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Effects of different fertilization patterns on microbial biomass carbon and
nitrogen in greenhouse vegetable soil
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Abstract: [ Objectives ] A fixed-site greenhouse vegetable fertilization experiment has been carried out with
rotation of tomato in spring season and celery in autumn-winter season in Tianjin city since 2009. The effects of
different fertilization patterns on soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN)

were investigated in order to provide a scientific fertilization basis for sustainable and high-efficient vegetable
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production in greenhouse. [ Methods ] The experiment comprises eight treatments: 1) No nitrogen input (No N);
2) Complete chemical nitrogen fertilizer (4/4CN); 3) 3/4 N from chemical fertilizer, 1/4 from pig manure (3/4CN
+ 1/4PN); 4) 2/4 N from chemical fertilizer, 2/4 from pig manure (2/4CN + 2/4PN); 5) 1/4 N from chemical
fertilizer, 3/4 from pig manure (1/4CN + 3/4PN); 6) 2/4 N from chemical fertilizer, 1/4 from pig manure and 1/4
from straw (2/4CN + 1/4PN + 1/4SN); 7) 2/4 N from chemical fertilizer, 2/4 from straw (2/4CN + 2/4SN); and 8)
Conventional fertilization (CF). Except for No nitrogen and CF treatments, all the treatments were applied with
the same amounts of N, P,O; and K,O nutrients, but varied proportion of nitrogen from different sources. Until
this investigation, it was the ninth harvest for autumn-winter season celery and the tenth harvest for spring
season tomato. 0-20 cm surface soil samples were collected, the soil MBC and MBN contents were measured at
different growth stages of celery and tomato growing seasons, and their correlations with vegetable yields were
analyzed. [ Results ] 1) Soil MBC and MBN contents in different treatments increased first and then decreased
during the studied periods. The relatively higher values for soil MBC and MBN contents respectively appeared
at 90 and 60 days after transplanting of celery, and at 20—-80 days for soil MBC and 60 days for soil MBN after
transplanting of tomato. 2) In the celery season when it was in autumn-winter, the soil MBC and MBN contents
were respectively 185.0-514.6 and 34.3-79.1 mg/kg, with increases of 15.1%—-81.7% and 24.5%-100.0% in
treatments of combined application of manure and/or straw with chemical fertilizers, compared to the 4/4CN
treatment, and the highest increases for the contents of MBC and MBN in straw-incorporated treatments were
62.0%—-81.7% and 81.1%—-100.0%, respectively. In the tomato season when it was in spring, the soil MBC and
MBN contents in the combined application of manure and/or straw with chemical fertilizers were respectively
120.7-338.0 and 25.5-68.8 mg/kg, with increases of 16.9%-86.9% and 12.2%-109.3%, compared to the 4/4
CN treatment, and the highest increase values in straw-applied treatments were 61.4%—-86.9% and
78.2%—-109.3%, respectively. 3) Significant correlation relationships were found between the soil MBC, MBN
contents and the corresponding vegetable yield of current season and total yield since the start of the
experiment. [ Conclusions ] Under the same input of nutrients, the increase effects in soil MBC, MBN contents
are significantly higher in the fertilization patterns of combined application of manure and/or straw with chemical
fertilizers. Soil MBC, MBN contents are positively and significantly correlated with the growing season and the
total greenhouse vegetable yields. Therefore, the combined use of organic and inorganic fertilizers is capable of
increasing the soil MBC, MBN contents and keeping the soil fertility and sustainability in greenhouse vegetable
production.

Key words: fertilization patterns; greenhouse vegetable soil; microbial biomass carbon and nitrogen
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A (3/4CN + 1/4PN); 4) 2/4 fLIEA + 2/4 H3A
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+3/4PN); 6) 2/4 tLIEA + 1/4 $3EA + 1/4 FEFFA
(2/4CN + 1/4PN + 1/4SN); 7) 2/4 FLHEA + 2/4 TEFFR
(2/4CN + 2/4SN); 8) AR Wit (CF). Ab¥ 2~7
Shy KRR it Ak 1) A LT HILAE R A i FH A G, 4%
REEWEEH, FMAEMAN N, PO, f1 K,0 Sa5
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1 RN H AN E (kg/hm’)
Table 1 Treatments and the corresponding N and C inputs from different sources

A H AL N input Rt At C input
A : ot : : : \
Treatment fls A EABFFA ait L AR ait
Chemical N Pig manure N Corn straw N Total N Pig manure C Corn straw C Total C
7 Tomato season
JCA NoN 0 0 0 0 0 0 0
4/4CN 450.0 0 0 450.0 0 0 0
3/4CN + 1/4PN 3375 112.5 0 450.0 1130 0 1130
2/4CN + 2/4PN 225.0 225.0 0 450.0 2260 0 2260
1/4CN + 3/4PN 112.5 337.5 0 450.0 3391 0 3391
2/4CN + 1/4PN +
225.0 112.5 112.5 450.0 1130 4618 5748
1/4SN
2/4CN + 2/4SN 225.0 0 225.0 450.0 0 9236 9236
CF 450.0 462.0 0 912.0 4992 0 4992
Fr3E7% Celery season
JCA NoN 0 0 0 0 0 0 0
4/4CN 450.0 0 0 450.0 0 0 0
3/4CN + 1/4PN 3375 112.5 0 450.0 1130 0 1130
2/4CN + 2/4PN 225.0 225.0 0 450.0 2260 0 2260
1/4CN + 3/4PN 112.5 337.5 0 450.0 3391 0 3391
2/4CN + 1/4PN +
225.0 112.5 112.5 450.0 1130 4618 5748
1/4SN
2/4CN + 2/4SN 225.0 0 225.0 450.0 0 9236 9236
CF 450.0 493.0 0 943.0 4743 0 4743

¥ (Note ) : CN—fLAMZ Nitrogen in chemical fertilizer; PN—J#2£% Nitrogen in pig manure; SN—#%FF4% Nitrogen in straw; CF—=J

154 Conventional fertilization

K, Be WEZE L SARER DIENZEMH,; kL AR
A, WUH 0.38,

- A W i R T R AR A I
FEC, AN By (mg/kg) = Ey/key
L, By WEZE L S5 AREHR N EE; ko R
B, WA 0.45,

- 458 H [R] R K R FH = BRI E R 3R]
SRAEFUR - 9280 =, EAT RAEIOK . HEK Lt
TR, WA R KR, R
MR TCR R B AT I e 5 P %
PR PR B RR BT (OMINFRGE) 0 I IO B V5 VA T 7 1
ME s HIERASECR I 2 mol/L SLANABIR AR, W
PR B A A3 G BE I 5 IR R T 0.5
mol/L NaHCO, 242, FH#APIH ORI ; HHEssk
BR A NHOAC IWWRHE , T Wl oy 65 B 11
SE; I pH SR 2.5 ¢ 1K, BRESTHIE

1.4  BUELIE
28 % Microsoft Excel 2010 #1 SAS 8.0 5tit
AT 8T o

2 R0

2.1 AREFERER I EE IR E ISR
STHIF T

2,11 J7 3R WA [ it AR A X - e A P i ik 3
AR AE R 2 W LUAEH, AR E WA [
Jit AR =X - S A ) i 5 i S AR B R R R R
RS St JH A T A ) it A A X e A iy i
W S B AT AR, AE 37.2~336.9 mg/kg Z ],
¥k 212.6 mg/kg; FER G 90 d AR AR 1
Bt R R S R AT R, PSR EME 30,
60. 90 1 110d HIERAD ik & JE 50 AIFE 122.5~3744.
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Table 2 Soil microbial biomass carbon contents in different growth period of celery under different fertilization patterns

FEAHJF REX Days after transplanting

st SEAH T
Treatment Before transplanting 30d 60 d 90 d 110d
JoE No N 372+ 159 ¢E 122.5+129¢C 96.7+23.2 dD 267.9+54¢eA 216.1+2.8¢B

4/4CN

3/4CN + 1/4PN
2/4CN + 2/4PN
1/4CN + 3/4PN
2/4CN + 1/4PN
2/4CN + 2/4SN

CF

+ 1/4SN

1933 +£21.4 cdC
185.0+25.1dD
194.5+ 14.5 ¢dE
234.7+ 3.6 bcB
264.4 +34.5bD
336.9+41.3 aB

255.0+£33.3bC

236.7+19.5dB
2343 +18.5dC
230.0 4.0 dD
267.5+47.5 cdB
326.4+8.2bC
3744+16.21 aB

291.4£30.5 beC

217.5+19.6 cBC
245.4+20.1 cBC
265.0 £ 8.4 cC
399.9 + 66.9 bA
440.5+22.5bB
497.2+£30.5 aA

4143 +£2.0 bAB

3324+ 19.1dA
430.3 £ 9.6 bcA
454.5+21.0 bA
397.9+13.6 cA
514.6 £33.7 aA
4974+ 113 aA

460.2 +£30.2 bA

216.0 + 34.1 eBC
280.9 +45.0 dB
338.0+13.4cB
261.5+21.0deB
391.6 £ 13.3bB
467.5+36.2 aA

375.0+ 15.5 bcB

1 (Note ) : s fa A I)/ING S BE 20 A BURE I TALAS [ A AR B ) 22 538 5% RE KT AR KE FhEFRIR [F]— A B W] BURE A
225735 5% .3 /K- Different lowercase letters were significantly different at 5% for the different treatments under the same sampling period;

Different capital letters were significantly different at 5% for the different sampling periods under the same treatment.

96.7~497.2. 267.9~514.6 F1216.0~467.5 mg/kg =
6], 55100 260.4, 322.1, 419.4 i1318.3 mg/kg.
30 A B 1A 1) 45 BURE B 1094 ML ML AT e i =
R Yt i B S A T AL AL, 3/4CN + 1/4PN
2/ACN +2/4PN., 1/4CN +3/4PN. 2/4CN + 1/4PN + 1/4SN
H1 2/4CN + 2/4SN = HERIUE Py ik 5 48 4/4CN 43
BN 15.1%., 23.9%. 30.6%. 62.0% #il 81.7%.
rhi I %3S 2/4CN + 2/4PN I s 2 I it 4% %
1/ACN + 3/4PN - HEf A 4 s e 5 i {1 B P it 4 2
SR BIBETN 7.7% F 13.5% BeMGRSFT I 60E Y

RS R TR 2S, 2/4CN + 1/4PN + 1/4SN F
2/4CN + 2/4SN +BERU/E Wi ik &5 4K 1/4CN +
3/4PN ~F-253 538 0 24.1% F1 39.2%.

R0 U it FES A 1 T i o T S Bl 2 o ke 1 i
TR AR A ST BRI, 2/4CN + 1/4PN + 1/4SN
F1 2/4CN + 2/4SN - i A= W e B 1 28 > Uit 1
353 s 4.4% F1 24.7%.

2.1.2 Fn A R S [R) e A A X At A 4 ek 5
BACAFE 33 BoR, T BRR RE AL X
IR Y AR L R R . &

*3 BMEEBAENERERERNX IRHEEIERS 8 (ng/ke)
Table 3 Soil microbial biomass carbon contents under different fertilization patterns in different days
after transplanting of tomato

FEATJG KL Days after transplanting

b3 SEMHT
Treatment Before transplanting 20d 40d 60 d 80d 100d 120 d
JTA NoN 97.2+11.7 fC 1225+23dBC  139.8+242dAB 139.9+5.6 cAB 164.3 £12.7 cA 128.5+ 4.4 beB 57.4+252cD

4/4CN

3/4CN + 1/4PN

2/4CN + 2/4PN

1/4CN + 3/4PN

2/4CN + 1/4PN +
1/4SN

2/4CN + 2/4SN

CF

110.5+9.1 efC

120.7 4.3 eC

152.1+11.0 dBCD

195.2+16.0 cBC

232.9+8.9bBC

286.7 + 6.8 aA

188.2+17.5 cCD

1323 +8.3dBC

202.0+37.5cA

190.4 £40.5 cAB

231.9+18.8 cAB

281.3+15.3 bA

338.0+£35.1 aA

216.3 £30.7 ¢cBC

164.8 +21.2 cdAB

195.2+21.9 bcA

135.4+9.1 eBC

150.4 +43.5 deAB

189.2+£49.1 cA

186.4 =45.1 cAB

186.4 + 12.2 bcABC 187.2 £ 11.3 cdABC 201.1 + 11.8 bcA

267.5+22.8 aA

226.0 +20.6 bC

267.7+41.5 aA

196.6 £ 6.8 bcdBC 259.5+31.2aA

272.1 £45.7 aA

193.4+13.9 beBCD 220.4 + 11.0 beB

2344 +333abBC 2569+ 17.6 abAB

281.2+555aA

276.3 £15.9 aA

118.6 +24.9 abcC

111.7+ 1.6 beC

132.5+10.3 abeBC 137.8 +19.9 abBC

148.6 £ 9.5 abcC

151.2 £41.2 abcC

161.5+8.1 aD

162.1+£19.7 aB

155.4 £ 3.0 abE

139.1 £32.7 abD

159.4 £ 57.5 abC

160.1 = 10.5 abD

191.0 +£46.8 aB

165.0 + 14.8 abDE

¥ (Note ) : Hffi 5 A R)/ING SRR AR R BORE I R]AS [RL AL AL B8] 22 5235 5% /K5 ANIRIKRE T RERIR ] — A BHA ] BORE i 38

51k 5% 3 /K- Different lowercase letters were significantly different at 5% for the different treatments under the same sampling period;

Different capital letters were significantly different at 5% for the different sampling periods under the same treatment.
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Hhiits ELAC AT AE AT 100, 120 d A [ i A0 A = - 39
Tl B i AR AR BEAIR, 433U 97.2~286.7 .
118.6~162.1 11 57.4~191.0 mg/kg Z [0, F¥4535
9 172.9, 144.8 1 140.0 mg/kg; FAEMIG 20,
40. 60 F1 80 d A [a] jti AL A2 A S fUAE ) ke 75 1 L
AT, A3 BIAE 122.5~338.0, 139.8~267.7.
135.4~272.2 Fl 164.3~271.2 mg/kg 2], FH143 5]
A 2143, 205.1, 192.1 1 226.9 mg/kg.

e i A= U 1R 45 HORE 5 30045 AL TC AL BE el i ot A
2 A A W it e e SV T AR A, I
o D) A FTAR 2 (2/4CN + 2/4SN, 2/4CN + 1/4PN +
1/4SN) + HEfg AE Py et e &5 it AR AR B R  FOFp
AHLICHLAE R EC A5 5 3/4CN + 1/4PN, 2/4CN +
2/4PN. 1/4CN + 3/4PN. 2/4CN + 1/4PN + 1/4SN F
2/4CN + 2/4SN e A= Wy s i 15 B 48 4/4CN A
I Bam 16.9% . 25.2% . 51.8%. 61.4% Fi
86.9%.

AR AT, e RS R
B, 2/ACN + 2/4PN il 1/4CN + 3/4PN +3EfLE My
B S B 3/4CN + 1/4PN SEX43 5154 m 7.1% i
29.9%.

Fic it s A 2 B A A e 1 e AR v
s AR . 2/4CN + 1/4PN + 1/4SN il 2/4CN +
2/4SN IR Yy b & 8 1/4CN + 3/4PN V3441
BN 6.3% F1 23.1%.

Fic it o T A 2t N 2 it S R e o b T
50% %, & CHABEIMT 10%~40%, R H14%H
I 3 A e e o 2T B A

2/4CN + 1/4PN + 1/4SN F1 2/4CN + 2/4SN + 3444
TR ) BRI - 1253 I I 9.7% F1 27.1%.
2.2 AEFEAEZRN & MEHTIEMEIE R B
SRS

2.2.1 FrERAE RIS )i AE AR =X - 9 2k A i R B
BAFE % 4 RV, FRERBAREICE R +
B Y R S i SR R YA F R e e S
M, TEREf)E 60 d AN )i A X - e fl b 4
R ER e R

2R A B ) 45 BURE B A A HILIC AL BBt +
A Y R R S R T AL, b DI
FF# (2/4CN + 2/4SN . 2/4CN + 1/4PN + 1/4SN)+ 13
MAEY R A S A G . R DLICHLIE R it
Fi{ 3/4CN + 1/4PN. 2/4CN + 2/4PN. 1/4CN +
3/4PN. 2/4CN + 1/4 PN + 1/4SN F1 2/4CN + 2/4SN +
e A Wy R BEEL 4/4CN B 1 23 5
24.5%. 37.2%. 64.2%. 81.1% #i1 100.0%.

Wi E RS S G N, HEME YRR S A
R 2, bR R 2RI 2/4CN +
2/4PN il =y S Bl 2585 1/4CN + 3/4PN +3EfUE
P B R IO A 25 P 2 400 S 0 10.2%
1 31.9%.

B Fs FHABE L U E W B A S S TR
#4550, 2/4CN + 1/4PN + 1/4SN Fl 2/4CN + 2/4SN -+
BMEY A S ER & B E IR  1/4CN +
3/4PN “F-2153 5130 10.3% 1 21.8%.

R 98t AT %) v - T s A - U ) i R

®4 AREEBTERETERERR LIRHBENER S E(ng/ke)

Table 4 Soil microbial biomass nitrogen contents in different growth period of celery under different fertilization patterns

FEMLJG KA Days after transplanting

Jb3 FEABH

Treatment Before transplanting 30d 60 d 90 d 110d
JE& NoN 31.8+75¢€A 333+49cA 33.6+74dA 33.1+£3.6deA 32.8+5.7dA
4/4CN 343+42eA 38.6 £2.0 bcA 40.3+£17.3 cdA 304+0.9eA 339+ 13dA
3/4CN + 1/4PN 442 +5.6 dAB 40.9 £ 10.0 bcB 55.9+ 7.3 bcA 39.4+4.5cdB 40.5+11.2 cdB
2/4CN + 2/4PN 50.4 £ 8.6 cdAB 50.3+4.7bAB 60.4 + 12.4 abcA 343 +6.3 deB 48.0+9.2 bcAB
1/4CN + 3/4PN 60.6 + 7.3 bB 66.1+6.7 aAB 74.1+£11.3 abA 47.0+ 1.3 becC 43.7+ 7.5 cdC
2/4CN + 1/4PN + 1/4SN  61.3 £ 5.8 abBC 68.4+9.6 aAB 79.0+5.4 aA 51.7+ 7.8 abC 61.1 £4.2 aBC
2/4CN + 2/4SN 69.1+1.9aAB 75.7+9.7 aAB 79.1+£16.1 aA 65.9+2.7aAB 65.4+8.9aB
CF 56.7+5.3 bcB 745+23 aA 75.0 £ 14.0 abA 53.8+2.8 abB 58.9+11.8 abAB

¥ (Note ) : Hffi 5 A R)/ING SRR AR R BORE I R]AS [RL AL AL B8] 22 5235 5% /K5 ANIRIKRE T RERIR ] — A BHA ] BORE i 38

Different capital letters were significantly different at 5% for the different sampling periods under the same treatment.

Z 53k 5% 3 /KT Different lowercase letters were significantly different at 5% for the different treatments under the same sampling period;
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Bt T A A ST IR AE L I e AR T
E A S S S B A AT . 2/4CN + 1/4PN
+ 1/4SN F1 2/4CN + 2/4SN 35 Y m A& m i >
PUEAEF-241 53 5135 1 0.8% F11 11.4%.

2.2.2 Wit i A B A [l AR AR X i
RANEARIE R SWTLLEN, &l &
CK il 4/4CN 3L i A0 B i SR b 2 e I 1%
ke, A HLICHLIE AR X 1 i A ) i A
B AR R e S R R S R i BE T A

AN ) it B A 2 A S i A Wy i A i B AR ARG, 7
9.5~43.1 mg/kg ZIH], V¥ 28.4 mg/kg; HiliEH
J& 60 d AN [ i P AR 2 4 198 fuk A o 1 R X A
B, BAEME 20, 40, 60, 80, 100 Fl 120 d + 1%
MAEwREASESSIE 10.2~52.6. 13.5~57.2,
23.3~68.8, 11.4~48.2, 22.7~50.1 F 16.2~66.1
mg/kg Z ], FH550% 32.8. 40.0. 48.5. 32.6.
32.2 H1 42.2 mg/kg.

e ik 1) 45 BORE s 300 A ML TG AL A ) i A

*5 BMERBTENBETEREERX IRHEYER S E(mg/ke)
Table 5 Soil microbial biomass nitrogen contents under different fertilization patterns in different days
after transplanting of tomato

FEM G RAX Days after transplanting

i SEREHT
Treatment Before transplanting 20 40 60 80 100 120
JH NoN 95+ 1.7fC 10.2+13eC 13.5+13dBC 233+50dA 114+£59dBC 22.7+2.1dA 16.2+2.2dB
4/4CN 20.1£19eC 223+1.7deBC 269+29cBC 38.6+55cA  28.1+4.1cB 249+33c¢dBC 23.8+6.1cdBC
3/4CN + 1/4PN 25.5+2.4 deB 28.0+4.1cdB 35.8+16.0bcB 39.1£64cA  30.1+8.1bcAB 26.0+0.8cdB 31.7+7.2cAB
2/ACN + 2/4PN 27.2 4+ 3.6 cdeD 2944+24c¢dCD 47.0+1.6abB  534+32bA  333+£58bcC 262+3.0cdD 453+0.4bB
1/4CN + 3/4PN 33.3 £4.0 beC 38.1£13.8bcBC49.4+3.4aAB 49.0+£57bA  36.1 £+2.4bcBC 32.4+5.1 bedBC 50.5 + 8.5 bA
2/4CN + 1/4PN
+ 1/4SN 36.6 5.7 abD 4644+ 9.6 abBCD48.5+1.4aBC  66.8+2.9aA  385+39bCD 39.4+69abCD 52.7+2.1 bB
2/4CN +2/4SN 43.1+6.3 aC 52.6+58aBC 572+44aAB 688+4.7aA  482+44aBC 50.1+11.8aBC 66.1+9.7aA
CF 32.2+7.2bcdB 35.6+8.1bcB  51.0+5.6aA  49.0+54bA  351+43bcB  356+9.5bcB  51.1+0.7bA
TE (Note) : Bl f5 A [F)/ING R 7R AR R BURE I RS [ AL AR BR H) 22 535 5% BB KF-5 AR RS FRERIR [l —Ab BEAS [ BORE s 15

225358 5% 4. /K- Different lowercase letters were significantly different at 5% for the different treatments under the same sampling period;

Different capital letters were significantly different at 5% for the different sampling periods under the same treatment.

K HIEREYEAS B & TREIEEL,
B itif 3K (2/4CN + 1/4PN + 1/4SN, 2/4CN + 2/4SN) ¥
T AL 2w #E . 3/4CN + 1/4PN| 2/4CN +
2/4PN. 1/4CN + 3/4PN. 2/4CN + 1/4 PN + 1/4SN Fl
2/4CN + 2/4SN - HER A= Py i R % 38 4/4CN 435113
T 12.2%. 41.8%. 56.5%. 78.2% #i1 109.3%.

M F R A A P R A ) RS AR
WAL . AR ZEB 3/4CN + 1/4PN FH L,
rbB P A SRR 2/4CN + 2/4PN i i T it 3 2 A
3 1/4CN + 3/4PN T IEAE Y i /S 134 43 i3S
26.4% F1 39.2%.

Fic it A A 2 M A B R R T RO AE S
2150, 2/4CN + 1/4PN + 1/4SN Fl 2/4CN + 2/4SN +
A W e A R R IO 2RI 1/4CN +
3/4PN F-H443 HIHE N 14.1% F 34.0%.

e it s A it N i A 15 it A A = 2 T

50%, {HBECHEFSFFALIR 2/4CN + 1/4 PN + 1/4SN Fl
2/4CN + 2/4SN + AR Wi /% e ) U AR =X
SEX S BRI 13.5% F1 33.3%.

23 WiERHIEREVERTIESHR"=
Pl PSERN

231 JEER MR R . AN R ST R ]
HIRRSCHE R 6T AR Y, 345 BORE A 40 + 138 7k
AR A SRS H R LU 9 HR SR AR
] 25 S A 3 TEAH DG OC R, HIEAE Y i A &
W 9 AT EZ AR MERE SR
0.71~0.88 1 0.59~0.77, S5Hj 9 FEw 7= w2 [
A R B 5 h 0.72~0.88 1 0.64~0.77.,

2.3.2 AN [RIBURE IS (] e i A Bk R o e S 8
S mZ PR AR TRTDLE L, 5 10 #EE
SRS PRI U E Y ik . S 10 FERIH]
10 20 b i 2Z (A A 0 S A GG R, 4%
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&6 FARARBERETIRHENER. REEB5HRN
FEZENEXEY
Table 6 Correlation coefficients between soil microbial
biomass C, N contents in different sampling time and the
yield of the ninth-season vegetable (celery) and the total

vegetable yield

FERE R it H 55 9 FE S
Days after transplanting Item The 9" yield Total yield

f:i?z MBC 0.83%* 0.88%*

MBN 0.77** 0.77**

30d MBC 0.88%* 0.87%*

MBN 0.68%** 0.66**

60d MBC 0.82%* 0.83%*

MBN 0.70%* 0.72%*

90d MBC 0.83%* 0.88%*

MBN 0.59%* 0.63%*

110d MBC 0.71%* 0.72%*

MBN 0.62%* 0.64%**

# (Note) : ** —pP<0.01.

*7 BEEHEAEREREHIRMEDERR. &
BERRTEZEMEXRY
Table 7 Correlation coefficients between soil microbial
biomass C, N contents with the yield of tenth-season
vegetable (tomato) and total vegetable yield

SEREREL

Days after 7R #10 ?ffmi AT 10 2E7 il éfﬂi
transplanting ftem The 10" yield Total ten season yield
f:ifg MBC 0.82%* 0.77%%
MBN 0.85%* 088"+
20d MBC 0.83%* 0.81%
MBN 0.78%* 0.3
40d MBC 0.76%* 0715
MBN 0.81%* 0.815+
60d MBC 0.71%* 0,67+
MBN 0.86%* 0.86++
80d MBC 0.62%* 0.62%*
MBN 0.85%* 0,885+
100d MBC 0.52%* 0535
MBN 0.65%* 0,64+
120 d MBC 0.70%* 0.7
MBN 0.82%* 0.8+

& (Note) : ** —P<0.01.

R AE S8 55 10 2EF M = 2Z a0 A &
ZEUY K 0.52~0.83 F1 0.65~0.86, ST 10 #EFH
iR Z A R 0.53~0.81 F
0.64~0.88,

3 e

3.1 AEMERFEREEETIEMEYEHRE
BENEI

ARG R R, A HLTCHLUIC R B i 38 2R i £k
JIE T 8 2 4 v R 3 - SR A A i, D
RS FF S TR 2E . 55 9 HEE SRR RK AT
)EBE MR, A HLTCHUIE R FER L (1/4CN +
1/4PN. 2/4CN + 2/4PN. 1/4CN + 3/4PN. 2/4CN +
1/4PN + 1/4SN il 2/4CN + 2/4SN)+ e A= My b
R R b IR AR 2 (474 CN) O34 43 5] 3 m
15.1%~81.7% 1 24.5%~100.0%, H:H i it f FF A
X EMAEY = . ASETH 558 n
62.0%~81.7% #1 81.1%~100.0%; %5 10 F3K(%
i F AR AL B, YRR R . AR
A AEAEE - 25 43 0 16.9%~86.9% il 12.2%~
109.3%, BECHERSFAEEa LR Yk . A&
P10 13T 61.4%~86.9% Fil 78.2%~109.3%., Jiti [
AT Sy A A K PR A R . ZUR A
HAhFE 079, i HAE U2 & + HEE K HK M ALE S
PESL, BE IR A TE A . 5 TCHUIE R A it
FHE T T RIS, HikAE e
A B, A HLICHLAC R B i AR 65 . 2 B e 3 AL
YRS, B YR B S BEEA B
S0 KA I ] B R SRR A, KA
A AR B, BTLL, A HLICHUIE R
B A R Y A A W T O AR T AR
Ko ABFGE Y, P E Bl AR 3 A A B it 5 3
AR XF 158 it S FH - 98 At A 0 e i SR 1 o A FH O
F o JRRUR - SR Y oy A BT RS B B AL L
K2ZyHy 25 0 1990, B 5EFE = (1/4CN + 1/4PN
2/4CN + 2/4PN Fl 1/4CN + 3/4PN) 1Tk 5% A 43
Wk 2.5, 5.0 F17.5, BCHFSFFEEE(2/4CN + 1/4PN +
1/4SN 1 2/4CN + 2/4SN)iR A L4511 12.8 il
20.5(F% 1), FAZIT 25 1 MBREBBALL, 1M
Az 0 DRI i R 7 i A A A R, R i G A
K FERUAE Y R A S A -
32 WEHRRAREEHIENEYERT L=
HER

Witk M IR MAE Y Rk . A S 2R RET
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Wi 3 . 5 9 TSR (BKAREIT3E) FIE 10 75
PR (RAETM) 4B WA R IR X e )
A S SR LA F W R R, B
PR K ST, A i i R s AR
B (R SR HR E  eie . Aor BIE e
60 F1 90 d I AHXT R, 4 lJE T =8 8~9 AN
11~12 W8 2 i 3 e O i i R AE 2 i T
TE- S S AIXT =) o AR B IVEIAR 2R 50 M4 1)
PR AF S, PR R BB K2 17% 1Y)
SAER= YT 1, Horh R 280 g + etk
PRI, MY AR KR, AR R A,
WA Z YA RN E LS Y, X s
REfS i 4 TR UEMIRER AR K, SR RIEMAEY
G SE I [| I o0 N g e NP S = e S PY5°
Ak T RE X e R A S AR,
R ) ) A A i Bh AR S — R B A Ak T N 4
BCHY, T S iz 7 37 ek BE S M) OB B, ke B
BT MR A E K BRI E R N R 2 —, G5
W, BEERENT S, HERMUEY RS R
R - SR TR 7E B i (235 °C) T K s ]
R T P B D D (B PR, T TR A T
R 2 A1 - H Bl 0 190 0 1 R = 18 BIL SR 1) 4 fie
Ko ARG, BT F WA R )E R
TR A KR T 259C, AR 8~9 & 11~12
MRS ZE 10~20°C Z 0], FrBdpticT soc, +E
A A R R b R — S K AR
b FAE T A AL B I A) 2 2 8RR e o A K A
BURTF 10°C, FHAEM 2R AE 15~25°C Z ],
FIRUH ST 25°C, IR AR KRS A T e
s mtadh . HmAAAE SR AR i
A= T I - AR e 2R R R SR R R I R
Al R AR . T, R SRR R
Wi R E Y R R A AR AEE
W, BRI SR RGNS, BTk
S FH A 38R 6T A 3R A A i R ) e R
WA TR — 0T
33 WHERHITIEREERTSHERTENXR
I YA Sy R A B AR, &
HeRE i — A E AR AR, SEY T R 0TE B YA
Ko CAVFERM, e HIEHCE Y& i (sl
HILTE F A HUT T 200 150, T IEMAEYIS AR
TR R A SR IR R A AR A
gy, HOHE WL T HIEAHERRRAES, PR 3R
YA S P E LR . SRR AT A PR A

SFWUIARE S, SRR, IR E YRR A
55 o S bR A SR 0 B Rt B B AT R
PRSI, A P A R R T AR s
HE AR o i b S AL Iy 7T AT 3 4 0 7 ok AR B
WFFEIERT, LHERUE YRR A S R B2 ) 5E &R
TV INEEAFEIRS N S AR TOK A 57 2% HE
RS IR R, RERCE YR . R
S i 2 ()5 Bl AR R E AR 5K
THESFOWITT T AR RS 5 2Okl = 1 A B
AP R AR R R, SRR, R HERL
WK SRR A AR R i S IE A OC(P <
0.05), tEMAYI RS AT B EIEML,
ERIBB K- ABFFEEIREW], 2 9 ki
(BT A 30 A2 T 301 [R] 45 HORE I 0] - Sl B i
R P 55 9 FEBE R (BRACFE 30 7 4 ST 9 7
S Z A R R IEAR DGR R ;26 10 FEHIK
(LBt 7 A 7 i ) A 7 30310 45 JURRE I 391 - S Al A= W ik
RS 10 FEB SRR AL )= i AT 10 FEBEK
S Z TR AR B AR OGO R . BRI T
TR W i R D S -A R Wi Z Il 2 A A
A, HESIE AT AL SR AL S R R
A A RARBEIR Sy, (R AR AN, 2T
Hr L SEAE ) SRR

4 Hhiig

1) MGG (A m KT8 £ R
WA [R) i A A 5 - b e . 0 i B4
PR Jesb R Rer ke, HIER SRR SRR (3%
e 8 & 12 M, FARTETAEE BRI, R
. AR R

2) ISR AR T, PZEGsE A & B
25 SURE B 1 A WL TS ML ek I ot A X 4 3 Tl 2B 4 b
k. AEEPEER TR, &yEiee
B2 20 B AN 15.1%~86.9% Hl 12.2%~
109.3%, Horb AR RS FFA X e Wit ie . &
B A O R, B PR Ak IR B ST 4 S B
61.4%~86.9% FI 78.2%~109.3%.

3) P2 it i S AN IR AR B 4 B S A W A e
R 5 B 0 1 FUE O T 4R DK 8% 58 A
P A A R O S IEAH DGR R
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