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Figure S1. Daily minimum and maximum air temperatures (°C) (a, b) solar radiation (MJ m-2) (c, d) and daily rainfall (mm) (e, f) during the field experiments Exp. S2 from 26 May to 3 October in 2017 and Exp. S4 from 14 May to 24 July in 2018, respectively. 
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	Table S1. Root anatomy of IR64 and Sta1-NIL under 9 observations from 4 experiments (Exp. S1-S4) in the combined analysis 


	Genotype
	STA 
(x103 μm2)
	%STA
(%)
	Rep. No.
	Obs. No.
	Exp. No.

	
	IR64
	Sta1-NIL
	P value (t.test)
	   R64
	Sta1-NIL
	P value (t.test)
	
	
	

	GH_17_24
	23.6
	24.2
	0.653
	3.51
	4.07
	0.106
	8
	1
	S1

	WD_17_H
	43.7
	45.1
	0.462
	5.40
	5.73
	0.127
	44
	2
	S2

	WW_17_H
	28.6
	30.4
	0.263
	3.09
	3.05
	0.750
	44
	3
	S2

	WD_17_M
	43.2
	49.6
	0.071+
	4.58
	5.26
	0.013*
	12
	4
	S2

	WW_17_M
	29.4
	29.8
	0.875
	2.53
	2.80
	0.062+
	12
	5
	S2

	GH_18_36
	34.3
	39.9
	0.135
	5.33
	5.16
	0.668
	3
	6
	S3

	GH_18_63
	33.4
	39.7
	0.004**
	4.35
	4.69
	0.478
	3
	7
	S3

	WD_18_63
	43.1
	50.0
	0.120
	6.27
	6.19
	0.751
	6
	8
	S4

	WW_18_63
	31.1
	36.2
	0.019*
	2.31
	2.29
	0.894
	6
	9
	S4

	STA: stele transversal area; %STA: (STA*100)/RTA (root transversal area)

	GH_17_24: greenhouse in 2017 at 24 days after sowing; 
	
	
	
	
	

	WD_17_H: water deficit in 2017 at heading stage; 
	
	
	
	
	

	WD_17_M: water deficit in 2017 at maturity stage; 
	
	
	
	
	

	WW_17_H: well-watered in 2017 at heading stage; 
	
	
	
	
	

	WW_17_M: well-watered in 2017 at maturity stage; 
	
	
	
	
	

	GH_18_36: greenhouse in 2018 at 36 days after transplanting; 
	
	
	
	
	

	GH_18_63: greenhouse in 2018 at 63 days after transplanting; 
	
	
	
	
	

	WD_18_63: water deficit in 2018 at 63 days after transplanting; 
	
	
	
	

	WW_18_63: well-watered in 2018 at 63 days after transplanting; 
	
	
	
	

	***, **, *, +, ns show P ≤ .001, .01, .05, .10, and no significance, respectively.
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	Table S2. Meta-analysis of grain yield, aboveground biomass, and harvest index of IR64 and Sta1-NIL under 14 environments from 7 experiments (Y1-Y7)

	Environment
	Grain yield (g m-2) 
	Aboveground biomass (g m-2)
	Harvest index
	Rep. 
No.
	Env. No.
	Exp. No.

	
	IR64
	Sta1-NIL
	P value (t.test)
	IR64
	Sta1-NIL
	P value (t.test)
	IR64
	Sta1-NIL
	P value (t.test)
	
	
	

	D_13_AWD
	756
	791
	0.420
	1600
	1627
	0.333
	0.473
	0.487
	0.888
	3
	1
	1Y

	D_13_FL
	589
	640
	0.428
	1209
	1306
	0.808
	0.487
	0.489
	0.398
	3
	2
	1Y

	D_13_RU
	371
	447
	0.227
	887
	1012
	0.346
	0.417
	0.443
	0.316
	3
	3
	1Y

	D_14_AWD
	780
	769
	0.744
	1900
	1790
	0.346
	0.411
	0.430
	0.026*
	3
	4
	2Y

	D_14_FL
	761
	773
	0.808
	1844
	1732
	0.137
	0.413
	0.447
	0.428
	3
	5
	2Y

	[bookmark: _Hlk25701400]D_14_RU
	603
	519
	0.164
	1344
	1142
	0.126
	0.449
	0.454
	0.526
	3
	6
	2Y

	Ya_14_FL
	602
	647
	0.203
	1307
	1319
	0.820
	0.461
	0.491
	0.193
	3
	7
	3Y

	Ya_15_FL
	503
	475
	0.565
	1120
	1088
	0.598
	0.446
	0.438
	0.737
	6
	8
	4Y

	Ya_16_FL
	584
	620
	0.388
	1023
	1078
	0.423
	0.570
	0.576
	0.759
	6
	9
	5Y

	Y_16_AWD
	622
	656
	0.269
	1308
	1387
	0.477
	0.462
	0.486
	0.034*
	6
	10
	6Y

	Y_16_FL
	607
	688
	0.481
	1313
	1416
	0.333
	0.476
	0.471
	0.807
	6
	11
	6Y

	Y_16_RU
	354
	385
	0.458
	920
	974
	0.496
	0.383
	0.396
	0.591
	6
	12
	6Y

	Y_17_FL
	781
	809
	0.378
	1700
	1708
	0.890
	0.459
	0.474
	0.263
	3
	13
	7Y

	Y_17_RU
	430
	438
	0.921
	1174
	1211
	0.835
	0.366
	0.358
	0.716
	3
	14
	7Y

	D_13_AWD: Deshmukh et al. (2017) in 2013 under alternative wetting and drying with surface fertilization

	D_13_FL: Deshmukh et al. (2017) in 2013 under flooded lowland with surface fertilization

	D_13_RU: Deshmukh et al. (2017) in 2013 under rainfed upland with surface fertilization

	D_14_AWD: Deshmukh et al. (2017) in 2014 under alternative wetting and drying with surface fertilization

	D_14_FL: Deshmukh et al. (2017) in 2014 under flooded lowland with surface fertilization

	D_14_RU: Deshmukh et al. (2017) in 2014 under rainfed upland with surface fertilization
	

	Ya_14_FL: Yaginuma (2017) in 2014 under flooded lowland with surface fertilization

	Ya_15_FL: Yaginuma (2017) in 2015 under flooded lowland with deep and surface fertilization
	
	
	

	Ya_16_FL: Yaginuma (2017) in 2016 under flooded lowland with deep and surface fertilization
	
	
	

	Y_16_AWD: Y et al. (unpublished data) in 2016 under alternative wetting and drying with deep and surface fertilization

	Y_16_FL: Y et al. (unpublished data) in 2016 under flooded lowland with deep and surface fertilization
	
	
	

	Y_16_RU: Y et al. (unpublished data) in 2016 under rainfed upland with deep and surface fertilization
	
	
	

	Y_17_FL: Y et al. (unpublished data) in 2017 under flooded lowland with surface fertilization
	
	
	

	Y_17_RU: Y et al. (unpublished data) in 2017 under rainfed upland with surface fertilization
	
	
	
	

	***, **, *, + show P ≤ .001, .01, .05 and .10, respectively.




Max. temp	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	20.69	25.09	28.01	28.84	32.06	30.32	28.39	31.32	28.69	27.37	27.96	25.61	25.28	27.75	29.97	31.69	27.59	27.27	20.63	26.39	29.01	30.74	29.31	23.36	32.659999999999997	30.15	24.89	30.32	32.47	31	25.76	28.45	26.89	28.31	31.01	26.77	25.39	33.89	35.72	30.32	33.9	32.39	34.020000000000003	35.590000000000003	35.01	34.83	33.520000000000003	35.53	34.35	34.729999999999997	35.79	36.380000000000003	36.26	33.43	32.880000000000003	33.86	35.25	34.5	29.63	34.94	33.950000000000003	27.1	27.58	33.26	33.950000000000003	28.97	34.64	31.44	25.58	30.39	31.47	34.07	35.07	34.78	36	38.799999999999997	29.3	25.9	31.04	32.43	26.16	24.87	22.88	29.58	29.58	33.630000000000003	30.18	33.56	33.86	35.340000000000003	37.32	36.020000000000003	33.729999999999997	30.95	34.200000000000003	34.6	34.89	24.38	28.66	25.96	29.66	23.15	29.17	23.66	25.17	30.47	31.58	32.31	31.37	25.89	33.44	33.08	29.27	22.45	20.309999999999999	35.159999999999997	31.05	25.68	30.8	24.75	24.14	28.42	30.8	30.73	28.62	26.43	26.57	26.17	27.09	26.45	30.46	Min. temp	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	0	18.25	18.329999999999998	17.649999999999999	16.89	16.649999999999999	20.52	20.34	18.100000000000001	15.39	16.63	16.350000000000001	17.5	18.510000000000002	19.899999999999999	21.24	18.55	17.27	16.03	15.75	16.16	18.48	18.55	17.02	18.23	18.82	16.04	20.57	19.899999999999999	18.77	20.75	21.18	21.58	21.71	21.57	21.06	22.83	22.53	21.9	24.85	23.44	22.15	23.36	23.14	22.56	23.81	23.66	24.78	25.82	26.11	25.75	23.53	25.24	26.56	23.3	22.2	24.87	25.88	25.52	26.49	25.88	26.52	24.02	22.89	23.93	23.83	23.84	23.25	23.43	21.92	20.27	22.44	25.25	26.92	25.52	27.61	26.14	22.85	22.36	21.38	23.88	23.76	22.78	21.65	21.43	24.71	22.77	22.61	24.38	24.36	24.54	25.31	25.19	26.23	23.09	21.55	24.86	24.28	20.89	18.53	16.73	15.96	19.579999999999998	19.11	20.63	20.56	22.31	20.83	21.27	21.39	22.28	21.83	22.24	20.97	18.55	18.03	20.329999999999998	19.579999999999998	20.27	17.18	19.22	18.12	17.72	19.760000000000002	19.73	19.62	16.95	16.260000000000002	16.21	15.19	18.600000000000001	19.62	Days after transplanting

Temperature (℃)



Max. temp	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	28.35	29.59	30.58	31.46	29.86	28.98	23.38	28.58	28.37	23.11	27.15	28.24	26.96	28.98	26.8	28.99	25.54	22.45	27.74	28.92	30.12	31.25	30.51	24.08	29.59	29.3	34.26	21.86	21.16	26.64	28.45	25.22	20.81	19.239999999999998	23.3	21.1	30.57	22.72	25.48	30.23	24.49	29.19	34.799999999999997	31.88	33.119999999999997	33.44	33.840000000000003	34.28	33.619999999999997	35.159999999999997	34.19	32.869999999999997	28.79	25.99	30.13	32.92	33.11	35.03	36.229999999999997	31.84	37.51	38.119999999999997	36.68	36.85	37.22	38.17	36.79	35.61	36.89	38.69	40.340000000000003	37.86	Min. temp	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	0	15.62	13.13	16.809999999999999	21.47	20.84	15.67	13.73	13.03	13.05	15.94	16.559999999999999	16.53	17.36	14.93	18.920000000000002	18.97	17.93	17.25	17.87	18.84	16.989999999999998	17.850000000000001	18.62	19.18	18.73	19.690000000000001	21.84	18.43	18.23	19.170000000000002	18.54	18.34	16.18	15.1	15.99	17.87	18.87	20.329999999999998	19.97	18.16	18.97	19.010000000000002	18.86	22.22	25.94	26.39	26.12	25.59	25.59	24.34	26.1	25.58	25.67	19.399999999999999	19.600000000000001	24.65	23.94	25.28	25.51	23.78	25.23	25.69	27.02	26.47	25.8	26.53	26.95	26.49	0	26.58	28.27	26.64	Days after transplanting


Temperature (℃)




Solar radiation [MJ/㎡]	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	2.331	23.42	21.07	28.37	26.01	18.23	13.48	27.07	27.69	23.03	26.04	15.58	10.77	16.63	21.12	22.83	18.72	19.72	4.2249999999999996	18.91	22.65	21.32	27.64	6.3029999999999999	27.8	26.57	3.6629999999999998	19.88	26.78	22.75	5.65	14.24	7.89	9.23	18.329999999999998	7.02	4.7530000000000001	15.4	19.920000000000002	6.7779999999999996	17.16	19.53	21.75	24.84	27.53	27.46	28.03	23.9	22.82	27.93	26.17	20.18	20.39	16.09	21.5	25.67	27.24	25.64	7.03	17.52	9.48	4.3609999999999998	8.9	16.64	13.22	5.1390000000000002	20.68	7.37	8.5299999999999994	12.87	13.4	14.07	14.77	16.079999999999998	20.85	18.79	4.5540000000000003	4.6230000000000002	12.18	11.91	2.827	2.7480000000000002	3.6669999999999998	11.2	7.94	12.51	10.94	15.52	15.61	14.01	18.579999999999998	16.23	14.58	13.55	18.78	16.47	11.1	7.48	16.600000000000001	16.22	19.5	4.5629999999999997	15.45	3.4380000000000002	4.28	16.440000000000001	19.7	19.940000000000001	16	2.927	17.91	19.32	17.36	3.819	2.6219999999999999	21.09	19.149999999999999	5.4889999999999999	19.79	8.3800000000000008	7.52	14.29	15.72	16.420000000000002	10.77	6.2460000000000004	19.75	12.77	17.54	6.8040000000000003	12.07	Days after transplanting

Solar radiation (MJ m-2) 


Solar Radiation [MJ/㎡]	27.04	27.56	24.29	18.34	18.52	16.73	28.11	24.82	27.5	9.1999999999999993	20.96	22.18	16.579999999999998	25.51	9.8000000000000007	17.899999999999999	7.89	8.16	25.48	23.25	27.44	27.9	20.49	6.5869999999999997	23.49	24.58	23.48	2.4860000000000002	4.4269999999999996	9.7200000000000006	19.43	12.56	2.7530000000000001	5.5279999999999996	9.92	3.6	19.420000000000002	3.9780000000000002	8.11	23.1	5.46	16.82	27.15	25.28	16.22	15.98	28.35	28.32	27.87	28.17	24.13	18.190000000000001	5.2930000000000001	3.089	13.29	23.53	23.18	27.95	20.52	11.55	22.4	23.66	24.85	23.95	24.21	23.56	21.5	25.42	24.36	20.02	23.29	21.71	Days after transplanting


Solar radiation (MJ m-2) 



Rainfall (mm)	21.5	1	0	0	0	0	2	0	0	0	0	0.5	0	0	0	0	0	0	21	1	0	0.5	0	4.5	0	0	46.5	0	0	0	3.5	0	0.5	3	0	3.5	5	1.5	0	54	16.5	0.5	0	0	0	0	0	0	0	0	0	0	0	38	0	0	0	0	0	0	0	11.5	0	0	27	13	0.5	18	2	0	0	0	0	10.5	0.5	0	6.5	0.5	10	0	14	13	18.5	0.5	0	20	0	0	0	0	0	0	0	0	0	0	0.5	2.5	2	23.5	0	3	1	8.5	1	0	0	0	2.5	1	0	0	0	10	53.5	21.5	0	0	0	13.5	12	0	0	0	2	27	0	0	0	2.5	0	Days after transplanting


Rainfall (mm)



Rainfall (mm)	0	0	0	0	0	0	0	0	0	3.5	2	0	0	0	0	0	13	0	0	0	0	0	0	11.5	1	1.5	12	15	24	2.5	0	0	13	1	0	1	0	21.5	0.5	0	13.5	1	0	0	0	0	0	0	0	0	0	0	0.5	51	0.5	0	0	0	0	32	0	0	0	0	0	0	0	0	0	0	0	0	Days after transplanting


Rainfall (mm)



