
Photosynthetic Characteristics, Correlationship of Water Use and Yield of Alfalfa in 
Beijing * 

Lin Meng, Pei-chun Mao 
 

(Beijing Research and Development Center for Grasses and Environment, Beijing Academy of Agriculture and 
Forestry Sciences，Beijing, China 100097) 

Abstract：The photosynthetic characteristics, correlationship between water useand Yield of Algonquin at 3 irrigation 
treatments (60mm, 40mm and 20mm water were applied at the regeneration period and after mowing, respectively) 
were studied in Beijing’s farmland. The results showed that there are the diurnal change with “M” shape in the Pn, Tr 
and Gs of Algonquin and there are the positive corresponding relationship between the hay yield and the water 
consumption, the WUE. About 60mm of irrigation at the regeneration and after every cutting time can get about 
532.93mm of the water consumption and 17560.68kg/ha of alfalfa hay. However, about 20mm of irrigation can get 
about 390.56mm of the water consumption and 10174.65kg/ha of alfalfa hay in Beijing. 
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Water deficit usually influences photosynthesis, causes stunted growth and development, and further reduces yield of 
forage (Shan, 1994; Flexas et al, 2004; Dang et al, 2004). Algonquin with higher quality and yield is suitable to grow in 
the farmland and reclaimed land in Northern China (Meng et al, 2007), but studying the characteristics of 
photosynthesis, transpiration and water use of Algonquin at the different irrigation treatments is essential if growing in 
the water shortage area like Beijing (Wan et al, 2004; Meng et al, 2007). 
Materials and Methods 
The experimental site, with 12.2 ℃ of mean temperature and 518.3 mm of average annual precipitation, locates at 
Shunyi County in the northeast of Beijing. Algonquin was planted in spring with a seed rate of 16.5 kg/ha. The plot area 
with 3 replications was 20m×10m each, and the space between plots was 2 m, covered by plastic film to prevent water 
permeability. The precipitation at growth period during this research was only 285.6mm. Based on this, 3 different 
irrigation treatments of 60 mm (WS, 600 m3/ha), 40 mm (WM), and 20 mm (WD) water at the regeneration period and 
after mowing were applied, respectively. The diurnal changes of photosynthesis (Pn), transpiration (Tr), and stomatal 
conductance (Gs) were measured using CIRAS-1 Cassettes Photosynthesis System (PPS Co., Ltd., UK) at sunny days. 
Six mature leaves of Algonquin at each plot were selected randomly to measure every 2 hours from 08:00 to 18:00 and 
to calculate the average Pn, Tr and Gs. 
The yields of Algonquin were measured at every mowing time (1m*1m, 3 replications), and the soil water content of 
each 10 cm (0~160 cm) was determined using a 503DR9 Neutron Probe (CPN Co., Ltd., USA) every 15 d. The water 
use of crops (ETα) is calculated by the equation: ETα=I + P + ΔW; where P is the precipitation; I is the amount of 
irrigation; ΔW is the change of water shortage in solum; all units are in mm. The water utilization efficiency (WUE) is 
calculated by equation: WUE=Y/ ET, where Y is the economic yield (Shan, 1994; Meng et al, 2007). 
Results and Analysis 
(1) Response of daily photosynthetic characteristics to the soil moisture 
The Pn diurnal change of Algonquin’s leaves showed the “M” shape and the first peak occurring at 10:00, the second at 
14:00, and the trough at 12:00. The diurnal change of Tr is similar to that of Pn, but peak and trough were delayed by 
1-2 hours compared with Pn (Fig.1) .The soil water content had great influence on the Pn and Tr of Algonquin’s leaves. 
At the deficient soil water situation, the decrease rate of Pn at 12:00 was about 48.89% compared with the peak at 10:00, 
but at the sufficient soil water situation, only about 23.29%. However, the decrease rate of average Tr from 08:00 to 
18:00 was 32.69% compared with the one at 12:00 at the WD condition, but only 20.96% at the WS condition. Gs 
showed the decrease tendency with the water stress (Fig.1). That showed that the “noon” is easy to be exsited of 
Algonquin under the deficient soil water stress, and even the CO2 assimilation was limited because of the decrease of 
Gs. 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 The diurnal change of Pn, Tr, Gs of Algonquin’s leaves 
                                                        
  * Supported by the Earmarked Fund for Modern Agro-industry Technology Research System 
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(2) Relationship of hay yield and water use of Algonquin 
With the increase of irrigation and soil water content, the hay yield and water consumption showed the obvious 

increase tendency, and also showed the significant difference (p<0.05). About 10174.65kg /ha of the hay yield could be 
gained at the irrigation of 20 mm and 17560.68kg /ha of the hay yield could be gained at 60 mm (Tab. 1). The results 
indicated that the hay yield of 51.91~89.60 kg/ha could be gained under the condition of the daily water consumption of 
1.99~2.71 mm during the total croping time. There was strongly positive relationship between the hay yield and water 
consumption (R2≥0.9510). Irrigation amounts was increased from 20mm to 40mm, 60mm, the relative soil water 
consumption was increased by 65.74mm and 142.37mm, and the hay yield was increased by 4378.87 kg/ha and 7386.03 
kg/ha, respectively. 

The WUE of Algonquin was among 16.64～41.02kg/ha·mm at 3 different irrigation treatments. The annual WUE 
was about 32.95kg/ha·mm at the WS treatment, and increased more than 6.90kg/ha·mm compared with the WD 
treatment. Compared with the WUE of each crops, the WUE of first crop were higher than one of other crops, and 
showed gradual decrease trends at 3 different irrigation treatments. And there was strongly positive relationship between 
the hay yield and WUE (R2≥0.9529)(Table1). 

Table 1  Relationship of the average yield and water consumption of Algonquin 

Crops Indexes WS WM WD 

First crop 
(March 21-May 20) 

Hay yield(kg/ hm2) 7024.05 5845.75 4612.50 
Water consumption(mm) 171.23 148.18 123.20 

WUE(kg/ hm2·mm) 41.02 39.45 37.44 

Second crop 
(May21-July4) 

Hay yield(kg/ hm2) 4661.25 3610.75 2339.85 
Water consumption(mm) 151.01 119.74 107.73 

WUE(kg/ hm2·mm) 30.87 30.15 21.72 

Third crop 
(July5-Aug.18) 

Hay yield(kg/ hm2) 3576.60 3035.20 2185.45 
Water consumption(mm) 116.11 100.11 97.31 

WUE(kg/ hm2·mm) 30.80 30.30 22.46 

Forth crop 
(Aug.19-Oct.2) 

Hay yield(kg/ hm2) 2298.78 2061.82 1036.85 
Water consumption(mm) 94.58 88.27 62.32 

WUE(kg/ hm2·mm) 24.31 23.36 16.64 

Total 
(March 21-Oct.2) 

Hay yield(kg/ hm2) 17560.68 14553.52 10174.65 
Water consumption(mm) 532.93 456.30 390.56 

WUE(kg/ hm2·mm) 32.95 31.89 26.05 
Correlation between hay yield(y) and water 
consumption(x) 

y = 33.581x - 134.36 
R2 = 0.9822 

y = 32.507x - 111.8 
R2 = 0.982 

y = 26.787x - 114.97 
R2 = 0.951 

Correlation between hay yield(y) and WUE(x) y = 283.36x - 4606.6 
R2 = 0.9529 

y = 238.01x - 3695.9 
R2= 0.9598 

y = 165.54x - 1522.9 
R2 = 0.9831 

Conclusions 
There are the diurnal change laws with the double-summit shape in the Pn, Tr and Gs of Algonquin, and the Pn and 

Gs get the summit values at 10:00 and 14:00, and the bottom values at 12:00. But the summit and bottom values of Tr 
delays for 1-2h compared to the time of Pn and Gs. The deficient soil water can obviously decrease the Pn and Gs, 
slightly decrease the Tr. And there are the positive corresponding relationship between the hay yield and the water 
consumption, the water use efficiency. About 60mm of irrigation at the regeneration and after every cutting time can get 
about 532.93mm of the water consumption and 17560.68kg/ha of alfalfa hay. However, about 20mm of irrigation can 
get about 390.56mm of the water consumption and 10174.65kg/ha of alfalfa hay in Beijing. 
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