
书书书

!! "# "!! $ # !"#$$% !&'($)" %&'("#!)&($
!!"*+, $ ++ % -&./01'&2-345360375/839:!)19./1';<350<5" )&7("*+,

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

!!!!"#$" "*+, H+* H*+!!!! !%&#$" "*+, H+* H"$
!'()*" &'()*$+,+-./01 !-I+J",K"$ 234565789:;<01 !LIM; HKN"
!+,-." => !+ONN%"& ?+@& ABCDE6FGHIJKLE6IMN/O' PQ413'#'30BR10BSD4.(5E.(<0

!/012" +**N HNK*J#"*+,$*$ H*K*+ H*$ TUV%+*(+ON+J?D(D4.F/("*+,(*$(*+

3456789:;<=>?@ABCDE

*!++#"# ,-.+#"# /!0+#"# 123+#"# /45+#"

! +(!"#$%&$'" () *+ #$+*"+# "(,-./00%123456789" () *+ #$+*"+$

!FG" /OPQRSTUVNWXYZ[I\]^NJ_L`abcNde' fghi $ jklWX
YNSTUVmV# *& +*& "*& #*& K*& J* 4B?W& nopqL*( L+( L"( L#( LK LLJ r& sr # jtu&
vuq# +$ E NwxI' fgyz{|# +" WXYNSTUV}~de\]^NJ_ !!"*#*J" & �)L#
r\]^�_��' "" WXYNSTUV}~de\]^ZE9`Nbc !!"*#*J" ' xI! # �& L" L
L# rE9)`NSTUV}~�����r !!"*#*J" $ ! J �& L"( L# LLJ r}~���� # r !!"
*C*J"$! , ��& L+ XLJ �r`NSTUV�[Q}~& ��}~��Z�r !!"*#*J" & �)�L# r`
NSTUV��' #" WXYNSTUV}~de\]^ZE9aNbc !!"*#*J" ' fg��! # XJ �&
L#( LK LLJ raNUV}~��L*( L+ LL" r !!"*#*J" $ �fgvu!, ��& �raNUV���
�t�' fgyz�|klWXY���v[I\]^NJ_& �l[I\]^ZE9`( aNbc& ��
�WXYNSTUVq #* 4B?W' ���fgyz��& \]^[I , E ��� WXY( `La¡HIG
S& �¢£\]^N£¤�¥J_'

!HIJ" \]^$ WXY$ [I$ `$ a
!@KLM2" ; OKO& ;O$,CK+

!"#$%%#&'()%*+%%#,#-'.)-&#-',/'+)-()%012&)(#)-3+',)4#-/-5
6")(7"),2(8'+1+9/'+)-)%:#'#,)',)7"+&!"#$%&##'

YI)ZW30B+["[WV)L=10B\5+["[]̂ I)Z .̂3[_VP 1̀0BD35+["[]̂ I)ZL=.0@31&+["

a+(b38=5/358L&''5B5[-345360375/839:[_31450 #$+*"+[L=301c"(d5:W1A&/19&/:&2

5̂1'9=:e1/3<.'9./52&/9=5P189L=301;51[e30389/:&2IB/3<.'9./5[_31450 #$+*"+[L=301f

;<(',/&'=g=5>/5850989.E:3075893B195E 9=55225<98&2E3225/509<&0<509/193&08&2B'.<&85&0 B/&R9= 10E .Q
93'3F193&0 &2039/&B50 10E >=&8>=&/.8&2=595/&9/&>=3<$%&'()&&*(;3@<.'9./545E318R39= *[+*["*[#*[K* 10E
J* 4B?WB'.<&85a41/G5E 18L*[L+[L"[L#[LK 10E LJfR5/5>/5>1/5E 9&<.'9./5=595/&9/&>=3<$%&'()&&* 2&/
+$ E1:8(P1<= 9/5194509<&091305E # /5>'3<1958(g=5/58.'988=&R5E 9=19h+fY39= 9=530</5185&2B'.<&85<&0Q
<509/193&0[9=5<5''<&0<509/193&0 &2$%&'()&&* R1823/89':30</5185E 10E 9=50 E5</5185E(g=5B/&R9= &2$%&'()&&*
30 L# B/&.> R189=52189589[2&''&R5E A:L" 10E LK B/&.>[R=3'5B/&R9= <./75&2L*[L+10E LJ R5/5B509'5/
E./30B9=55@>5/34509("fV0 9=59=3/E E1:[9=5<&0<509/193&0 &2039/&B50 30 9=5<.'9./545E31R1883B0323<109':
'&R5/9=10 9=19&29=5&9=5/B/&.>8a!i*(*Jf(V0 9=5J9= E1:[9=5<&0<509/193&0 &2039/&B50 &2L"[L# 10E LJ
R5/583B0323<109':'&R5/9=10 9=&85&29=5&9=5/9=/55B/&.>8a!i*(*Jf(I295/, E1:8[9=5<&0<509/193&08&203Q
9/&B50 30 <5''45E31&2L+ HLJ B/&.>8R5/50&983B0323<109':E3225/509[A.91''&29=54R5/583B0323<109':'&R5/



¦§¨©©ª !«¬.©" ! "# "

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

9=10 9=5<&09/&'B/&.> a!i*(*Jf(g=5'&R589039/&B50 <&0<509/193&0 R18&A85/75E 30 9=5L# B/&.>(#fg=5
>=&8>=&/.8<&0<509/193&0830 <5''45E318&2L#[LK 10E LJ R5/583B0323<109':'&R5/9=10 L*[L+ 10E L" 30 9=5
# HJ E1:81295/9=55@>5/34509891/95E a!i*(*Jf(g=5>=&8>=&/.8<&0<509/193&0 &251<= B/&.> /51<=5E >'19Q
51. 30 9=5,9= E1:&29=55@>5/34509(g=5>/58509/58.'988.BB5895E 9=19#* 4B?WB'.<&858.>>'54509193&0 30
9=5R195/<&.'E >/&4&959=5B/&R9= &2=595/&9/&>=3<<='&/5''110E 34>/&759=5.93'3F193&0 &2039/&B50 10E >=&8Q
>=&/.830 9=5R195/2&/, E1:8[1295/9=19B'.<&85[039/&B50 10E >=&8>=&/.8055E 9&A58.>>'35E 9&9=5R195/9&
8.89130 9=5/1>3E B/&R9= &2$%&'()&&*(

>#?@),5(=$%&'()&&*+B'.<&85c=595/&9/&>=3<<.'9./5c039/&B50c>=&8>=&/.8

*!NO
®$¯°±¦²�E6IM5N³´& µIME9¶·¸³N¹º»¼½qdeIM½¾¿NÀ

ÁÂÃ& ÂÄIMcENESÅÆÇÈ½qE6IMÉL./ÊËÉ�ÀÌN»¼ÍÎ' ÏÐE9¶
·NABÂÃÑÒÓ( IMJGNÔÕG�ÖÑ×ØÙ¡)+* ' ÚE��Û�IME9¶·& �ÜÝ
ÞÚE��lIM½�NRßà¶·Páâãä' JGåæ78½qçèE6IME9éK/ONÎ
¨êë' JGåæìíîJGLJïðñ& åæòóE9NJï:ô& õöJï:ôNGSL÷Tø
ù& �lIME9úûüýT& þÿESLE9«!÷")"* ' JGåæ#$%&E9)klÑ'(
JG)" H#*L)&x-Ñ'(^¡ðñ)K* & 1*ÜnûE9)N¶·G& þÿE9N«!÷"' Ñ/O
{|bc^+N,-( .¦L/ûËc��Ñ012¶E)NHIGS( 34567LÑ×8G
¡)+&K HO* & Ä9\]^N[IxI��:;<«IxINò<�=>Ö6T�¡?@& �¥Ñ0Aþ
ÿ\]^6TB6¿),&++ H+J* ' -308&&¡)+$*cCExI\]^ß³2& \]^Z¶E)N` !DLE
67" ÑFÿNbc¿& µJGSGHNTIJ¡�CCE)12K×LL`NT' MNO)$*íî
PQCEZ\]^vu«I( RIL[IxIN/O³2& [Iß\]^Z LUT( L/L`N12¿
no÷ST N$C,j( NNCOjL $,C"j' UÑ/O)+$ H+O*{|�ÿL`Vß& [I^NWXY|}& C
ÄE9)N`( aàZ[Y\' Â]& ¢£^�NL`V��Y_A³`[I^+ZIME9N!�
Ëc' �ab�IME9)n6HTN[I(^q/OZc& /OE9)QRUVNWXYZ^+[
IJ_LZ`( abcNde& �#qbc(^vuESÅÆßdeLfNklTþgKhi�& q
IMjkESÅÆlmnop'

+!PQRST
+C+!PQ

�fgqcrs¡)++* NKLtuxIt' vwxy# )1)U# *CNJ B?W& d̂ " kUK *C+NJ B?W&
d" k̂UK *C*NJ B?W& eB;UK+N "̂U*C*NJ B?W& L1L'"+" "̂U*C*"J B?W& )1L'*C*"J B?W& b5L'#+$ "̂U
*C**J B?W& ]0;UK+N "̂U*C",N 4B?W& e0;UK+ "̂U*C+$O 4B?W& #̂lU# *C*$+ 4B?W& L.;UK+J "̂U
*C**"J 4B?W& !)̂ K"$e&NU"K+N "̂U*C**+ "K B?W& >^m$CJ'

&tuxIt)kl "J 4B?WNWXYL +** V6?4W*zÃ{½^|n6xIt'
C&'}~�IMjq¦E�& ����Tt�n6xIt�& vuwxI& � J XN E �xI

t�J_�[I^+& �vun6xI& HT�[IN��^+' ���)�T�\J_���NÎ
�& íî{ï©��& �)q\]^ !$%&'(*&&* 8>(" ' �ÇGHN[I\]^�q<�xI��|'
+C"!UVST
+C"C+!^+��

µ<xI�|N\]^����9xIt)& ��<�xI�& �Vq ", n& <��Vq #*** X
K*** '@& <wá#q +K =o+* =& xI J XN E& �ì�J_#'

+"*K+



!! $ # =>& ¡# WXYZ[I\]^bcE9)`aNde

=99>#??@.5A1&A10B&0BCD4.C5E.C<0?FGA

+C"C"!^�K�éK
�*zÃl�é�ì�J_#N^�)& �� UVq +** V6?4W' xI # E �& � +* 4Ŵ �
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图 1 不同葡萄糖质量浓度对小球藻异养生长的影响

Fig.1 Effects of different glucose concentrations on
heterotrophic growth of Chlorella
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图 2 C3 组培养液总氮质量浓度与培养时间的关系

Fig.2 The relationship between total nitrogen
concetration and incubation time for C3 group
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