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Abstract: Hemarthria compressa is a perennial species of the Poaceae family, with fast growth rate, strong
adaptability and stress resistance. It is a very important forage resource in the southern region of China. This study
investigated the use of ethyl methanesulfonate (EMS) as a chemical agent to produce mutants of H. compressa.
Stems of seedlings were used to provide cells of H. compressa for exposure to EMS and two factors were tested:
EMS concentration (0%, 0.2%, 0.4%, 0.6%, 0.8% or 1.0%) and treatment time (2, 4 or 6 h). It was found
that the optimal EMS concentration and treatment time for mutagenesis of H. compressa is 0.6% and 6 hours.
Phenotypic comparison testing identified an excellent H. compressa mutant among the EMS-mutatated population,
designated number 5-5-4. Comparative testing of mutant 5-5-4 and the wild type under low phosphorus stress
conditions showed that 5-5-4 had greater root and root tip number, longest root length and total root length, and a
more developed root hair structure than the wild-type. Low phosphorus stress resulted in a significant decrease in

phosphorus uptake, but the phosphorus use efficiency was greatly improved and the phosphorus utilization efficiency
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in roots and stems of mutant 5-5-4 was higher than in the wild type. Under low phosphorus stress, the activities of
acid phosphatase, superoxide dismutase and peroxidase were also higher in roots of the mutant and roots of the
mutant exhibited greater presence of phosphate-solubilizing bacteria, including Bacillus, Ramlibacter and
Rhodoferax in the rhizosphere. In summary, this study used EMS chemical mutagenesis technology to generate H.
compressa mutants and analyzed the tolerance to low phosphorus stress and associated physiological parameters in a
promising mutant, resulting in new germplasm resources with low phosphorus tolerance. These results provide both
technical data for further mutagenesis work and breeding material development of improved H. compressa varieties to
support animal husbandry in low phosphorus areas in southern China.
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B AT O 4 ST B R HE AT 0% 2 AR N EL I T R 0% B ) AR IR e A A ) SR 4 SR, R A
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R E EMS ¥ (0.0.2%.0.4%.0.6% .0.8% .1. 0% ) FIAL PRI ] (2.4 .6 h) B4~ & ¥ EMS % T pH
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M bR EMS 7548 2% 0 i e 10 30 45 51, 7 2023 4F 8 J #E £ 1000 4 Jr B 2 B F A 25 | CE F 0. 6 W EMS I
6 h, DABE R 2% 0l IR ML 50 A B 2E HE RN 25 6 hoh Xt BB oh S R 2SR AT AT AR . 1 b A T e 2 ) BE T
AR (113°20724" E,28°19708” N) , hy ML AR PE R B 21 18 (pH(H 4. 29, & & & W &8 & a9~ 0.31 g
kg '.0.24 g-kg '.12.52 g-kg ' ARIEH Tk A E LA SR bR iE T A BRI AL T Z KO B T
B2 KT ) o FF 47 5 3 B A 3RE G BH % A, e T IE K, 2 R AR R AU I, B e K AR (iU o 2023
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L 'K,SO,.0.1 mmol-L 'KCI,0. 65 mmol-L '"MgSO,-7H,0.0. 1 mmol-L '"EDTA-Fe . f# & & 5% % [ H.BO, (1 X
10 % mmol-L ")  MnCL+4H,0 (110 * mmol-L ") , ZnSO,*7H,0 (110 * mmol-L ') , CuSO,*5H,0 (110 *
mmol-L ") . (NH,);Mo,0,,+4H,0(5>X 10 mmol-L ") |, B LA KH,PO, it 45 , 7E LP ZL 3R %511 0. 49 mmol- L' KCl
A NP AP 25 5 K, pH O 4. 8. 7K 5 30,60 d #4745 045 B A6 0 .
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HE 0 AR K AR SR 4.

K K% 60 d B, SR FH % 229 8 70 AL (SAN+ + ,SKALAR., SKALARZ &), faf 22 ) 0 5 4 i 2 B, 5% FH 78 A
B A Y BB A PR 2 A R &I 2 R M B W2 I (acid phosphatase, APase) | #8 % fk ¥ 1 1L i (superoxide
dismutase, SOD) .1 AL ¥ B (peroxidase , POD) (i % fb & [ (catalase, CAT) TG M o AR /K 15 35 TR W, 42 A AT
M DNA. @B F:ACTCCTACGGGAGGCAGCA; R:GGACTACHVGGGTWTCTAAT X 2 i 16S
rDNA #4744 38 i Tllumina NovaSeq I 5 & #4710 .
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1.6 HKFEAE

R Excel #EAT B B B 22 B B OmASR R R EM T, SR T IBM SPSS Statistics 26. 0 4 4F #E 47 #2047, 0
2 AR AR BRI AT T 2 (2 E LA

FEZ1T 16S rDNA Hdls 43 7, ff F Trimmomatic v 0. 33 84, X )7 73 5 1) Raw Reads #7383 , 48 Ji5 i
cutadapt 1. 9. AT 5190 17 90 (00 5 K BR 5 2N % 51917 51 Clean Reads. i H USEARCH (version
10. 0) 7E AL 97 Yo CBRIA ) B9 7K P b % 7 51 1 47 #2443 28 59T (operational taxonomic units, OTU) &3 i H]
QIIME 2(https://qiime2. org/) 47 Alpha Z #1445 £ 53 #7 5 8 3 715 binary jaccard B 8§ i B £ 47 Beta ZH£44 51
M, M H RiE ST T H 2 3 4 45 (principal coordinates analysis, PCoA) 43 #1 45 & . ffi H LefSe (http://
huttenhower. sph. harvard. edu/lefse/) 53 A W 25 17 5k 35 22 S W0 Fp 43 #7 o

2 GERESH

2.1 EMS# % &4 ik

W VPR, 7 d kBT A Ab BRZH (4 H 25 AR HA%, 24 A BRI E] 2 hisF, EMS 4% #e T H 2F 0 i 3 25 5 s ab
I IE] S 4 hisf, 0.8% Fl 1. 006 ¥ B EMS b J 41 /9 1 25 48 5 3510 7 %8 B85 b B 8] 28 6 ho i, 24 EMS ¥ 3k 2]
0.4% KUh b HZER B ERT A, 14 d, kb FREF ] 24 2.4 hit},0.2% .0.4% .0. 6% 34~ EMS ¥ & 1) H 2E R 5
X HRIAI A 1 % 22 5 Y EMS YR EE IR ] 0. 8% K LA b i il 25 56 1 25 I T X BRZH . AR BREF[R] O 6 h, >4 EMS ¥ i 1
0. 4% KL Fi 255 0 28T B . EMS X Ji A A B b 25 AR AR 09 52 Iz /N T 2 (IR LA AR S 25 3R
BT 50% WAL FRLH A A 34N (K 1B) :1.0% EMS A2 h,0.8% EMS Al 4 h L & 0. 6% EMS #1 6 h, $ 11 2} 5L 5
S, AT DAAE Ay Jd A A R EMLS 175 708 A B0 5 ET A A o IR B ] 7 Ak AR 68 A RO 2 BUAR P I TE S 2
FRA T 0.6% EMS A3 6 h,

®1 AREMSAETHREFEET7MI4dHFE
Table 1 The germination rate of H. compressa on the 7 and 14 days under different EMS treatment ( % )

EMS ¥ i 7 d tH 2E % 7 days germination rate 14 d H 2£ % 14 days germination rate
EMS concentration ( %) 2h 4h 6h 2h 4h 6 h
0 8.33+2.36Aa 10. 00+4. 08Aa 30.00+18.71Aa 95.00+4. 08ABa 88.33+2.36Ba 96.67+2.36Aa
0.2 8.33+8.50Aa 11.67+2. 36Aa 15.00£12. 25Aab  81.67412.47Aab  86.6742. 36Aa 86.67+8.50Aa
0.4 8.33+6.24Aa 6.67+2.36Aab 5.00+4. 08Ab 76.67+8. 50Aab 78.33+14.34Aa 33.33+6.24Bb
0.6 0Aa 5.00+4. 08Aab 6.67+4.71Ab 83.33+9.43Aab 78.3346.24Aa 41.67+6. 24Bb
0.8 0Aa 1.67+2.36Ab 0Ab 58.3346. 24Abc 50.0047.07Ab 1.67+2.36Bc
1.0 0Aa 0Ab 0Ab 41.67+18.41Ac 11.6742. 36Bc 3.3342. 36Bc

VE s R K 5 B 4 ] — EMS Y R R [ I ] 2 i) 2% 52 3 (P<<0. 05) s AN ) /NG 5 B 2 7% 7 — b B vt i) AR ) EMIS ol B 2 ) 25 52 . %
(P<<0.05),
Note: Different capital letters indicated significant differences (P<C0.05) among different treatment time at the same EMS concentration. Different

lowercase letters indicate significant differences among different EMS concentrations at the same treatment time (P<Z0.05).

2.2 RAR e R T ARG A B A F ik

FH0.6% EMS % WAL 3 1000 A~ i 7 25 HE 5 0 25 6 b, 475 25 0780 1 g 05 R P I Wl 20188, 35 d 5 I %
33.33% (333 BRI ) , WAk & I B0 R S AR ARBOR R AR K, BEAT AN I B R A BT O e AR B 25
WA DER T X IRA A 238k . 2024 A J5  AET- A8k BB J5 BB T 2 8% , {8 & B0 2Z B A SR g pR 25053 A
HE 2 76 B A AL 2 )5 1 3-3-1 A48 KO A AR i B 7R 5 220 S0 R W T bk . ZE K — 4R 5 F 2024 4F 10 A 24 H I & 7
A 18 R 225 PR AN A= AL b b AR it 43 BEACSE B i 1 AR 8 R AT A B LR A PP O T X BR AL YA 7 bk
(%2), o 5-5-4 K RAF R R AEW &8, 255 HE 4 50— , TR IO ik 6 A7 (I B8 B 361 B8 T PP AN 6
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Fig.1 The rooting rate and relative germination rate of H. compressa on the 14 days

R2 REFHEERBIEMN

Table 2 Growth evaluation of H. compressa

% JrEER R KAPBE I RS -9 EX7h D{H il
Number Tiller number Longest tiller length Leaf length Leaf width Biomass D value  Rank
(4~ ¥k ' No. +plant ") (cm) (cm) (mm) (kg-plant ")
5-5-4 106 312.73 13.12 6.1 2.45 0.95 1
3-8-10 91 243.53 8.79 3.4 2.30 0.64 2
7-10-10 86 194. 57 13.10 5.1 3.07 0.49 3
4-7-1 50 237.63 8.20 3.9 1.20 0.44 4
4-1-8 62 210.44 14.15 5.3 0.43 0.43 5
3-3-1 45 222.36 12.23 4.3 2.99 0.40 6
5-4-3 61 206.72 9.00 4.0 1.35 0.40 7
CK 40 228.97 12.51 5.1 1.07 0.39 8
5-4-2 36 229.88 13.35 4.6 2.51 0.39 9
5-1-1 85 173.45 6.12 4.2 1.71 0.38 10
9-8-3 37 230. 46 7.27 5.0 1.00 0. 36 11
5-3-1 61 182.45 12.81 5.5 1.67 0.34 12
7-8-10 47 203.21 8.14 4.2 2.76 0.33 13
9-7-6 25 226.04 8.93 5.1 0.43 0. 30 14
3-6-6 32 192.33 9.56 3.6 0.43 0.22 15
6-9-10 52 157. 34 11.21 4.8 0.42 0.21 16
6-7-8 30 180. 64 9.50 3.9 0.41 0.18 17
5-10-1 28 178.71 7.75 4.0 0.34 0.16 18
6-8-9 31 136.43 10. 88 5.0 0.53 0. 05 19
e KAl Maximum value 106 312.73 14.15 6.1 3.07 - -
I5/ME Minimum value 25 136.43 6.12 3.4 0.34 - -
75 5 Z 4 Coefficient of variation 0.44 0.18 0.23 0.15 0.67 - -

TE - DA AU o Ko B b 9 255 A

Note: D value is the comprehensive evaluation value in the analysis of weighted membership function.

2.3 RS R T ARGAKEE 8 Ak 7 R

2.3.1 {EBEMA FRAKSSAMABEME K 30d, IEWHEBE T, 848K 5-5-4 Y A5 AR 0% BF A4 1 (wild type,
W) 26. 95% , fi 1 MK A0 B A= B34 1. 86 % (& 2A, B) s AR 38 T L 5-5-4 149 = K K04 B A= #0384 1 52.10%
(P<<0.01) , e AR A BUBE i 10. 4500 0 5 15 HEBE AR LE IR BE  38 TN 2828 44K 5-5-4 Fn BT A R A iR B0 F
R, i e AR U 3 b Ak o EH BERE T 28 A8 R 5-5-4 1Y R K R 2 30 BT AR R 43 30l s 51. 52 % 127, 65 % (P<<
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0.01, 2C,D) s MKBE A T, 5-5-4 AY LR FIAR 2 B4 B5 A 780 43 531l #35 58. 59 % M1 22. 28 % (P<<0.01) , HIE# it
W AH EE A P 38 T 28 A8 {4 5-5-4 FIHEF A= BY 1 SRR 518 T B AR AR B 4108 /s o SR AR A 5-5-4 AN A= AR Hi ks By
RN 22 MRS A AU K T HAR B oA Lk iR B L RESRIEZ A9 X (F 3) .

18 A 30 B 3000 1800 D o
S 16 | ) - E 1600}
Q St L ~
%14_ 225 {_ = 2500 * = 1400}
2 i < = =2
E12f w520 E 2000 5 1200}
= — =
210} 23 c g 1000
5] e 15 == 1500 2
S 8 R g = = 800f
= 6 & 10 | ~ 1000} £ 600+
% 4t 2 & 2 400t
Q + Z L
2 g ° é 200 = 200}
0 0 L | 0 — = 0 — ——
5-5-4 WT [5-5-4 WT 5-5-4 WT ‘5-5-4 WT ’ 5-5-4 WT ’ 5-5-4 WT‘ 5-5-4 WT |5-5-4 WT ‘
NP NP LP NP LP NP LP

B2 REESSASFEMERFLETIOIRESHLER
Fig.2 Comparison of the total root trait parameters of mutant 5-5-4 and wild type on 30 days under different treatments
WT: B R+ 3R IR ] — b BEF 5 4y B4 R} ) 22 53 1 3% (P<<0.05) , ** 3K /R 2 7 i % (P<<0.01) , F A, WT: Wild type. * indicate significant

difference (P<C0.05) between two materials under the same treatment, ** indicate extremely significant difference (P<C0.01). The same below.

3 REEFSSASFEMERFALETIOINRAAR/ER
Fig.3 The root scanning of mutant 5-5-4 and wild type on 30 days under different treatments
Bl a.c kA8 4 5-5-4, B b.d B EF AR Bl a b i EH BB AL 3 1B o d AR BE Wi A 3 . Figs a and ¢ are mutant 5-5-4, Figs b and d are wild type,

Figs a and b are normal phosphorus supply treatment, Figs ¢ and d are low phosphorus stress treatment.

WA 4 TR, 28 A8 A 5-5-4 (AR 5 L 3 3 B AR R T K . KBS 30 d, 1E B S5 R R 5-5-4 MY AR S bb 3 B A Y v
33.94%0 AR IE T, 5-5-4 (AR 56 U AR BF AR R R 14, 2990 (1 4A) o 7K 35 60 d, 1E I8 45 11 F 5-5-4 AR 6 H A
A A 20. 08 %0, INBE M8 R, 5-5-4 AR IEE LA A AL 1R 6. 36 6 (181 4B) o IR Mhae T, 28 4% ik 0 BT A A8 ) AR 568
Pl 243058 TF (i 20 15 0, (L B A= Y 0% M el bU 1S 0 i B2 R T 9 AR 4K 5-5-4(30 d 5-5-4 M ef bb HE i 48. 77 %6, B AR AL B
Jn74.36% ;60 d 5-5-4 38 /i1 69. 06 % , BF A= KU i1 91. 25% ) o
2.3.2 (KB A T AR 5-5-4 B & i BRI R R ROR AR B S TR IEE AR B AR EE W a R, g AR
1A 5-5-4 AR R 1 dk 5 W AR T 43 ek 2 7. 8890 A1 7. 09 % (P<C0. 01, ¥l 5A) ; 1E % ik T, 5-5-4 Hb b FRk 7 it 5 W7
A UBE N 6. 642 (P<<0. 01) A8 h 301 T Wl 2 o 30 B A Ak /D> 69. 4996 (P<<0. 01, &1 5B) o 1F % L8 T 5-5-4 K ¥
Az ARAR FS RN ML L A WA B 25 SN R (3R 3) , 5-5-4 MR AR i R T Ak % e T B AR A (E L AN T I A R I
T, 5-5-4 MR A W A kv A A M S A SR IS B A A (R 5-5-4 AR ORI A B A B R A0 T
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AR R 0 S B 5-5-4 IV AR R A T R i YR
WERE R R AR AR KR 4R =

2.3.3  ARBEMRE AT 5 AR 1A R M ol R 1 X B A Ak
fifg 7% AR 1k WE 6A BT 7R, 1F 8 A 8% ALK Bk b 18
T, R AR 5-5-4 R APase 35 YE ¥ B FE = T A
I 5-5-4 1 th APase i PEE IEH it Pk B & T
P AR A (IR P R M A TR A AL (6B . I
B 10 3 R 6 T e L A B R AR R 0T R APase 15 MY
W5, HoH o APase 16 M3 58 09 IE B2 R TR (HOR
AR 2 Fror AR B 8 R B AR B APase I MR
BRI = T R AR A 5-5-4,

IEHBEBE T, AR K 5-5-4 A b SOD % PE# L &
T AR (K 6C) M e i 2 = TR AE ALK 6D)
M E R L 5-5-4 #th SOD W& YA 25 5 T 87 4= 50,
E I rp R S 0 A R G B fil 5-5-4 4R
T SOD I 4 42 &, B A BUAR o SOD I 1 IG5 5-5-4
i SOD 3 M BEAS A | i B AR Ry op 4R e T
31.71%

E WAL T, 98 A8 1 5-5-4 LRI B v POD 1
P AR KB A T, 5-5-4 iR o POD 7 PE 4K &
FE T AR (R 6E) {0y B i 5 AT Y A A
(K 6F) . fikmshia 5 5805-5-4 4 POD 7% P #  , BF
A BUAR v POD 1% % B I, 5-5-4 FTEF A= BL i /7 POD
T

WAL 0T, AR MR 5-5-4 AR Bt B CAT
T W T AR AL (R’ 6G L HD . (RBE M E T 5-5-
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Fig. 4 The root-shoot ratios of mutants 5-5-4 and wild-type
on 30 days (A) and 60 days (B) under different treatments

60 d i [RIAR 2 3k L2y I, AR OEE HE i A A A BR AR 10 S T a2 B T o
TR RO BEAT 2 35 P4 B, P R B IR 222k . At 60 days,
because the roots were difficult to separate, the root-shoot ratio was
calculated by dividing the total dry weight of roots of all plants by the
total dry weight of stems, so no significant analysis was performed, and

the error line was not marked in the figure.
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Fig. 5 Comparison of total phosphorus content in roots (A)

and shoots (B) between 5-5-4 and wild type (60 d) under

different treatments

Table 3 Effects of low phosphorus stress on phosphorus uptake and utilization efficiency of H. compressa

b %5 B Root part M 1% Overground part
Treatment Number -4 BRI BRI PR TR BRIk BRI R
Dry matter Phosphorus uptake ~ Phosphorus utilization Dry matter Phosphorus uptake ~ Phosphorus utilization
(g) (mg) efficiency (g+mg ') (g) (mg) efficiency (g-mg ')
NP 5-5-4 0.525 4.478 0.117 5.665 30. 025 0.189
wWT 0.484 4.482 0.108 6.275 31.187 0.201
LP 5-5-4 0.786 0.927 0.847 5.017 5.418 0.926
WT 0.541 0.687 0.787 3.675 13.009 0.282

TE = 60 d FPRAR R X L3 O, AR R b 3 A9 T 4 5 o 4k O BT AR R AR A 3t b 3 0 8 T T, PRI R AR T AR 22, R R AT I PR AT

Note: At 60 days, because the roots were difficult to separate, the dry weight of the roots and overground part is the total dry weight of the roots and

overground part all plants, the standard deviation is not marked, and no significance analysis was performed.
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Fig. 6 APase,

APase, SOD, POD, and CAT in the root, B, D, F, H are the activities of APase, SOD, POD, and CAT in the blade.
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SOD, POD, and CAT activities of mutant 5-5-4 and wild-type on 60 days under different treatments
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Fig. 7 Operational taxonomic unit level and principal coordinates analysis of mutant 5-5-4 and wild-type
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R4 5-5-45FAERMERE Alpha ZHEIEH
Table 4 Alpha diversity index of bacterial community in mutant 5-5-4 and wild-type

b 7 9 5 ACE 8% Chaol #5 %k Simpson 15 % Shannon $8§ % ok 3id
Treatment Number ACE index Chaol index Simpson index Shannon index Coverage
NP 5-5-4 441.60440.76 457.35455.87 0.79£0.02%* 3.78£0. 17*x* 0.99

WT 457.62431.49 463.314£32.81 0.96+0.01 5.76£0.21 0.99
LP 5-5-4 433.58419. 39 434.94425.25 0.91£0.03* 5.12£0. 26%* 0.99
WT 416.3044.10 424.64+17.66 0.82+0.01 3.56+£0.04 0.99

*FTR ) — AL FRF 2 00 A4 Ak 22 S 3 (P<T0. 05) , ** & 7n 25 5 Mk 1 3% (P<<0.01) . * indicate significant difference (P<Z0. 05) between two materials

under the same treatment, ** indicate extremely significant difference (P<Z0.01).
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(9.89%) JEREH T (Firmicutes,8. 76 %) HEH H17(6.52% ).
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