.7%, respectively. However, the rootzone
nitrate nitrogen contents were decreased by 9.1%-68.0% under W2 and W3, the water use efficiency by 31.1%-49.3%, and the
fruit soluble solids, nitrate, soluble sugar and V¢ contents by 7.4%-10.1%, 0.9%-5.4%, 5.9%-6.2% and 5.5%-12.8%, respectively.
(2) Compared with F1, the total marketable yields were increased by 4.0%-7.9% under F2 and F3. The rootzone (0-40 cm soil
layer) nitrate nitrogen contents were increased by 38.0%-162.0% under F2 and F3, and the N, P,Os and K,O uptakes by
9.7%-13.1%, 7.9%-11.8% and 12.6%-17.3%, respectively. However, the fruit nitrate contents increased by 5.5%-14.6% under F2
and F3 and the partial factor productivities were deceased by 32.1%-47.8%. (3) From the view of whole growth period, W2F2
was recommended to drip irrigated cucumber because of the relatively higher yield, water and fertilizer use efficiencies and
qualities, and lower residual soil nitrogen. [ Conclusion] For greenhouse cucumber with a target yield of 170-180 t-hm™, the
appropriate soil relative water contents were recommended as 63%, 78%, 82% and 85% during the March 21th- April 20th (the
initial harvesting stage), April 21th-May 20th (the early vigorous harvesting stage), May 21th-June 20th (the vigorous harvesting
stage) and June 21th-July 10th (the late harvesting stage), respectively. The corresponding low limits of soil relative water
contents were recommended as 61%, 73%, 78% and 81%, respectively. The suitable rootzone nitrate nitrogen should be
maintained at 25-40 mg-kg™' during the yield formation.

Key words: greenhouse; drip irrigation; winter-spring cucumber; soil water content limits; soil available nitrogen level,

optimization of water and fertilization managements
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Table 1 Water and fertilizer amounts for drip irrigated winter-spring cucumber under greenhouse condition

BAYKHME KA Trrigation rates (m*-hm™?)

BAYHMEALE Fertilizer rate (kg-hm™?)

Wi w2 w3 F1 F2 F3
SE B FFAE I R] Seedling stage to flowering stage 90.0 135.0 180.0 375 75.0 112.5
1eJ5 2 H B E) Flowering stage to vine removed stage 120.0 195.0 270.0 75.0 112.5 150.0
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Table 2 Commercial yield, fruit number, signal fruit weight and water and fertilizer use efficiencies of drip irrigated cucumber as

affected by the different water and fertilizer rates

pasii i I Marketable cucumber AEALF R
Treatment R TRAH LR AR RIERAL  etiomtn e,
Total fruit yield Total fruit number Signal fruit weight ERES v (keke
(thm™) (X10*hm?) (g) Irrigation use efficiency
(kgm)

KA Wil 160.8 b 86.9b 185.8a 86.4
Irrigationrate 178.7a 93.0a 192.1a 59.6

w3 181.4a 938a 193.5a 438
it A £ Fl 167.0B 86.7B 1929 A 296.9
Fertilization rate ) 173.8 AB 922 A 188.4 A 2015

F3 180.1 A 94.7 A 190.1 A 154.9
P1{H P value

w <0.01%* 0.03* 0.06 — —

F 0.01* 0.02* 0.37 — —

WXF 0.45 0.62 0.87 — —

ANE RIS R K I AR B ) 22 5 IR B 5% W F K KGRI AL B 22 A B 5% K. *RoRZER R (P<0.05), *FpRER

WiR%E (P<0.01). F[H

Data followed by lowercase letters indicate the significant differences between irrigation rates at the 5% level. Data followed by uppercase letters indicate the significant
differences between fertilizer rates at the 5% level. * represents significant difference at the 5% level; ** represents significant difference at the 1% level. The same as below
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AEACHE FH AR Gigdd H/H—#11 3/H)D Fertigation sequence (the beginning date—the ending date)

iR

FEAE S W2, W3 ARBRES W AREREESE E AN EE (%)

Yield changes of W2 and W3 treatments to W1 treatment were displayed by the percentage in parentheses

1
Fig. 1

HEEKAEN X EEENFENEER-EMNFM

Marketable yields of drip irrigated cucumber as affected by the different water and fertilizer rates at various harvesting stages
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Table 3  Fruit qualities of drip irrigated cucumber as affected by the different water and fertilizer rates

posiil TR th VA TERE Ve VALY RSk
Treatment Nitrate content Soluble sugar content (mg'100 g) Soluble solids content Fruit water content
(mgkg™) (mgg?) (%) (%)

KA Wi 269.7 a 57.1a 12a 39a 96.6 a
Irrigation rate

W2 2673 a 537a 12a 3.6b 96.8 a

w3 255.0a 53.6a l.la 350 96.9 a
JAE & F1 2474B 559 A L1A 3.7A 96.7 A
Fertilization rate

F2 261.1 AB 545 A 1.2A 3.7A 96.8 A

F3 283.5A 54.0 A 1.2A 3.7A 96.8 A
PA{f Pvalue

W 0.51 0.08 0.60 0.02* 0.14

F 0.05* 0.48 0.45 0.80 0.62

WXF 0.95 0.87 0.63 0.91 0.24

2.3 WERKAEMNZEEENTREEMEFRS

MR iz B 522 Ml

SANFEE T BaR e (B 20 A IR,
W2, W3 A FE = TS AN 7 TIOR3 5% 2 B BE OB 4
W1 ACEEEEE N, PRI B B B
MR 21.3%—27.3%. 26.8%—34.2%. 20.8%—
33.6%, 7 JRAR YN N G 43 501 A 27.4%—35.3%
47.8%—61.9%. 49.5%—59.2%. W1. W2. W3 Ab3
PRI A B B BRI B R GRS
AAFHW, W2, W3 AP B AEBCER W1
AbFE SN, BEWE B R 17.9%—20.2%. 28.3%—
36.3%. 25.9%—33.7%.

F3 AR H = NI A 0 B B BRI & 4 F
Ab A, B S O 22.4%- 17.8%- 18.3%:;
P TR A 7 AR 9] F2. F3 A BEAL A 2% B Bl
R OFL AW E W, HOES0h 13.1%—
17.3% 13.1%—16.1%. Zi&4Ed W, F2. F3
AbER AL BEL PPRRCERRR F1OALER W, 1
BN 9.7%—13.1% 7.9%—11.8%. 12.6%—
17.3% MEZKAE TR0 0] 57 43 WSO 5 35 5% 1
2.4 HEKEMNEZEEHENERXTIESKEN

AL

IHIARFI B ERLX (0—40 cm H44) 8K
BRI (F 4, % 1—16 WILKEHBIE, W2,
W3 AL E AR P AR SR SRR W AR EE 535
B 1.4—6.0. 3.9—8.4 NH 4 L, PRI 5 KRS

WIFE 69%—86% 79%—93% 1] M5 3 YKHE/KE
HFFLR, W15 W3 A3 R X IS KR =R B,
M 5 AEKEFETTER, W1 5 W2 AH R X 115
TKEREREE.

2.5 HERKAENEEE

SENEMm

SFTANR A BB B AR X H IS A S Rk
MRS HE 6, EEIL PRI, F= I
PERAR, W2, W3 4H 0—20 ecm HEMHAR SR
AW AR PG AR, BRI h 28.0%—39.6%.
33.7%—49.5%. 26.4%—37.4%. 45.3%—68.0%; W2.
W3 4B 20—40 cm TE ARG AR R G,
Horh W3 R PRAEA R S MR, R I R 4
BN 41.4%. 18.2%- 30.0%- 55.9%.

FEFA TP P I =R, 5 F1 b
AEL, F2. F3 4bFE 0—20 cm 2SR & EEWIY
I, FeA e TR 7 ORISR 0 a2, X I
Ik 57.1%—155.1%. 73.7%—162.0%; F2. F3 it
PR AR 7= S 7= R 20—40 cm 12
AT EE F1 AF 50380 38.0—92.8%. 71.8%—
145.4%. 50.7%—123.4%, ACPEAZFH 8.

NEKAE FAE IR TS 0—20 em 122 72 K
1 0—40 cm HAAHARE G EENEE (R6) , KN
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English letters represent nutrient uptakes during a growing interval and marking in the column; Greek letters represent nutrient uptakes from the transplanting to
a certain growing stage and marking at the top of the column

2 HEREK A EX & HFEENTEM RIS I EFMm

Fig. 2 Nutrient uptake of drip irrigated cucumber as affected by the different water and fertilizer rates at various growing stages
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x4 TRBEKETEEFEHENERKX 040 om THEAFEMEFHEREKE (0 Tk
Table 4 Average soil volumetric water contents at 0-40 cm soil depth as affected by the different drip irrigation rates at various
harvesting stages

EAR M B GREG H/H—25 1 H/H) Wi w2 w3
Fertigation sequence (the beginning date — the ending date)

%5 1 ¥k The first practice (3/23—3/31) 16.6 a (64) 18.0 a (70) 20.4 a(79)
2% 2 X The second practice (3/31—4/8) 15.9 a(62) 17.9 a (69) 20.3a(79)
% 3 IK The third practice (4/8—4/14) 16.4 b (63) 19.4 ab (75) 21.7 a(84)
5 4 X The forth practice (4/14—4/25) 16.6 b (64) 19.8 ab (76) 21.8 a(84)
# 5 K The fifth practice (4/25—5/2) 16.6 b (64) 20.4 a(79) 22.0 a(85)
% 6 ¥X The sixth practice (5/2—5/9) 15.8 b (61) 20.2 a(78) 22.2 a(86)
% 7 ¥K The seventh practice (5/9—5/18) 14.8 b (57) 20.1a(77) 22.3a(86)
% 8 X The eighth practice (5/18—5/24) 14.5 b (56) 20.5a(79) 22.9a(89)
% 9 #X The ninth practice (5/24—5/29) 15.2b(59) 21.1a(81) 23.3a(90)
%5 10 X The tenth practice (5/29—6/3) 15.6 b (60) 21.2a(82) 23.2a(90)
%5 11 Ik The eleventh practice (6/3—6/8) 15.6 b (60) 21.3a(82) 23.3a(90)
%5 12 X The twelfth practice (6/8—6/13) 16.0 b (62) 21.6 a(83) 23.6a(92)
%5 13 X The thirteenth practice (6/13—6/18) 16.7 b (65) 21.9 a(84) 23.7a(92)
% 14 IX The fourteenth practice (6/18—6/23) 17.2b (67) 22.0 a(85) 23.7a(92)
% 15 X The fifteenth practice (6/23—6/28) 17.6 b (68) 22.2a(86) 23.9a(93)
% 16 X The sixteenth practice (6/28—7/4) 17.8 b (69) 22.1a(85) 23.5a(91)
FFAEZE e (3/23—7/4) Flowering to vine removing 16.2 b (63) 20.4 a (79) 22.5a(87)

FE5 BT AR B KB AT B S5 AN ) B Ak B i) 72 Sk 31 5% Sk 2 KT
Relative water contents were displayed in parentheses. Data within rows followed by different letters indicate significant differences between irrigation
treatments at the 5% level

k5 HEIKASMELEERENTEME 0—40 cn LAMBSRSEMEN (mgke)
Table 5 Soil nitrate nitrogen contents at 0-40 cm soil depths as affected by the different water and fertilizer rates of drip irrigation at
various growing stages (mg-kg™)

Ab 3 0—20 cm 1) 0-20 cm soil layer 20—40 cm 1:Jz 20-40 cm soil layer
Treatment ~ . ~ . .
K] 7RI Hi3] 7 IRAI3 7RI
Seedling stage Early fruiting stage Seedling stage Early fruiting stage  Vigorous fruiting stage

K w1 36.6a 359a 31.0a 282a 32.6a
Irrigation rate

W2 26.4b 23.8b 24.8b 25.6 ab 27.8 ab

w3 22.1b 18.1b 182¢ 23.1b 22.8b
JAL & F1 248 A 16.6 B 217 A 179C 16.1C
Fertilization rate

F2 264 A 26.5 AB 25.0A 24.6 B 27.6 B

F3 339A 34.7A 273 A 344 A 395A
P{H P value

W <0.01%** <0.01** <0.01%** 0.04* 0.04*

F 0.06 <0.01** 0.09 <0.01** <0.01**

WXF 0.77 0.36 0.75 0.75 0.34
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%6 THERKAENKLEEENLRRMNE 0—40 cn TEWARSEMNXEML A (mgke™)
Table 6 Soil nitrate nitrogen contents at 0—40 c¢m soil depths as affected by the interaction of water and fertilizer rates at various
growing stages (mg-kg™")
A3 0—20 cm 1)z 20—40 cm +J2
Treatment 0- 20 cm soil layer 20-40 cm soil layer
7 TR 7R 7R
Vigorous fruiting stage Late fruiting stage Late fruiting stage
KR Wi 38.7a 79.0 a 52.9a
Irrigation rate w2 285D 4330 313b
w3 243b 253¢ 233¢
Jite A A F1 179 C 27.6 C 227C
Fertilization rate F2 28.1B 479B 342 B
F3 45.6 A 722 A 50.6 A
YK >t F1 W1 19.7 cd 479¢ 30.7¢
Irrigation rate X Fertilization w2 17.9 ¢d 198 ¢ 1974
rate
W3 159d 149e 17.6d
F2 W1 34.1b 7441 50.9b
w2 28.9 be 419 cd 29.7¢
W3 21.2cd 27.3 de 21.8 cd
F3 W1 62.4a 114.7 a 77.0 a
w2 38.7b 68.1b 44.4b
W3 35.6b 33.7 cde 30.6 ¢
P P value
w <0.01%* <0.01%%* <0.01**
F <0.01%* <0.01%* <0.01**
WXF 0.02%* 0.02%* <0.01**
3 b XY AR DS 5 K 63%, iz Bod e g
iy t' [ o RN YE vy
KA ARZKE N B B AL AT BE L AT 4
3.1 REMELFEANXBEENPEETIRSK  mf K. WU LS /KM, =

=]
/m
== TR 20 cm A1 30 cm AL M BRAE! . £E5E 5—16

MAEFIAMBE, . K i AR VAL
IR B EIE ™, IFERE AT H T mKE R
FEI FEERE I, PRI 2 2% rhOK R A AR 2 ™
180 thm?, WHEAKE 3 533.3 m>hm? Bl H. E107
9T R W = A B 15 5 U RE K & 3 420—4 170
m>hm?, AESZHL 7 160—200 thm™, AR 45 R
LR P e RO . A, — St R
U2 A ST E K BE 2 217.0—5 635.9 m*hm?,
RESCEL A 70.0—133.1 thm P '8 {H_F3RBIF9E 7 hE
KA S B A P A

MANFE BB B L, MRIEHBO™ &5 FRIX +
BT KR N G AR, WIRAAE S 1—4 OIL/KAE BT (3
20 HE 4 H25 HD , RKE GBS B K&,

W KEERIAN (4 H26 HE 7 H4 H) , HFkEN
OIS EHRE K &, X N AR RIS B KB 77%
—86%, Nz B E S K.

BE— U Bl ORI, ARBFITER 10 IRIEKE
HEHAM (5 H30 HE 6 H 3 H) HF R m (2.3
—3.0 thm™) o XEHHEIET R AAF AT N EAE
5 HIKAE 6 A AP mF g 30, 28I I b
Wk TR K A, EREKGRE T I 4.7 mmPY, AR R A
AL T8I I Ve O FFE K A, 428 5—16
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X KR A DB A B K= 78%
82%- 85%, MIGTE TIES/KE. AT AW
‘2 ST W A T TS B DR A L AR 5 K
85%—90%2 . A s HEBE T ¥ 5 b b AR Ak A 1R
ek e [l e R 225 I A 7K ]~ 1 11 0 - 3D 5 7K
AT 70%—93%. 7= 78%—103%. 1=K
AKIA 73%—104%"" A A AR A 3 I IR A oK
S B A K BRI I A S R
3.2 REWMEXBFEENKBEBIEERLIR
5TR
TEAS 1 24 3 4 B/ BIHE, RKE T FH
X A& K T3 HIAE 61%—67% 60%—64% 60%—
66%- 60%—67% A 5)), 2 WITHE T B i e 135
AN B 7K B 61% I B B st I = AN 5 o 715 5.
6. 7. 8. 9. 10, 11. 12, 13, 14. 15, 16 WJEKE
HEIA], AR AR DA K &2 BIE 73—83%.
73—82%- 73—81%- 73—82%. 76—84%. 78—88%.
78—87%- 78—88%-+ 81—89%. 81—89%. 81—90%.
81—92% 2[RI 3), KWIEE 5—7 Ik 55 8—12 IR\
13—16 URATIK S Ta) 3 8 T PR 40 ) 4 1) 7 L S AR 25
IKE 73%. 78%- 81%I )= B A2 . W&
Wil 5 A A 1 TV ¥ O " Y /K B A ARG 57K
85% M. L E M AR A IO T HRE K
PR R AR KR 65% 0B, P U IR E K
TR B A R KR 80% AT AT S B N, A
FOITAFAAR A e TIHEE N BR AT N 25 s h Hail
SR, AR5 1 /KSR, oK E R B k™ (3
MDA K 70%) , DMK R M X AR
KRR IR 67%, A BomRE BRI, 7EE 2 K
JEKE B, SKE N BT CERRXCP A
KR 79%) 5 BLHKEE N AR XA KRS b
MR 71%, AZBY B RE LR . BF 7T R Wi == i A
BT HE 5 HEE b BRI AE AN B 7K B 90% e Aq e Ak
WO JF . Y i T IR AR 1 Bk 7 K
S3E B PR HEE b BR b A K R 90% ) Hb -
AR T A S A A I HE I PR DL SRR
KR 90% Ay BP0 AT TS &R A TG SR I
FEREK EIR ST AR, X HEHE4 ] 11—14
HY . HE#H 3 H 16 H) 8&FH#x (1 31 H) 3
JRCE R G, ST b Ty, R AN P 7 A R PR
HKo
3.3 REMELEFEARNXEEENAEERIESH
AWFAEPR T IE T, B SRR

1 0 VR A B4 7 4.0%—7.9%, P2k Tk 170
—180 thm?. A HATHUAEAE Ky FEALFLAL (24 2 ) R
N. P,0s. K,O 840514 77.3. 286.9. 180.1 kg-hm™F7,
iR R, AR E BRI NL PyOs.
K,O SE4r 51k 29331 358.9. 454.6 kg'hm™, % v
NEE43 500 409.6. 399.4. 597.9 kg-hm?, =L
H 525.8. 439.9. 741.1 kghm?. S|, HILE N4
EH AR WIE, B 2KFE 170—180
thm?, 2L N 344.7—355.1 kg'hm™. P,0s 170.0
—176.1 kg'hm>. K,0 441.2—459.6 kg'hm™. 245 Fik,
MRIE R Y2 R AR AR T = 2 N B ok A
SR k= (SR N EARAR R, P T ) 32 4R
DA R LERRAE 17.0—25.1 mgkg”!, FWZ A E
07 S DA A 8K 170 thm® BA_F =B sk, {H Al SEER
160 thm™ .

FE SR AT 1T = &4 3 H b &
175 thm™, EIEHEAHIIEE 15 thm? R, KR
3533.3 m hm?, S P EHEAERRELIE N 330 kg'hm™,
P,0s5 110 kghm™. K,0 420 kg-hm™ ¥ Jy i B . B AT
REPEPCLIEIC S T, HEEAE G 2K
170 thm?, WHERE/K 3 719.0 m*>hm?, 25 % & X
300 kg-hm?, Jlifgi A e P,Os 300 kg-hm2!> 28, A&
WFFCRE bk g R il A vy, 1) g S SR 4 e
NZESFA K WHh, —SeiiR BoREh & HIEIE ),
Wit &7 0 TG HERE K 2 250.0—4 586.0 m*-hm?,
%, 245.0—673.2 kg'hm?, HESCHL & 70—136.1
thm 2B RS B R

FIEE R R 0—40 cm RS R G EYE
FFE 25.6—41.0 mgkg”, KWIMHE N iZ R £ 0N
BEARIETN 175 thm™ PEEKCF, RT3 A 050
R AR IR D B A S 0TS B Y & 50— 100
mgkg' o VIE N AR TR et ) L A
ROEHR 37.4—72.9 mgkg BV L WK SiET
FALE, o AR B 1 L B U L i B n) kA5
7T o HPIEEE R R A R U 0—40 em L ARAH
BAEG RIS, R Ty B A 2k
D12 YaBRE. BT P IERE R S R, F
HE PO RS, WIS PURMAE, G4
PR X S5 R > P RS A
3.4 REWNELBFEHENAKEKEEAR

MR FRIFITEE R, T i AR A TN
(AL AR /K BE 7 5 o 48 5 AR A AT R
KBFAETNHFRF R 175 thm?, FEREAHIIEE 15
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thm?, K. EHKIGHE RE BT, HIR 266.7
m*hm?, T 3B FF A6 A= T 23 B % N-P,05-K,0
Jit ELBEIT 22-12-16 F1 19-6-25 14 /KT HE & FHAE,
HEFERRENE KB A7 2200 R i 309 T AR A T
K1, BYOKR 90 m*hm™?, B K& 37.5 kg'hm™;
3 A FE 4 A EA) 20d, THEH—= R , &
10 RN 1 U T8E 2 K, 00K E 90 m*hm?,
LKAE R 75 kg'hm?; 4 Adf) % 4 H FA) (20d, 72
JRHIHD  BF 9—10 KIGHEACAK 1%, WE#E2 Ik,
UOUKEE 120 m*>hm?, HUKAEE 112.5 kghm™®; 5 A -
fy% s Avba) (20d, = EIARTID , & 7 RIEHE 1
W, TGHE 3 IR, PAYUKE 195 mhm?, HKAEE 112.5
kghm?; 5 A FHIE 6 Adf) (30 d, P2
B 5—6 KIHE 1 UG HHE 5 K, UK E 195 m*hm?,
FLUCIEE 112.5 kghm?; 6 A FHE 7 A%) (15d, 7=
JRAMD B 4 KRG 1 K, HE 3 IRIEKAN 1 Ui
K, HUR/KE 195 m*hm?, FRACE 112.5 kg-hm?,
K% TT W N AARAE DR AN O R T T . 25
G LR E, AHEEENAELTIHHEKE 3 383
m*hm?, HHEEE N 319 kgrhm™. P,0s 110 kg-hm™.
K>0 396 kg-hm?.

4 ZEig

P (170—180 thm™) IS &5 1 N4
AEMBIREE ES L 3 A MR 4 A MY GF
JRYID 4 ATNAIZE S Addy G2 IR 5
HofaE 6 Ay G2IUgD 6 A& 7 AL
A G=IOR D AR X 39858 B S 75 /K 253 51 A
63%- 78%- 82%- 85%, P& T A A4 61%. 73%-
78%- 81%; fE3 AHTFAIE 4 ALA), FEMWXMXE
A EBRESHILE 67%—T71%, Wil BEsE, 7R
] AR DA BN AR S B YEFEE 25—40 mgkg'. 1R
P FRTERESEL, AT i AR IR AL
WHRENE A BT & .
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