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To develop a technique for efficient management of fertility for cacumberin greenhouse, a quick test method to
quantify nitrate (NOs’) content in soil solution and leaf petiole juice using a simple instrument that are easy to use
for farmers was investigated. N fertilizer (urea) was applied at 0, 50, 100 and 200% levels of the recommended
application rate from 30 days after transplanting to harvest by soil fertigation treatments. Stable results were
obtained from analysis of nitrate (NO5') using top 10" or 11" leaf petioles collected between 10 to 11 am in the
moming. Under the semiforcing culture, NO; content of leaf petiole juice was highest at 60 days after
transplanting (DAT) at all fertigation treatments. Appropriate NOj;™ content of leaf petiole juice was 2,418+78 ~

2,668+118 at 45 DAT, 3,032+90~3,332+63 at 60 DAT, 2,709+50~3,158+155 at 75 DAT, 2,535+49 ~

2,907+83 at 90 DAT, and 2,242+48 mg L' at 105 DAT. In addition, appropriate NOs content of soil solution was
167+9 ~212+15 at 45 DAT, 83£10~112+12 at 60 DAT, 49+3 ~92+6 at 75 DAT, 71+9~103%9 at 90 DAT,
and 73+9 mg L' at 105 DAT. The cucumber yield at 100% N level of fertigation was 7,770 kg 10a” and no
difference in yield was found at 200% N level of fertigation. However, there was 12% decrease in yield at 50%
N fertigation and, 17% decrease at 0% N fertigation. Under retarding culture, NOs™ concentration of leaf petiole
juice was highest at 55 days after transplanting (DAT) at all fertigation treatments. Appropriate NO;™ content of
leaf petiole juice was 2,464+102 ~2,651+33 at 45 DAT, 3,025+71 ~3,314+84 at 55 DAT and 2,488+92 mg L'

at 65 DAT, respectively. Appropriate NO;™ content of soil solution was 111+10~155+14 at 45 DAT, 93+7~

147+14 at 55 DAT, 67+4 mg L' at 65 DAT, respectively. The cucumber yield at 50% N fertigation was not
different from 1,697 kg 10a™ of 100%N fertigation level and even with that of the 200%N fertigation. However,
there was 21% decrease in yield at 0% N fertigation.
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NOs™ concentration of petiole juice and soil solution by different nitrogen application rates for fertigation during the cucumber
semi-forcing cultivation in greenhouse.

Survey items Treatments 45DAT' 60DAT' 75DAT' 90DAT' 105DAT’
Soil testing N 0° 2,077437 2,376+97 2,142+105 1,847159 1,798+51
1 Soil testing N 0.5" 2,223450 2,609431 2,413446 2,136+116 2,033466
Petiole i
CUOTe JUICE s il testing N 1.0° 2418478 3,032490 2,709+50 2,535+49 2242448
(NOs, mg L7
3, "
Soil testing N 2.0° 2,668+118 3332463 3,158+155 2,907+83 2,641+46
LSD" —mememmememmememmememme eneee DL\ J— [EL X J—— (7 J—— po Y S 1162
Soil testing N 0° 907 2143 335 3043 345
Soil testing N 0.5° 121212 40+5 4943 543 4452
Soil Soluti
(T\?:)' ?ﬂ; ILO_?) Soil testing N 1.0° 16749 8310 617 719 7329
3,
Soil testing N 2.0° 21215 112412 9246 10329 137+10
) 262 cee e 148 cooe ememe T R 10.8 —mecee ememe 17.1

1'Days after transplanting(Apr. 9).
10, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.
SLeast significant difference at 5% level of significance.
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Table 1. Chemical properties of soils before experiment.
A Ex. Cation
Cultivation type Year pH EC OM Av.P>,0s NO;-N
K Ca Mg
(1:5) dS m' g kg'1 mg kg'1 -------------- cmol, kg'l -------------- mg kg'l
Semi-forcing 2010 6.3 2.1 11.3 402 0.29 7.3 2.3 75.4
culture 2011 6.3 2.6 16.1 375 0.64 7.5 24 94.8
. 2010 6.0 2.4 10.0 387 0.34 7.5 0.5 56.6
Retarding culture
2011 6.3 1.8 14.1 404 0.49 6.9 22 50.7
o 7010 e 2011 e 7010 e 2011
350 350
300 300
o 250 Py . 250
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g B o150 la
& 150 ¥ :
; \ £ L]
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4/10 4/20 4/30 5/10 5/20 5/30 &/9 6&/19 &/29 7/9 7/19 7/29
Date (month / day) Date (month / day)
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Fig. 1. Meteorological phenomena during the cucumber semi-forcing cultivation. (a) Daily mean temperature inside greenhouse.
(b) Daily mean temperature under ground of 10cm inside greenhouse. (¢) Amount of rainfall. (d) Duration of sunshine.

Table 2. Changes of soil pH and EC during the cucumber semi-forcing cultivation by different nitrogen application rates.

pH EC

Treatments - - - -
45" 60" 75" 90" 105" 45" 60" 75’ 9’ 105"

(1:5) dS m”
Soil testing N 0° 6.4 6.7 6.7 6.5 6.4 1.6 1.0 12 0.9 0.8
Soil testing N 0.5 6.2 6.6 6.7 6.6 6.4 2.0 1.3 1.3 1.1 1.3
Soil testing N 1.0° 6.2 6.5 6.4 6.5 6.2 2.1 1.5 1.6 1.4 1.7
Soil testing N 2.0° 6.0 6.4 6.3 6.1 59 24 1.7 1.8 1.5 22

TDays after transplanting.

%0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.



298 Criteria of Nitrate Concentration in Soil Solution and Leaf Petiole Juice for Fertigation of Cucumber under Greenhouse Cultivation in Gyeonggi region

Table 3. Changes of Ex.-K and NO;-N concentration for soil during the cucumber semi-forcing cultivation by different nitrogen

application rates.

Ex.-K NOs-N
Treatments

45" 60" 75" 90" 105" 45" 60" 75" 90" 105"

------------------------ cmol. kg gl U —
Soil testing N 0° 0.41 0.54 0.54 0.53 0.45 0.1 25.9 26.5 19.6 21.1
Soil testing N 0.5 0.48 0.52 0.54 0.47 0.38 55.5 29.1 28.5 25.4 243
Soil testing N 1.0° 0.43 0.47 0.44 0.39 0.36 73.3 48.0 36.2 34.8 36.6
Soil testing N 2.0° 0.44 0.40 0.40 0.34 0.30 79.9 66.7 474 50.7 52.6

1'Days after transplanting.
iO, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.
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Fig. 2. (a) NOs concentration of petiole juice collected at the different leaf position of cucumber. (b) NOs™ concentration of petiole
juice collected at the different times of cucumber from 11" leaf petiole.
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Fig. 3. Changes of NOj; concentration for soil solution and leaf petiole juice according to days after transplanting during the
cucumber semi-forcing cultivation. (a) NOs™ concentration of soil solution (soil : water = 1:5, v/v). (b) NOs concentration of leaf

petiole juice.

Table 4. Growth properties and yields of the cucumber by different rates of nitrogen application during semi-forcing cultivation

under greenhouse.
T Plant No. of Stem Ratio of marketable fruit Marketable yield of fruit
reatments .
length node  diameter 2010 2011 Mean 2010 2011 Mean Index
cm plant™ mm % fw. kg 102" —--erm-

Soil testing N 0 611 66 10.1 71.5 66.0 75.3 6,552 6,375 6,463 83
Soil testing N 0.5" 637 68 10.3 81.0 67.3 76.8 6,927 6,829 6,878 88
Soil testing N 1.0° 647 69 10.5 82.2 71.3 78.6 7,781 7,759 7,770 100
Soil testing N 2.0" 666 70 10.5 77.3 68.2 75.7 7,340 7,520 7,430 96
LSD" - 4731 - 7774
C.V(%) —--331 - 546

0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.

"Least significant difference at 5% level of significance.
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Fig. 4. (a) Relationship between the total fresh weight of cucumber and the NO; concentration of soil solution during semi-forcing
cultivation. (b) Relationship between the total fresh weight of cucumber and the NO;™ concentration of leaf petiole juice during
semi-forcing cultivation.

Table 5. NO;™ concentration of petiole juice and soil solution by different nitrogen application rates for fertigation during the
cucumber semi-forcing cultivation in greenhouse.

Survey items Treatments 45DAT' 60DAT" 75DAT' 90DAT" 105DAT'
Soil testing N 0' 2,077+37 237697 2,142+105 1,847+159 1,798+51
] Soil testing N 0.5 2223450 2,609+31 241346 2,136:116 2,033466
Petiole jui .
(NeOK') emjgu'ifc.) Soil testing N 1.0° 2418478 3,032+90 2,709+50 2,535+49 2242448
3, ¥
Soil testing N 2.0° 2,668+118 3332463 3,158+155 2,907+83 2,641+46
LSD® —emmememmememmemenn e ULy J—— LY R — T R — 224.6 —enemm emeee 1162
Soil testing N 0° 907 2143 3345 3943 3415
Soil testing N 0.5 121412 405 4943 5443 4452
Soil Soluti
(I\?(l)' ?n; ILOI,l) Soil testing N 1.0° 16729 8310 61+7 7149 739
3,
Soil testing N 2.0° 21215 11212 9246 1039 13710
LSD’ 262 14.8 11.9 10.8 17.1

TDays after transplanting(Apr. 9).
*0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.
$Least significant difference at 5% level of significance.
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Fig. 5. Meteorological phenomena during cucumber retarding cultivation. (a) Daily mean temperature inside greenhouse. (b) Daily
mean temperature under ground of 10cm inside greenhouse. (c) Amount of rainfall. (d) Duration of sunshine.

Table 6. Changes of soil pH and EC during the cucumber retarding cultivation by different nitrogen application rates.

Treatments T pH ; T T = . .
45DAT 55DAT 65DAT 45DAT 55DAT 65DAT
(1:5) B R ——
Soil testing N 07 6.6 6.7 6.5 1.4 13 1.5
Soil testing N 0.5 6.7 6.6 6.5 1.5 1.6 1.7
Soil testing N 1.0° 6.5 6.4 6.3 1.8 1.8 1.9
Soil testing N 2.0° 6.3 6.2 6.1 2.0 1.9 23

TDays after transplanting.
0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.

Table 7. Changes of Ex.-K and NO;-N concentration for soil during the cucumber retarding cultivation by different nitrogen
application rates.

Ex.-K NOs-N
Treatments T . T T T T
45DAT S5DAT 65DAT 45DAT S5DAT 65DAT
---------------------- cmol kg'I mg kg'I B

Soil testing N 0 0.41 0.41 0.39 27.0 37.8 31.3
Soil testing N 0.5% 0.44 0.40 0.39 34.0 50.2 41.6
Soil testing N 1.0° 0.38 0.46 0.35 57.2 62.9 56.1
Soil testing N 2.0° 0.34 0.39 0.33 67.8 80.5 94.6

TDays after transplanting.
iO, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.
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Fig. 6. Changes of NOj; concentration for soil solution and leaf petiole juice according to days after transplanting during the
cucumber retarding cultivation. (a) NOs concentration of soil solution(soil : water = 1:5, v/v). (b) NOs concentration of leaf
petiole juice.

Table 8. Growth properties and yields of the cucumber by different rates of nitrogen application during retarding cultivation under
greenhouse.

Plant No. of  Stem Ratio of marketable fruit Marketable yield of fruit
Treatments .
length  node  diameter 2010 2011 Mean 2010 2011 Mean Index
cm plant'1 Juli % f.w. kg (1 p—

Soil testing N 0 328 40 10.7 77.5 67.8 75.3 1,310 1,361 1,335 79
Soil testing N 0.5 331 40 11.1 81.0 69.1 76.8 1,536 1,610 1,573 93
Soil testing N 1.0' 333 41 11.2 82.2 73.3 78.6 1,677 1,717 1,697 100
Soil testing N 2.0 336 41 11.3 77.3 72.0 75.7 1,630 1,773 1,701 100
LSD" - 190.6 - - 112.7
C.V(%) --6.20 - -- 3.49

0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.
"Least significant difference at 5% level of significance.

1,800 1,800
1,700 1,700

1,600 1,600

y=-0.0013x2 + 7.0734x - 8072.8
R* =0.9972

1,500 1,500

y=-0.0719x¢ + 16.884x + 768.14

Yield(fresh weight kg 10a ‘1)
Yield(fresh weight kg 10a )

R? =0.9976
1,400 1,400
1,300 1,300
1,200 1,200
30 50 70 S0 110 130 150 170 2,200 2,300 2400 2,500 2,600 2700 2800 2,900 3,000
Nitrate concentration of soil solution (NOy, mg L) Nitrate concentration of petiole juice (NOs, mg L 1)
(a) (b)

Fig. 7. (a) Relationship between the total fresh weight of cucumber and the NO;™ concentration of soil solution during retarding
cultivation. (b) Relationship between the total fresh weight of cucumber and the NO;™ concentration of leaf petiole juice during
retarding cultivation.
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Table 9. NO; concentration of petiole juice and soil solution by different nitrogen application rates for fertigation during the

cucumber retarding cultivation under greenhouse.

Survey items Treatments 45DAT' 55DAT' 65DAT"
Soil testing N 0F 1,988+30 2,510489 2,158+53
Soil testing N 0.5" 2,172+74 2,727479 2,347455
Petiole iui
(Neol(') emi”ff) Soil testing N 1.0° 24644102 3,025471 2.488+92
3,
Soil testing N 2.0* 2,651433 3,314484 2,760+77
LSD® K I — |15 U — 138.4
Soil testing N 0F 68+4 3344 2242
Ll Soil testing N 0.5° 8446 6348 49+3
Soil soluti
(NO(; _som; IE_I}) Soil testing N 1.0° 11110 9347 674
3, F
Soil testing N 2.0° 155+14 147£14 136£10
LSD* 15.0 16.0 95

TDays after transplanting (Sep. 9).

*0, 0.5, 1.0, 2.0 times of recommended nitrogen fertilization rate based for fertigation on soil testing.

SLeast significant difference at 5% level of significance.

Table 10. A simple diagnostic criteria of NOs concentration of leaf petiole juice and soil solution according to days after

transplanting during the cucumber cultivation under greenhouse.

Semi-forcing cultivation

Retarding cultivation

Survey items

45DAT' 60DAT' 75DAT' 90DAT' 105DAT' 45DAT! S5DAT' 65DAT'
Petiole juice
(NOv. i 1y 23002800 2900=3,400 2,603,300 2400~3,000 2100~2,300  2,300~2700 2,900~3400 2300~2,600
3,
Soil soluti
Off SOMHOM 45230 70~130  40~100  60~120 60~90 100~170  80~160 60~80
(NOs, mg L)

TDays after transplanting (Semi-forcing cultivation : Apr. 9, Retarding cultivation : Sep. 9).
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