Results agronomy trials Malawi, 2011-2012

General comments
The agronomy trials in Malawi in the 2011-2012 season consisted of:
· Two common bean input trials (variety: Kholophethe), of which one failed completely due to BSM attack.
· Four soybean variety trials; blanket application of TSP. For soybean variety Tikolore a comparison was made with the application of Super D.
· Three soybean input trials (variety: Makwacha).
· One combined cowpea input and variety trial. 
· Two combined groundnut input and variety trial. One trial failed completely; in the other trial only four out of eight replications could be harvested. 

Trials were established in different fields in the same mandate area. Each field represents a replication.
Error bars in graphs represent standard error of means.


Conclusions
Common bean input trial: application of fertilizer inputs did not influence grain yields. All treatments showed a great response to inoculation, however. The treatment with compound D and inoculation achieved the highest average grain yield.
Soybean variety trials: all varieties showed a strong response to inoculation. Generally varieties PAN 1867, Solitera and Tikolore had the largest increase in grain yields. The average number of nodules also increased considerably with inoculation. Application of Super D to variety Tikolore gave generally lower grain yields than with application of TSP.

Soybean input trials: soybean grain yields responded strongly to inoculation, whereas the increase as result of fertilizer inputs in most trials was not convincing. A notable interaction of fertilizer inputs and inoculation, however, resulted in the highest soybean grain yields. There was no clear distinction between the impact of TSP, Super D and Compound D; they often returned similar grain yields.

Cowpea trial: cowpea grain yields for variety IT-16 were consistently higher than for variety Sudan 1. Grain yields of Sudan 1 benefitted from the application of Compound D, and to a lesser extent also from Super D. Yields for variety IT-16 were not influenced by fertilizer application.
Groundnut: variety CG 7 was severely affected by rosette virus and the entire harvest for this variety failed. Also variety Nsinjiro could only be harvested on four out of eight plots as rosette virus, rust and drought affected the trials. None of the fertilizer inputs applied showed a convincing increase in groundnut grain yields.


Common bean input trial 
Code: MAL001
Location: Linthipe, Dedza

Comment: bean attacked by BSM and farmer hauled the crop to put in a cowpea relay crop.

Common bean input trial
Code: MAL014
Location: Lilongwe, Mkwinda
GPS: E 33.79357; S 14.088494; altitude: 1218 m
Planting date: 19-12-2011
Harvest date: 4-4-2012

Comments: Trials results represent the average of four replications on different fields in the same area. 
Germination for all treatments was around 90%. Application of different fertilizer inputs (TSP, Super D or Compound D) did not result in yield increases. In contrast, there was a great response to inoculation, both in the control and in the treatments with fertilizer. The yields for the control with inoculation were even slightly higher than for the treatments with TSP and Super D. The treatment with compound D achieved the highest average grain yield.



Soybean variety trial
Code: MAL006
Location: Linthipe, Dedza
GPS: E 34.07082; S 14.19762; altitude: 1203 m
Planting date: varying from 29-12-2011 to 5-1-2012
Harvest date: NA

Comments: Trials results represent the average of seven replications on different fields in the same area. 
Germination was relatively low for the varieties Makwacha and Soliteram, and highest for variety Nasoko. The average number of nodules increased considerably after inoculation for all varieties, although for Soprano and Tikolore the difference was less evident than for the other varieties. Soybean grain yields of all varieties showed a strong response to inoculation, with increases from less than 1500 to around 2250 kg/ha. The difference between the varieties is negligible compared to the difference with and without inoculation. All varieties received TSP fertilizer. For variety Tikolore an additional treatment with Super D fertilizer was tested. Super D with variety Tikolore did not increase yields compared to application of TSP, however.







Soybean variety trial
Code: MAL022
Location: Linongwe, Mkwinda
GPS: E 33.79357; S 14.088494; altitude: 1218 m
Planting date: 19-12 to 21-12-2011
Harvest date: 4-5 to 6-5-2012

Comments: Trials results represent the average of five replications on different fields in the same area. 
Germination was more than 90% for all treatments. Soybean without inoculation barely had any nodules, while in the treatments with inoculation the average number increases to 50 to 85 nodules per plant. Grain yields also showed a strong response to inoculation, with yields being almost twice as high for the varieties PAN 1867 and Solitera. These varieties also showed a stronger response to inoculation than the other varieties. The application of Super D with variety Tikolore gave lower yields with inoculation than with application of TSP.





Soybean variety trial

Code: MAL029
Location: Lilongwe, Msunde
GPS: E 33.673439; S 13.995434; altitude: 1151 m
Planting date: 4-1-2012
Harvest date: 5-5-2012

Comments: Trials results represent the average of three replications on different fields in the same area. 
Again, all varieties showed an enormous increase in the number of nodules as a result of inoculation. Remarkably, grain yields did not benefit to the same extent. Grain yields of varieties Makwacha, Nasoko, PAN 1867 and Tikolore (with Super D) showed no response to inoculation, and standard errors are large as some fields returned very low yields of less than 500 kg/ha (irrespective of the different treatments). Only varieties Solitera and Tikolore (with TSP) did show a convincing response to inoculation.

Soybean variety trial 

Code: MAL063
Location: Salima, Chitala
GPS: E 34.28720; S 13.68263; altitude: 592 m
Planting date: varying between 3-1-2012 and 25-1-2012
Harvest date: varying between 24-5-2012 and 25-6-2012

Comments: Trials results represent the average of nine replications on different fields in the same area. 
Germination was around 80% for most varieties. For varieties Makwacha and Soprano, the percentage was a bit lower. The average number of nodules for all varieties increased as a result of inoculation. Grain yields for varieties PAN 1867 and Solitera nearly doubled with inoculation, and other varieties greatly benefitted from inoculation as well. Again, Tikolore with TSP fertilizer gave higher grain yields than with Super D.





Soybean input trial

Code: MAL003
Location: Linthipe, Dedza
GPS: E 34.07675; S 14.19898; altitude: 1221 m
Planting date: 4-1 and 6-1-2012
Harvest date: varying between 23-5 and 28-5-2012
Variety: Makwacha

Comments: Trials results represent the average of three replications on different fields in the same area. 
Germination of the treatments with inoculation was reasonable, around 80%. Germination with inoculation in one site was very low, however, which results in lower germination averages for the treatments with inoculation. The average number of nodules was only counted in one site, and only in the control treatment the number increased with inoculation. Grain yields slightly improved with application of TSP without inoculation, but the combined effect of inoculants and fertilizer inputs had the largest impact on grain yields. Soybean yields increased from about 1300 kg/ha in the uninoculated control to around 2200-2300 kg/ha with inoculation and TSP, Super D or Compound D. 







Soybean input trial

Code: MAL027
Location: Lilongwe, Msunde
GPS: E 33.673439; S 13.995434; altitude: 1151 m
Planting date: 4-1-2012
Harvest date: 3-5-2012

Comments: Trials results represent the average of two replications on different fields in the same area. 
Germination in all treatments was above 90%. The average number of nodules in soybean increased from virtually none to 50 to 200 per plant as a result of inoculation. Remarkably, this did not result in increases in yield. Only in the treatment with TSP, grain yields increased after inoculation, but yields are still comparable to the control. Application of Compound D improved yields slightly compared to the control, although not consistently. 





Soybean input trial
Code: MAL057
Location: Salima, Chitala
GPS: E 34.22567; S 13.69577; altitude: 676 m
Planting date: varying between 3-1-2012 and 23-1-2012
Harvest date: varying between 23-5-2012 and 24-6-2012

Comments: Trials results represent the average of five replications on different fields in the same area. 
Germination was reasonable on all plots, varying between 85 and 93%. Inoculation increased the average number of nodules from almost none to a few per plant. Application of fertilizer inputs did not enhance grain yields, but inoculation did, in both the control and the treatments with fertilizer. The interaction of inoculation and Super D, or inoculation and Compound D resulted in the strongest yield increases, with almost a doubling of yields.




Cowpea combination variety/input trial
Code: MAL032
Location: Salima, Chitala
GPS: E 34.28720; S 13.68263; altitude: 592 m
Planting date: varying between 21-12-2011 and 18-1-2012
Harvest date: varying between 7-3-2012 and 16-4-2012

Comments: Trials results represent the average of 15 replications on different fields in the same area.
Germination percentages were reasonable, on average around 80% for all treatments. Cowpea grain yields for variety IT-16 were consistently higher than for variety Sudan 1; in the control treatment and the treatment with TSP even twice as high. Grain yields of Sudan 1 benefitted from the application of Compound D, and to a lesser extent also from Super D. Yields for variety IT-16 were not influenced by fertilizer application.



Groundnut input trial

Code: MAL021
Location: Lilongwe, Mkwinda

Comment: CG7 wiped out by rosette disease and a farmer mixed up the harvest from Nsinjiro

[bookmark: _GoBack]Groundnut combination variety/input trial
Code: MAL049
Location: Salima, Chitala 
GPS: NA
Planting date: varying between 20-12-2011 and 17-1-2012
Harvest date: varying between 12-6-2012 and 19-6-2012

Comments: Originally, replications were established in eight different fields. However, variety CG 7 was severely affected by rosette virus, and none of the plots with this variety was harvested. Variety Nsinjiro was harvested on only four of the eight fields, as some fields were also affected by rosette virus, by rust or by drought shortly after planting. Therefore, results only represent the average of four fields with variety Nsinjiro. The grain yield of this groundnut variety did not seem to benefit from the application of fertilizer inputs. Only with Compound D yields increased from slightly less than 2000 kg/ha to about 2250 kg/ha, but standard errors are relatively large.


 - inoc	0.2	0	0	0	0.6	0.374165738677394	0.316227766016838	0.2	0	0	0	0.6	0.374165738677394	0.316227766016838	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	0.2	0	0	0	0.6	1.2	1	 + inoc	4.3174066289845756	8.0585358471623092	6.711184694225004	3.6193922141707722	5.228766584960546	5.7654141221598261	6.7705243519243128	4.3174066289845756	8.0585358471623092	6.711184694225004	3.6193922141707722	5.228766584960546	5.7654141221598261	6.7705243519243128	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	57.2	57.8	52.8	57	60.2	73.2	82.8	Soybean average number of nodules
 - inoc	91.247750296561648	67.623061777649013	97.743662994652553	103.4032233614147	85.898234429243004	58.244517978002612	33.63540996585639	91.247750296561648	67.623061777649013	97.743662994652553	103.4032233614147	85.898234429243004	58.244517978002612	33.63540996585639	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	1383.8064285714279	1528.0550000000001	1495.0250000000001	1381.7592857142861	1400.3021428571431	1377.9549999999999	1528.9535714285701	 + inoc	173.7261100651458	96.002767261880052	109.719730394104	112.8871225076676	154.7802754845786	246.8604937871938	193.7414238668099	173.7261100651458	96.002767261880052	109.719730394104	112.8871225076676	154.7802754845786	246.8604937871938	193.7414238668099	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	2072.5835714285722	2427.513571428572	2680.6935714285719	2507.4978571428569	2177.0935714285711	2096.2714285714301	1885.4221428571429	Soybean grain yield (kg/ha)
 - inoc	1.5	1	4	12	1.333333333333333	1	9.2915732431775666	1.5	1	4	12	1.333333333333333	1	9.2915732431775666	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	1.5	6	4	15	3.333333333333333	11	13	 + inoc	22.340794773488049	74.33557545198515	27.143650782048059	18.520259177452139	24.835011129004521	43.208795400936609	33.318329956813727	22.340794773488049	74.33557545198515	27.143650782048059	18.520259177452139	24.835011129004521	43.208795400936609	33.318329956813727	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	106.6666666666667	207.6666666666666	62.333333333333343	115	88.666666666666671	108	85.666666666666671	Soybean average number of nodules
 - inoc	113.79102820920031	281.09465324269797	64.832124144942497	136.97941558783401	49.838196245336157	319.84594860495298	131.5047834804169	113.79102820920031	281.09465324269797	64.832124144942497	136.97941558783401	49.838196245336157	319.84594860495298	131.5047834804169	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	813.2023809523813	892	1140.479761904762	788.20476190476199	948.76190476190482	890.04761904761904	1054.3928571428571	 + inoc	507.73610729248509	422.7724969591693	390.9669397266008	85.9678788296888	468.8425333852627	126.99269713143499	455.96214026606339	507.73610729248509	422.7724969591693	390.9669397266008	85.9678788296888	468.8425333852627	126.99269713143499	455.96214026606339	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	790.09523809523807	886.47738095238105	1164.071428571428	1445.714285714286	1215.4809523809531	1680.9047619047631	1166.166666666667	Soybean grain yield (kg/ha)
 - inoc	8.8758585048169198	2.4216105241892532	5.312459150169742	4.0345728123034004	7.3493091974016433	3.6111111111111152	2.3570226039551581	8.8758585048169198	2.4216105241892532	5.312459150169742	4.0345728123034004	7.3493091974016433	3.6111111111111152	2.3570226039551581	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	69.444444444444457	84.444444444444457	79.333333333333314	82.666666666666671	73.888888888888857	76.111111111111114	81.666666666666671	 + inoc	9.0138781886599713	2.6057865332352428	2.693155476342397	6.9721668877839633	6.3289458486825056	7.7728158775740104	6.2360956446232372	9.0138781886599713	2.6057865332352428	2.693155476342397	6.9721668877839633	6.3289458486825056	7.7728158775740104	6.2360956446232372	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	75	83.888888888888857	79.444444444444457	76.666666666666671	79	76.666666666666671	78.333333333333314	Soybean germination %
 - inoc	0.73192505471140001	0.44067723854475199	0.68138514386924698	0.625	0.26726124191242401	0.375	0.31339158526400401	0.73192505471140001	0.44067723854475199	0.68138514386924698	0.625	0.26726124191242401	0.375	0.31339158526400401	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	1	1.125	2	1.375	0.5	0.625	1.25	 + inoc	3.1495464526091461	3.7937919213970002	2.7185703963664429	4.780680988550241	1.647508942095828	3.8902350277879831	3.4353077425049259	3.1495464526091461	3.7937919213970002	2.7185703963664429	4.780680988550241	1.647508942095828	3.8902350277879831	3.4353077425049259	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	6.75	9	5.6249999999999991	11.375	4.5	9.25	8.875	Soybean average number of nodules
 - inoc	187.28150599405811	134.3361649595868	79.331830400469315	62.309269428306827	170.68822229885811	78.795750298985979	173.95507218735449	187.28150599405811	134.3361649595868	79.331830400469315	62.309269428306827	170.68822229885811	78.795750298985979	173.95507218735449	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	1346.253968253968	1559.307936507937	1318.2365079365079	1387.9904761904761	1332.1873015873009	1375.060317460317	1318.44126984127	 + inoc	296.0974960324541	78.524861493109114	73.942761501434759	98.333232112378795	307.80653825895388	129.57067046644639	280.39657531921318	296.0974960324541	78.524861493109114	73.942761501434759	98.333232112378795	307.80653825895388	129.57067046644639	280.39657531921318	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	2148.56	2416.0365079365101	2552.4928571428568	2485.269841269841	2212.9349206349211	2346.733333333334	2048.0222222222228	Soybean grain yield (kg/ha)
 - inoc	3.84418753155696	4.4845413490245916	4.0551750201988366	5.2915026221291814	3.84418753155696	4.4845413490245916	4.0551750201988366	5.2915026221291814	None	TSP	Super D	Compound D	81.333333333333314	81.666666666666671	80.333333333333314	80	 + inoc	13	6.4893074446439218	16.333333333333321	10.47748909700114	13	6.4893074446439218	16.333333333333321	10.47748909700114	None	TSP	Super D	Compound D	45	61.333333333333343	57.66666666666665	64.666666666666671	Soybean germination %
 - inoc	None	TSP	Super D	Compound D	5	20	15	26	 + inoc	None	TSP	Super D	Compound D	23	20	15	15	Soybean average number of nodules
 - inoc	54.391303621728461	68.288393392273775	105.2572394245217	30.913427181948339	54.391303621728461	68.288393392273775	105.2572394245217	30.913427181948339	None	TSP	Super D	Compound D	1338.050304761905	1468.684576190476	1402.885790476191	1446.591861904762	 + inoc	92.379703382109398	29.697818680789709	62.666634274772854	172.51247252939831	92.379703382109398	29.697818680789709	62.666634274772854	172.51247252939831	None	TSP	Super D	Compound D	1714.6738809523811	2058.6665238095252	2158.2226666666661	2028.127952380953	Soybean grain yield (kg/ha)
 - inoc	1	0	5	1	0	5	None	TSP	Super D	Compound D	5	2	5	7	 + inoc	82	37	20.5	82	82	37	20.5	82	None	TSP	Super D	Compound D	119	203	46.5	118	Soybean number of nodules
 - inoc	133.42857142857221	62.857142857142293	205.71428571428581	39.428571428568837	133.42857142857221	62.857142857142293	205.71428571428581	39.428571428568837	None	TSP	Super D	Compound D	1023.714285714286	840.00000000000023	937.14285714285711	1119.428571428572	 + inoc	286.33928571428578	136.2857142857151	62.857142857142293	80.5	286.33928571428578	136.2857142857151	62.857142857142293	80.5	None	TSP	Super D	Compound D	913.66071428571411	1020.857142857143	840.00000000000023	1023.5	Soybean grain yield (kg/ha)
 - inoc	0.28867513459481298	0.25	0.28867513459481298	0.478713553878169	0.28867513459481298	0.25	0.28867513459481298	0.478713553878169	None	TSP	Super D	Compound D	0.5	0.25	0.5	0.75	 + inoc	4.0901303972693412	3.1721443851123801	2.8394541729001368	2.2867371223353739	4.0901303972693412	3.1721443851123801	2.8394541729001368	2.2867371223353739	None	TSP	Super D	Compound D	8.75	8.25	5.75	6.75	Soybean average number of nodules
 - inoc	101.07540891904431	167.1480116872041	217.3374966879297	80.119783412577917	101.07540891904431	167.1480116872041	217.3374966879297	80.119783412577917	None	TSP	Super D	Compound D	1808.152717857143	1712.662342857142	1687.2238	1544.9021892857149	 + inoc	147.37650207548529	117.8750740490034	231.24915664976979	100.98315703682501	147.37650207548529	117.8750740490034	231.24915664976979	100.98315703682501	None	TSP	Super D	Compound D	2731.1657928571431	2719.3192464285721	2985.6443571428572	2748.1454035714301	Soybean grain yield (kg/ha)
Sudan 1	118.4355357478961	139.05806734950261	132.82081188444931	193.9106517883117	118.4355357478961	139.05806734950261	132.82081188444931	193.9106517883117	None	TSP	Super D	Compound D	884.43428571428558	744.09523809523796	1067.50761904762	1177.208571428572	IT-16	188.53156679694661	136.6352616503934	171.74566640754	142.09712830079101	188.53156679694661	136.6352616503934	171.74566640754	142.09712830079101	None	TSP	Super D	Compound D	1593.62	1682.192380952381	1454.2325714285721	1664.74	Cowpea grain yield (kg/ha)
Nsinjiro	410.15159268201268	296.02740067691531	248.76821769511531	196.82671203517631	267.60230188245612	410.15159268201268	296.02740067691531	248.76821769511531	196.82671203517631	267.60230188245612	None	TSP	TSP + Gypsum	Super D	Compound D	1960.3714285714279	2107.4107142857142	1976.339285714286	2051.2678571428569	2276.9714285714299	Groundnut grain yield (kg/ha)
 - inoc	139.4016294684873	94.380975212925307	71.002624328714603	67.915309116372981	139.4016294684873	94.380975212925307	71.002624328714603	67.915309116372981	None	TSP	Super D	Compound D	1121.853571428572	1181.382142857143	1133.714285714286	1091.5946428571431	 + inoc	36.363488006399713	99.65491783021271	52.662114812472481	203.79189904270899	36.363488006399713	99.65491783021271	52.662114812472481	203.79189904270899	None	TSP	Super D	Compound D	1867.8625	1666.208928571428	1746.3125	1991.7125000000001	Common bean grain yield (kg/ha)
 - inoc	5.2046551638076464	3.2060741670500659	5.4485846630048824	6.2705444652882001	4.0338702065804526	4.272997004604683	2.9090522570097681	5.2046551638076464	3.2060741670500659	5.4485846630048824	6.2705444652882001	4.0338702065804526	4.272997004604683	2.9090522570097681	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	75.571428571428555	86.571428571428555	79.142857142857125	67.714285714285722	80.714285714285722	82.857142857142847	81.714285714285722	 + inoc	6.6132211423444076	4.2136803439293127	5.0682417888190798	10.97554486273979	8.5765857501252665	4.1845195759648046	3.1003620591729462	6.6132211423444076	4.2136803439293127	5.0682417888190798	10.97554486273979	8.5765857501252665	4.1845195759648046	3.1003620591729462	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	74.857142857142847	83.428571428571416	76.142857142857125	63.714285714285722	73.285714285714306	81.714285714285722	85.571428571428555	Soybean germination % 
 - inoc	9.3541434669348522	5.4006172486732167	5.7354889358565879	7.0592728615157894	13.690020696356401	9.4196160572852801	12.308533625091171	9.3541434669348522	5.4006172486732167	5.7354889358565879	7.0592728615157894	13.690020696356401	9.4196160572852801	12.308533625091171	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	28	17	19.75	21	32.5	27.75	25	 + inoc	3.3665016461206929	6.9806279564711557	5.2658490926598596	6.3835726674018511	9.4251436770657975	4.8023431780746373	11.69312476058759	3.3665016461206929	6.9806279564711557	5.2658490926598596	6.3835726674018511	9.4251436770657975	4.8023431780746373	11.69312476058759	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	40	38.25	38.75	39.5	42	32.25	40.25	Soybean average number of nodules
 - inoc	70.915434056696824	75.621943926309982	54.703197147686559	68.617240442066446	53.23970580397777	100.07244792991951	32.596932355743128	70.915434056696824	75.621943926309982	54.703197147686559	68.617240442066446	53.23970580397777	100.07244792991951	32.596932355743128	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	1439.2048979591841	1489.90462244898	1337.7012	1475.7192857142859	1418.877346938775	1367.681979591837	1485.293714285714	 + inoc	174.99467933828959	129.90218725237071	119.6861392087868	204.17431657104581	123.96071296745249	148.5693882669523	62.739369449758833	174.99467933828959	129.90218725237071	119.6861392087868	204.17431657104581	123.96071296745249	148.5693882669523	62.739369449758833	Makwacha	Nasoko	PAN 1867	Solitera	Soprano	Tikolore	Tikolore + Super D	2275.2418673469392	2032.9408163265309	2176.6529795918368	2084.0397142857141	2129.4764816326528	2103.5882040816318	2087.640204081632	Soybean average grain yield (kg/ha)
