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BB T
211 EWKFE AU AIET A A L

TR B E AL BT L PRI S U8 A0 2] A 3 0

Fi TR GR D T5 e ab 3 AT DL 4 A L R
BRI T . T 2 HE BT, 45 4 B B0 5
T fifl KRR RN R K — S B .
TR0 IBA 4b 315 25 7 % BE 0 B 005 G 3 22
5, TRP.UB fl TB 4b 0] D) i 25 R AR 1 52 % 5 B
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Table 1 Effects of biosolids and auxin on the turfgrass quality of Kentucky bluegrass under
well-watered and drought treatment
B WL 5T
AL RIRAL THTH 7TH14H 8H3H 8§H11H 8 H19H

FEorBRIK CK 7.6 7.4 7.1 7.1 7.8
IBA 7.6 7. 458 7. 4PeAB 7.2 7.7
UB 7.7 7.7 7. 6% 7. 5% 7.8
TB 7. 848 7,848 7,848 7.6 8.0
TRP 7.6 7.6 7.5 7.3%A 7.84
T EWa CK 7.5 6. 8" 5.5¢ 4, 3P 5. 8¢
IBA 7.5 6.9 6. 0" 4. 8bP 6. 5"
UB 8. 2:A 7.6 6. 8¢ 5.9 6. 9*¢
B 8.3 7.5% 6. 6°¢ 5.9 7.1
TRP 7,70 7. 248 5.9« 5. 4¢ 6. 88

TE G A g6 R LSD A 56 , A Rl/NE SRR B 7 BB A 835 22 7 (P<<0. 05) s A RE T BHAAR BT A M A 8.3 2 =

(P<<0.05), F[H

2.1.2 vtAMTERE FOVKEMT 45N
FRAG I AR X K e 06 2o AR P JE AR L CK
IBA . TB Al TRP 4bHi¥7E 8 A 3 HEH EI. 25k
AR (R 2) . B ] IBA fT TRP H B e il 10
T 3 2 i et R SR ) I A S K T it R
15 Ve 6 5. 35 2 5 b LR R B A X K R (P <<
0.05),

T8 ST L A AL B R A X K 34 A B
BZOIH R —H B PR KRG RE I +
SRR PRI 4 A b B R AR X K B B e T
X} B (P<C0. 05),IBAUB.TB 1 TRP 4k FE#FREE T
FABE R Wl 22 L BOR i R A R KRR B
UB.TB 1 TRP XJ it Fy AHXE 5 0K & B9 52 0 [ IBA 4R
PR

I=A
W

R2 2HASDEHTEHMERERRMAHENSKE

Table 2 Effects of biosolids and auxin on the relative leaf water content of Kentucky bluegrass

under well-watered and drought treatment

] A HHXT K&/ %

RTAE S TATH 7A 14 813 H S A1 S A 19 A

Fr 4 BeK CK 68. 15" 72.75" 88. 28 84,574 83. 33
IBA 87.01% 79, 548 89. 86 86, 92" 84, 738
UB 85. 447 83,27 93, 88 92, 28 86. 00
TB 83. 40" 83. 34" 92, 97 90, 14 89, 27
TRP 81. 25 83. 26" 90, 72 86, 4878 82, 79"

T B ia CK 74, 24 73.10" 52,09 34, 45% 73.19"
IBA 78. 60 78. 20 53, 33" 38. 03¢ 77,74
UB 81.09* 80. 74 55,430 45.91"" 77.18%
TB 83. 11 80. 28 57.20° 50. 39« 78. 28
TRP 78. 40 80. 53 56. 82 47. 62" 77, 44
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2.1.3 THEBE RABKFETHLSLEETR  — )G 6 RAE 0 5 225 50598 B T IH b b
EEBLREZL, TEWET. SO EE (P<<0.05), ¥LW],IBA.UB,TB fl TRP 4b ¥ e 7E
JEHR M S LHOK A SR PR EE I EKE R TRPHNE R A R BOR S B KE W L
FHETREGE 3. TRAFINE,IBAUB.TB Al TRP i s 5 8 i 1 &2 8 i
Ab PR Ik 25 A KT X R (P <20, 05) . &K

3 FEHETEHERRAMANEEE

Table 3 Effects of biosolids and auxin on the leaf wilting degree of Kentucky bluegrass under drought stress

S 4k 5 WREEE/ %
THTH 7H14H 8A3H 8 A 11 H 8H19H
CK 5.5% 13. 8¢ 31.3% 47.0% 17.5¢
IBA 4. 8P 12. 3% 25. 0" 41, 2" 13.0"
UB 4.0%P 8.9 22.0" 39.8" 11. 0%
TB 3.4 7. 4P 18. 8" 38. 8" 10. 5%
TRP 4.1 9.0"" 21.3" 40. 8" 11.5"
2.1.4 ek FRAUEKAME T AAB GG TRBA T A AL B s R R 0K

RIS o B P B B AR (R O 5B R P REmEEAR./E 8 A 11 HIAFf k.8 A 19
AL PR AT DL 2 R R R AR B R 1R H (&K= ARl Ik, 5% A . TRPLUB A
JE31.UB.TB fl TRP 4bFRAYEE # R B EH T IBA  TB ALBIAE W48 0 T F Wrid F b R BOR 19O & 3
(P<<0.05) - W WITE IS /5 191 UB.TB Ml TRP Xf Rl AL IBA ton] DUER @y HOb & 3 AR (H 28 e A B 3% Bk
HBORIY G5 AR AR L IBA A B 2% A5 YR AL B R LR AL B R

R4 2THAKSEHTERERARH TG ER

Table 4 Effects of biosolids and auxin on leaf photosynthetic rate of Kentucky bluegrass under well—watered and drought treatment

MRIEAEE/(pmol e m > « s 1)

IK 434k PR I Ak B
k5 = THTH 7TH14H SH3H SHI11H 8H 19
FEArBEK CK 4.36 4. 42" 4.21" 4.08% 4,11
IBA 5.24% 4,90 5.02% 4. 85" 4.92"
UB 5. 26 5.15% 5.08% 5.43% 5. 44
B 5.31% 5.25" 5,41 5. 79 5. 66
TRP 4,79 5.09% 4,97 5. 260 5.55%
T 5 ihia CK 4, 284 3. 67" 2. 90" 2. 24 3,09
IBA 5.2]%A 4, 35" 3.19" 2. 77"¢ 3. 21
UB 5. 32:\1)1\ 5 22:\‘\ 4 53;.1\15 3. Slnli 4. 62:\1\]5
TB 5. 88 5.39P 4, 65%¢ 4,00 4, 53¢
TRP 4 97hu:—\ 4 43\;15 3 43[;(‘1) 3 15;|I>Il 3 64ul»t‘
2.2 SRMEKENTEMETHE®MEHRRLIE AE 0 4 R RUAE Y Sk . UB A1 TB 4b PR A B i 3%
MEY R R PR ERUE Y R, HACR W WL F IBA R

2.2.1 XEMAMITH  FOHVOKFMAT LB R TRP 4b 3,
PR R 2 R UB, TB>1BA, TRP>CK,IBA,  2.2.2 X3E#AMAS $HE HREEMAD R
TRP.UB il TB 4b A 7573 be K & M #R e g 4 = + Ll A5 0 e i o S ] R R AS v g A 2 BE Lt Ok
SRR Wy ik L (H 75 8 A0 B 1 52 ) Ll 3K AL B I Ut B S 1 3000 0 o R A S
TR, AP LIEMAEY S ETE 8 H Shannon-Wiener Jiz Bt #E A v i3 A4 W) 2 4 1 19 45
11 H(EHK & EEE 25% HE K E) B35 T % GV 4 =y = N o N i R DR G R T a7
(P<0.05), XAER K — A J5 W2 0, H 5 X i & ZFEME . L AR 2 R, AR BUE R e RS
B (P<<0.05 ., fE T2 Mia T, IBA Fl TRP 4 FH .
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Table 5 Effects of biosolids and auxin on the soil microbial
biomass carbon of Kentucky bluegrass under well-watered

and drought treatment

TS Y i B/ (mg » kg D)

IRAFAE B AL B

TH7TH S8HI11H S8HI19H

FEor K CK 39,37 38. 33 39. 80"
IBA 48. 50" 19, 05" 16. 45"

UB 61. 86" 59, 70" 62,16

TB 67. 25" 65. 90" 65. 79"

TRP 45,83 47, 54 18. 39"

T2 Wa CK 38. 38 22,948 38. 22
IBA 52.71" 36. 52" 52.02"

UB 62,11 14, 53" 61,61

TB 66. 32 46. 64" 66. 07

TRP 52.59" 36. 80" 50. 05"
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Bt 41, Shannon 45 B0l & 18 3 2 ) 22 #F PE R
FEIFGEAK AN UB A B £ HERUE W) 2 R4k B 55
T CKLIBA Fl TRP ¥ (P<<0.05),CK W& T

IBA F1 TR 4 (P<<0.05), UB fil TB 4b ¥[8 G B 2

22K 3,
6 —
= a ab
’ = e
& 4+ c ¢
Nm
Bl
s 3t
=}
£
0 2
1 .
0
CK IBA UB TB TYR

JLBL
B3 SREMEKZRLEBETEMRARTE
WEMSHE
Fig.3 Effects of biosolids and auxin on soil microbial

diversity of Kentucky bluegrass

2.2.3 ELHEMAMABELMN  Venn HH TSIt
ZAREA T M A OTU $H B P ECH .
T 1) T R A JIT AT b B R o BRI SR A 1Y L e A A
S PR A A — 7 B R I T e S e A B
JIT A Y T i 22 o 0 R T A AL L T T R R A 3
JIT R 1 T RO T X B CIE 4D . el I 2 B R Vs R
(UB 1 TB) fig % $2 i /K 43 56 &2 2% 1 T 38 6l A 90 i
FH,

kbl

4 BSRMEKELETEMREARTERENFEE
Fig. 4 Effects of biosolids and auxin on soil microbial

abundance of Kentucky bluegrass
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CK., & mT DL . 58 60 Jr 1 o /9 90 B R 7 8
oSN E R Taamaa, XUl TB /1 UB
AR LA B RS T CK Rl IBA 4R B,
B 25 2R AT #i )& (Paenibacillus) Hp it — 22 5 Ff flE 9%
SR 1 A AT e X g A B Y PR AR 2

Cladogram

inan
5378

WAL R A3 A o 1T DA 4R 45 Ak B A A 48 P S 2E AT B
FrEE W 6, TB Ak B A i 28 28 AT B 5 2 2
Z 8 F CK #l TRP 43 (P<<0.05),IBA I UB 4b#f
MR FRFFE S & T CKART TB 43, (1225 A
B3,

BS SRMEKEVEMERRLTEHREVFTE(EZZRYH) BRI — Lefse 534

Fig. 5 Effects of biosolids and auxin on soil microbial abundance(significantly different species)of

Kentucky bluegrass using Lefse analysis
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Fig. 6 Effects of biosolids and auxin on the abundance

of Paenibacillus in soil
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P25 0 B R IR AL 25 R TR A E sy . PCL A
PC2 AR T W A A o A= 0 20 B A= AR 4% 1Y) S ARL 5%
Wi 25 PCL R A 43. 96 % . 327 Xl Y 24 S 45 S
DA R 4 1 4> T 45 SR Y 43, 96%, PC2 [ {H A
14.03% . s Y Bl 22 53 45 5 nT LA A % 4 1 43 #r 4
B 14.03% (B 7,

CK 55 HoAth &b 3 11 13 A ) 1 V% 45 40 B A2 78 22 5%
UB fil TB 4 ¥ 2 54/ IBA 5 TRP b3 2 5
BN AT HE UB f1 TB 5 CK B2 54 IBA 5§ TRP
25 HRE D,

Pecoa

0.2 4 v UB
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T
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Fig. 7 Effects of biosolids and auxin on the structure of soil

microbial community in Kentucky bluegrass
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2.3 TEPEHEREY

Heatmap" " 1 U0 b 45 55085 (8 (9 /0 L e i i
ORI Ok K 5 B AR = B2 0 ) Bl o) P 2R
A L 3E A BB B R DL R R R W 2 A REARTE 4%
K bR T 2 LA R AR R 2 S

HREAE P 8 rp A (o e nl LR — 26 200 5] /) R 7 T
J& (Micromonospora) | 5% 5 W J& (Streptomyces) F 41

BRI B (Rhodococcus) 5 , 7E 15 15 ¢ 7Y 40 ¥ (UB F1
TB) 5 KRNI IR A 40 B (IBA  TRP 1 CKO H i &
AHZEAR WIS % Bk 3 Al ARl rP A SR EAT L
(K 6),UB I TB Ak B b i) /) R A T 0 5 25 7 4l 7
a8 % 5 T CKLUIBA Fl TRP 4 ¥ (P<C0. 05),
UB 4k B e i 21 Bk G Bl 2 2% & T H A 4 3 (P <
0.05),

Ralative abundance of cammunity (%)

8 FIRFIAEK R E B R T 5 i 4 W B 45 49 Y %2 Wi -Heatmap B

Fig. 8 Heatmap showing the effects of biosolids and auxin on soil microbial community

structure of Kentucky bluegrass
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R6 EHMEBERRIEFIMMEINSE

Table 6 Effects of biosolids and auxin on the abundance of several microorganisms in

soil of Kentucky bluegrass (cfueg™
J& 44 CK UB TB TRP
JNBAT B J& (Micromonos pora) 49, 33" 316.67* 189, 33* 7.67°
4 %5 B J@ (Streptomyces) 34, 33° 57.67" 412.67° 392.67° 7.33%
21 3R )& (Rhodococcus) 53. 67" 36. 00" 1142.67° 495, 00" 31.67"

I geit A g R LSD 24 (P<<0. 05) » R B /NG T B R4 — 17 M TN EUE 2 [\] 22 57t 2 3% (P<C0. 05)

3 i+Fie

3.1 BRMFEEUHTEHEARNERKERE
950

Tits, FH 5 U8 BB AE T 5 b T 8 2 AR AV e B B 0 T
A E A RO R i AR R K
(9T B o ol 0 0t B SBOR A T 52 B 38 T 473 B A 4 A 1
AR, WFGT B it TS U8 AR S B R SR 5 I PR
Jo AR B K A A i T R aE
LK B LT B R A R L TE T R e R LI5S B
HLIEAHE £ i F Lo Bl P 35 8 38 ) F 0k 22 T 52 00 3
LS AR A . TEAR S T R PraE L UB,
TB F1 TRP 4b 3 0] DLy 2% £F 0 5 & ) F B . UB #l TB
o TRP % i3 H 72800 R 1 37 0053 A 5 58 3% 11 5%
w5 T AR A R — 8. UB F1 TB AL AEK 4 78 2
B T 5B A T AT DL R M R BOR O R
Zhang % BB 5T 2 WIS TR AB S 4R & 3 E 5P e &
R H5ARIIFI45 R — 5

AR AEP R K o3 20 0F T o 4 Tl A BHX BT b
BRI A X K A B R AR . B UB M
TB 4 LR R BT IBA 1 TRP &b, F5Ma T,
UB.TB #l TRP &b B34 68 98 4 5 AR T+ R i) 2 85
LR, T 245 & K5, IBA, TRP, UB #I TB 4b ¥ it
R Jin bl B B B A Pk 2 s R ST B R 9 3 S U8 g
e T R0 T RS FF o  ERE, 54
G 45 R — 30
3.2 SRMEKENTIEREVBEMMBLEEY
=AU

A INS E RE S W B R b SR A W ik L G AL
YRR ZREPE . AEE b, UB i TB A FRRE 8 W 3
S8 R BAOR A 5 P A BOE W BB HL LG IBA I
TRP 4b B X AR 3 9 1 B2 58 A 7 ol A ) FE % 45 4 1)

SrAr i R, UB Al TB &b BEAY 1 SER0E 9 2 Rk
A =F B W] A X B AR 450 1S CK (7 A
—EM S . CA MBI R BT U8 iy it e 95 54 n 1
SAA W i R v A U M G R A
BETE T Re Z R MEAR B, X A 45 R — 2T,
AW it S Ve HE I — Bk ) )5 AT, g rh
(4% 25 B ] (Chloroflexi) 41 B i A O 34 B0 L 31X Fh B
e 22 AR T DA AR KAy A AL AR RS
o X BREAS 22 G Rl 2 B 43 B AT UBLTB Fil TRP
SUS LRk T e See i Lk SO TSR 6 T D R Rl el i ]
P& E SR AT RE 2 O A A s T R Y A% R
WM R S 2R, M 8020 MR PR 4 19 4
FORT LA L TAASS T Jip DLk A ) ik R B VR 45 4
1 Z2 AP B R R] BE R A O R 4R 1 AR K R B

5.
T

R UG P RAE KR O E 2 N &R R T 57
3BT T U8 R R AR A A S A ) Y R
B TE MR A A R A W 2 T 4R B9 R 4R R
PR SRR B . 95 98 32 i B 3AOR B T4 T g
T T S R A W B R R L e g T L
WA AR T S R AR R FROK L e T
TSR TR HE TR M AR B AR AR, 7ETS
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Effects of biosolids and auxin on the growth of

Kentucky bluegrass and soil microorganism

under drought stress

CAO Yun-xin,ZHANG Ning,CHANG Zhi-hui

(College of grassland science of Beijing Forestry University ,Beijing 100083, China)

Abstract; Biosolids can improve the physical and chemical properties of soil, and promote the growth of

plant. Bluegrass cv. midnight were used to study the effects of biosolids,indolebutyric acid and tryptophan on

the growth of kentucky bluegrass and soil microorganisms under drought stress. The results showed that the ap-

plication of biosolids could effectively alleviate the reduction in photosynthetic rate and relative water content of

kentucky bluegrass,improve its drought tolerance,and significantly improve soil microbial biomass carbon, soil

microbial abundance and community diversity. The addition of tryptophan to the biosolids had a more significant

effect on the drought resistance of lawn grass than with biosolids or tryptophan alone.

Key words: Biosolids; Poa pratensis;drought;soil microorganism



