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Water and nitrogen use efficiencies of cucumber under negatively
pressurized fertigation
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Abstract: [ Objectives ] This study aimed to search suitable combination of irrigation and fertilizer through the
distribution of nitrate nitrogen and water and nitrogen use efficiencies of cucumber. [ Methods ] A complete
two factor pot experiment was conducted. Irrigation included five levels: 0, -5, =10, —15 kPa and conventional
irrigation, recorded as W1, W2, W3, W4 and CK in turn; N input rates of 0 (NO) and 0.3 g /kg soil(N1) were
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included in each water treatment. Soil water and nitrate nitrogen contents were investigated in different depth
and different growing stages, the water and nitrogen use efficiencies of cucumber were calculated. [ Results ]
Water supply was highly significant and positively correlated with the water consumption of cucumber in all the
treatments (y = 0.96x + 3.4, R2=0.99, P < 0.01), so the water supply in the negatively pressurized irrigation
system was dominated by the crop water consumption, and in this way the system was able to keep a balance
between water consumption and water supply. The average soil water content was significantly affected by
water supply pressure. The soil water contents under irrigation pressure of 0, =5, —10 and —10 kPa were
respectively 28.7%, 22.7%, 20.0% and 15.6%, and the soil water contents were stable with the coefficient of
variation less than 0.1 during cucumbers growth period. The negatively pressurized fertigation system could
extremely increase distribution uniformity of soil water and nitrogen within 0-25 c¢m soil layer. The average
coefficient of variation (CV) of the vertical distribution of soil nitrate was decreased by 58.6%—-71.2%
compared with CK. Compared with the NO treatment, the plant dry weight, yield and water use efficiency under
N1 treatment were respectively increased by 4.6%-256.1%, 12.6%—-196.6% and 7.76%—86.27% at the same
water supply pressure of the fertigation system. Under treatment of W2 (=5 kPa), the average plant dry weight
and yield were all the highest, which were 153 and 1406 g/pot respectively, and the water and nitrogen use
efficiencies were increased by 136.8% and 52.32% respectively. [ Conclusions ] The negatively pressurized
fertigation system shows advantages in steady and timely water supply, and even nitrate distribution in 0—20 cm
soil layer during the whole growing season of cucumber than conventional irrigation system. The optimal water
supply pressure was the negative pressure of —5 kPa for cucumber.
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Fig. 1 Sketch scheme of the negative pressure water supplying pot device
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Fig. 2 Changes of soil moisture contents under different water and nitrogen treatments during cucumber growth period

[ (Note) : AbHE W1~W4 FoRUEEGFUES A 0. -5, ~10 Al 15 kPa.
The pressure in treatment W1-W4 was 0, —5, —10 and —15 kPa respectively.]
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Fig. 3 Cumulative water consumption under different treatments during cucumber growth period
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The pressure in treatment W1-W4 was 0, -5, —10 and —15 kPa respectively.]

SR AR R A N EAM T ALK, S8R T8 AR T W URFE B AT 20K &
JRAEK AR B 8] 2R AL 3R 5 I Y Kostiakoy i bR KU

FEMFERAS T, BRRITFKERESE RS AL, W zZ=Ke+ctt, P, Z WFEn a2 2t
BOKFURR BRI, S W2 > W3 >W4, SR FeKE (L); K, a, ¢ AZHG A HUKEIE] (d).
W1 Ab 28R R THFEK B7E 0~40d KT W2 4t XHPE 3 R R BEK 51U R K e B I ] 22
B, 7E 40~80 d /T W2 bR ORFEUNTER R ARRYSEINEERE 2> BT BT JE Kostiakov MEALYETT 1
BORGUET, S8 LIESKENERRERER &, THRRRREHAOK LTS B3 FeKE -5 e a2
TR, S0 TR WIFEK D (S NECHIE
*1 RitFEKESHEIXAR

Table 1 Correlations between the cumulative water consumption and time

e N1 NO

Treatment 472 Kostiakov model R? 15 )7 12 Kostiakov model R
wi Z=0.739122 0011 ¢ 0.99 Z=1.333 1997~ 0,006 £ 0.98
w2 Z=1.981 9% — 1.867 t? 0.99 7 =0.356t'932 - 0.255 t* 0.98
W3 Z=1.878 t19%° — 1787 t* 0.98 Z=1.688 t'9% — 1.598 t? 0.98
w4 7 =0.104 t°37° + 0.155 0.96 Z=0.161 t'%°2 + 0.603 t? 0.95

7 (Note) : AbH W1~W4 FORFEKG7UES0 0. -5, —10 Fl —15 kPa. The pressure in treatment W1-W4 was 0, -5, —10 and —15 kPa

respectively.
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Fig. 4 Relationship between the mean of accumulative water consumption and supplying water and time
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Table 2 NO; -N contents in different soil depth under different treatments

$ek +J2 (cm) b ke H I Sampling date (m/d)

Index Soil depth Treatment 8/14 8/27 9/11 9/30
THASE TR 0—7 CKNI 22.67+3.87¢ 4039+335b 37.59+3.05b 42.88+37.59 ¢
NO,-N content WINI 3729+305b  46.16+438b  5826+5.14b  7121£6.73b
(mg/kg)

W2NI1 68.67+3.14a 8549+741a 11526 £8.71 a 136.55+6.25a
W3NI1 67.01+2.79 a 76.73+7.81a 116.26 £9.99 a 136.86 £8.01 a
Wi4N1 65.67+3.14a 7849 +7.04a 12493 £9.68 a 147.88 £8.01 a
—l14 CKNI 49.59+4.89a 47.34+3.01 ¢ 76.73£6.25b 97.55+8.77b
WINI1 31.92+3.54b 33.34+3.78d 31.39+3.07d 4488 +4.34 ¢
W2NI1 4459+384a 7434+475b 84.16 £5.14 ab 9421 £6.62b
W3NI1 51.61+4.54a 70.01 £5.94b 58.06+5.12¢ 106.88 +£9.25b
W4N1 5292+445a 86.34+4.90 a 92.73+898 a 12521 +£10.23 a
14—21 CKN1 71.67+551a 112.16+9.83 a 128.70+£9.97 a 144.67+11.37b
WINI1 29.78 £ 2.64 ¢ 4449+ 383 ¢ 3237+227¢ 57.67+3.51d
W2NI1 60.10+5.29b 81.16£6.73 b 93.03+9.06 b 104.10 £ 6.08 ¢
W3NI1 62.92+6.28b 84.49+583b 109.03 £9.19b 153.33+9.71b
W4N1 68.67 £ 6.43 ab 107.83 £9.56 a 135.7+9.95a 179.33 +15.69 a
BRI CV CKNI1 055a 0.56 2 0.57a 0.54a
WINI1 0.18b 0.17b 0.29¢ 0.26 b
W2N1 0.23b 0.12b 0.21d 0.20 ¢
W3NI1 0.10¢c 0.14b 0.38b 0.17 ¢
WA4N1 0.11¢ 0.17b 0.21d 0.15¢

4 (Note) : FHEIE A PIIE + drifiZs; FHBUEE R RI SRR A B R 25 5 5 3 (P < 0.05) Data in table are mean + standard

deviation; values followed by different letters within same column mean significant differences among the treatments at the 0.05 level.

W3NI1 < W4N1; WINI, W2N1. W3NI1 fl W4N1 At
P9 H 30 HAY+3E NO, -N sk &1 8 A 14 H2r4

75 76.9%. 91.0%. 119.3% Fl 141.6%, BXPEHTHAT
K BT 2 B TR 2206 3 NO =N IR .
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Table 3 Effects of different water and nitrogen conditions on dry mass accumulation, yield and water

and nitrogen use efficiencies

] Hibk T (g/pon) Pt (g/pot) FREWRIRS %) KSRIECE kgm)
Treatment Plant dry weight NAE WUE
CKNI1 133.93+£2.66b 916.00+ 15.17 ¢ 24.56 +3.06 ¢ 7.51£0.30d
WINI1 116.39+7.30¢ 1071.66 + 68.64 b 39.12+1.63a 14.79+0.49 ¢
W2N1 164.02£9.40 a 1550.97 £ 85.24 a 37.41+£3.18a 16.48+1.22b
W3N1 139.15+3.64 b 1099.85+50.70 b 30.37+£2.37b 1874+ 144 a
W4N1 64.75+1.55d 45554+11.49d 10.94+0.97d 19.92+033 a
CKNO 96.27+2.05b 805.24 £49.13 ¢ 6.66 +0.49 ¢
WINO 32.68 +£1.09d 361.33£27.68 d 7.94+1.05¢
W2NO 14226 £8.27 a 1262.11+27.84 a 16.93+1.63a
W3NO 102.59+4.24 b 881.51+£32.23b 17.39+0.86 a
W4NO 61.88+0.81¢c 404.74+2523d 13.80+1.00b
R EYERS: (F {8) Significance test (F value)

W 311.75%* 379.08** 56.46** 175.07**

N 389.43** 277.85%* 87.26%*
W x N 52.26%* 49.33%* 22.09%*

¥ (Note) : NAE—Nitrogen fertilizer apparent utilization efficiency; WUE— Water use efficiency; 2% AE - EYIME + Arif2s, RIZEUE
JEANIR) FREFR R AL B A] 22 53 1.2 (P < 0.05) Data in table are mean + standard deviation; values followed by different letters within same column
mean significant differences among the treatments at the 0.05 level. *, ** 73RN 25 B3 (P < 0.05). #E3 (P <0.01) Means significant

differences at 0.05 and 0.01 levels.
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TR L A S I R G IR B K s,
HEE K B4 A B BIR bR 118 . 5 H At o I U7 XA
o, B S o VR 1 75 K 2R I A A AR AR oK
TR, AERGS HIEZ MK EZE, REIT R
K, HEMTSEEL AR K o B S A BRI, R
R E SR MAGE R, A 3 AT, W AbE A EE T 2R
FIFEKEAE 0~40 d KT W2 AbBE, 7 40~80 d /)N
T W2 4bH, IR W2 AbBRE K ST W 4k
B, AREBERTE KSR, XUl HEE e
HEAK A B I T AR 4R 45 A B B R
KB SR AT IE IS B K . AR LI, TER—
fit BE 2% 14 T BRI HFEK 5 R 5 RIHIUK B A7
R 3 (P <0.01) ZEPEXR y=0.96x + 3.4 (R*=0.99),
=R T R R GAEY 300K 5 145
IR R AL, v AAR S AR P FE K B A 7RG 1
FEWE, AEYAE R AR R H IR 05T
AW TR LY, LER— oK T 85K
HE VA F W RN, R K RS RE
PRAFENA K b A shiz il 5 PR ftok, mikk
TR S K AT WA, B A K B R
fiX, BEEESKEB/N, HHKAERERE 0. -5,
—10 F1 —15 kPa i, +HEP-IEKEI0H 28.7%.
22.7%. 20.0% 1 15.6%., FAHFREOWEEN, 7
JEAH % ETE 0~—20 kPa B 4= 38 2 Kk & 0] DL 7
3.6%~29.5% Z [l PRI-FFEIIBTERY], 40 (-4
kPa). 60 (=6 kPa) F1 80 (-8 kPa) cm 4 L5 i i 1 °F
P RS KRR (32.5343.87)%. (20.90+6.70)%
1 (6.60+£1.80)% A[FIAFFE L5 HIE Bl 22 57 19 S R T i
S G T (1% 3 Rt RN K 2R RS R —2e,
W, FESEBRAR = R Ry T AR AN [R]85 A KR
TR R KRS | U K R
=“HHMHEE,
3.2 GUEEBRSEYIR S PR EANZ N
ARAFTRLERE, £ 0. -5, —10 F1 -15 kPa fit
KGR, BT 357K 53 ) FH 508 53 ) 2 B
B 1.61, 236, 2.55 F1 2.38 4%, 3 LAY R4
T, TURREB T DL E R S EY KRR, E
RIS SRS, —5 kPa Fl —10 kPa F-/ A0 FE T 3
SEIK G R B AL GEvE W o3 i B v 1 55.5% il
35.3%. ARG RM, fURVERE T IR == oK
SIFIRCRE I SRR T 10.1%, H 32 TE
TUT 440 m: H—, fEERE—f 3k
J5 3, R K 43 A R A ek e, S

BAE YRR 532 A BRI, SEG AR, 7
FEVEBRAE N ) “ o shiE e ” AP 3REUY < 30
Wk ” e ARRIR IR R, RGEMUK R SEYFEK
w ot AR A, ULEH R VE I BE AR I VE P 1Y T KRR
B, ISR, A EHCOERI K, KRR T K
H=, AURHERRS R N KRR
TRURAR S, 4] - ack B i S 35090 T2 R R
B, KR TKSRASER, =, Ak
R 7 5 2 M R 38 b 0 E K 38 IEA T8 K HE R
B Z0 RS KBS, AR TR K 53
PIWBSCRI A s LU, A5 GEE I s i) 1 4K o ad 43
ey A THRCY, AR FEA K, Thif
Fe R RS2 B 3K i S L BRI AR E
e,
3.3 LEEBRFHTKE—FUITIEYIZAEFIA
ESsopA

ARIFFELE R LI, 5K L, 758
B TUEEGREE N, REAKRE—K&E, 7TLLRE
MR BN ANE RWA AT ZE, WINT, W2N1 Al
W3NT 203 8 AUIE 2 WA FH 2 L FLEE CKINT 4
5 59.3%., 52.3% F1 29.37%. 17 3 K AR — A4k
P TED AR R0 F 27 1) /85 KOk HE
WA A 18 A T R IR AR AR A A
TV 0, i B AT K AR — A VR Sy — T it AR
SRERARSS A R R AE L AR Ce, n] LMK A ]
R s R O R R, A A R AR B TR
B, PRUEE B IR B AR R, (AR R A
FUKAEAE R AR B, I 5 35 PR IR 2 5 2) 7K
RE— A A AR SRy — T00H5 it A -5 8 R AH 245 4 %) T TR it AE
AR, FIHLHE NO, -N FiKB shig ke, i
RNEBEAR IS 513 A5 FAEIAR R IR, A2, SRR
B, WINI, W2 N1, W3 N1 fil W4 N1 kbB7EEEA
AR B 8 NO,-N WFTE 15 7 17 AY-F- X728 S5 R 4k
A3 CKNT AL FRFEAIR T 58.6% . 65.8%. 64.0% Al
71.2%, Ui G R K AL — R L RE 3 4R L3
NO,-N 434 W35, A A F1E 90 200 Wi F)
His 3) i@ VEA £ KB Pk B A s iR, 14
AR S5 F 2 R R E AR, A5 MR, +
SFEFLBRE /N T A T T S 1o S M T K
#BIK, B L HE R A0S WA N 1 b T K
PR HE A RS IR, X - S AR 4 R DR A R R A
AN, RERAFRR LR EACRAS, iRk R I
XFEMECS AR F IR0 AL S WCR e, 25
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1 R 2N R A R 5 4) % 5018 9 it A 4t ok 1]
RORKHE B it — L AR RACHE 3, AR TRA
MR o AR EETITR /Nl i A8 A it IS R 1 %o
VEMIR il (RO — AR AR B A R R

4 25

D) FUREBM AT, R RiHbKE S5 E N E
K AR B E LM CR y=0.96x +3.4 (R* =
0.99, P<0.01), fHEAEE H A ALK fE IR 7 T3 I nT
DA SO B A 7 328 o K

2) FEFEBE AT LR R R HOK R E . it
KRB EFE 0, =5, —10 Fl —15 kPa I, +HEF-1y
B KA H 28.7% . 22.7% . 20.0% Fl
15.6%, FfHAAH)NAE B+ 85K & A LE T
BAER (BRARFCV < 0.1).

3) fUERE L RE B B 0—25 em HIERSAS A
MRS, AT TR, KO £ 7
TE 0, =5, —10 1 —10 kPa i}, TIERNSENTEL
i) 1) SF- 35 A8 S R B0 53 0 LL R K A BB AR T
58.6%. 65.8%. 64.0% il 71.2%.

4 T B GRS HE R A B R I B K
RAHRCR . SR GUESN -5 kPa B, B ICFEK
3 I 0 R RIS 2 01 FH 353 501 LU 5 RV TR 2 15
T 136.8% H1 52.32%, Ff H & AR R34+ 5 F ™
YRR, A9 153 g/pot Fl 1406 g/pot, Z544%
BT A TR) 7K 28 Ak B % 8 IS 7=t R K ) FH 355036 1 5%
M, JFEFEARI 2T, 3 B A K 1 67V TR
RGHKUER -5 kPa.
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