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Fig.1 Effects of different nitrogen addition on quality of
perennial ryegrass turf under drought stress
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1 TEHETSELEEZEERZILERNERRKR
Table 1 Growth of perennial ryegrass under drought stress after urea treatment

PEG /% HEWE/ (gL ") I 2% 16 B/ mm” R K /mm 5t
0 293. 66+ 34. 83" 292. 15+ 30. 39" 24.2740.03"
0.4 353. 11+£25. 04™ 370.73+22. 13" 21.6740.02"
0 0.8 376.96429. 51" 385. 37437, 88" 36.84+0. 02"
1.2 388.45439. 92" 438.60469. 92 19.1940. 03™
1.6 429.95+15. 66 484.42421. 88" 13.0540. 01"
0 328.83+12. 28" 356.91417.51" 23.47+0. 11"
0.4 373.88440. 62" 400.05421. 39" 23.454+0. 04%
10 0.8 382.31452. 20" 410.25+51. 97" 21.95+0.03"
1.2 396. 20 24. 20™ 464, 53424, 35 19.454+0. 01"
1.6 478. 58413, 74" 443, 2349, 56° 18.254-0. 02"
0 280. 92+ 14. 27" 306. 264 11. 45 19.0240. 03"
0.4 324.55+19. 54" 350. 01£17. 92" 22.4140. 03"
15 0.8 335. 18432, 05 350. 79+3. 02% 22.9240.01°
1.2 448.50+41. 39" 415. 34454, 38" 22.4340.02°
1.6 383.80+47. 26" 443.96+12.77° 29.45+0.04"
0 261.424-19.81° 316.89419. 90" 18. 2840. 06"
0.4 271. 6644, 30" 283.34419.01° 22.4040. 02"
20 0.8 279.24419. 89™ 319.4142. 41" 20. 160. 04*
1.2 324.43+27.72" 338.89+18. 54" 20.17+0. 02"
1.6 342.98415. 98" 404. 624-10. 56 31.48+0.04"

T BN ]/ S B 22 7 A8 ] T 52 10030 7KOF R AS [ v B AU 3R =2 1) 22 5 | 3 1 (P<<0. 05) . R [l
R2 TEPETSELEZEAWHBRELERHERRKR
Table 2 Growth of perennial ryegrass under drought stress after calcium nitrate treatment

PEG¥RIE/% REWNE /(gL ") M F 2 1 B/ mm?® R K /mm 5 H
0 296. 544 14. 6" 302. 39+ 18. 19° 24.21+0.03"
0.4 337.06+19. 33" 355. 51414, 92 22.03+0.01"
0 0.8 409. 63+21. 877 418.55+22. 46 19.1940. 03"
1.2 414. 9547 27" 430.95+22. 89" 10.47-40. 01"
1.6 464. 18+ 38. 84" 551. 62444, 49" 15.0940. 03"
0 312.32419. 20 312.19418.08" 21.62+0.06"
0.4 327.84419.65" 337.86+9. 12 18.0440. 03"
10 0.8 389. 324 26. 83" 374.06+13.19" 17.6840.03"
1.2 373.04418. 65" 386. 344 111. 82" 16.5040. 01"
1.6 457.03435. 03" 449. 44412, 72 8.7640.01"
0 281. 654 35. 38° 286.424-17. 68° 21.0340.03"
0.4 272.77413.73° 349.08+11.15" 18.5440.01°
15 0.8 340. 64425, 53" 478.934-16.61° 20.154+0.03"
1.2 372.67410. 59" 368. 874-28. 04" 24.854+0.18"
1.6 409. 71412, 23" 374.5349. 59 35.2040.07"
0 291.16+17. 68" 268. 79424, 94 18.62-0. 03"
0.4 296.06+18. 15" 361.707.87% 17.70-0.01*
20 0.8 297.57438.91" 449.10449. 10™ 19.5540. 04°
1.2 344.60418. 87" 361.7047. 887" 21.38+0.02°
1.6 422.77+51. 65" 581. 60+ 138. 24 27.04+0.09"
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R3 TEMETSHFARZEEERMBRERLERNERKKR

Table 3 Growth of perennial ryegrass after ammonium sulfate treatment under drought stress

PEG W/ % HEWIE/ (gL ") A B/ mm® i /mm M5 L

0 310. 14+ 16. 314. 76 20. 60° 32.4940. 05

0.4 346. 55+ 39. 357.07+23. 60™ 16.534+0.01"

0 0.8 357.79427. 362. 30439, 65" 15.0840. 03"
1.2 368. 12+ 10. 393.4457. 72 14.91+0. 02"

1.6 443. 62+ 2° 478.554-11. 98" 10.404-0. 01"

0 297. 001 300. 32419. 62" 19.7640. 03"

0.4 338.514+12. 376.78+29. 79" 20.70+0. 10

10 0.8 379. 224 55. 468.19415. 06" 18.694-0. 04"
1.2 422, 28+8. 66" 348.27411. 44" 18.3840. 02"

1.6 355. 40442, 84 376.45447. 86" 33.71+0. 26"

0 294.79+23. 286. 254-12. 82° 8.2440. 02"

0.4 347.53420. 21" 371.82415. 64" 10. 734-0. 01

15 0.8 354.19419. 79% 376.3721. 68" 17.5640. 02"
1.2 373.77417. 33" 384.62+10. 30 16.3140. 02°

1.6 392.534-16. 13" 435. 21414 20" 25.60+0. 06"

0 274. 25433, 307. 714 14. 85" 15.0840. 02"

0.4 270. 03 20. 5¢ 357.01427. 66% 19. 6040. 02"

20 0.8 319. 54442, 32" 406. 75+5.01° 19.734-0. 02"
1.2 340.56413. 31° 317.30425. 26 23.2140. 04"

1.6 379.61413.89" 365. 9348.49% 23.86+0. 02"

x4 SELEERZEFEMAEANMSKETENEREE. &%
ES AZREZEEAEIWER
Tab.4 Three-factor analysis of variance of relative water
content of perennial ryegrass leaves under drought stress,

nitrogen form and nitrogen concentration

b HI T fr [l ¥y F 3
1 T AR 636. 921" 9 70.769 6.15 0
R 448 895. 54 1 448895.54 39008.914 0
TRPaFE  328.843 3 109. 614 9.525 0
RIS 12.378 2 6. 189 0.538 0.587
HAREUE 295.7 4 73.925 6.424 0
iR 2% 575. 376 50 11. 508
St 450 107.836 60

IR S Bt
1 :a: R*=0. 525(JA % J5 R?=0. 440)

1212.297 59

R 8 R X H S R0 0 R B T 34,2406 .48, 120
54.65%0, 45 RERW M ETREMEE T2 T,
il 8 65 A TR 5 % 1K i AH X rL 3 RO L R B
Cikios

2.3.3 TEMATARAEN S FEZEFrHEFE
SEMHn XMEAELEBRERNHSR SN =K
EHESMAERCE)IH, AT REE RFRAE
BEMAZWER Y 257 0%, X244 B

Fi PR ok 2 MR A, F BB A T
STl 20 R B A B, SR R A e R A R RS R (R 4)
TEAS TR) e B PR 2 R 85 RILBAE PR 4 I A B R, R ae T
S 0 R G AR IS RR K I A AR R A B
GEGE, HEMAEE 1.6 g/LIt, 4K & RikH
e o TR 3N AS R JE 25 19 038 o, i TR 5 P A TR ¢
X 3 R B S R RO B TR E
3 it
3.1 FTEBETARARSARARERENSELR
EEENAK HAEEREITRSS N EN

Jit A B B 4 A B P R A IR AT TR
— U EPT T E R ROPE OO RUIE T
R 22 BOR ) B8 AR 0 1) 0 K I AR RE PR 2R K
KBS BPRE ESMEMN o Ko HEFR 5
W)k K R B AN OCHER 3 K T LS R ) 2
AR M Ak TR s 02 T LA 3T 4 e K 4, fR i
W)W K BE F1 o Bl 7K 43 R AL ek A 400 52 i 1) A 5%
WA R IR G IR R Z [ S A B AR L, R T UIE
PAK CDAKAR AR " B e k™ . AR B ST, Bl T e
PR BE B INUR , 22 4F A B A2 B R BT T & BT R B/
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Fig. 2 [Effects of different nitrogen additions on relative wa-

ter content of perennial ryegrass leaves under drought stress
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Table 5 Three—factor analysis of variance of relative con-

BEFES.

ductivity of perennial ryegrass leaves under drought stress,

nitrogen form and nitrogen concentration

i I KFrfn A ¥595 F B
B IE A 1155. 117 9 128. 346 8. 683 0
i 29 614. 817 1 29 614.817 2003.528 0
T 5 ot 7 214.05 3 71.35 4.827 0. 005
AREEE 161.633 2 80. 817 5.467 0.007
HEWE 779.433 4 194. 858 13.183 0
2 739.067 50 14.781
st 31509 60
BIEJE R 1894183 59

F:a R*=0. 6100 J5 R*=0. 540)
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Fig. 3 Effects of different nitrogen additions on relative con-

ductivity of perennial ryegrass leaves under drought stress
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Table 6 Three-factor analysis of variance of chlorophyll

content in perennial ryegrass under drought stress degree,

nitrogen form and nitrogen concentration

bl HIKForm BdE  Hr F i
1B IEAL R 0. 565" 9 0.063 9.925 0
T 78. 165 1 78.165 12 367.122 0
T an R 0.057 3 0.019 2.98 0.04
RIS 0.024 2 0.012 1.903 0.16
REWE 0.484 4 0.121 19. 145 0
W2 0.316 50 0.006
it 79. 045 60
& IE 5 it 0.881 59

I :a R*=0.641(#% 5 R*=0.577)

o ARE Y WA T R E R
Wl /1N A ) 1 AR SR L L A R T AR
Mo b A R 2 B Ok R HE TS e
B it o G R 8 1 R P 09 AR S L 0 S R A K
32 B 7K 43 B s Bl 53 TG b A ) 2 S A g AR L HH LA
i = A 0 K A3 WO g 3 5 e B R AR 0F o 4
K-,

*YAH ) A A7 ) 3 5 W 3 A 00 RS 2 2 B BIR A
IS A o A L e B O o ik T RE G Ok, T A M Y
{18 P i T A/ R A A ) R X L 23 T ] 4 R B
20 P ) A7 R Y, R TR R L 1.6 g/L
MR R B EREACT 248 B Bk (A X R R
(P<<0.05) , 15 BA it n &0 3% R 6% 22 M T 5~ 138 X JHC 4
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Fig. 4 Effects of different nitrogen additions on chlorophyll

content of perennial ryegrass leaves under drought stress
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Effects of different nitrogen forms on growth, leaf
physiology and lawn quality of Lolium perenne

under drought stress

LIU Rong, LI Zhen-hua,ZHANG Xin-xin, WANG Hui-hut, LIU Qi-hua, CHAT Qi
(Key Laboratory of Grassland and Animal Husbandry Innovation of Ministry of Agriculture and Rural Areas ,

Lanzhou University, Engineering Research Center of Grassland Agriculture Ministry of Education of Lanzhou
University/School of Grassland Agriculture Science and Technology , Lanzhou 730020, China)

Abstract: The effects of nitrogen form and concentration on the growth, leafl physiology and lawn quality of pe-
rennial ryegrass (Lolium perenne ) under drought stress were investigated by hydroponic experiment. In the experi-
ment, four drought levels were set, three nitrogen forms (urea, calcium nitrate, ammonium sulfate) were set, and
the concentrations of three forms of nitrogen were 0,0.4,0.8,1.2 and 1.6 g/L, respectively. The results showed
that three different forms of nitrogen could increase the leaf surface area, leal length, relative water content and chlo-
rophyll content of perennial ryegrass, while decrease its root-shoot ratio and the relative conductivity of perennial rye-
grass under drought stress, among which 1.6 g/I. nitrogen concentration was the best. The results also demon-
strated that under severe drought stress, among the three forms of nitrogen, calcium nitrate showed the best perfor-
mance in increasing the above-ground part of perennial ryegrass. The leaf surface area and leaf length under 1.6 g/L
calcium nitrate treatment increased by 31.04% and 53. 87% compared with those without nitrogen treatment. Am-
monium sulfate had the best effect in decreasing relative electrical conductivity and increasing chlorophyll content of
perennial ryegrass leaves, which decreased by 54. 65% and increased by 26.51% , respectively, compared with nitro-
gen free treatment. However, Urea was the best in increasing relative water content of perennial ryegrass leaves.
The relative water content of perennial ryegrass leaves was increased by 31.04% in 1.6 g/L. urea treatment com-

pared with no nitrogen treatment.

Key words: perennial ryegrass;drought stress;nitrogen forms



