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Abstract ; To clarify the response trend of cucumber to water and nitrogen coupling effects in sand cultivation ,
cucumber growth, dry matter accumulation, distribution, and yield were studied. “Youshengmei” fruit cucumber
was selected as test material. The field experiment was carried out by using secondary saturated D—optimal design
with two factors of irrigation level and nitrogen application. The results showed that; the growth indexes of all treat-
ments increased gradually with the advance of cucumber growth period. Low irrigation level (65% ) did not inhibit
the growth of cucumber, the increase of nitrogen application significantly improved the corresponding values of
growth indexes. T3 treatment, namely 65% irrigation level and 1 250 kg + hm™ nitrogen application, had the best
plant growth characteristics. The effects of water and nitrogen coupling on plant dry matter accumulation and distri-

bution were mainly manifested in leaf, stem and fruit accumulation. The plant dry matter accumulation increased
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significantly with the increase of nitrogen application rate, and the irrigation level showed a downward parabolic
trend, but the effect of irrigation level on plant dry matter accumulation was not significant. Through the correlation
analysis of the growth indexes, it was determined that the leaf chlorophyll SPAD value could be used as a key index
to predict the plant dry matter accumulation. The corresponding values of each growth index of treatment T4 during
the whole growth period were at a high level, and the dry matter accumulation amount and the maximum dry matter
accumulation rate of each plant were 248.08 g and 4.02 g - plant™' - d”', respectively, which were the highest val-
ues among the treatments. Meanwhile, the yield of T4 (101.93 t + hm™) was only second to T5, this treatment was
in line with the goal of low input and high yield in agricultural production. Therefore, this study recommended T4 as
the optimal water—nitrogen coupling scheme, namely, 80.20% irrigation level and 623 kg + hm™ nitrogen applica-
tion.

Keywords: water and nitrogen coupling; cucumber; sand cultivation; accumulation of dry matter; yield
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Table 1  Physical and chemical properties of matrix
HHUF/ (g - kg™) KE/ (g em™) 2R/ (g kg™!) £/ (g - kg™") SR/ (g - kg™h) "
Organic matter Bulk density Total nitrogen Total phosphorus Total potassium P
6.53 1.61 1.29 0.24 0.46 7.49
ﬁéﬁ(ﬁ/(mg . kg71 ) i%%(@i/(mg . kgfl ) 1%%(@3/(1115 . kgil ) ﬁﬁé\/ﬁ/(mg . kg71 ) %ﬁ/&/ﬁ/(mg . kgil ) EC/(uS - em™! )
Available N Available P Available K Nitrate nitrogen Ammonium nitrogen '
6.61 8.01 38.34 0.12 3.32 3.16




555 3]

Lh3 A5 - Y B T A: RO 7K R B RO 14 I 175

1.2 Rt

I T E R AOK A A & R, R ik
MR DB ficit (p=2 W 6 siiit) , Ik 7 —
MRS E AL (T7) , iz A3 HAEXT R AN 2 [m]
V530, DAOR I 5 22 A Rk, i i i B AR Ty
EWFE2,

K b R A KAE % o H B ¢ 7K i 1 100% , i
/MBS T A KR Y 65% 5 387K 4y T IR g 4K
8+ 00 HFNA5 (1) 45 b 3 S s 35 o3 3 7K 38, JE ot 1% 7K
A H DM -300 3K 7 # i A (F B 3FF) 2
W, IFRERR 20 d >R B AT iAo, Y 1
IR EHE T ok BRI 2= KR BR 1Y 60% B 2E 47 HE K
THE TR IRt 5 Y O B (i % o7 1 S B (AR 3 S
RO IR A S AR B, IR T K
ST RER B E kK, H EC {H2M 0.59 uS - em ™ BT
MAREITTRIEEIT IR R (5 N 46%) BER — %
(& P,0, 51%) MGRH (& K,0 50% ) , A
Jo P AR 3R 43 3R 43 A T N 5 S A A A
A3 290 kg + hm ™1 800 kg - hm ™, Z B4 AR
RHEVEBNEREAEA , BERR S d RS — ik, M E it
20 UK, A5 AL R BRI AE A, T/ 7 RO A
WAL 7% BRALAY 3% , ) A B4 AT g U 46 S it A
FEAAE AR A AR O 38 B 3 0 Wt f i T 2R . HEOK
HIAAXE.

My =1 Xp X h X6, %X (q, = q,)/n
A, r MHIERE H1.61 g - ecm ™ ;p 3R
L, B 100% 5 h MK THRIREZE  HL0.35 m; 6, 4 H
47K &, B 14.02% 59, \q, 535 T 38K 53 EFRAN
KA TR (AT R REK S 0 E A RN ) 5
1 KR Z B TR 0.9,

*2 BIKGEBSKBIGTHE

Table 2 Design scheme of cucumber water nitrogen coupling test

E % Code value scheme SEPR{E Actual value

b3 HEIKIRF- i TR it A

Treatment Irrigation N appdfication Irrigation N application
level level/%  /(kg + hm™?)

T1 -1 -1 65.0 150

T2 1 -1 100.0 150

T3 -1 1 65.0 1250

T4 -0.1315 -0.1315 80.2 623

T5 0.3944 1 89.4 1250

T6 1 0.3944 100.0 917

T7 1 1 100.0 1250
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Fig.1 Effect of water and nitrogen coupling on growth of sand cultivation cucumber
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Fig.2  Effect of water and nitrogen coupling on dry matter accumulation and distribution of sand cultivation cucumber
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Table 3  Logistic equation regression analysis of dry matter accumulation rate

AL PR Treatment Logistic [ 752 Logistic regression equation T, Vi T, T, AT R?
Tl Y=57.1475/ ( 1+¢> 7970700657t 57.8 0.94 37.8 77.9 40.1  0.9918* *
T2 Y=62.2421/ ( 1+¢*1816700702 59.6 1.09 40.8 78.3 375 0.9975**
T3 Y=356.7184/ ( 1+e>8089-004431 86.0 3.95 56.3 115.8 59.5  0.9901"*
T4 Y'=345.5220/ ( 1+¢3774470-0466 ) 81.0 4.03 52.7 109.2 56.5  0.9754*
T5 Y=258.3078/( 1+e>4888-00554 63.0 3.58 39.2 86.7 475 0.9767"
T6 Y=186.0819/( 1+e*+3522-007011 59.8 3.54 42.5 77.1 346 0.9980* *
17 Y=258.1875/( 1+e>41127005181 65.9 3.34 40.4 91.2 50.8  0.9750*

TE T PR RBUIE IR ] (d) 5 T,  POg R BURLERI ] (d) AT PUg BBURRRZE ] (d) 3 T R BBUER BB E] (d) 5V, K
BB (g - 47 - d7) . w x RMHIETE «=0.01 KV LR BE; « RN a=0.05 K P ELEREE, TH,

Note: T : Start time of the rapid accumulation period (d); T, : End time of the rapid accumulation period (d) ; AT: Rapid accumulation duration

(d); Ty: Time when the maximum accumulation rate occurs (d) ; V,

max

: Maximum accumulation rate (g « plant™ - d™'). # # indicates correlation is

significantly different at ®=0.01 level, and * indicates correlation is significantly different at ®=0.05 level, the same below.

R4 KEBEMDEENREL  FURE~ ST

Table 4 Effects of water and nitrogen coupling on root—shoot ratio, dry matter, and yield of sand cultivation cucumber

Qb B MR AT YRR g Bk EIT YRR/ g BB T R g e /% FH/ (L hm™?)
Treatment Total dry weight per plant  Shoot dry weight per plant Root dry weight per plant Root shoot ratio Yield

T1 53.94x4.57d 52.64+4.58d 1.30+0.21b 2.48+0.44a 30.93+2.18d
T2 59.32+4.59d 58.38+4.56d 0.94+0.03b 1.61+0.08b 26.34x1.56d
T3 233.31x13.75ab 230.39+13.53ab 2.92+0.26a 1.27£0.07b 94.61+5.99bc
T4 248.08+24.01a 245.23+23.82a 2.85+0.45a 1.16+0.18b 101.93+6.85ab
T5 234.73+8.20ab 231.73+7.94ab 3.00+0.30a 1.29+0.09b 107.43+7.51a
T6 178.20+9.70¢ 175.59+9.96¢ 2.61+0.41a 1.49+0.29b 98.40+5.04abc
T7 225.50+2.52b 222.31+2.40b 3.19+0.92a 1.44+0.42b 90.64+6.28¢

1 B R RIRTE P<0.05 /K225 5 3

Note: Different letters in the same column indicate significant differences at P<0.05 level.
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Table 5  Correlation analysis of cucumber growth index and yield under water and nitrogen coupling

Bir X X X X X X X X X X X
Index 1 2 3 4 5 6 7 8 9 10 11
X, 1.00

X, 0.99** 1.00

X3 0.97** 095"~ 1.00

Xy 0.97** 095"  0.93** 1.00

Xs 0.99%*  0.98**  098** 096" * 1.00

X6 0.85** 0.83** 0.88** 0.83** 0.92** 1.00

X, 0.88**  0.83** 090** 086** 091**  0.95*" 1.00

Xy 0.92** 0.89 " * 0.92** 0.91** 0.95** 0.97** 0.97** 1.00

X, 0.52 0.45 0.58 0.61 0.60 0.71 0.73 0.64 1.00

X0 -0.60 -0.55 -0.71 -0.61 -0.67 -0.83" -0.83" -0.83" -0.55 1.00

Xy 0.94%*  091** 092** 0.90**  0.94** 0.91** 0.96** 098** 054 -0.77"* 1.00

TE X R X 2B X TR X < I R 80 X BRI 5 X < 2R 3R SPAD i X, T B B s X TR R BB R (V,,) 1 X 3R

HREBUIRIREIEI (T, ) X0 AL X, 7 5

Note: X, : Plant height; X, : Stem thickness; X5 : Leaf area; X, : Number of leaves; X5: Plant width; X¢: Chlorophyll SPAD value; X, : Dry mat-

ter accumulation; Xg: Maximum dry matter accumulation rate (V,,.); Xg: Start time of the rapid accumulation period (T, ); X;5: Root shoot ratio;

X, : Yield.
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