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Emission of NH; and N, O from Spinach Field Treated w1th leferent Fertlllzers
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Abstract Agrlcﬁltuml ‘management techmques such as femhzer or manure apphcatlgn have sub"ﬁtdntlal influence on-NH; and N, O

emissions and ,/ by understanding this mﬂuence{

in“a greenhouse at Hunan Agricultural University during 2012 to 2013, to investigate efféets of different fertilizers on NH, and N, O

frna'nagerf}ent strategies can be developed to reduce them.| An experiment was condncted

emlssl‘ona J 'The treatments included control without fertilizer (CK) swine composting fertilizer ( SC) y¥stored swine manure fertilizer
(SS), and chemtal fertilizer (FC). The fluxes of "NH and _,N'Q were collected by venting method and static-chamber method

rebpectlvely "The results showed that during the spinach growth season, compared with FC, loss of both NH; and N, O for SC were
reduced by 52.9% and 95.12% , respectively (P <0.01). However, loss of NH, for SS increased by 24.8% , and loss of N,0
reduced lby 48.8% compared with FC. Loss rate of NH, were SS (10.97% ) >FC (4.19% ) >SC(2.74% ), and emission coefficient
for N, O were FC(4.50% ) >SC(2.21% ) >SS(0.60% ). Yield and utilization of nitrogen for SC were reduced by 19.61% and
13.20% compared with FC, respectively, but not significantly; and significantly reduced by 27.9% and 40.0% compared with SS,
respectively. Loss of gases (NH, and N,0) for SC were 1.83% , which was the lowest, while utilization of nitrogen for SC was
13.20% , similar with FC. Greenhouse temperature was not the critical factor during the spinach planting in winter, but soil water was.
Therefore, optimizing manure management could reduce ammonia volatilization and N, O emission loss without decreasing vegetables
production, and the present data indicated that SC would be optimal for better yields with reduced ammonia volatilization and N, O
emission loss.

Key words:ammonia; nitrous oxide; spinach; pig manure; compost; fertilizer
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Fig. 1 NHj; flux during the planting period of greenhouse vegetables with different fertilizers



4708 AN 5%

B 39 %

HAR AV EDAE = R G0 NH, KGR S R “ &
GE” BOEATR . 4 ASHEARAL IR NH, 4% fﬂizﬁ]?&ﬁ
R FAR—3 NH, ¥ REEE 1 ~5 d WIS —
AN UE(E, Bl A S AR K bR, TGRSR 56 45 d T3
NH, #& HERGE 58 8 5 R ME, 7051080 2.91, 4.85,
4.66 F13.67 mg-(m*-h) ~'. 4 LAY NH, }”7;2‘ iy
AL FE 43 ) J2&: CK 0.96 ~2.91 mg-(m’+h) ™'
0.88 ~ 4.85 mg-(m+h)™', SS LI1I ~ 4.66
mg-(m’-h) "' FC 1.17 ~3.67 mg-(m’-h)

VMG SRR R rhr, AR A 25 ] A b I )
FL it AR PR S S, BE it AR S 38
PO H -3 A NH, SRR & HE i e o 303
(K 2). 4 MBS, RS 1 d 158
NH, #% & HECE 43514 0.05 . 0.06, 0.05 F10. 10
gem ™, 1 dHURILEI(EE | d B NH, #& 55
50 d 9 NH, # & &&, TR) 258 2.14% |
2.28% . 1.46% F13.44% (K 2). it 31 d NAY
NH, {5 RBUK L1551 60.73% | 50, 45% |

53.76% F156.81%. 5451 d ML, BT 58.59,
48.17 ., 52.30 Fi153.37 AN E 4. WEVEY +36E
AEJEAE 2 d 9 NH, # & B R EILE] 50% . 4
45 d NH, # & ZFHEE R 1.96 ., 2.42 2.47 FI
2.36 g-hm ™, NH, # % ZFUHK B 86.42% |
88.78% . 89.23% F184.78% . Hill 45 d J& i % il
P SE 38 NH, ¥ EHECE & 10% 24, S5E
YEYIASIA], At X FloR /N2 FE IR JS 7 d 4 4
NH, % %& 1 2< F I3k 2] 90% > .4 4L B (CK,
SC. SS. FC)H:ABJE T 50 d i 38 NH, BEREL R
4351k SS (3.48 gem ™) >FC (2.79 g'm~?) >SC
(2.64 gem™>) >CK (2.36 grm ™).

t KA SRR, SC 5SS (P =0.044) Z [A]f)
NH, ¥k BRI EAAREZS, SSHFC (P=
0.002) ZI[AJHY NH, # & RRPUK i BA W D& 2%
5; CK 45 SC (P=0.664) . CK 5SS (P = =07258) |
CK 5 FC (P=0.734) . SC 5 FC (P 9’473)6’3
NH, fﬁ%ﬂhﬁeixﬂ% /

e

4.0
EEEm CK .3 SC mmm SS @ FC

35 —— CK —&— SC —8— 8§ ——FC

3.0

25

B BRI/ g m 2

e L E b -
1 2 3 5 7 9 11 13 15

18 21 24

& 100
80
=l 60

40

SRR BB A%

20

H i =1
31 35 40 45 50

27

ML K e/
2 AREBHALIEREEHLTIE NH, EXHRRAESRKAE

Fig. 2 Emissions of ammonia volatilization, accumulated loss, and loss rate for greenhouse vegetables with different fertilizers
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J1.26, 1.15, 1.04 mg-(m’>-h) ™', {H CK kb ¥
N,O HE i il W EH B MAES 7 d, K 1.49
Al B TR 1 3 C/N A
, TR - SRR P R Ak RN B A AL

mg- (m’+-h) ™'
i%Mi%ﬁr

VEHT, FRHEN, OHE . L9 i#E47 % 50 d, SC., SS
1 FC A H3 3 S b 4N, OHEGE Sl T 0, JE

S5, {H FC AR3 S AN, OHE i & T H A
AEFR 4 AN REFEN, O 0 HEACE & 22 A 3E 43 1) 02 -
CK 0.05 ~ 1.49 mg-(m’*+h) ', SC 0.10 ~ 2.40
mg+(m>+h) ™', SS 0.07 ~1.41 mg-(m>-h) "', FC
0.42 ~2.15 mg-(m’-h) ~".

AR R R NEREIE — it A S, 4 A b3
PIN, OJE = BN HEiL & ( cumulative N) 4351 CK
(0.35 gom™?) <SS (0.41 gm™?) < SC (0.57
g'm™?) <FC(0.80 g-m™), WIK 4. WAL
F, FCAMH AN, O TH AR . 4 b4
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NoOHERG ik /mg: (m?-h)™!

10

A
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= -40
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W
L
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=

T, MEREJE 25 1 d H5EN, 0 R B HE L = 43 51k
0.01,0.02,0.01 F10.04 g-m~2, %5 1 d Fi 2 Al
(25 1 d N, OFHEji &=/ 4 50 d BN, OHEL R =

[6) 435 °M 1.52% | 3.10% . 3.60% Fl 4. 88% . Jiti
AEJE 11 d TN, O RBUS K Ll 43 31 4 52, 47%
48.43% . 54. 64% F136.87% . 555 1 d AHILT Hhm
T50.95 ., 45.33 ., 51.04 F1 31.99 4°H 43 5.4 CK Hl
SS AbPETERIALEA1 d I 3% I+ 4N 0 R HUH 5‘6?—
J:@J 50% , SGFIFC b 43 7E fﬁﬁﬂEFﬁ-}as ;ﬂn
18 d*;xfmﬁﬂj;iﬁ?%N O 2R %K}_@Jm% P, g2
1 51, 88%F 50.21% , 16 25 ?TWLE y
E’J%Z’fﬁﬂﬂﬂﬁ@)&aﬁ@mi&iﬁ% Tttt |

MwLﬁﬁmﬁm R 5 40 dIN,e

SRR 032, 0.53, 0.38 Al 0.69 g,
N, O ZU K L 191 H 93. 36% . 93.72% . 92. 56% Al
85.71%.

t KB A R KW, CK 5 SC (P =0.026), CK
5 SS(P=0.081) Z[AIN,0 2k L E £ R,

15

18 21
MR R K Erd
B3 TREHGERERRRTENON, O EE

Fig. 3 N, O flux during the planting period of greenhouse vegetables with different fertilizers

SC 58S (P=0.011),SC 5FC (P=0.018), £
SS. FC 5 SC A4bHi 2 [H] N, O B2 46 %iéﬁﬁﬁ
CK 5 FC (P=0.000) , SS 5 FC (P =0. 0019, (K,
SS 5 FC Mﬂz@m%ﬂ%ﬁﬁ%iiﬁN 0%%/\%
wESWEE.

2.3 if;@kéy\ﬂ‘r ﬂc&ﬂﬁmﬁiﬁkﬁﬂtm?;m}

AR [G) ha M b FR Y NH, 3% % 1 HEN, oﬁﬁﬁﬁcﬁ'ﬁ
BT W , Y A A 3 N P A0
N, Ok 5 it Uﬁ%ﬁt}iﬂ;& NH, 5 % #4987
N, Okl A4 ity P A i, PREE S i%&/ﬁif‘
ﬁiﬁmﬁ‘EEEL TR FST, A
IR SR ANH, 52 AN, OHERC Y 230 s

ZERFWHE R EVE P=0.05 KF |, KAubFE+
HE NH, & VY &5 S 5K 4 vl g an s e
It

Y =-1.38X +5.212
(R* =0.404, P < 0.01)
A3 AN, OHERCT- 338 5 5 38K 43 mT 57 4n

0.9

08 F K N SC [ SS B4 FC
—t+— CK —A— SC —o— 55 —¢— FC

0.7 =
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No OB e dit/g-m ™
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Fig. 4 Emissions of N, O, accumulated loss and loss rate for greenhouse vegetables with different fertilizers
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2% 39 #

il

T EE R .
Y = 0.98X - 1.578
(R* =0.596, P <0.01)

LI 1] 45 Ak B A 397K 5378 b 8h A e AR — B
(K5), WEEmReE 1 diEejEEK, 4 b FE 135
IKTESR 2 d AN e i {E (27. 15% ~27.47% ) , Fi
5 AR A1) 4 SiE K 4% A B A K 4> B RRAIR. 4 4>
Qb3 A 3K 443 ) €K 17.00% ~27.15% . SC:
17.02% ~27.26% . SS: 17.06% ~27.47%  FC.
17.01% ~27.23%. SS ALIEKFFF_JE%JV 75 CK,
SC FIl FC 4bPE2E S B2 CK., SC Ml FC % 3 MAbF

Z R ZEFA .

TR (K 2), MRAEK W CK, SC
F1SS b 3N, OHEHGE = 5 H 1K 7 A 3
IEARDG, FC AR5 458K 43 5 W3 IEAH G5 SC Al
SS 4bFH 435 NH, #4 & & 5 13K 5 B0 b 2 1
FHOG, FCALFRS H 3K 73 52 1 3 ARG, CK Ak
+ 4 NH, # i 55 K T .

29

a7l ——CK -#-SC —S8S —=«FC
g 25
& 23} =
|
H 19}

17}

15

1 2 3 5 7 9 11 1315 18 21 24 27 31 35 40 4550
T A A K Ee/d .a""
- y i — . g
L AES SREHEASTY A
F'ig.‘l-g ] Dylnamic_‘changes of soil water for each treatment” o
2 FRESEEREKE NH, AN, OB &
5tmAkamExiEsin”
Table 2 Correlations of NH; and N, O fluxes in the spinach
field with soil water across the treatments
T HoK S
feb NH; #% % i it N, O &t
r P r P

CK -0.182 >0.05 0.653 ™ <0.01

SC -0.617™ <0.01 0.733* <0.01

SS -0.602 <0.01 0.746 ™" <0.01

FC -0.529" <0.05 0.505 " <0.05

1) # FRR0.05 /KW + = FIR 0. 01 ACEH 2%

2.4 HFHCGRE SRR LM

NEAL AR, Btk A m AN F (Bl 6). 4
AL ERE SR B . FC (20 333.30 kg-hm ™)
>SC (17000 kg+hm ™) >SS (14 666.70 kg-hm ™)
>CK(10 000 kg-hm™*). FC. SC F11 SS A%} CK 43
I 103.3% | 70% | 46. 67% , BBt A Z e

BHEREIS NG 1, MRERUKF T SC 1SS 4k
PRS- LU IE FC AR SRR 2, willfk
NEZ I b, 1A HLAE 7 i g, B3 19 9 2
K, Y3 AR, RIS N A RE
PR PR A AT N BB TR, PRIETEPIR

R R P
2500
Emm
2
£ 1500
X 10,00 |
]
5500
0
CK sC ss FC
i
M6 RRBMAEEEHRE

Fig. 6 Yields of greenhouse spinach with different fertilizers

AR AL FL AT NH, FIN, O Rk AR
Fl. 4 AALFE NH, HECEREE (DL N 10D g )
#: FC(1.37 g kg") < SC(1.55 wellg /) <CK
(2.36 g-kg ) <SS(2 37 g-kg '), ml’ﬁwf% FC
AhEEAA L, SC &Iﬂn S8 A ALIE/\”IJi-ﬁjJnTrls Vig
F142.199% (P £0.05) (9 NH, HE i a8, %L}E
il NH, ﬁlﬁﬁﬁt?ﬁ&%ﬁfﬁ% XETN, OHF R
(KE8), 4 /\Lfiﬁ%ﬂj\j SS(0.28 gikg=") <ng
(0.34 g- kg ) < CKA(0.35 g-kg™') €°EC (0.40
gkg™); 15 FCARTRAE, SC 4T AT SS A 43
5 53 2% A T 15. 0% Fi1 30. 0% BN, OHE 5

LA, T T LA HLAE (SC) Ab BRAE LR
- 3.5
m30f  f
25t 2
8200
o] a a
st 2
Z 0t
= 05
0
CK SC S8 FC
AbEn
7 AEAEZHT NH, HEREE
Fig. 7 NH; emission intensities from four different
management treatments
T 0.5
i a
=004 b b
§ 0.3} ¢
o2t
T o1t
Z 0
CK SC SS FC

il
B8 AREAGELEHETN,OHMEE
Fig. 8 N, O emission intensities from four

different management treatments
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RS 5 (0 LAt 1 AR AT A% /> NH, FIN, OHE
i, (B HETE.

AR ST LA NH, ¥ & . N, OHE U3 5%
WA 3 Ff N R LW (R 3). 4 ML s
X A MR A 4 0 FC(12.60 gom™2) >
SC(10.91 g-m™) >SS(7.50 g+m~*) > CK(5.38
g-m 7)), Wi AR SC FI FC Ab 3 i 3 S M AR 1 4
HREES T AL (CK), 2587 1.03
AL 34 i, B SC AbFRS FC AP 8] 25 53 R i
=, AOUIEEH AL T T IERUE Y R KR
FE, BT S JEHLAR R B R, s T EY
ABROIR AR BR, A S E R N
BRI 38 5 PRt AR A B 22 FOR B YL gk
WP R RN, EE b2 ESEC
R, BRE . Mo T UL —SREERAEY S

R, XS T B B SS AbH T AR AR K
T SCALHE, H SS A FE A F T 3 S AR bk R AL 4K
CK IR B MR, FEBK R0 L
NH, #HE ISR AWM AR, H sc, sS
FC 4b 3 ) NH, ¥ & o £ A & K il 5 5k
2.74% . 10.97% 1 4.19% ; N,O$ 2k 43 51 Ky
2.21% . 0.60% F14.50% . SC AL¥LMTF NH, F
N, OSRHE TR 2 Fe /0N, 3 3 % 00 28 B R Ay Wi i
R FC AR AR R, AR E Ao HE
KAy et it BT Ak HE R b BE R 2 A HLAE
(SC) e r it F N AL AL (FC) FAe RAL G2 HE L
FEFEATHLIE (SS) b BT A F1) T Ik 2 A U HE B 1
IPE =5, AT UL A B A R 5 A LB R A
AL B S e 3R ] DL A AR A, b
IR 75 G XU

£3 BEEXHIBELELEREMEREEY

Table 3 Fate of fertilizer N under different kinds of application in spinachfiled F i =7
e YEI NH; -N itk N, O-N 4 %% NH; -Nt Ny O-NARE
Fit/gom 2 i /% /g m 2 hi H/ % FR/gm2 /% Hh/gom? S /%
CK 5.38b — 2.36a 0.35¢/ 4 =\ 2712 S 5
sC 10.91 a 20.26 2. 64a 2.74 0.57b 2021 3.21a | 183 @
ss 7.50 b 7.77 | 3.484 10.97 0.4fc 40,60 3.8% o 2
FC 12,60 a 26.45] |, 209/ == 19 0.80a7, . 4%0 ¥ 3.59 340
4

O O s i 252 P <0/08) &

=

3 g 5 ' B
; ! ‘

307 AARLRAEHEI NH, | N, 0K 7

R PR 00 5 0 o o e T
B, SETREN NH, §5%. R0 NR S S0 3
PRI AR, RSk SC AR, FEFFAN
FEFEPIR ALY 2 mRl 4 AR R C/N L BT,
FFAEHL LI BRI, SH382 T 5 i R
B A - TS B e AR NH 0
T NH, $f5 G T SS ARTH I A B L 7 T
P18, ARG AR B T A e R,
(BRI, ELHERL AR A 52 2B, 338
SRFFRBEF ORI, BRI AR b AT £
e, SR ARG N, HEHOR N
o, AVFEIIRY L1 N KR LR R
N, AL O e R b 2, AR R 2
FREE LA N 2 5 AR 37. 5% 245 B
SS b B3R B M AL B, AT i O B2
RO J— S U | RS T A
S AN LA B, KRR IIR . ELRUE
MEA - GRHK R A R SHERA, FC

S 18 A i) NH, #E% BEUSK R T AL
$70.93 g-t™” A5 18 d LU SS AL NH, #54 2
19 B A R o At A PR SR, 1 B HLAE it A
35 B I A T

ARSZEG R, SC T SS Ab A HLAE At A 3% S b
Ja BIERE I AR E R B, FRL A A
T, TN, O HER, HHER R T34k B A&
(FC) Ab ¥ & 25 BEAK, HIN, O 1 HE ik 2 5053 51 A
2.21% F0.60% . Aguilera 25 o dg i 7E# K 4>
AT, AHUAE R AT LU DN, O HERL. SS Ab
PR AN, OHECH R fe M, HUIZACBEAE T 3k s
AR, ATREH FACH 38 N ZIG 0 LIS S E
KR KBEZA®. SC 4FEN, OHE N FK T FC,
AREH TREs e T MRS, EE M C/N 4%
PR T R i E Y YE, B3R b = A RS TEHL
R, R TED AR MES T REFAH
KU AR, N, O /b. SC AR T
JAEHENEA HLIEVE S R R AR AR, AT {5 A
IR E R R, AL AR &m, kb
N, O HE , HHE A 7 2/ NP, FC 4k
PRAMET, BoeHh 38N, OHE R K, nTRESE



4712 2N 5%

B 39 %

AT AL N R, B+ e e S Rk
B, I AR, B3 A LA AR
%, DA Sy S RH Ak - S i AL S A= $R A T 22 1) I
NS, BN, OB HERL. SC 4bBE 4 HEN, OHEi &
B AE BRI AR 5 R A BN, OHE il 2 %k
JEFEIN (2.2% ~2.7%) """, SS AL FAT E N BF5E
f90.27% ~1.13% Z 81" | H 555 50 R0 X 3 H 1

HEN, O HE L 280 0. 73% B4 7). FC kb33
TN, OHE I BN 4. 50% , 754 HAb ABF5E AL A

A HILAE i A 5 i 5% 32 N, O-N HEit R 50HE 0 ~
6.8% )™, H5TIREE W58 2l 50 X
=250 3R -/INE S-SR AE SR M ) - HEN, OHE &R
BN 4. 6% 5 NI, SC A FC ARBEN, OHEI & 5k
P15 T IPCC 1% RHELF (.
3.2 SEMAESE H 3 NH, . N, OHER N+
YEAE KSR, AR EHY NH, #4511
BHFRERCHR N FERRZ 7 AUEHEA
TR EOK SR, HIERBUR, FETEN
PR 5 3 o S NH, #6828 (il e . BF
R AT L ~2 JR A F KA NH, %

TR 56 1 W B 5 KGR

Sh ¢RI N R R — B A A
WAIFI (PR 1) IR - 0.4 ~ 18. 65°C | i B A1 N
FNRDK G | AL T SRR IR P A U Rt
T A NI, )R ORI B | PR L/

Kb NH, g RS T, SRR 307 B

NH, KA KT 50% . R KR, IEREE
PR, R R TR 2K, DRIP4 NH, 5 ff L
TSR G NH, ¥R B sh i — A E. AR
o, AR AR 45 d HEBLEY NH, HERL S 06 i TR
TR, EERFE] 10.2°C, CK, SC, SS. FC
X 4 ASARFR Y 43 NH, 4% & 8 8 7E TR R 5 Ak 1
54 2.91,4.85,4.66 F13.67 mg+(m*+h) ™",
H CK 4b¥ 148 NH, # %38 & 5 i B 9 AH C R 5057
MK r=1.000(n=3, P<0.05), 5 &FHHMAE; FC
AbFE A4 NH, #5385 5 B 1 A OC R B 5K -
=1.000(n =3, P<0.01), SH BEMAE, 14
SIS IR 2011 ~ 2012 AFHURRHE X AL ARt A /N2
I NH, #% & B, & SR E BTS20 NH, # &
WA T — N EE R IR ZE 1 SC RN SS
AbFE NH, ¥ & 55RIRE T B EMK, h Ty
FEFFIR A AL BR 5 it A 3, REFF AU INA 7T BE Xt
BEAEEVER, (HAEEATE/m NH, #4£ 5

FHHT. BEORE, 4 AP E NH, R SEE
TeSEHEE, FTRER AT IR SR, R B P b
1%, AFIT N ki 1ok, ARFIE I 60% /247
[+ 8 7K 4 BF 55 O NHL HETHR BE T R 0 v
LT N, $E R 5 KR R IEAR R
TEAMGEH, EHOKD & EAE 17.00% ~27.47% 2
6], B CK 4h, #4bF8-H3E NH, # %402 5 + 480k
Sy RGN (F2) , ATREH T K
fRAT, -3 & 4 8 £ 0 NH,, NH, 57 07F
B, NH, #E& R K | 505 &840 fEbtE
X HFFE 2011 4F ~ 2012 4E& it AN R & & 2%
R I, 5 5 T 2 S 10 N, HE O 4 S —
LIS Ab TR A4 NH, #5730 ol R A B R
AR . IR K A g AR AT R A ]
VASHT, A5 R
Y = - 1.38X +5.212 (R® = 0.404, P.<0.01)

LA LR, AR 0K S R N,
R IR T I 7 et S R N,
RS R T T 2. RS ss A, SO Al
FC Ab 30 -4 NH, A5 6 (2. 74% A 4. 199y FedlE
AT F T NH R B 5 R P e S 17 20 5 <
227 N R A R K e DAL
2 149 BRI M A B N, 4 S e b
0.65% ~4. 40% i I AHWT , H 570 a8 %0 #
3T A T T 5 A e 22 S A L
AE SR 43 NH, #1288 2. 0% ~3.98% 3. 28
80 251 ) 7 2% KOR R S 008 NH, 3% ik
90% , FLHF5T 45 F 3 BRI 1K 75 S AL IR A A+
HE NH, B9 KRR 24. 0% , UiIABGIE NH, #
FRMCHE Ty AT DASR = W NH, #5 %0KS B

SRR 35 R AERAL S5 WL, N,0
I 2 AR PR R EE R, KA
VELBE S B R AL S R E I R T, A
REE A 5 % A AL 5 R B AEJ, 7E 4 N, O
ot Ao, A TR 0 3R B 4 A 7 0 T 1 .
BT 35 5 0 2 4k T 1 4EN, O I HE gl B
- HEN, OHEHC T S B B 7B fb 15 2 A5 (b A 1 5
4 ALY AR R S RTTARRRGET, 9
S HEN, OHEi 15 BRI IR BE AR G, 7T RS 9
AR N4, SFHRIRN -0.4 ~18.65C,
RIRFRE AR THCE YIS S, 0 T R R
PMAIBET , 5T 30 72 20 B 5 W 7 S IX 52
Hb - HEN, OHERICTE & 75 5 BRI T HE AR G R I 35 4%
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—E, AT B RS TECE P B A A R B Y
JE15 ~35C 0 MK A AR i S R AL A
TSAEPER = 2EN, O, T2 BB /KR 40% ~60%
Z A FFN, 0F= L MR AR, FC ik
FEN, OHE G 5t 5 1 KA R BN r=0.505(n
=18, P<0.05), B EME; HA 3 NbPEAA:
T 14N, 05 LK 3 I A W 2 AH G, AT
T IR ZE AR A L HEHFE 3K 317 /K A
FH, T80 AL AR Ab 3 (FC) 38K 435N, O
JaC ) 1 BTL ) A R . 3 i JIE Ak B S b - SN, O
HEA & T CK AR, AT 6 i T N it 0 e it 3 o
T3P, SR BIN, O 5 ) KA HEL,
55 Pihlatie %% BUBFFE 45—, HIEHHEXT )2
IR SRR KT R )2, i a2 )2 - s i
ZAL, FITF 7= A ) AR KR8 AR 4
e, LIS A EE A SN, O HE Al 238 & o8 [H A &
WEEAR . R 80Kk A AR BT ig A
FHE AT, 75 EE T »”
Y =0.98X - 1.578 (R® = 0.596, P < 0701)
CROEERRW, ARBESE T 1K S R RN, O
Hie i ERIRBE T, 4 1+ HEH YN, O A ST,
MO A O | 5 LY G
Pl RO = A R W A £ J AR R P
S BN, ORGP 22— TR T BF g e
R A LR U (7 -3 S0

SO F 25 R il e K 53 S50 BB F 5

R A R o B A - el
e RN, O HE R A0 B TR 7. 5006 6 36 o A 5
i, RIS . ISR BUE R, T
Ve PIAT HLE A5 T D e —BE T AR TR 5 - SR
P T 46 A R AL BRI R DL, o A48, 45 i
TR

4 Hig

(1) ASge i, Wi M SC, SS Al FC 4bBE N
T HER) NH, #E AR BUR 50008 . 2. 74% | 10.97%
1 4.19% ; N, OHEI R B 51h 2. 21% , 0. 60% Fil
4.50% . [F%HE/KFT, 5 FC #HLL, SC AbHifE
/> NHy, 1 N,0 HEak &, 40 51 > 52.9% #i
95.12% (P <0.01). IZLWAFR SRR, &
AR R K 4y 5 155 NH, FIN, OHERCE
BRVERR, (R =0.404, P <0.01) (R
=0.596, P<0.01), s&A RGN ERE
PR 3% + 3 NH, FIN, OHERCH) EE N, 5

JEARJEH TR
(2) &2 2 PSR AL B rp, 3 b ah B

433 S FC (20333.30 kg-hm™) > SC (17 000

kg-hm ™) >SS (14 666.70 kg+hm ~*). % Jifi 3¢ i jifi

FHREGEICHERT LA A9 i, SC AR 3 T ARSIk

PR AR, g NH, 45 % AN, OHEHe k. fife

B FEAAE B TE A AT LIR = B g 5 1, 7]

WA 7 & 2 X PR 75 Gy, 32 R REA

AR T AR AHUIE AR EL(SC) , i

PSR, NH, FIN, OF R BHIK.
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