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Abstract In the semiarid loess hilly and gully region of Northwest China the availabilities of water and phosphorus P

are the main limitations on seeded alfalfa Medicago sativa L.  production. The water-harvesting technique can improve the
soil water condition. However the contribution of availability of soil phosphorus to the production of seeded alfalfa
established by this technique is unknown. In this research we studied the availability of soil phosphorus in response to the
production of seeded alfalfa established by the ridges and furrows water-harvesting technique. The following five treatments

were set up in this study 1 conventional cultivation in a flat plot without mulch CK 2 plastic mulched ridge with 30
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cm width of ridge and furrow M30 3 plastic mulched ridge with 60 ¢cm width of ridge and furrow M60 4  bare
ridge with 30 ¢m width of ridge and furrow B30  and 5 bare ridge with 60 cm width of ridge and furrow B60 . The
forage yield evapotranspiration ET  soil organic carbon SOC  total phosphorus available phosphorus and the ratio
of soil organic C to available P C/P  were measured in the experiment. Results showed that the total soil P was not
significant different among treatments and sampling dates. However the positive correlation relationship occurred between
the decrease in soil available P and total forage yield of alfalfa after 3-year alfalfa stand. The forage yield of alfalfa in the
two ridge-mulched treatments M30 and M60 were higher than that of conventional flat cultivation CK by 10.7% and
40.3% respectively while the yield of two bare treatments B30 and B60 were lower than that of CK by 14.2% and
28.3% respectively. After a 3-year alfalfa stand the trend of the decreases in soil available P was in the order of M60
55.5% > M30 51.5% > CK 34.6% > B30 23.4% > B60 17.5% . Moreover after 3-year alfalfa growth
the C/P ratio increased significantly in all of the treatments comparing to that before sowing. The C/P ratio of M30
1165.1 and M60 1326.1 were significantly higher than that of the other treatments. More interesting finding was that
the increase in SOC in dry years promoted the accumulation of soil available P. However in wet years the increase of SOC
limited the accumulation of soil available P. Therefore to further increase the forage yield of alfalfa the effective technique

must be developed to increase the soil available P.

Key words loess hilly and gully regions rainwater-harvesting technology alfalfa available phosphorus
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Fig. 1 Distribution of rainfall every ten days during the alfalfa growing seasons in 2001 ~2004 at the experimental site
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SAS ANOVA  CANCORR ’ Excel
1 3a ET
WUE
2.1 Table 1  Forage yield evapotranspiration FE7 and water use
M30 M60 3a CK efficiency WUE in the various treatments during the experimental
10. 7%  40.3% 1 B30  B60 period
3a CK 14.2% Tre: ] Forage yield ET WUE
28.3% B60  CK A e b2 m kg hm~? mm !
M30 9466. 3b 1166. 4b 8.11b
B60 CK B30 M60 12003. 9a 1204. 3a 9.97a
B60 CK B30 7342. 5cd 1173. 1b 6. 26¢d
2.2 B60 6134. 1d 1139.9¢ 5.38d
3 p =0.05 Values
a
within a column followed by the same letters do not differ significantly
at p=0.05
2001 M30 M60
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3a CK M30 M60 B30 B60 34.6% 51.5% 55.5% 23.4% 17.52%
2 3a kg P hm 2

Table 2 The available P in various treatments over a three year period kg P hm 2

Treatments April 1 July 1 October 1 April 2 July 2 October 2 April 3 July 3 October 3
CK 17. 1aAB 14. 4bcDE 15. 8aBC 17.3bA 15. 2abCD 14. 4aDE 15.3aCD 13. 8akl 11. 7bF
M30 17. 1aB 15.3bC 14. 5abC 18.9aA 12. 8dD 11. 8bD 14.9aC 9.9¢cE 9. 1cE
M60 17. 1aBC 15.5aAB 14. 2bE 18. 8aA 16. 2aCD 10. 6¢F 15. 2aDE 10. 2¢F 8.4¢G
B30 17. 1aA 13. 8¢D 15. 8aAB 16.0bAB  14. 3bcCD 13.9aD 15.3aBC 12. 1bE 13.2aDE
B60 17. laA 15. 0bBC 15. 8aB 16.0bAB  13.7c¢dDE 14. 7aCD 14. 5aCDE 13. 3abE 14. 2aCDE

p=0.05 Value within columns followed by

the same letter lower case or within the same row upper case are significantly different at p =0. 05

3 2001 2002 2003 P kg P hm 2

Table 3 Dynamic of soil available P in the various treatments during various periods during three experimental years kg P hm ~2

Treatments GP2001 Dor2001 GP2002 Dor2002 GP2003 Total Total %
CK -2.71a 3.27b -6.73a 2.0lc -8.54b -12.70a -34.6la
M30 -5.55b 9.44a -15.91b 6. 98ab —-13.88¢ -18.91b -51.53b
M60 -6.17b 10. 00a -18.71b 10. 44ab -15.91c¢ -20.35b -55.45b
B30 -2.80a 0. 56b -4.82a 3.22be —-4.77ab -8.60a -23.43a
B60 -2.67a 0.43b -3.06a -0.42¢ -0.71a —-6.43a -17.52a
GP2001 2001 The growth period in 2001 Dor2001 2001 2002 The dormancy period from the last
harvest in 2001 to the recommencement of the experiment in 2002 GP2002 2002 The growth period in 2002 Dor2002 2002 2003
The dormancy period from the last harvest in 2002 to the recommencement of the experiment in 2003 GP2003 2003 The growing period in
2003 Total A sum over these five periods Total% 2001 The percentage of the total relative to the

value at the beginning of the experiment in 2001

2.3
4 C/pP
2001 CK C/P 2002
4 3 g Ckg!
Table 4 The SOC content in various treatments over a three year period g C kg™!
April 1 October 1 April 2 October 2 April 3 October 3
Treatments
CK 9.93aA 7.27bDE 6. 95bE 7.25¢DE 8.17¢BC 9.37dA
M30 9.93aAB 8. 68aCD 8. 12aD 8.37bD 10. 28aA 10. 53bA
M60 9.93aB 7.52bFG 7. 85aEF 8. 63abCD 9.45bB 11. 10aA
B30 9.93aAB 8. 52aC 7. 80abE 8.43abCD 9.92abAB 10. 30bcA
B60 9.93aA 8.92aC 8. 15aD 8.98aC 9.72abAB 10. 06cA

p=0.05 Value within columns followed by

the same letter lower case or within the same row upper case are significantly different at p =0. 05
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M30 M6O0 C/P

5 3a Cc/p

Table 5 Ratio of soil organic C to available P C/P ratio in various treatments over a three year period

Treatments April 1 October 1 April 2 October 2 April 3 October 3
CK 583. 46aBC 459. 94bEF 401. 73¢F 505. 56dDE 534.94¢CD 801. 42cA
M30 583. 46aDE 602. 37aDE 429. 88bcF 707. 29bC 690. 04aC 1165. 13bA
M60 583. 46aC 531.38abCD 417. 18¢D 817.75aB 624. 00bC 1326. 07aA
B30 583. 46aBCD 542. 03abDE 489. 14abE 608. 29¢BCD 648. 04abB 779. 37cA
B60 583. 46aC 563. 66aCD 508. 31aD 615.00cC 671. 66aAB 711. 18cA

p=0.05 Value within columns followed by

the same letter lower case or within the same row upper case are significantly different at p =0. 05

3a 6 2001
2002 2003 3
AP/TP

3 6 R P
Table 6  Correlation coefficient R and significant level P

between SOC and soil phosphorus

TP AP AP/TP
Year Correlation level
2001 R 0. 149 0.493 *** 0.434 "
P 0.33 0. 00058 0. 0029
2002 R 0.179 -0.369* -0.390""
P 0.24 0.013 0. 0081
2003 R -0.151 -0.282 -0.247
P 0.32 0. 060 0.10
2001 ~2003 R 0.251*" -0.290*"" -0.307 """
P 0. 0033 0. 00065 0. 00029
6 AP/TP The ratio of available P to total
P AP Available P TP Total P
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Fig. 2 The relationship between the decrease in available P and total

forage yield of alfalfa
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