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Effects of different water and fertilizer supply levels on the
yield, quality and water and fertilizer utilization efficiency of
cucumber grown on facility substrate culture

JIAO Yanan, LI Juan, WANG Hua, CHEN Shuxia"
(College of Horticulture, Northwest A&F University, Yangling 712100, China)

Abstract To select the optimal water and fertilizer supply levels for cucumber grown facility substrate culture,
a completely randomized block experiment design was adopted. Cucumber cultivar ‘Jinyou 35’ was taken as
the study material. Based on the cumulative evaporation (E,) of the 20 cm standard evaporating dish in the
facility, three different total irrigation amounts of 3 008.03 (1.2 E,, Wy, 1 790.96 (0.8 E,, W,) and
1.002.67 m’/hm?® (0. 4 E,, W,) were designed. According to the target yield method, 3 fertilization levels of high
fertilizer (116% fertilizer, F,), medium fertilizer (89% fertilizer, F,) and low fertilizer (62% fertilizer, F;) were set,
and a total of 9 water and fertilizer supply combinations were set. The local conventional irrigation amount (1.0 E,)

and fertilizer application amount (100% fertilizer) were used as the control (CK). The content of sugar, VC,
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soluble protein, fatty acids, volatile substances, yield and water and fertilizer utilization ratio of cucumber were
determined. The yield, quality index and water and fertilizer utilization ratio of cucumber with different
combinations of water and fertilizer were comprehensively evaluated by principal component analysis. The results
showed that: The cucumber yields of W,F;, W;F, and W;F; were significantly lower than that of CK; The total sugar
content of W;F, fruit was the highest, which was 1. 27 times that of CK. The flavor quality of W,F, fruit was the
best, and the total volatile substabces content of W,F, fruit was increased by 165% compared with CK(P<0. 05).
Under the same irrigation quantity, the utilization rate of nitrogen, phosphorus and potassium fertilizer in F; were
all the highest. At the same fertilization level, W; had the highest water utilization rate. The results of the principal
component analysis showed that W;F; ranked first, followed by W,F,. Since the yield of W,F, was 1. 24 times that
of W;3F;, W,F, was determined to be the best combination of water and fertilizer. In summary, under the conditions
of this experiment, the drip irrigation level was 1 790. 96 m*/hm?® (0. 8 E,, W,), the nitrogen fertilizer amount was
301. 66 kg/hm?, the phosphorus fertilizer amount was 95. 85 kg/hm?, and the potassium fertilizer amount was
344.19 kg/hm? (89% fertilizer amount, F,) is the best combination of water and fertilizer management for high-
yield and high-quality production of cucumber through substrate-based cultivation.

Keywords cucumber; facility cultivation; quality; utilization rate of water and fertilizer; principal component analysis
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Table 1 The cumulative irrigation frequency and irrigation volume

H i W R B SRR/ (m®/hm®) Trrigation amount

Date Irrigation number W,.(1.2E) W,(0.8E,) W,(0.4E) CK (1.0E)
04-01—04-30 9 447.28 298.19 149. 09 372.73
05-01—05-31 9 955.72 422.75 318.57 796. 43
06-01—06-24 9 1605.03 1070.02 535.01 1337.53
&1t Total 27 3008.03 1790. 96 1002. 67 2 506. 69

FEAE 35 B 3K ) R CF D R AECE,) 2% N PO, M KO M E K 1.00:0.32: 1. 14 & &
FUERAECF , Bt i W2 2, it A 5 2L 10 000 kg/ P,O, FTK,O f it & F it oA Fo it &4 1. 30
667 m*(150 000 kg/hm*) Ay H br 7= i 87 Al P I o F, it IR 5 i 0. 705 .

F2 AEMEKENN.P.KHNIEES

Table 2 Fertilizing amount of N, P and K at different fertilization levels kg/hm’
=
Fcrlil?z@ifz Tmoum B Fz Fs K
N 392. 16 301.66 211.16 285. 26
P,O; 124.65 95.85 67.12 140. 59
K,O 447. 45 344.19 240. 93 406. 67

FECKLFLF,, Fy i 502 100 % O ), 116 26 Gy IED , 89 26 (IR D, 62 % it A H (AIRAED . Tl
Note: CK, F,, F, and F, represent 100% (CK), 116% Chigh fertilizer) , 89% (medium fertilizer) , and 62% C(low

fertilizer) of the fertilizer application rate, respectively. The same below.
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Fig. 1 Yield of cucumber under different water and fertilizer

supply levels
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Table 3 Nutritional quality indexes of cucumber under different water and fertilizer supply levels — mg/g
it 58 i 2 1 ve it 58 i 2 1 ve
Treatment Soluble protein Treatment Soluble protein

CK 6.99+0. 81 0.47+0.03® W.F, 4.78£1.16° 0.51+0.07®
W.F, 5.60+£0. 60° 0.56+0.05® W.F, 4.97£0.15° 0.53=+0.02*
W.F, 5.6740.96° 0.59+0. 28" W,F, 5.3740. 56° 0.3840.02"

W F, 5.30+1. 23" 0.474+0. 02" W.F, 5.1540. 62° 0.60+0. 02
W,F, 4.98+1.60° 0.7140. 28° W.E, 5.0740. 66° 0.49+0. 07"
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Fig. 2 Sugar content of cucumber fruit under different water and fertilizer supply levels
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Fig. 3 Unsaturated fatty acid contents of cucumber under different water and fertilizer supply levels
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Fig.4 Quantity (a) and content (b) of volatile substances in cucumber fruit under different water and fertilizer supply levels
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Fig. 6 The content of C6 (a) and C9 (b) compounds in cucumber fruits under different water and fertilizer supply levels
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Fig. 7 Content of characteristic effect compounds in cucumber fruits under different water and fertilizer supply levels
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Table 4 Water and fertilizer utilization of cucumber under different water and fertilizer supply levels

b B BRI/ % WAL FH R/ % LRI %/ % KA R HI# / (kg/m®)
Treatment NUE PUE KUE WUE
CK 9.05+1.08¢ 4.254+0. 19" 10. 71+1. 54* 69.52410. 21«
W, F, 12.40+2. 50 6.51+1. 37" 15.46+£0. 65™* 65.07413. 34
W.F, 12.9241. 23" 9.3040. 94 20.3544. 79" 48.97+12.08°
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B BETEAE, SRR B SR, S5 WUE MYREaESCOBmEEY R A NUEXWE BETF
S A G . AR S NUE VIR R A 2 (KUE) M. COERMEY B Y(E,2)-2,6-T g2
W RAE, SRR R (PUE) 245 8 & Tk G W G #FE A 56 . NUE 5 PUE £ 4 i 3 1E 4156, PUE
7 5 CO ¥ R MR T A B S 3 AR OG, Co 45 K 5 KUE 24§ B 3 EA X

o
fi 354 & Aldehydes content 0.79 0.67 040 -0.630.88 0.95 0.68 0.52-0.67-0.41 0.92 1.0
25 F i Alcohols content ‘ 0.72 -0.76 -0.69 0.88 0.60 0.81 0.63 -0.35-0.520.51 0.59 0.8
fili2 % & Ketones content . . -0.93 0.87 0.50 0.47 -0.45
JBE & Fructose content 0.4¢ -0.42 0.93 0.35 2.0.40-0.57] 0.6
i % B & Glucose content | @ . ® O -0.57 -0.78-0.81 0.7 | 04
JEWE P i Sucrose content 340.52
5 i Yield | @ @ @ ® -0.80-0.51-0.48-0.56-0.35 0.50 027 -0.43 - 0.2
E ceaftCocontent @ @ @ @ @ 072025 068054-058-026066 055 | i
% C9HE C9 content (@@ @ @ Q@ @  051056033-060-045099
K5 FIFH % WUE . O @] -0.430.45 -0.56) L -0.2
FUERIFIR NUE |@ @ ¢ ® (N N ) 0.81-0.39-0.27 0.48 0.58
BAEFIIZ PUE @ @ » @oe 00 o@® x 0.90 R
7L A4 & Soluble protein content (@ © @ o000 C Y ] -0.60-0.41 0.6
VC&HE VCcontent | @ @ o0 -0.41
(BZ)-2,6-F —Jish (E,Z)-2,6-Nonadienal | @) @ XX XXX x. ~0.8
HLFIH% KUE | © @ (X ) ®) (XX XK _1.0

> >

SIS SIS S
%‘\%0%0242121 SN @s@{ Qooﬁ‘@s
F & & & é’ C 0\‘&’\ 6&\ & SO

“‘6°°«g°‘ @e\"e%\’ & %m N % b%

% R3S \~/ ‘?\%‘\@ @\&

%
% Y’r¢ ﬁgg}@/ @@’b@% %
’7‘4‘& & ’&‘ &'% 49//\%}
{%{gf& \:\"d
& P
F845 Index

*P<20.05,**P<<0. 01,
8 AEKEMEKETERNTE.RESKEMNARMEXYE
Fig. 8 The correlation of yield, quality and water and fertilizer utilization rate of cucumber

under different water and fertilizer supply levels



20 IS [ N SR S

2025 4F 45 30 %

26 BETERSSWMENARKEHREEXNEE
R

H12 5 Al 1, XA [R] K HE AR 21T A4 B TR 52 6

it 5T S K BB A BEA T 3 02323 H7 , DA 16 A BRI A

FRER 3 A A T, Ry 25 TTkRIA R 78. 226 11,
W — R R 7. 254, )57 2 ST R K 45. 335%
55 T M EIEE N 3. 335, )7 2 kR M 20. 842% 5
O = MR A 1. 928, T Z ST N 12. 049 % .

TS5 INERSHBEEFERRERRITFEREBE
Table 5 Eigenvalues, variance contribution rates, and cumulative variance contribution

rates of the three principal components

B FHAE{E Ji 22 TTHR AR/ B r 2ok R/ %
Principal component Eigenvalue Variance contribution rate ~ Cumulative contribution rate
1 7.254 45.335 45. 335
2 3.335 20. 842 66.176
3 1.928 12.049 78.226
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Table 6  Principal component factor scores and comprehensive scores

At . . . LRA MECD,) HEP
Treatment PG PG, PG Integrated score Rank
W.F, 3.57 0.85 0.77 1.89 1
W.F, 2.03 0.98 —1.38 0.96 2
W.F, 1.70 1.10 —0.47 0.94 3
W,F; 2.70 —2.16 1. 34 0.94 4
W.F, —0.15 3.60 0.72 0.77 5
W F; 1. 64 —2.63 —0.77 0.10 6
W,E, —1.59 —1.28 —0.16 —1.01 7
W.F, —2.95 0.58 —1.40 —1.38 8
CK —3.75 —0.33 2.77 —1.44 9
W, F, —3.20 —0.70 —1.44 —1.77 10
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