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(W IR EREEK S Hh BEK Y EERE K B AL PR T K R R R (Pro) AR BRI KA i A R | v ) 7 ) AR O B il Y 5
AL, DU M 20 AR AR R 0 5 B ML AT W AL 2R . G52 R TR, TR UK E I E i &K wit i Pro &5 B T
i, A ETR (Glu) FIS 2R (Orn) 35 1 35 T BE A" ML BK- SRR & 1 ( PSCS ) 16 M | 15 2R % 25 ( 8-OAT) I15 14 | A" -k g 3hf-
S5-FRMRA S (PSCR) {7 1447 0 25 38 10 A R AL S ( ProDH ) 376 14 I 25 R K, 2 T 5 RIOK 57 Wk i 400 2 e o e e i
P2 IS A A O TIN5 R A AT 0 40 ) 3 [ BR BRI 2R, LA e T SRR 5 3 7= 2B 19 16 3, Glu i 42 F Orn B A2 W W) Tt
TR G BRI R, T RE T REMREKE AR 21 d J5 Pro SR TRE 755021 d MEE T RO FRMEELE 28 d 1
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Abstract: Deschampsia caespitosa has the characteristics of cold resistance and pruning resistance. They can grow not only
in arid environments such as grassland, but also in wet habitats such as river beach and swamp. D. caespitosa has high seed
yield and high germination rate. It is one of the ideal species for vegetation restoration in the alpine marshes. Water is one of
the important abiotic factors limiting many aspects of plant growth and development, including survival, metabolism, and
geographical distributions. Water deficit is the most common stress factor during growth and development. Plants have
evolved an effective antioxidant system to remove excess reactive oxygen species to protect them from damage. Proline
(Pro), a widely distributed osmotic regulator, plays an important role in preventing plants from damage under water stress.

In order to study the physiological mechanism of D. caespitosa growth under drought and flood stress, we examined Pro
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9 1 BIE 5K NEE T & H ( Deschampsia caespitosa) M IR M HAH ™= 45 4k 3547

accumulation and metabolism in the leaves of D. caespitosa to understand how this herbage plant tolerates drought and
waterlogging stress in the alpine marshes. We analyzed Pro accumulation and changes of the substrate, intermediate products
and enzyme activities in the Pro metabolism under drought and waterlogging stress. We found that the Pro content was
increased in the leaves of D. caespitosa under drought stress and waterlogging stress. Pro levels were increased over the
period of treatment but were leveled off or decreased after treatment for 21 days. Glutamate ( Glu) and ornithine ( Orn)
levels were decreased in the leaves of D. caespitosa under drought stress and waterlogging stress, while Glu was changed
more obviously. Glu and Orn were involved in Pro metabolism that leading to Pro production. The levels of glutamic-y-
semialdehyde ( GSA ) and A'-pyrroline-5-carboxylate ( PSC) , intermediates of the Pro metabolism, changed under water
stress. The activities of A'-pyrroline-5-carboxylic acid synthetase (P5CS) , ornithine aminotransferase (8-OAT) , and A'-
pyrroline- 5-carboxylic acid reductase (PSCR) were increased, while the activity of proline dehydrogenase ( ProDH) was
reduced. Osmotic stress was alleviated in the leaves of D. caespitosa by increasing Pro content. Pro increase was caused by
the active Pro accumulation and the interaction of the Glu pathway and Orn pathway. Pro accumulation was enhanced by Pro
anabolism and inhibited by Pro catabolism. D. caespitosa was died after the severe drought treatment for 21 days and severe
waterlogging treatment for 28 days. Our results are helpful for future in-depth study of plant co-tolerance to drought and flood

stress in alpine marshes as well as for the restoration of the degraded alpine marshes with herbage plants.

Key Words: Deschampsia caespitosa; water stress; proline; metabolism

KA BRI A K B ARE YR 22— A e A AR AR R R R T B A
I, 7K A b JeAt A K B i R T & DI I S L i A aa R R K R IR KR R 15t
SEARRES K AT Ia o KA a XA (5 e B AR G SRR B AR B KA TR
TR N AR RO TR A 4R, K AP T, A0 2B B K K 3T R, S B YR IR S I RE I & R
FRAAE S AR A B sz i Y A SO BRI R G LU RS 2 nE R Kb iR
(proline , Pro) {Eh—2 44 |12 (1) 8 B35 38 45 W0 0L, 7 )7 1k 7K 3 ok 260 %ot A 40 e 1 0 o v e J A Y
Pro FAH)& WEAEH 2 45 ,@A@U\/ﬁyﬁ@fi( glutamate , Glu) NIEYIH Glu ﬁﬁéﬁug/ﬁﬂﬁ( ornithine ,Orn) MR
P Om 342" . Glu A2 Glu A A E R F 9 ( glutamic-y-semialdehyde , GSA ) J& 0] 306 2 b7 | A" - % k- 5-
FRIR & I (A’ -pyrroline- 5-carboxylate synthetase , PSCS ) J2& B fiff | A" ML I 3= 5-FR R I U ( A' -pyrroline- 5-
carboxylate dehydrogenase, PSCDH ) J& i 2 W B9 fi 4k B . Om & 72 0 3 % MR %% %4 W% ( ornithine
aminotransferase , 3-OAT) JEJCHERE ' . GSA A1 A'-MEREHE- SRR (A' -pyrroline- 5-carboxylate , P5C) J& Pro fRifif
SR P, WL MR TR L, Pro WA RLE A s B R0 A B S0 IS (A
pyrroline- 5-carboxylate reductase , P5CR) J&-f AL | Jifi 2 2 I 20 ( proline dehydrogenase , ProDH ) J& BR i 7'
HiT, & TF Pro xR0 gkEg &1 FhUST Rkt S i b e R E A B G R A R
SR B A A 57 ARAR AL A AR R E A 9 TR K B B K 3 A R Pro BLER LA K
Pro & U A RGP IS B2 v 8] P Wy sl 28 AR S 5 b

K E( Deschampsia caespitosa ) W24 Tot= & & /N A FL | J& RAFEL ( Gramineae ) & & ( Deschampsia ) 2 4F
A RORAEY), AT IE 5 K RO i A SO R AR R ELE DL BRI R A R,
SEEAR R I AR [, & B 2K SRR B BT, 2 RAF b g R TR L DR R R
AR AN AB IS K TR A A R T HLRB A K I VA BRI AR AR B Y TR Kt
Sk P BLAT FE A HE ORI HH 88 SRR RRAIE , 7K o3 S PR R 2 Wi TR B0 /K I A6 R REE K 3EA L
o A A i 5 B K SR R A B R R K a3 S . B OGO R BIE S AL T A Sy g R
( Kobresia schoenoides) .58 #+ 4. ( Carex moorcroftii ) #f V% I FE A= Fh B IR 2 & B89 0 A 5 U DL OB B 22 4%
AR 200 KAl R & R MR AR BT i A R, IR SE TR KBS B AR AR AR S K AR BE R R R
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Pro A= BT HLA] , XHZ PRI T/ 07 B A AR S PR A BTN T A HAT F 2 5

AWTFE LK w o AR , ) G ASEADK o I3 i 567 0k 5 A 52 B 5 A B BE K i al R e v
Pro B ZUIRBL K HAC M i A2 PR A S o i 1) s 258 AR, 20 A 55 Preo AR = 52 07K 57 I3 4 e 7 2
w2 A R K R R TR AR A TS 52/ ARAE 7K 23 38 AL B RE RE A, -t S g S VR PR 5 0 - L
TR T SR FH BT F B A e FE TR 3 A i S AR (I BB 2

1 #MREFE

1.1 FREEIEH

eI ORI VD R TR A, 8 A T VA SRR A N IS0 B R s R FE R ) VPR DA 111
(BB RGNS HEAH R 2R 0.31% 20 0.26 mg/g 28 19.58 mg/g A HLIT 1.45% .pH 7.63
(KEHHR 1:1) H5F225.52 pS/em( Kt H K 5:1)
1.2 Y

PR ) A R bR R O R B R R T At R it B AR AR IR R R . B
PEUIH —Z TC FE A, FH 2% NaClO, 12 fH B 5—10 min, HZEBKIEDE 3—5 WG & H .
1.3 LRt

AW T3 IS K2 I AUAL X (36.742°N, 101.749°F) 47, 1ZiR 5 K 2390.6 m, SR
16.4 °C, 2018 4F 9 H W & HAhF ELAERE AN T2 3 ke Mt 580 ISR LAk ( B2 20 mm , 55 25 mm) P,
3—5 d HE, RGN AR E SR T T, REAE T 10 KR ARG BT IE R OK S B, AWM iR
FWNL4,2019 45 4 A ARSI Y B 2 S /MEREEIR, 7 H 25 H AR EK E 25 om B it
FIK At Ab B, LK AL B2 038 1 fioR . SR SE & RENLEET, A b i 10 A EE . TR K
A0 T 7 K o A B ) 22 A I I B G, K B A B ) 2 A RSB KA DA K o o RIS /K R 38 U0 3
s FHER TR AR BARFRE R A AT K 8K 2k B R HEBRE K S M RRE . K Arkb
P AR b b S R R R 008 XL, AN e i RN R R A P O 4 R AN (SR HED-
SQ, ), W S ARG B K A3 Ak 3R] ORI B RN BEAR B AN B 1 R, K o AR IR AR
(ProCheck , USA ) Wil -+ 38 5 /K B A7 /K 4 il 25 1 R b 48 2k 7K o LA 42 ) 1 387K 33k 3] b B 2% 2
IFBE | AT AR B Al R 25 R K A, 7K G A 3 ) 45 Ak B A 0 oK R R 2 i
TN o BRRBEKITE N 18:00—19:00, HE/KFE SRl sRAE AR MRS Ak . 7K 3 3l ab FRAERESE 28 d, 43
AE IS AL PR S AL BESS 7,14 21 .28 d BUEPIM o HZEIRK SR G T 3R MK 41, 36 A R4S W AR
%, BT -80 COKMRATE &,

R1 REKSHBLIER T

Table 1 Treatment design of D. caespitosa about water stress

AEFEBET Treatment design fi# ¢ Explanation

KB G Heavy waterlogging stress( HW ) AR TOLH e v & e K T

R K 35 1A Medium waterlogging stress( MW) {UHARAR BB, BVBUKJEFE 3 om 240
B K P A Light waterlogging stress (LW) FHRIRF7K 2 19 100%

HIIEH T 7K & Control check (CK) H 357K 51 70%—80%

R T2 MNA Light dry stress(LD) H [ 357K 2 1 50%—60%

HE T S8 Medium dry stress( MD) FH [H]4F7K 2 19 30%—40%

HE T 5l Heavy dry stress(HD) H A FEK B 1 20%

1.4 WEERS 7k
Pro & 5058 K R PR B0 = B 2 (0 36 iR LS I8 Luwts 25735, Glu O GSA [ P5C &
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Fig.1 Atmospheric temperature and humidity conditions during water treatments

P5SCDH \P5CR ¥ P 2 SR i VT3 A W B A7 B 5 A 7 () BRI S 8 4 T il R & . PSCS 39 D e >R
Garcid-Rios % 77 : 100 mmol/L Tris-HCI( pH 7.2) 28 Wi (15 25 mmol/L MgCl, .75 mmol/L Glu .5 mmol/
L ATP 0.4 mmol/L NADPH) " il AKLEG RS 20 [, 340 nm I 5E WOGAE AU/ i, §-OAT 145 P %2 % F
Charest 2> {77 %5 . 7E 0.2 mol/L Tris-KOH ( pH 8.0) Z& % (475 5 mmol/L Orn 10 mmol/L a-fil/% — 2 .0.25
mmol/L NADH ) il AKLEGRU 36 510, 340 nm T 0 22 WG AE A U /0 . ProDH i M1 2 SR ) Lutts 455 Jy
¥:0.15 mol/L Na,CO,-HCI( pH 10.3) ZE M (£25% 15 mmol/L L-JZ /% . 1.5 mmol/L NAD" ) H i A KL & 5
BRIV, 340 nm FIE GRS L EAE bR A B E 0 E 3 1K,
1.5 HdEandr

K SPSS 22 A WA SR B s AT B R R 7 225347 (One-way ANOVA) SR H] LSD ¥ETE 7K R 5% 5%
PR AT IS, XS P<0.05 B, 26 5 W 3 . BB 45 SR T P BME s hn k27 2o, JF FFI A Origin 2017 K4
TER

2 HR55%H

2.1 JRopIE T A RA R R R Pro F AR L

IKIPIE T AR R A S2 B, BEF 7K 3 0 i T3 AR 52 20 B3 ORI e, TR e R &
RO AR (O SRk FUIRAS  BEE T A R R R 2R RS, H R 21 d R EE TR R
FOALT:, RPN N KR R B AR A AN W] R EJE B 05 30 I ), R Bk v B A R, 28 d
JoE RE K B AL BT S w bR AR

ARAEA [F AL XS 4 F Pro B BN 5 22 43 T4 R (3R 2) WIHL, 7K 43 b $4 Ab BLASF (1] K 7K 43 Ak #4014 B ]
A ELAERS R B Pro 5 B IAR 35 (P<0.01) , &L 3 A B, REATK AL PERT, BT A 1Y) Pro &R
FEIES RIPREBER R E Pro S KR T X IR B AL PRI ]S Pro 5 i BRI, Hoh b
JET AP Pro SR IRR  IAF 142.10 pg/g BFE, BR T H KPS AIE T R AL B R A H Pro &8 — ELTt
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Fig.2 Soil water content under different water treatments

HW . T J# /K P78 Heavy waterlogging stress; MW : 17K 57 338 Medium waterlogging stress; LW . 52 B 7K 57 38
Light dry stress; MD ; H1 3 T2 Hpi8 Medium dry stress; HD: 5 T 5 ME Heavy dry stress

8 Control check ; LD ;52 B T 530

Ak, ALK 3 Ab B 21 d FiJS Pro 7 & & W T FEELH
ETRE AT R, LREERE, T 22K E 1
B EE K A3 TRIE T R Pro S W E N, N2 58
BVHTORACH BT, Bl AL HR T R K, Pro 1% 5 1
AR T R S R K g bk aE A, Ho A K 43 aa
Ab¥E 21 d /)G Pro @8 TARE

2.2 KA RFEMHF Pro MRS M A b 8] PR B &
HAL
%) Pro IR ALEE Clu 42 Om &2, Glu
1 Orn A& PIAREHE R Th IR Y . AR AN 7] b

X B Pro AU R ] i T 253
Brat 3 (3 2) AT %0, 7K 23 A B R 7K 3 Kb BRD A B S [
HAEX & F Glu Fl Om 5 5 () B A B E 52 (P<
0.01) ;40 BRI [a] X} % 51 Glu & &t B 3% 5
(P<0.01) , MASTRIZK 230 Ab BER % 5 Pro ARSI Glu
ﬁomﬁimﬁkﬁwtiwﬁﬂhﬁﬁ”m%&ﬁ
HI, T A YA Glu Fl Om 75

EH TR EES, EETREAKEGAEAE 7 d B Glu &

light waterlogging stress ; CK ; Xif
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Fig.3 Dynamic changes of proline content in D. caespitosa leaves

under different water treatments

W TR (P<

om%ﬁ¢ﬁﬁ?;&ﬁ?cmﬁﬁﬁ9%pggﬁﬁ BET2AHT Glu &8 E44k, H3 21 d i

T AR, Bl A0 B E) B K Glu 7
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20.43 pe/gfif F, 28 d B EE BE/KET | BEK P PR BE T S0 T & B Glu & & B IR T X IR (P<0.05) , EHJE
T4 7 d Omn aiﬁ%ﬁ%1&(13<005) o PENERRENKSLET Om SEATIEBE, KEAHEE Om
THRIEN, 14 d JF R Om & i i E L (P<0.05) . Z5 LRTIR, T2 20K 87 86 BE K 43 8 T & % Glu F1
Orn FE R EFW/, Glu il Om H[FZY5 Pro A& LA UE £ Pro,

2 FRLBMEZEHAFHBEREERHEERRY. PEAFYSENFTESTER

Table 2 Results of ANOVA for the effects of water treatment and treatment time on the content of proline and its substrates and intermediates

of the metabolic pathway in D. caespitosa leaves

AP 5-FR TR

AR it R HER 5 AR Alvrmoline. s
SRR . df Proline Glutamate Ornithine Glutamine hemialdehyde “pyrroine=o-
Source of variation carboxylate

F P F P F P F P F P
IKAT AR
Jiﬁi . 6 29.611 0.000 22.011 0.000 11.913 0.000 4.17 0.001 7.997 0.000
Water treatment
szilinglE
il . 4 61.976 0.000 15.524 0.000 2.138 0.086 6.866 0.000 13.132 0.000
Treatment time
TR A B XAL B s [
il 23 3.983 0.000 10.939 0.000 5.931 0.000 5.665 0.000 4.885 0.000

Water treatmentXTreatment time

K3 TRASLETEEMFHESBRAHRYEEBRNESRSENITE

Table 3 Dynamic changes of glutamate and ornithine content in D. caespitosa leaves under different water treatments

foh7 sty | ,

Indicators Trgatmem HW MW LW CK LD MD HD
time/d

BEMR 0 17.78+0.60Aa 15.27+0.41Aa  15.62+3.09Ab 17.02+0.60Aa 19.45+1.14Aa 16.50+0.54Ab 18.78+0.50Aa

Glutamate/ ( pg/g ff ) 7 16.04£0.65Bab 12.44+0.37Cb ~ 9.370.11Dd  16.20+0.06Ba  20.27+0.79Aa  15.28+0.76Bb 9.56=0.17Dc
14 15.1840.53Bb  12.54+0.40Ba  9.81£0.09Ccd 16.45+1.48Ba  18.68+0.17Aa  15.18+0.45Bb 9.05+0.17Ce
21 16.39+0.59Bab  14.62+0.56Ba  14.58+1.39Bbc 16.70+1.24Ba  16.32+0.49Bb  20.11+0.51Aa  11.07+0.12Ch
28 11.4420.61Cc  15.64£0.12Ch  20.43+0.24Aa  16.64=1.46Ba  12.08+0.41Cc  16.46=1.13Bb —

BER 0 3.13:0.45Aa  2.82+0.26Ab  2.98+0.35Ab  3.96+0.59Aa  2.99+0.41Aab 2.95+0.31Acd  3.73x0.22Aa

Ornithine/ (ng/g &) 7 2.92+0.16ABa  3.52+0.20ABa  2.69+0.09Bbc  4.04+1.00Aa  2.56+0.05Bb  3.80+0.15ABb  2.71x0.13Bb
14 3.34+0.05Ca  2.89+0.03Cb  1.98+0.21Dc  4.42+0.13Ba  2.88+0.19Cab  6.59+0.37Aa 1.47+0.15D¢
21 3.52£0.27Ch  2.08+0.22Cc  4.10£0.21Ba  5.40+0.91Aa  3.09+0.33BCab 2.34+0.39Cd 3.00+0.19BCh
28 1.95+0.07Aa  3.61+0.15Aa  3.78+0.31Aa  4.37+1.09Aa  3.73+0.23Aa  3.65+0.09Abc —

[AIFAS )/ INE P2 [ K s A0 38N AN [) b 3 R 4001 2 57 0 i 3 (P<0.05) , [AAT AR IR RS B i) — A B R BT AN IRl K 43 Ab 38 1) 25 S 18 3% (P<
0.05) ;—FFRIET

GSA H1 P5C J2AHY) Pro & @t i p AR . ARIEAS AL HIX A& 5L Pro B HARS iRAR Yy
] P2 S () 7 2243 T4 SR (36 2) AR, K A3 BR Ab TR S ) % 7K 3k 3R igb 3 st ] F) T AR 240 %6 2 5 GSA Al
P5C & HA W B (P<0.01) . MAFIZKIMEBE TR & 5 Pro 1R R 8] =4 GSA 1 P5C &Ry sh 2481k
(F4) BRI, RIAT KPR FERT , B HIH F B GSA FIP5C SR EMEE S KL HS &2 GSA H1 P5C
1) Fr e Bl A AbBREHE 3G (AR R R K R K RETR PETR EETRAET AR
HOGSA B B ETHE (P<0.05) , TEEKE BB K MHE T &R PSC 5 GSA &b seA —5,
2.3 KA R R Pro RIS GBS 1 1Y AR 1k

P5CS P5CDH 8-OAT ,P5CR Fil ProDH SZAHY) Pro & WGEAR B GG, ARHE A [R] 2L 36 & BE Pro 4G
OCSHTE IR PR 7 22 93 W48 2R (38 5) WIH, 7K G b 38 K 7K 43 b SR A L ) £ B AR g 08 e i e 2 i Pro AR
) g PSCS \PSCDH ,8-OAT P5CR F1 ProDH 43 M HA i B 520 ( P<0.01) , A BRES [] X & Fo it F 8-
OAT B3 Mt BAT Atk 255 1 ( P<0.01)
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Table 4 Dynamic changes of Glutamine hemialdehyde and A!-pyrroline-5-carboxylate content in D. caespitosa leaves under different

water treatments

sk LTI ] .

Indicatons Trfeatment HW MW LW CK LD MD HD
time/d

B 0 1.24+0.14Ab  1.52+0.02Ab  1.2840.17Ac ~ 1.54+0.24Aa  1.46+0.06Aa  1.68+0.03Ab 1.38+0.27Ab

Glutamine hemialdehyde/ 7 1.71£0.09BCh  1.64£0.06BCab 2.28+0.21Aab  1.33£0.06Ca  1.78+0.22BCa  1.94£0.09ABh  2.41+0.22Aa

(pg/g BHE) 14 1.660.12Bb  1.61£0.02BCab 1.27+0.11Cc ~ 1.51+0.05BCa 1.72+0.14Ba  2.73x0.14Aa 1.38+0.16BCh
21 1.1720.16Ch ~ 1.30£0.10Cc ~ 2.47#0.17Aa  1.390.15BCa  1.64+0.12BCa 1.37+0.08BCc  2.00+0.43ABab
28 3.05:0.65Aa  1.75£0.02Ba 1.80£0.15Bbc  1.23%0.08Ba  1.7920.11Ba  1.7320.10Bb —

ACT-TEMEIE-5-FR TR 0 4.13£0.13Aab  3.30+0.21Ab  3.33£0.32Ab  3.98+0.47Aa  3.74:0.18Ac  4.19+0.40Ab 4.110.09Aab

A'-pyrroline-5- 7 3.31+0.21BCh  4.38+0.37Bab  3.63+0.21BCh 3.3740.27BCa  3.38+0.09BCc 5.54+0.75Aab  3.02+0.13Cc

carboxylate/ 14 3.97:0.23Bb  3.38+0.38Bh  3.56+0.22Bb  4.08+0.63Ba  5.79:0.48Aab  6.83:0.35Aa 3.56+0.32Bbe

(pg/g BH) 21 3.64£0.26Bb  3.72+0.61Bab  6.50£0.70Aa  4.23:0.51Ba  4.47+0.44Bbc  4.23+0.50Bb 4.66+0.20Ba
28 5.00£0.46ABa  5.30:0.75Aa  6.48+0.67Aa  3.20£0.27Ba  6.83x0.80Aa  5.45+0.39Aab —

(RIS A7) /N5 R [R)— K A B A [ Ak B R ] 22 e A (85 (P <0.05) , AT AR IR RS 78 38 ] — A BRK BOR AN [RDK 70 Ak B R) 22 S 4 . 3 (P<
0.05) ;— HHRIET™

P5CS & Glu 2 T YRR EE , Glu 7E P5CS RYMEALVE I T A2 GSA , #E M AE B Pro, MO [RIZK A3 AR T %
B Pro fRFSCHEREIS TERYSH AR (36 6) W, KA B PSCS 76 M S BR o i 34 31 8 /K 5 b B K
b PR AN [] g B E] PSCS (36 PEJC 78k, BRI Ab R PSCS MU PET 28 d b i, R TR AL
P P5CS MM e R 5 PRIk S, b3 14 d, 1 T 540 PSCS (3G 1 B 253898 0 9.49 U/g i, 4b
P21 d BHFEAKE] 7.93 U/g B H, Glu i Glu Az A GSA J& AT S iy, PSCDH Jeitfi s b i M fb g, 7K 434k
5 PSCDH 1 PE B, A8k ta#8 5 P5SCS TEPEMZREAHZ . 8-0AT J2& Om i&FEH B SCHERS , v Om F4kh
GSA , JEM A AL Pro, BRELEEKBFAN, KA HE IS §-OAT Jif PEX S8 a3 AREIZKIMAE BT 8-0AT 76 M1
SR R () AN — 35, AR B 7 d B, A2 B K 7 A PRORN o B T SRAAL B R R FERE R 8-OAT (Y 4 b 5 15 5% ( P<0.05) ;
LEFR 14 d B FREET R AL IR EE T R R R e 8-0AT BTG 1 i & 4 9% ( P<0.05) ., P5CR /& Pro 2k
Y G I SCEERG K PSC IR AR Pro, KA ACFERTHE PSCR M6 TC B & A8 4k, (FL Bt 45 A 3 (] 344
BETR EETR K KRS BT IS ISR 2 . ProDH & Pro B SN I BRE [l , K Pro [
fift ol PSC, Bl K43 ALBRR[3E T | &% 55 ProDH 36 2 T RE, 21 d AF/K 20 kil & 5 ProDH 3 7 I 2 I%
Fxf BB, AR R K B A /K B b BE T ProDH TG PEREAR B 2

x5 FRLEMREMF Pro REIXREBEENTESNER

Table 5 Results of ANOVA for the effects of water treatment and treatment time on the key enzymes activity of Pro in D. caespitosa leaves

A-TEREHH-5- AT-MEIEHHE- 5- AT IEHHE- 5- A'-MHEEH- 5-
AR IR i A'-pyrroline- 5- A'-pyrroline- 5- Ornithine A'-pyrroline- 5- A'-pyrroline-5-
Source of variation carboxylate carboxylate aminotransferase carboxylate carboxylate
synthetase dehydrogenase reductase synthetase
F P F P F P F P F P
IKIThEE
Jiﬁi . 6 3.476 0.005 12.02 0.000 33.168 0.000 14.205 0.000 4.93 0.000
Water treatment
b PR i
AL . 4 2.228 0.075 1.075 0.376 13.726 0.000 2.466 0.053 1.753 0.149
Treatment time
TR A XA B s [
KA 23 2.731 0.001 4.824 0.000 3.101 0.000 3.299 0.000 3.271 0.000

Water treatmentXTreatment time
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R6 ATRKSLETEEMHEBRAEXREEENNEE

Table 6 Dynamic changes of the key enzymes activity of proline in D. caespitosa leaves under different water treatments

sk yiStin| 7
Indicators Tr'?allllenl HW MW LW CK LD MD HD
time/d
AV IEREE-S- R £ R 0 10.00£1.37Aa  1081x126Aa  8.70+0.19Ac  833:041Aa  9.39+044Ac  10.68+1.18Aab 8.67+0.49Aab
A'-pyrroline-5- 7 1256:2.11Aa  9.64+0.52Ba 823:029Bc  9.22#0.32Ba  1297+031Aa  9.39:0.88Bb 8.55+0.24Bab
carboxylate synthetase/ 14 10.7120.72ABa  10.94+143ABa  649+0.14Dd  838%024CDa 11.72¢0.07Ab  7.61+021CDb  9.49+0.38BCa
(U/g ffT) 21 7534249Ca  1533%324ABa  10.99:043ABCh 9.36x0.28BCa  11.1940.24ABCh 16.54x3.31Aa 7.93+0.10Ch
23 8.57+249Aa  1074+236Aa  1351:032Aa  895:041Aa  7.95:028Ad  13.39:2.82Aab -
A HE-S- BRI A 0 8.170.52Aa  721£026Aa  8.11x0.13Abc  7.08£0.16Aa  8.18+0.25Aab  7.59:0.14Aa 6.94=0.70Ah
A'-pyrroline-3- 7 705:045Bb  526:039Bd  7.65:0.11ABhc 7.66:0.89ABa 10.06+1.62Aa  6.81:0.08Bb 9.63+0.52Aab
carboxylate dehydrogenase/ 14 6.05£0.21CDbe ~ 6.22+0.19CDbe ~ 5.19+0.13Dc 733+094BCa  8.26£0.20Bab  5.54+0.33Dc 11.29+0.62Aa
(U/g fufT) 21 6.24+006Bb  7.05:0.06Bab 11.11:0.68Aab  6.9+1.11Ba 7.12:027Bhc  6.83:0.16Bb  10.24+2.18Aab
23 511:007Bc  572:031Bed  1270:2.37Aa  7.32:094Ba  5.63:020Bc  7.07:0.21Bab -
R ARG 0 19.11£1.77Aa  2047+0.61Ab  21.13+1.16Ab  18.11£1.07Aa  18.86+1.74Ab  22.60+1.55Ab  2145+2.27Ac
Ornithine aminotransferase/ 7 1842239Ca  21.52¢1.22BCh  39.124¢0.77Aa  19.49+0.33Ca  18.64=1.34Ch  23.780.65Bb  38.41:0.42Ah
(U/g 6T) (U/g fiETE) 14 185121.59Da  24.88+1.10CDab 37.724030Aa  22.90+5.51CDa  26.54+3.58CDa 27.90:181BCa  35.16:0.78ABb
21 2067£091Ca  23.69+1.07Cab  35.04+7.95ABa  2142#0.68Ca  25.3042.26BCab 25.22+042BCab  43.06+0.21Aa
3 18.801.82Ca  27.56+247ABa  3241x141Aab  2248+235BCa  28.10+0.87ABa  21.400.77Ch -
AT 5- BRI SRt 0 1274x144Aa  10.842031Ab  843x146Ab  10.74=1.19Aa  12.60:2.26Aab  12.03+2.03Aa 9.071.14Ab
Al-pyrroline-5- 7 10.82+024Cab  1045:048Ch  9.05:0.70CDb  1279+0.72Ba  16.16:0.74Aa  13.68+0.61Ba 7.36x0.32Db
carboxylate reductase/ 14 11.58+0.06BCa  12.86x0.60Ba  8.34:057CDb  12.96:0.58Ba  1591+1.05ABa  18.26+3.41Aa 7.07+0.20Db
(U/g ) 21 1207+0.10BCa 12.87+040ABCa 8.98:024Db  13.14+0.60ABCa 13.99+1.06ABab 14.16:0.54Aa  11.94+0.59Ca
2 9.07+022Cb  11.14x053BCh  15.30:0.22Aa  10.86:0.24BCa  10.80+0.98BCh  14.07+2.77ABa -
i B 0 1.62¢0.22Aah  1.542020Aa  1.542006Ab  1.62:026Aa  1.59+0.04Aab  1.270.04Abc 1.35£0.27Abe
Proline dehydrogenase/ 7 171£0.10Aa  14320.13ABCa  120:0.03Cc  1.70£028Aa  127+0.04BCb  1.19+0.05Cc 1.64+0.04ABah
(U/g fofT) 14 126£0.08Dbc ~ 147+0.03Ca  1.75:0.09Ba  12420.03Da  2.0320.07Aab  1.2220.05Dbc  2.07:0.08Aa
21 099:0.02Cc  147+0.03ABa  121:0.03BCc  1.73026Aa  1.69+0.13Aab  1.44%0.12ABab  1.1320.01BCc
23 1090.02Bc  1.32¢0.09Ba  126x0.06Bc  185:024ABa  2.10£0.50Aa  1.5820.07ABa -

2.4 KA AT KE R Pro A A A R 2 [A] B AR OGP

XK AT IE R % B Pro AR 42 4 Pro Glu ,Orn 25 10 MNMEFRIATAI MM (F 7) | G50 K . &5 Pro
&5 Glu Ml Om &5 ProDH J5E HA B # 6 (P<0.05) , 5 GSA 1 PSC & ) 5-OAT i B A ) i
FIEAHIE(P<0.01) ;Glu F 5 GSA it 8-OAT I M [ A7 7E A 2 & 1A 56 (P<0.01) , 55 P5CS 1 PSCR i 4%
[ A7 AEM .38 IE ARG (P<0.01) ;0m &85 P5C & & PSCR iG M A B 3 IEA 56 (P<0.01) , 5 GSA & &
A W IEAE (P<0.05) , 5 PSCDH I PEAATE 2 3 171 (P<0.05) ; GSA & & 5 P5C & it 8-OAT I P [ B A
B IEAH OC (P<0.01) , 5 ProDH {4 HA W 3 7AH 5¢ (P<0.05) s P5C &85 PSCR {5 PR [H A FEA 1 2 1EAH
X (P<0.01) ,5 8-OAT i1 [a] BA & IEAHIE (P<0.05) ; PSCS 1% 15 PSCR 1% MR B W i & IE A (P<
0.01) ;P5CDH {5 §-OAT {5 P[] HA7 i 3 1E A ¢ (P<0.05) .

3.1 Ko EARS A H B Pro iR ALY R

Pro JE o3 T MR K Mo i TR A BMEE B AT AA AL, TR A N oA )32 91 LA B AR A AR e
Pro (#7K-A REJI AR , ZEARPTK A WA P R FEE AR Pro PR SR T 4 i A0 MRV BE | 5 U518 38 T
5, BK 33 A AR B R K 43 AR B 3t B 1 A0 3k BE oK IR T s Pro ANREAR ELAE T AT ARG 2 25 1
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Table 7 Correlation analysis of metabolites and key enzymes of Pro metabolism in D. caespitosa leaves

L R I S A - S

}E@: il R HER BER  AERERE 5o HE-5-RRR ﬁ*:s-#ﬁﬂﬁ 5 }fff-s-%évﬁﬁ

Indicators (Pro) (Glu) (Om) (GsA) (P5C) I it S (5-0AT) S5
(P5CS)  (P5CDH) (P5CR)

HHR(Clu) -0.312" 1.000

B8 (Om) -0.185* 0.155 1.000

AR (GSA) 0412 -0.335"" 0.238* 1.000

AT -5 B8R (P5C) 0.428** 0.031 0.364** 0.395** 1.000

AT - 5-FR R £ R ( PSCS) 0.123 0.366**  -0.186 -0.102 -0.016 1.000

AT-IERE HE-5-FR WA 208 (PSCDH) -0.016 0.107 -0.196 " 0.068 0.009 0.171 1.000

B BRI S (5-0AT) 0.392**  -0.504**  -0.097 0.259** 0.204*  -0.177 0.302** 1.000

ALK HE-S-FR A I (PSCR) 0.098 0.486 " 0.287 ** 0.014 0.299 ** 0.230 * -0.038 -0.194 1.000

i &R %G ( ProDH) -0.201* -0.047 -0.094 -0.249 -0.136 0.066 -0.015 0.008 -0.087

Pro. 2 R Proline;Clu;/ﬁ\ﬁﬁfi Glutamate ; Orn ; 159 %% Ornithine ;GSA; (A 7EY Glutamic-y-semialdehyde ; PSC AN IR HE- SR TR Al—pyrroline- S-carboxylate ;
P5CS: A'-MEMEHE- 5-FRFR G LA A'-pyrroline- 5-carboxylate synthetase; PSCDH : A'-ME W& HE- S-FRERME S0 A'-pyrroline- S-carboxylate dehydrogenas ; 8-OAT ; & Z R %% & Aff
Ornithine aminotransferase ; PSCR ; A '-MH I Bif- SRR i ity Al—pyrmline— 5-carhoxylate reductase; * * 7£ 0.01 /K- ( B FRFEMSE, « ££ 0.05 /KF (RN g%
P

SRR EEAE (R A MRS o2 A | B LR IR (AR ) s Pro AR E S T AR 458 B han A ik
IEHEPDEAERY . Bk, W5 AR AR P Pro T BE T RE ST A 93 I P 0 2 B, Al ] R S 40 4 i 227
PREGRAED 1 KRS Pro o i s (IR A S i A I IR P B2 A 15 55 AT AR 5 L IRk, R R AR Y
Pro & AR AT VR R i e /K AT 8 BREE B & B0 SR 55 AU FR b, ABFoT 4 SRR, T R 281 /K ¥ BB /K
YR R Pro SRR ETHE (P<0.05) , Ui & FRIR N Pro S A TH i Esh A R 72 i 5
FUER Pro RGFRK A . ARFIT LS FAUE I Y 2 BT 5 KB 57K 5 e i 25 i B Pro SR i XF
W RHRPTRE S 5 BB A ERR R AE K K Al R R AR Y Pro S TR L (H 21 d HIJT Pro AT
BmEL A TR AT AR TR T R R Pro S BRI AR T & RN RS
BIE S TR FRISEH 5 T R S hs v, A uE 2 BRI I 3 215, S5 0, & S i K 43 3 b
AE R RN Pro B ORRERR T . B, A5 K RO K S B M SR 55 1 FL AT 5T 1 O HRE (AR
WFE v R B T R R TR K B0 T R A AL 21 d A1 28 d JS BT, 22 B 4 Bk K s R T S B AR 1
Tiff 52 1 B R < JLi 7 BRI, AT o A ) R FE TR BRI ) b Y4 i B ( Blysmus sinocompressus ) | IR
PR (Poa pratensis) J& B4 51 FAEY) A0 B8 B4 AE FDG S AR BRIEAT T FRBSHFSE | & B R 5 1 7K 43 1 &k
K (water use efficiency, WUE) fiz 51 4 3.76 umolCO,/mmol H, O, 1] % & # % ( transpiration rate, Tr) Ik A 4
mmol H,0 m™ s™' = /K43 F AR 25 1 R ARUE T & 5 mT AR K SR A 22 1 3 IR R AR K
3.2 KATIHE NS K F B Pro AR A AR i B SR il T A 5

AR e 2 W — e R RIRBE A4 T Pro BEUAACHHERAHIF ) Ak UL, Wil ia
Pro FYFR 2 —J5 i & Pro & BUACHHINDR , 55— 7 i J2&: Pro AL MHE SR L K0 a R AR N Pro 48
T G SR AR A EL IR A2 Pro B BRI, ARBFSE & B, T2 2K B8R BE K A0 Whae F , & 50 B Glu 8
FHEY) Glu &A1 Om @A HEY Om 1 & 81 8% R (P<0.05) , R PSCS §5 M 8-0AT i% % . PSCR
TEPEY B3R (P<0.05) , W Pro A AR Glu &8 Om AR MN5R, PSCS 7% 8-OAT 1514 PSCR i
PESESR W] BE AR K A3 3 AR A A N 55— e EA W [R] 0 S b s AR 1 T e R B T 1 0 P e o
P5CS  BHEEHR I i 20 ( BADH) \8-OAT . PSCR AY#E s /K F 38 1M ProDH 5 M i F#A% ( P<0.05) , % 1
Pro S A2 FIMAG , B K Wit 25 14 F 2 B Pro 25 12 TH 5 S 38 1 A 1A gt Ay o R i A Qi A 490 il i
FEBMSE R, 5 Das 25 BFFR G RARL, 3E3L Pro & 5 Pro AR & AR | 65 22 18] (14 40 ek
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IHT RN Pro S5 §-OAT 7 HA W EMETEAE G (P<0.01) , 115 P5CS o FHAHHEHE, " BE 5 P5CS % Pro
BT BRI A 55, 24 Pro S EEBEINE 6 S B H AT I T PSCS 5 1T 8-OAT 3G AR Z Pro BSR4,

4 it

TRBKEF B EK o BA T B Rl e H Pro & RORZ RS EIMOE R 01 E . RE R
Pro & i i TR Je EAh AR RIS R, & Glu A2 O AL [FIFE RSS2SR, 72k 21 d RO T S A0 BANF
228 d B HL /K B AL BN A R AU T, U [) Fe H A Be RS K R 5 HAT B A4 iR A2
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