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Abstract; In order to figure out the effects of mixed sowing and nitrogen applying on leaf chlorophyll
fluorescence parameters of Bothriochloa ischaemum (Linn.) Keng under drought condition, a pot-culture
method was employed to compare and analyze the changes in leaf chlorophyll fluorescence parameters of
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B. ischaemum cultivated under different mixed sowing ratios ( B. ischaemum mixed sowing with Panicum
virgatum Linn. at the ratio of 8:0, 6:2, 4:4 and 2 :6, respectively), nitrogen applying levels ( no
nitrogen applying and applying 0. 1 g pure nitrogen into 1 kg dry soil) and water supplying conditions
(normal water supplying and rewatering after drought stress for 6 d). On this basis, general linear model
was used to analyze the influences of these three factors and their interaction on chlorophyll fluorescence
parameters of B. ischaemum. The results show that there is no obvious change in the maximal
photochemical efficiency (F /F, ), actual photochemical efficiency ( @,s; ), apparent photosynthetic
electron transport rate ( ETR ), photochemical quenching coefficient ( ¢P) and non-photochemical
quenching coefficient ( NPQ) of B. ischaemwm in all treatment groups under normal water supplying
condition. Under drought and rewatering condition, F /F  value of B. ischaemum in no nitrogen applying
treatment group drops to the lowest value at drought stress for 6 d (when soil relative water content is the
lowest) , and is back to close level under normal water supplying condition at rewatering for 2 d, while
F./F  value in nitrogen applying treatment group is always near to the level under normal water supplying
condition. Regardless of nitrogen application, @,s;, ETR, gP and NPQ values in all treatment groups
basically reach the highest value at drought stress for 6 d, and restore to more than 90% of all values
under normal water supplying condition after rewatering for 2 d. In general, gP and ETR values of mixed
sowing B. ischaemum are higher than those of pure sowing B. ischaemum , while NP(Q value is lower than
that of the latter. Statistical analysis result shows that interaction among three factors including mixed
sowing ratio, nitrogen application level and water supplying condition has no significant effect on @ ,
gP and ETR values of B. ischaemum, and single action of nitrogen application level on NPQ value,
interaction between nitrogen applying level and mixed sowing ratio on F /F, value, and interaction
between nitrogen applying level and water supplying condition on ETR value are also not significant.
However, single action and interaction between two factors of the three factors have significant or
extremely significant effects on other chlorophyll fluorescence parameters of B. ischaemum. In conclusion,
a certain degree of drought stress would be beneficial for enhancing open proportion, photosynthetic
electron transport rate and heat dissipation for excess luminous energy of PSII action center in leaf of B.
ischaemum; under drought stress condition, nitrogen applying helps to maintain activity and
photochemical efficiency of PSII action center in leaf of B. ischaemum; and appropriately mixed sowing
with P. virgatum can improve the photosynthetic performance of leaf of B. ischaemum and increase its
interspecific competitive adaptability.

Key words: Bothriochloa ischaemum ( Linn.) Keng; mixed sowing ratio; Panicum virgatum Linn.;
nitrogen applying; drought stress; chlorophyll fluorescence parameter
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Fig. 1  Effect of different mixed sowing ratios of Bothriochloa
ischaemum (Linn.) Keng and Panicum virgatum Linn. on soil relative
water content under different nitrogen applying levels and water
supplying conditions
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Table 1 Effect of different mixed sowing ratios of Bothriochloa ischaemum (Linn.) Keng and Panicum virgatum Linn. on averages of chlorophyll
fluorescence parameters of leaf of B. ischaemum under different nitrogen applying levels and water supplying conditions ( X+SE)!)

AP Treatment

RIELH EEKE FJ/F, Dy ETR P NPO
Mixed sowing Nitrogen
ratio applying level?
IEH# 7K Normal water supplying
8:0 NO 0. 809+0. 001aA 0.365+0. 003aAB 30.971+0. 717aB 0. 618+0. 004aC 0.449+0. 004aA
N1 0. 815+0. 002aA 0.365+0. 001aAB 29.333+0. 516aB 0. 566+0. 005bC 0. 446+0. 003aB
6:2 NO 0.795+0. 002bB 0. 360+0. 004aB 34. 400+0. 606aA 0. 658+0. 006aA 0.413+0. 002bB
N1 0. 810+0. 002aAB 0. 353+0. 006aB 30. 533+0. 561bB 0. 608+0. 008bB 0. 466+0. 008aA
4:4 NO 0. 808+0. 001aA 0.357+0. 005aB 29.771+0. 393aB 0. 608+0. 005bC 0.417+0. 005aB
N1 0. 809+0. 006aAB 0.365+0. 003aAB 30. 210+0. 422aB 0. 628+0. 004aA 0. 420+0. 007aC
2:6 NO 0.796+0. 001aB 0. 372+0. 002aA 31.500+0. 610aB 0. 632+0. 002aB 0. 442+0. 005aA
N1 0. 802:+0. 002aB 0.378+0. 005aA 32.495+0. 355aA 0. 631+0. 006aA 0.419+0. 004bC
TR K&K Drought and rewatering
8:0 NO 0. 768+0. 002bA 0.461+0. 003aA 38.167+0. 491aB 0. 750+0. 003aB 0. 605+0. 004aA
N1 0. 810+0. 001aA 0. 430+0. 004bA 36. 100+0. 346bC 0. 675+0. 004bB 0. 548+0. 009bB
6:2 NO 0. 768+0. 001bA 0. 456+0. 004aA 42.567+0. 133aA 0. 775+0. 001aA 0. 522+0. 004bC
N1 0. 803+0. 005aA 0.433+0. 004bA 37.067+0. 353bAB 0. 706+0. 002bA 0. 569+0. 002aA
4:4 NO 0. 765+0. 002bA 0.439+0. 003aA 35.933+0. 203aC 0.734+0. 001aC 0. 565+0. 002aB
N1 0. 813+0. 004aA 0.430+0. 001bA 36. 433+0. 219aBC 0. 714+0. 002bA 0. 513+0. 004bC
2:6 NO 0. 770+0. 004bA 0. 455+0. 002aA 37.267+0. 260aB 0. 749+0. 002aB 0.599+0. 005aA
N1 0. 806+0. 002aA 0. 437+0. 000bA 37.433+0. 033aA 0.711x0. 001bA 0. 525+0. 004bC

D F./F, . 5 RO 3% The maximal photochemical efficiency; @pgy : BRI 2ARCER Actual photochemical efficiency; ETR: FWCE W%
34 Apparent photosynthetic electron transport rate; qP: JGIL2 VK ZEL Photochemical quenching coefficient; NPQ: JESGALA K R EL Non-
photochemical quenching coefficient. A~ [Fl/NE 2B 26 78 TR 3% b 191 A 5] I 4% ite 280 Ak T ) 22 S5 I 3 (P<0.05) Different lowercases indicate the
significant difference ( P<0.05) among different nitrogen applying treatments at the same mixed sowing ratio; A K G 3R it 2K - A [8) i 4%
TRA% 151 4ch B[] 22 53 5. 25 ( P<0. 05) Different capitals indicate the significant difference (P<0.05) among different mixed sowing ratio treatments at
the same nitrogen applying level.

Y NO: AHMi% No nitrogen applying; N1: ffi%(1 kg T i 0. 1 g 4i%() Nitrogen applying (applying 0. 1 g pure nitrogen into 1 kg dry soil) .

K2 AFEEMUEBRELG(A) EREKE(B) MAEE(C) RESTEMEAXMAEEN AHERERASERIMREN S HERY
Table 2 Analysis result of influences of mixed sowing ratio of Bothriochloa ischaemum ( Linn.) and Panicum virgatum Linn. ( A), nitrogen
applying level (B) and water supplying condition (C) and their interaction on chlorophyll fluorescence parameters of leaf of B. ischaemum"

R EL 5

Sy;i;e’e Li)/f?variation 4 F./7E., Prs ETR P NPQ

A 3 5. 958 % 10. 769 % 18. 114%=* 36. 544 33. 946
B 1 285. 979 % 30. 045 20. 106 255. 459 5% 0. 006

C 1 160. 926 % 2 095. 897 *x* 452, 771 %% 2 379. 255%* 2 288. 701 *x*
AxB 3 0.518 4. 446 19. 934 53 40. 266 % * 42,762 %
AxC 3 3.031=* 5. 224 %% 4,241 3. 181 25.262%%
BxC 1 143. 237 %3 43, 415%* 2.021 39. 361 *x* 32.675%*
AxBXC 3 4. 036% 0. 870 0.537 0.413 13. 856+

D df: A HE Free degree; F /F, . RO E%# The maximal photochemical efficiency; @pgy : SPRIEALARCR Actual photochemical efficiency;
ETR. FWGE P& 3 % Apparent photosynthetic electron transport rate; gP: Yafb2#7 K 2% Photochemical quenching coefficient; NPQ . E
Hetb 243 K 25X Non-photochemical quenching coefficient. # : P<0.05; =% . P<0.0l.

SRR 3 AP R 8] 52 BAF I RES 3%
W F /F, A8, SUR R 5 it Z K 1Y 28 5AR
X F /F, ABTE R0,

2.2.2 MEFREMFRLE(Dy, ) WFwm LKL
R(ER D) RYLTEEH MK FMT, AL HH (4G

2 AR R 4 SRS LB A ER R Doy
EIITCHA ARk, Horp Rt R A A T e
R 1) @y E{E S 54 0. 357 ~0. 372 1 0. 353 ~
0. 378 ; ELX4TRA% Ho 1) 4 [ e it 80 5 At /L 4 F R A
FHRP) O BB EES , AR FMT,BSLO 5
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Fig. 2  Effect of different mixed sowing ratios of Bothriochloa
ischaemum ( Linn.) Keng and Panicum virgatum Linn. on the
maximal photochemical efficiency (F,/F,,) of leaf of B. ischaemum
under  different  nitrogen  applying levels and water
supplying conditions
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Fig. 3  Effect of different mixed sowing ratios of Bothriochloa
ischaemum ( Linn.) Keng and Panicum virgatum Linn. on actual
photochemical efficiency ( @pgy; ) of leaf of B. ischaemum under
different nitrogen applying levels and water supplying conditions
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Fig. 4  Effect of different mixed sowing ratios of Bothriochloa
ischaemum ( Linn.) Keng and Panicum virgatum Linn. on apparent
photosynthetic electron transport rate ( ETR) of leaf of B. ischaemum
under  different nitrogen  applying levels and  water
supplying conditions
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Fig. 5  Effect of different mixed sowing ratios of Bothriochloa
ischaemum ( Linn.) Keng and Panicum virgatum Linn. on
photochemical quenching coefficient ( gP) of leaf of B. ischaemum
under different nitrogen applying levels and water supplying
conditions
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Fig. 6 Effect of different mixed sowing ratios of Bothriochloa
ischaemum ( Linn.) Keng and Panicum virgatum Linn. on non-
photochemical quenching coefficient ( NPQ) of leaf of B. ischaemum
under  different  nitrogen applying levels and  water
supplying conditions
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