2015 5 23 5
Chinese Journal of Eco-Agriculture, May 2015, 23(5): 579-588

DOI: 10.13930/j.cnki.cjea. 141321

1 2 1,3 1 1 1,2%*
(1. 712100;
2. 712100; 3. 719000)
[Bothriochloa ischaemum (L.) Keng] [Lespedeza
davurica (Laxm.) Schindl.] ) )
(B) (D)6 2 10 4 8 6 6 8 4 10 2 12 0),
B2D10 B4D8 B6D6 B8D4 B10D2 B12DO0; (80% , HW) (60%
, MW) (40% , LW)3 ,
(MHW) (LHW) (LMW)
— (Pn) (Tv) (Gs) (WUE)
0 1) , HW , LW
; :2) ; LHW
, LMW ; MHW
, ;3) B10D2 B8D4
, Py T: WUE, P,  WUE , Tt
1 Q945.79 TA 1 1671-3990(2015)05-0579-10

Photosynthetic response of Bothriochloa ischaemum (L.) Keng to drought and
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Abstract  To clarify photosynthetic characteristics and their relationship with soil water conditions of Bothriochloa ischaemum (L.)
Keng intercropped with Lespedeza davurica (Laxm.) Schindl. in the loess hilly-gully region, a pot experiment was conducted in the
weather enclosure of the State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau. B. ischaemum (B) was
intercropped with L. davurica (D) in six mixture sowing ratios of 2 10,4 8,6 6,8 4,10 2,12 0), and these combinations
were marked as B2D10, B4D6, B6D6, B8D4, B10D2 and B12DO0, respectively. Three soil water conditions were set in the
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experiment, which were high water (80% field capacity, HW), middle water (60% field capacity, MW) and low water (40% field
capacity, LW). Additionally, during the elongation stage of B. ischaemum, soil water content was improved separately from MW to
HW, LW to HW and MW, respectively, i.e. middle water to high water (MHW), low water to high water (LHW) and middle water
(LMW). Altogether, there were 36 treatments in the experiment, and each was replicated three times. Photosynthetic characteristics,
net photosynthetic rate (Pn), transpirationrate (7;), stomatal conductance (Gs), water use efficiency (WUE) of B. ischaemum were
measured after soil was rewatered. Results showed that under relative stable water conditions (i.e. HW, MW, and LW),
photosynthetic parameters of B. ischaemum were significantly highest under HW treatment, and significantly lowest under LW
treatment for all mixture sowing ratios, indicating water was the key factor affecting B. ischaemum photosynthesis. After re-watering,
the largest and smallest increases of photosynthetic parameters of B. ischaemum appeared under LHW and LMW respectively. For all
mixture sowing ratios, photosynthetic activity of B. ischaemum under MHW recovered to stable level in the shortest time, suggesting
that higher water content in early stage and higher rewatering level benefited B. ischaemum photosynthesis improvement. B.
ischaemum presented not only higher Py, lower 7; and higher WUE under B10D2 and B8D4 treatment, but also greater increase in Py
and WUE and smaller increase in 7 after rewatered, implying that the two mixture sowing ratios were beneficial for improving the
photosynthesis efficiency of B. ischaemum. The research results suggested that photo-physiological activities of B. ischaemum was
recovered after re-watering from short-term drought stress, and the recovery speed and level were correlated with mixture sowing
ratio with L. davurica and soil water content before re-watering.

Keywords  Bothriochloa ischaemum (L.) Keng; Lespedeza davurica (Laxm.) Schindl.; Mixture sowing ratio; Water stress;
Short-term re-watering; Photosynthesis characteristics
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B8D4 B10D2 ,B12D0 B6D6  B2DI10 , BI0D2 15%,
1
Table 1 Photosynthetic parameters of Bothriochloa ischaemum under different water treatments and mixture sowing ratios
Py [umol(CO2)'m™2s7'] Gs [mmol(H,0)-m2-s7]
Mixture
sowing ratio HW MW LW HW MW LW
B12D0 13.05£0.42b(a) 11.07£0.29a(b) 9.0240.37b(c) 54.0242.03¢(a) 48.122.23b(b) 41.091.04b(c)
B10D2 14.00£0.31a(a) 11.35+0.46a(b) 9.76+0.33a(c) 60.033.06b(a) 52.23+1.13a(b) 46.10+1.03a(c)
B8D4 13.99:£0.60a(a) 11.57£0.45a(b) 10.00£0.30a(c) 69.00+3.02a(a) 53.07+2.12a(b) 47.12:1.23a(c)
B6D6 12.5240.44b(a) 11.00+0.32a(a) 9.00+0.23b(b) 53.05+2.04c(a) 47.052.14b(b) 40.12%1.12b(c)
B4DS 13.890.33a(a) 11.2120.55a(b) 10.010.36a(c) 59.0442.13b(a) 48.102.25b(b) 42.13%1.12b(c)
B2D10 12.9840.40b(a) 11.310.47a(a) 9.25+0.26b(b) 54.05+2.09¢(a) 48.08+1.05b(b) 42.17%1.18b(c)
T: [mmol(H20)-m=2-s7"] WUE [umol(CO2)-mmol~!(H,0)]
Mixture
sowing ratio HW MW LW HW MW LW
B12D0 4.13£0.13b(a) 3.66+0.10a(b) 3.23+0.11b(c) 3.16+0.07c(a) 3.02+0.08b(b) 2.79+0.04d(c)
B10D2 3.98+0.13b(a) 3.33+0.06b(b) 3.02+0.06b(c) 3.51+0.12b(a) 3.40+0.06a(b) 3.23+0.11ab(c)
B8D4 3.87+0.09b(a) 3.30+0.05b(b) 3.00+0.08b(c) 3.61£0.11a(a) 3.50+0.08a(b) 3.33+0.06a(c)
B6D6 4.5240.14a(a) 3.98+0.07a(b) 3.55+0.05a(c) 3.0520.11c(a) 2.76%0.04c(b) 2.5420.06¢(c)
B4DS 4.1020.10b(a) 3.7020.04a(b) 3.20+0.12b(c) 3.38+0.13b(a) 3.0220.09b(b) 3.12+0.06b(c)
B2D10 4.1120.13b(a) 3.7020.06a(b) 3.22+0.15b(c) 3.1620.07c(a) 3.0520.06b(b) 2.87+0.11d(c)
” B ,D R ;HW MW LW
, 80% 60%  40%,
(P<0.05), (P<0.05) In “Mixture sowing ratio” column, B is

Bothriochloa ischaemum, D is Lespedeza davurica. Numbers following B and D indicate their plants ratio in the mixture. HW, MW and LW
are high water, medium water and low water conditions, with soil water contents of 80%, 60% and 40% field capacity. The same below.
Different small letters in the same column indicate significant differences among different mixture sowing ratios under the same water
treatment (P < 0.05), while different small letters in parentheses indicate significant differences among different water treatments at the same
mixture sowing ratios (P < 0.05).
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(P<0.05)( 1) (P<0.05), ; 64d,
Pa, ( 2 Gs , LMW  B8D4
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(LW) B8SD4  BIOD2 2d, B2D10 B4D8 B6D6 BSD4
(P<0.05), ( 1) LMW  BI10D2 BI2DO 60.07 64.03 58.01 72.02
LHW ,G.  [mmol(H.0)m2s7] 67.00 59.00 MW) G,

34, B2D10 B4D8 B6D6 BSD4 B10D2 B8D4 ,B2D10 B6D6
B12D0 51.04 53.07 48.06 60.08 56.00 B12D0 (P<0.05) ,
50.00 58.00 60.03 54.06 67.04 63.05 55.00, G , 3d :
LW) G, ,LMW B8D4 3~6 d, (P>0.05),
, B6D6 (P< BSD4 BI10D2 , B12D0
0.05), LHW B8D4 BI10D2 B6D6 (P<0.05); 6d,
, B6D6 (P<0.05) , Gs ,BSD4  B10D2
Gs ,  4d , 4~6 d, 13%, ,B4D8 9%,
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2.3 (T)  B6D6

, (HW) (LW)  (P<0.05); (MW) , B8SD4 BI0OD2

1 (Pn) (Gs)
Response of net photosynthetic rate (Pn) and stomatal conductance (Gs) of Bothriochloa ischaemum to re-watering under
different mixture sowing ratios
LMW: ; LHW: ; MHW:

MW, LW to HW, and MW to HW, respectively. The same below.

Fig. 1

LMW, LHW and MHW denote water supplement from LW to

Table 2 Effects of watfr treatment, mixture sowing ratio and their interaction on photosynthetic parameters of Bothriochloa
ischaemum
Py Gs T: WUE
Factor v F P F P F P F P
Water treatment (WT) 5 78.706 <0.001 48.664 <0.001 34.581 <0.001 11.307 <0.001
M;’;;‘E)e sowing ratio 5 3.938 0.003 5579  <0.001 1512 0.193 7.154 <0.001
WTxMR 25 0.398 0.995 2.580 0.001 0.238 1.000 3.010 <0.001
(P<0.05), B6D6 B2D10 , B&8D4
( 1) LMW LHW, T; [mmol(H>0)m2-s7] B10D2 (P<0.05) s T:
3d, B2D10 B4D8 B6D6 5 4d R 4~6 d,
B8D4 BI10D2 BI12D0 4.05 3.99 4.07 391 (P>0.05),
3.92 4.00 4.10 4.05 4.14 3.97 4.00 4.07 LMW LHW B6D6 (P<0.05),
(LW) . ,LMW B6D6 ; 6d,
, B8D4 , LHW T: , LMW  B6D6
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2 (Tr) (WUE)

Fig. 2 Response of transpiration rate (7;) and water-use efficiency (WUE) of Bothriochloa ischaemum to re-watering under different
mixture sowing ratios
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T. , B6D6 , , (HW) (LW)
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(P<0.05)(  2) T , 2,67 326 3.02 278 3.06 331 2.89 3.52
3.37 2.96 (LW)  WUE |,
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