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Spectroscopy and Spectral Analysis
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Fig. 1 Effects of planting year on the carbon contents (a) and

nitrogen contents (b) in cucumbers
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Fig. 2 Mid-IR spectra of cucumbers growing in the greenhouses
with different planting years
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Fig. 3 Effects of planting years on the relative contents of polysac-

charide (a), protein (b), and lignin (¢) in cucumbers

18 4E[F=5.39. p<C0.05; [& 3(a)]. B L HIfE—E LI X
W v ) BTN BT . I ) R T BT TG, B R Y 4
D)\l C o 2 S D W= WSl B ST - Bl e o X
BRUO L S A, B A 00 Ak 22 5. IS T 4R R
K, TR FEEREM FENEIEPEAEE ML R,
TR

Wil A0 3G, B TCER 1 5T 2 0 1 R R % o A A e
Ty e s JE BRI . 10 AR A 4 Y B AR 1 5 AL 43 0 A X
BT AR 18 4F 1 8RR A 4L 47 W A X & & [ F =
17.46, p<<0.01; B 3(b)]. H 4R ¥ N2 A 50 & = 40 %t
b, (HEESETE O A R e R R B B A = A SR
Wil 10 SEMIR BN E A B S ME DA S, RUAEMN
i e Sl R g NI = S i (RO =

1 AF B 6% 19 B R Jo8 28 20 43 09 A X & e F AR T 10 4R
F1 18 A Y 2 AR 3T R 41 43 A 0 & B[ F=20. 67, p<<0.01;
K 3(e) ], EMMARTRA S FLEET TREHIMEL S, BEHm
ENDEoa a2 A L) 7 N IR P A N [
JI s TE B B B i U] 2 B R SR R s Rk
2.2.3  FHINT UL o ) 6Y Yo AR ST A #E 64 vy R

BN & B DL 5 1Y LA BB 45 S A TRl i T 3 Y
b T . 22 R A 43 Y LU AE W] DR AE B R T KAk & )
HUE SR Z 8] A 145 . 220l 5 R 28 4 0 1 LU e 48 7 2
JRB R, AEXE T 1A 10 AR A B 09 I, 18 AE AT %
oA 11 25 I 22 0 R AR 1 A 40 1 LA DL B 2 S R R AL 4
1 LU B AR fa 3 (R 4) o R B, TR I 1) % 3

B4 FAEMRNENSEAS/EARES (a)f
SHEAD/RFEES (b) KM
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Table 1  Effects of planting years on the relative contents of
polysaccharide, protein, and lignin components in
cucumber leaves
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o4l 5 14 10 4 18 4 F »
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AKBEALS/%  10.34+0.30 12,2440, 14*  12.0240.33* 1483 <0.01

e AR EFRF R B E R (p<0.05)

Note: Different superscript letters in the same row indicate significant differences at p<0. 05
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Fig. 5 Linear regression between organic components
in cucumber and in cucumber leaf

(a); Polysaccharide; (b): Protein; (c¢): Lignin components

3 45

FRT P 250 G R TEA R % B s IR 7 A7 AL 23 19
AR A LN 22 57 WA WIS SR 7 & 52 A JTCRS) A B BFE
BN 2 Bl AN AL 20 8 3 B i 2 B S 30 R AR Ay 22
feia%, FAETE 10 4 BT S M B9 25 R 2 B Lk F R4 70
FR T LAEAN 18 45, W] 10 AEHITHS B S R M 4R 5 T 2R
4 it SR R A . LB e A 6 T B TR R R
g SRR A £ A 1 Ugk . R 50 3 B3 00 0 1% R 4
i BN BB SR B . AR T KL i 5 R RR A
I3 LA LA K 208 5 8 1 B o0 B LU (B 205 S I 17 B IR A9 i
Bt I HBONE S 5 A A T R B SR . 534k,
BN LA 75 BN 89 2 HLAL > 77 70 2 35 A 56 1
FWI BN 7 75— 2 AR _E B S B TR SE A 8 57 2 LA
BN S FE . S R T RIS T AT 3 I 5 19 A AL
Ay BRI B LA R AR R g S dh PR TR e 2

BB TE 10 4F DU . BEICRY i [0 Bl 25 R 46 FR A 00 1K 2
BUE A Fe. HNEE 10 4R 255 18 4, B KA & 51 B 25 1l
BRI K 2T R @R, ., MR T 10 455, K



1820 ik 2 5k o b %42 5

Be ERFNASEMILESHELER. EEEEHNXER
() : BN ML 5 5 AR R AL53 1 L5 BN BR & A OG5 (b))« SR ML 4 15 48 A R AL 40 1 Lo (-5 30 TCE U Y A e i

Fig. 6 Linear regressions between the ratio of cucumber organic components and the contents of carbon and nitrogen in cucumbers

(a): Polysaccharide/lignin with carbon content; (b): Polysaccharide/protein with nitrogen content
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Study on the Effects of Planting Years of Vegetable Greenhouse on the
Cucumber Qualties Using Mid-IR Spectroscopoy

ZHANG Yan-ru'?, SHAO Peng-shuai'*

1. Shandong Key Laboratory of Eco-Environmental Science for the Yellow River Delta, Binzhou University, Binzhou 256603,
China

2. College of Life Science, Shandong Agricultural University, Taian 271018, China

Abstract Greenhouse vegetable cultivation plays a crucial role in global vegetable supply. The planting year of vegetable
greenhouses greatly affects vegetable yield and quality, whereas the study on vegetable quality using infrared spectroscopy is still
unclear. Therefore, the mid-IR spectroscopy was used to detect how planting year of vegetable greenhouses (i.e., 1 year, 10
years, and 18 years) influenced cucumber quality by analyzing the specific peaks of cucumber fruits and leaves. In our study, the
polysaccharides and protein components in cucumber fruits initially increased (the highest in 10 years) and subsequently
decreased during the progression of the planting year. Raising planting years (i. e., 10 years and 18 years) increased lignin
components of cucumber fruits (mainly in cucumber peel), which reduced the cucumber’s taste. In addition, the ratio of organic
components in cucumber can reflect cucumber quality under different greenhouse planting years. Polysaccharide/protein
components and polysaccharide/lignin components in 18 years were significantly lower than those in 1 year and 10 years,
implying that cucumbers of 1 year and 10 years had well-balanced carbohydrates and nutrients. Our finding suggests that short-
term planting years (e. g., within 10 years) can improve cucumber quality, but long-term planting years inhibit cucumber
quality. Therefore, comprehensively considering cucumber quality, we suggested that the planting year of the cucumber
greenhouse should not be too long. Additionally, the organic components of cucumber leaves showed a similar trend to organic
cucumber components across greenhouse planting years. Linear regression analysis demonstrated that cucumber fruits’ protein
and lignin components were positively associated with the protein and lignin components of cucumber leaves, which indicated that
cucumber leaves might represent the nutrient and taste cucumber fruit. Overall, this study revealed the changes in organic
cucumber components by mid-IR spectroscopy paralleled changed cucumber quality, providing scientific evidence for vegetable

greenhouses management and improving vegetable quality.
Keywords Mid-IR spectroscopy; Organic compounds; Cucumber quality; Vegetable greenhouse; Planting years
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