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Effects of different water and fertilizer supply on cucumber il nutrient content, enzyme ac-
tivity, and m icrobial diversity. WEI Ze-xiu', L ANG Yin-li"*, INOUEM itauhiro’, ZHOU M a0~
juanl, HUANGM a)-linl, Q Jian-fengl, WU Yan (lCoIIege of Resource and Enviroorment, N orth-
westA & F University, Yangling 712100, Shaanxi, Ching % Institute of Water and Soil Conserva-
tion, Chinese Acadeny of Sciences and M inistry of Water Resources Yangling 712100, Shaanxi,

China; *Arid Land Research Center, Tottori University, Tottori, 680-0001, Japan). -Chin J Appl

Ecol ,2009,20(7): 1678- 1684

Abstract: W ith cucumber (Cucumis sativusL. ) variety Jinyou 1 as testmaterial, a greenhouse ex-
perimentwas conducted o study the effects of different water and fertilizer supply on the cucumber
il nutrient content, enzyme activity, and microbial diversity Three water regimes (50%- 60%,
70%- 80%, and 90%- 100% il relative moisture content) and o fertilization practices (600 kg
N- hm™? + 420 kg PR.Os - hm™? and 420 kgN- tm™? +294 kg R,O;- hm™?) were designed
The increase of water and fertilizer supply benefited the increase of il available P content and wu-
crase activity, Increasing fertilization rate increased ©il NH, " N content but decreased il protease
activity, and increasing il relative moisture content decreased the il NH, * N content and urease
activity Soil microbial diversity had no significant correlationswith il nutrient contents but sig-
nificantly positively correlated with il urease activity and negatively correlated with il sucrase ac-
tivity. Among the treaiments, the treament 70%- 80% il relative moisture content + 600 kgN -
tm™? and 420 kg RO:s - tm™? had the highest il nutrient contents, il urease, sucrase, and
phophatase activities, and il microbial diversity and evenness, being the best in il potential
productivity.

Key words water and fertilizer coupling il enzyme; Shannon\V iener index; evenness
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; FCR 2.4%x2.5=6.0n. 30
RAFD PCR e am 60 an 2
DNA , PRI( ) . 2d
, 1 0 40an ., 20d
, [1].
b 1-2
[18 - 19]
: ; 1.2.1 2008 9
23 , “ g 0 20 am
' 1000 g, , , 100g 2mm
! ’ ’ - 20
, DNA
1 , 3
3 . 105 30 min, 70
1.1
2007 4 —2008 9 '
Hz $4'H202 y
1m . , [20]
1.26 g an °, 30%, 9.6 '
g kg', 0.518 g- kg ', 0.636 g- kg ', (18]
3.57mg- kg !, 26.93mg- kg ', ' 3 5
240.37 mg- kg ', pH 8.0, EC 0.18 mS- _
an’ . 1, , o )
1 ' '
) 24h 100 g (mg)
3 ©90%  100% (Wh) ,700/ 80% (Sue). (mg)
NN ’ ° ° (Pho) , NH, N (mg)
(Wm) 50% 60% (W1): 2 : 600 kg N
2 2 (Ure), NH; N
hm'? +420 kg BOs - m % (Fh) 420 kg N - (g (Po)®
ug ).
tm? +294 kg RO, - m > (FI), 6 Wh
Fh WmFh ngth VSVhFI W (FI) WIFI). 4 ( 122 DNA
m m : ' DNA OMEGA EZNA ™
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Sil DNA Kit (D5625-01) (http: / mww. ome-
gabiotek com/genamicimini ap).

DNA , DNA
50 ng- M 1%
1.2.3 PCR 1,
. PCR
TaKaRa ( ), FCR

110 x PCR Buffer 2.0 |, NTPMix( 2.5
mmol- L) 1.3p LIMcCh (25mmol- L™*) 1.2y |,

(10 mmol- L) 0.5 I, Taqg (5U-
M 1Y) 0.20 I,DNA 2y 1, ddH,0 20
M1 PCR 194 3 min; 94
40 s, 36 46 40 s 72 90 s 34
, 72 5min; 4 . MJ
Research PTC-200 PCR
4.00 | 5 xLoading B uffer, 10%
Gel Doc 2000™ (B io-Rad)
1.3
3
, 1,
0, [1,0] ™. NTSYSc

2.1 Qualitative

1
Tabh 1 Prmersand their ssquencesapplied in the exper i-
ment

Primer Sequence(5' 0 3')
E2 GGAA TTCCACGTCCA
L1 AGCAA GTTCA GCCTGGTTAAG
Al GCACGCCGGCGGGTGGTAC
A2 GCCGGCTTGCCGTIACTTGG
M12 GGGACGTTGG
80 ACTTCGCCAC
366 CACCTTTCCC
2.1.1
, Fh > FI,
Wh>Wm >WI( 2).
>
> 1]
Fh > Fl, , Fh
Wh >Wm >
WiI, FI .
«C ) ,
() . WhFh WmFh W IFh W h-
FI WmFI W IFI

Dice ShannonW iener®! 3.404 2.793 2.192 1.986 1.742 1.602 g-
plant *;  WIFI ,WhFh WmFh W IFh W hFI
0, 0, 0,
ASVS. 1 WmFI 112.47% 74.33% 36.82%
0 04 -
, Excel 23.94% 8.71%; ., WIFI ,WhFh Wm
Fh WIFh WhFl ~ WmFI
2 150.09% 102.78% 50.81% 21.53%
2.1 - 4. 21%. ,WhFh
2
Tah 2 Dry matter and total nitrogen, total phosphoruscontents n different partsof plant under different treatments
Root Straw L eaf
Treament
Dy matter Total N Total P D ry matter Total N Total P D ry matter Total N Total P
(g (mg- (mg- (o (mg: (mg- (g (mg- (mg-
plant” ") al) al) plant” ) al) al) plant” ) al) al)
W hFh 2.89c 17. 36b 4.54a 9.46b 17.95¢c 9.85b 97.73a 32.58a 10. 51a
WmFh 2.99bc 18.68a 4.01b 10. 38b 18. 14b 12.68a 83. 48b 30.53b 9.29b
W IFh 2.70c 17.08c 4.12b 6.67c 19.41a 5.92d 69. 60c 28.97c 9.09b
W hFI 3.27ab 16. 64d 3.72c 12. 16a 18. 14b 7.51c 64.17c 26. 66d 6.97d
WmFI 2.70c 16. 55e 3.31d 6.69c 17.67d 5.17e 56. 22d 28.08c 6. 95d
WIFI 3.32a 16. 60de 3.41d 9.30b 16. 8%e 4. 76f 54. 60d 25. 45e 7.28cC
0.05 Different snall letters in the same line meant significant difference at 0. 05 level anong

treaments The sane below.
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3
Tah 3 Soil nitrogen and phosphorus contents under different treatments
NO; ~ N NH, * N
Treament TotalN (mg- kg ') (mg- kg 1) (mg kg %) Total P (mg- kg ')  Available P (mg- kg 1)
W hFh 564. 66 0. 61d 27.92 £2.8% 7.62 £0.59¢c 1304. 34 £9. 22a 686.38 £1. 92a
WmFh 698. 74 £0. 42a 114.82 +1. 66a 8.85 +0. 15a 1265. 72 £2. 03b 661. 79 0. 49b
W IFh 651.74 £1.67b 112.55 +1.97a 9.09 +0. 12a 907.99 £0. 81d 541.86 £1.39c
W hFI 605. 89 £0. 02¢c 98.48 £0. 14b 7.33%0.39c 1000. 47 £2. 27c 402. 13 +2. 30d
WmFI 657.51 +0. 46b 58.56 +1.83c 7.84 +0. 66bc 754.49 2. 32e 325.66 2. 17e
WIFI 596. 35 +0. 59¢ 39.37+1.33d 8.66 +0. 66a 760. 28 +2. 06e 317.00 £1. 09f
2.1.2
3 N 564. 66 244 1.49mg- g - d7,

698. 74 mg- kg . ,

: W hFh <W hFl, WmFh

>WmFI,W IFh >W IF; ,Wm
, WmFh
,  698.74mg- kg ';WhFh ,  564.66
mg- kg ', . ,
NO;, N : WmFh >W IFh >WhF| >

WmFI >W IFI >W hFh NH, * N

W hFh NH, "N NO,” N
[22] ' '
( 2, . WIFI
NO, N . NH," N
3 1
. Fh > FlI,
Fh 1159. 35
mg- kg *, FI
838.41mg- kg .
2.2
( 4).

1.12 2.70mg- g - d'*, Fh

63.07%;WhWm W]

2.36 1.87 1..67mg g'- d’,
wil Wh  Wm
11.68%  40.81%. 6 W hFh
, 2.70mg- g'- d ' WIFI ,

1.12mg- g ‘- d*,

[22] 4
:WhFI >WmFh >W hFh >
W IFh >WmFI >W IFI, Fl
; Fh
W hFh >WmFh,
W hFh <WmFh , W hFI
SWIFI WmFI
4 1
; , Fl
W1 >Wm >Wh, Fh
4

Tab 4 Soil enzyme activitiesunder different treatments

Treament Sucrase Neutral Ureae Protease
(mg g phophatase Qg g* (g g’
cdh) bg gt dY - dY)

L

W hFh 2.70a 412.7b 282.7e 198. 2b

WmFh 2.39%b 425. 9b 349. 0a 175. 6¢

W IFh 2.22b 254.5¢ 325. 6¢ 172.2c

W hFI 2.01c 504. 1a 263. of 209. 6b

WmFI 1.34d 229.9c¢ 317.9d 233.2a

W IFI 1.12e 228. 6¢ 336.7b 209.9b
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Wm >W | >W h, WmFh
4; L
80%
Fl
> Fh, WmFI )
W IFI )
2.3
PCR (
2)_ 2 A2
Fig 2 The anplification result by primer A2
’ 1)WhFI; 2)WhFh; 3)WmFh; 4)W IFh; 5)WmFI; 6)W IFL
PCR (98 123) 5
Tah 5 Soilmicrobal diver sity under different treatments
(1.30 1.49) (0.27 0.31) ( Y
5), Treament Number of ShannonW iener Shannon
Wm >Wh >W [ W hFl all bands index evenness
W hFh 110 1.38¢c 0.29%b
WmEh W IFh 98 1.30d 0.27c
W hFI 114 1.41b 0.29a
(1.49, 0.31), WmFI (1.45, 0.30), W IFh 17 1.45a 0.30a
W IFh W IFI 111 1.37c 0.29b
2.4 (r=0.921);
1 (13.23- 24] (r =0.742); NO; N
( NH, " N ,
) : -0.590 -0.658 -0.737 -0.541( 6).
NO; ™ N (r=0.855), NH4+-N ,
6
Tabh 6 Correlationsbetween il nutrientsand il enzymes
NO; N NH,* N
Total N Available P Total P Sucrase Neutral Urease Protease
phophatase
Total N 1
NO; ™ N 0.855" 1
NH, "N 0.037 0. 401 1
Available P -0.113 0. 202 0. 167 1
Total P - 0.032 0.117 -0.123 0.921" " 1
Sucrase -0.301 -0.055 -0.336 0.600" 0.545° 1
Neutral phophatase 0. 366 0.281 - 0.500 0.484 0.742" 0.423 1
Urease -0.370 - 0.379 0.349 0.242 0.233 - 0.446 - 0.242 1
Protease -0.130  -0.590° -0.658" -0.737  -0.541" - 0.328 -0.221  -0.037 1

n=18 * P<0.05 * *P<0.01L

’

The sane below.
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Tah 7 Correlations between soil nutrients il enzymesand il m icroor gan isn

Neutral Urease

phophatase

Sucrase

Protease

NO;" N NH,*N

Total N Available P Total P

-0.694" 0.138 0.576"

Band Na

-0.777" 0.031 0.591"
Shannon\W iener index
0.601"

-0.808" " 0.035

Shannon evenness

0. 406

0.395

0.422

0.253 - 0.159 - 0.218 - 0.233 0.019

0.278 - 0.127 - 0.151 -0.284 - 0.055

0. 204 - 0.197 -0.114 - 0. 366 - 0.148

[13- 14]

420 kgN- tm™? +
(FI) , 600 kg N -
(Fh)

294 kg R,O,- hm™?
hm % +420 kg R.Os - tm?

, NH, " N . ,
70%  80% 600 kgN- hm™? +

420 kg RO, - tm™? NO, N
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