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[bookmark: _Hlk201866228][bookmark: _Hlk195257784][bookmark: _Hlk190804685][bookmark: _Hlk191470519][bookmark: _Hlk190805210][bookmark: _Hlk191456320][bookmark: _Hlk190805544][bookmark: _Hlk190805675]摘 要：为探究羊粪配施不同用量木醋液对河北低平原内陆盐碱障碍土壤改良效果和冬小麦耐盐能力的影响，于2022—2024年进行大田试验，试验设置常规施肥（CK）、羊粪27 t·hm-2（T0）、羊粪27 t·hm-2+木醋液270 kg·hm-2（T1）、羊粪27 t·hm-2+木醋液540 kg·hm-2（T2）、羊粪27 t·hm-2+木醋液810 kg·hm-2（T3）五个处理，分析羊粪配施不同用量木醋液对土壤养分、冬小麦耐盐特征、养分吸收利用以及产量的影响。结果表明：在0~20 cm土层，T2的土壤容重、电导率较CK分别平均下降8.03%、13.17%（P < 0.05），而T2的土壤总孔隙度、有机质和速效钾含量较CK显著提高，T2的硝态氮、有效磷含量较CK、T0显著提高；在20~40 cm土层，T2的有效磷含量较CK显著提高。T2的旗叶在各灌浆时期可溶性糖含量和超氧化物歧化酶（SOD）活性、灌浆前中期可溶性蛋白含量和过氧化物酶（POD）活性及灌浆前期游离氨基酸含量均较CK、T0和T1显著提高，超氧阴离子自由基则与SOD活性呈相反趋势。T2处理较CK、T0、T1的冬小麦地上部氮、磷、钾总累积量显著提高，增幅为8.30%~25.79%。T2旗叶叶片气孔特征参数均较CK显著提高，其中气孔开度较CK提高了21.23%。T2处理的产量较CK、T0、T1显著提高5.93%~17.29%。对木醋液最佳用量进行方程拟合，两年模拟结果与配施540 kg·hm-2木醋液接近。综上，建议该区盐碱土壤消障及提升冬小麦产能时，优选施用羊粪27 t·hm-2的基础上配施木醋液量在535.46~551.03 kg·hm-2。
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[bookmark: _Hlk195257805][bookmark: _Hlk191470508]Abstract:【Objective】This study aimed to explore the effects of applying different amounts of wood vinegar in combination with sheep manure on the improvement of saline-alkali soil in the low plain of Hebei and the salt tolerance of winter wheat from 2022 to 2024. 【Method】There were five treatments including conventional fertilization (CK), sheep manure at 27 t·hm-² (T0), T0 + wood vinegar at 270 kg·hm-² (T1), T0 + wood vinegar at 540 kg·hm-² (T2), and T0 + wood vinegar at 810 kg·hm-² (T3). The effects of the combined application of sheep manure with different amounts of wood vinegar on soil nutrients, salt tolerance characteristics of winter wheat, nutrient absorption and utilization, and yield were analyzed. 【Result】The results showed that at soil depth of 0-20 cm, the soil bulk density and electrical conductivity value under T2 treatments were significantly reduced by an average of 8.03% and 13.17% compared with CK (P < 0.05), while the total porosity, organic matter and available potassium contents significantly increased. The nitrate nitrogen content and available phosphorus under T2 were significantly increased compared with CK and T0. At a soil depth of 20-40 cm, the content of available phosphorus under T2 was significantly increased compared with CK. Compared with CK, T0, and T1, the content of soluble sugar and the activity of superoxide dismutase (SOD) at each filling stage, the soluble protein content and the activity of peroxidase at the early and middle filling stages, and the free amino acid content at the early filling stage in the flag leaf of T2 were significantly increased. Also, the content of superoxide anions radicals showed an opposite trend to the SOD activity while the total accumulation of nitrogen, phosphorus, and potassium under T2 in the aboveground part was significantly increased by 8.30% to 25.79% compared with CK, T0, and T1. The stomatal characteristic parameters of the flag leaf under T2 were significantly increased compared with CK, among which the stomatal size of the flag leaf under T2 was significantly increased by 21.23% compared with CK. Moreover, the yield of winter wheat under T2 treatment was significantly increased by 5.93% to 17.29% compared with CK, T0, and T1. Using mathematical modeling, it was observed that the optimal dosage of wood vinegar liquid following a simulation for a two-year period was close to the application amount of 540 kg·hm-2 of wood vinegar. 【Conclusion】Based on these results, it was recommended that the optimal amount of sheep manure to be applied should be 27 t·hm-2 while the amount of wood vinegar should be in the range of 535.46-551.03 kg·hm-2. This, could contribute to mitigating the negative impacts of saline-alkali soils and enhance winter wheat productivity in this region.
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[bookmark: _Hlk201866646]土壤盐碱化备受全球关注。因盐碱土中钠（Na+）含量高，钾（K+）、钙（Ca2+）、镁（Mg2+）溶解度低，土壤易于吸收Na+，致使土壤物理结构受到破坏，作物出现生理干旱，严重时甚至出现耕地抛荒[1]。我国是世界上土壤盐碱化问题较为严重的国家之一，河北省低平原区是由古黄河、海河冲积形成，土壤存在盐渍化[2]。同时，该区淡水资源匮乏，但浅层地下微咸水分布广泛，是旱季保证作物产量的重要灌溉水源，而长期采用微咸水灌溉使土壤存在盐碱障碍，此外也存在部分因地下水位高导致的盐碱土壤。土壤盐碱化已成为阻碍该区耕地产能提升的关键因素。
盐碱土壤改良研究经过多年的发展，向盐碱土中添加有机物料的物理改良措施不但可有效抑制耕层土壤盐分，还能提升地力，且成本低、效率高，是目前盐碱土改良领域的研究热点。前人大量研究[3-4]表明施用有机肥可提高土壤孔隙度，同时降低土壤容重，从而大幅改善土壤质量，提高作物产量。如羊粪具有疏松多孔的结构，施入土壤后能够有效抑制土壤可溶性盐离子向上移动，抑制土壤返盐[5-6]。赵宇等[7]在黑龙江省中度盐碱草地研究发现，添加2.50 kg·m-2鲜羊粪能够显著降低土壤电导率。再者，以植物为原料，经炭化、干馏后形成的一种含酸、醛、酮、醇等有机物的酸性土壤改良剂木醋液，因能有效改良土壤理化性质、降低土壤pH、增加有机质含量，被广泛应用[8]，但木醋液对植物生长有促进或抑制双重效果，浓度太高或太低均不利于植物生长，仅在浓度合适时，才能促进植物生长[9]，且木醋液的最佳用量会因植物种类、栽培方式、施肥方式、土壤条件等因素的不同存在差异[10-11]。此外，周红娟等[12]研究发现，在施用鸡粪的基础上配施木醋液，滨海盐碱土土壤养分含量显著提高。可见，科学合理施用有机物料和木醋液对盐碱土壤改良及促进作物产能提升具有正调控效应。
综上，前人对有机肥及木醋液改良盐碱土壤理化性质和提高植物耐盐能力方面已有部分研究，但羊粪配施木醋液对河北低平原区内陆盐碱障碍粮田改良及作物产能提升效果尚缺乏系统报道，因此，开展该区盐碱障碍粮田羊粪配施不同用量木醋液对土壤养分、冬小麦抗氧化特性、养分吸收利用和产量影响的研究，可为丰富土壤盐碱障碍消减和沃土增产理论提供参考。
1	材料与方法
1.1	试验地概况
[bookmark: _Hlk174487968]本试验于2022年10月—2024年6月在河北省衡水市故城县北堤口村盐碱障碍土壤改良试验田进行。试验地为北温带亚湿润大陆性季风气候，年均温12.9 ℃，年均降水量485 mm，全年无霜期190 d左右，年日照时间2 608.5 h，年日照率59％，供试土壤属于盐化潮土。试验前0~20 cm耕层土壤理化性质：pH7.65、电导率（EC） 899 μS·cm-1、有机质15.37 g·kg-1、硝态氮16.45 mg·kg-1、有效磷17.47 mg·kg-1、速效钾110.43 mg·kg-1。
1.2	试验设计
[bookmark: _Hlk189670048][bookmark: _Hlk197547633][bookmark: _Hlk197547450][bookmark: _Hlk197547587][bookmark: _Hlk197547511]本试验采用完全随机设计，共设5个处理：常规施肥（CK）、羊粪27 t·hm-2（T0）、羊粪27 t·hm-2+木醋液270 kg·hm-2（T1）、羊粪27 t·hm-2+木醋液540 kg·hm-2（T2）、羊粪27 t·hm-2+木醋液810 kg·hm-2（T3），每个处理3次重复，随机排列，各小区面积106 m2（10 m×10.6 m)，外围设置保护行。供试的已发酵羊粪来自当地养殖农场，其干基有机质含量445 g·kg-1，全氮12 g·kg-1、全磷5 g·kg-1、全钾17 g·kg-1，含水量200 g·kg-1，施用量以干基计算。供试木醋液以梨木和苹果木为原料，pH2.97，其中有机化合物中含有机酸323 g·kg-1（其中乙酸253 g·kg-1）、酚类及衍生物337 g·kg-1、酮类106 g·kg-1，有机碳含量31.14 g·kg-1，密度是1.05 g·cm-3。冬小麦季基施羊粪和化肥均匀撒施后进行旋耕，旋耕深度18 cm，冬小麦试验品种为衡4399，行距为15 cm，播种量为300 kg·hm-2；基施的化学肥料为尿素、磷酸二铵和硫酸钾，追施的氮肥为尿素，各处理基施化肥用量相同，分别施纯N、P2O5和K2O 150 kg·hm-2、150 kg·hm-2和75 kg·hm-2，春季起身期灌水时各处理追施纯氮75 kg·hm-²；木醋液稀释20倍后在冬小麦首次灌水前，均匀洒施在离地面3~5 cm处的植株行间。所有处理统一灌起身水和孕穗水，每次灌溉量为675 m3·hm-2，灌溉水为含盐量1.4 g·L-1的地上河水，各处理的田间管理相同。试验田种植模式为夏玉米-冬小麦，各处理的上茬夏玉米施肥和田间管理均一致，夏玉米季肥料为专用复混肥，采用种肥同播的方式一次底施，化学N、P2O5、K2O施用量分别为225 kg·hm-2、60 kg·hm-2、60 kg·hm-2。
1.3	样品采集与测定
土壤容重、总孔隙度和养分的测定：在冬小麦成熟期（2023年6月12日，2024年6月4日）于各小区采用S型采样方法，随机在行间选取3个样点，用土钻分别取0~20、20~40 cm土层土壤样品，每层3钻混合为1个重复装入封口袋混匀，每个处理3次重复，-20 ℃保存于冰箱中。硝态氮、有效磷、速效钾和有机质含量分别用KCl浸提—紫外分光光度法、NaHCO3浸提—钼锑抗分光光度法、NH4OAC浸提—火焰光度计法、重铬酸钾氧化外加热法测定；用pH计测定土壤pH，水土质量比2.5:1；采用电导率仪测定土壤电导率（EC），浸提时水土质量比为5:1；用环刀法测定土壤容重[13]。
[bookmark: _Hlk201866706][bookmark: _Hlk201866728][bookmark: _Hlk201866742][bookmark: _Hlk188210577][bookmark: _Hlk201866758][bookmark: _Hlk201866773]旗叶生理指标的测定：冬小麦灌浆前、中、后期（2023年5月6日、5月22日、6月3日，2024年4月29日、5月16日、5月29日）于各小区随机采集10~15片小麦旗叶，擦净叶片用锡纸包裹，迅速置于液氮中，-80 ℃冷藏，用于后续测定生理指标。分别用蒽酮比色法、考马斯亮蓝G-250蛋白染色法、茚三酮显色法测定可溶性糖、可溶性蛋白、游离氨基酸含量。超氧化物歧化酶（SOD）活性、过氧化物酶（POD）活性和超氧阴离子自由基（）分别采用氮蓝四唑（NBT）法、愈创木酚法、羟胺氧化反应法测定[14]；采用氮蓝四唑（NBT）和二氨基联苯胺（DAB）进行组织化学染色[15]。
[bookmark: _Hlk194936705][bookmark: _Hlk201866792][bookmark: _Hlk201866834][bookmark: _Hlk201866849][bookmark: _Hlk201866862][bookmark: _Hlk201866876]叶片气孔性状的测定：于冬小麦灌浆中期（2024年5月16日）采用指甲油印迹法测定叶片气孔性状[16]。用蔡司光学显微镜在40倍物镜下（放大倍数为400倍）观察气孔并拍摄图片，使用Image J软件进行测量，测定气孔两侧保卫细胞的横轴长度，即气孔长度（SL）；垂直于保卫细胞的最宽值，即气孔宽度（SW）；气孔器的边缘长度，即气孔周长（SP）；气孔孔径的最宽处，即气孔开度（SOS）；气孔面积（SA）=πab，其中a=1/2SL，b=1/2SW。
植株全量养分含量测定：冬小麦成熟期于各小区随机取30株小麦，80 ℃烘干后，分器官称干物质量，粉碎后分别用凯氏定氮法、钼锑抗吸光光度法和火焰光度法测定各器官的氮、磷、钾含量[17]。
产量测定：冬小麦成熟期于各小区长势均匀处随机选取30个麦穗，进行穗粒数统计；选取1 m双行小麦，调查有效穗数，折合单位面积穗数；风干后脱粒，测定千粒重；收获1 m2的小麦植株测产。
1.4	数据处理
[bookmark: _Hlk201866904]采用Excel 2021、DPS 9.01（数据处理系统）对数据进行统计分析，采用最小显著差异法（LSD）对处理间差异进行显著性检验（P < 0.05），使用Excel 2021绘图，Origin 2021进行相关性分析。图表中数据为平均值±标准差。
[bookmark: _Hlk191583754]2	结 果 
2.1盐碱障碍粮田土壤容重和总孔隙度对羊粪配施木醋液的响应
在2023年和2024年，羊粪配施木醋液各处理的土壤容重较CK显著降低（图1a），土壤总孔隙度较CK显著提高（图1b），其中，在2024年，不同木醋液用量间表现为T3处理的土壤容重较T0显著降低12.46%，T3处理土壤孔隙度较T0显著提高11.52%，但T1~T3间土壤容重和孔隙度无显著差异。上述两年结果表明，羊粪配施270~810 kg·hm-2木醋液对土壤容重和土壤通透性均有一定程度正向调控。a)
b)

[bookmark: _Hlk201867362][bookmark: _Hlk201867230]注：CK，常规施肥；T0，羊粪27 t·hm-2；T1，羊粪27 t·hm-2 + 木醋液270 kg·hm-2；T2，羊粪27 t·hm-2 + 木醋液540 kg·hm-2；T3，羊粪27 t·hm-2 + 木醋液810 kg·hm-2。不同小写字母代表相同年份各处理间差异显著(P < 0.05)。下同。Note: CK, conventional fertilization; T0, sheep manure at 27 t·hm-2; T1, sheep manure at 27 t·hm-2 + wood vinegar at 270 kg·hm-2; T2, sheep manure at 27 t·hm-2 + wood vinegar at 540 kg·hm-2; T3, sheep manure at 27 t·hm-2 + wood vinegar at 810 kg·hm-2. Different lowercase letters indicate significant differences (P < 0.05) among treatments in the same year. The same below.
[bookmark: _Hlk201866936]图 1 羊粪配施木醋液处理对盐碱障碍粮田土壤容重（a）和总孔隙度（b）的影响
Fig. 1 The effects of sheep manure combined with wood vinegar on soil bulk density (a) and total porosity (b) in saline-alkali barrier grain field
2.2盐碱障碍粮田土壤化学性质和养分对羊粪配施木醋液的响应
在2023年，0~20 cm土层中，土壤EC表现为T1、T2、T3均较CK显著降低，T0~T3处理间无显著性差异（表1）；硝态氮含量表现为T2、T3较CK、T0和T1显著提高，增幅为9.15%~20.79%，T2和T3间无显著性差异；有效磷含量表现为T2、T3较CK、T0显著提高，T2较T1显著提高了8.67%；速效钾含量表现为增施羊粪及配施木醋液处理均较CK显著提高，T2处理速效钾含量分别较T0、T1显著提高12.22%、10.90%；各处理间有机质含量均无显著差异。在20~40 cm土层，仅T2处理有效磷含量与CK呈显著性差异。在2024年，0~20 cm土层中，EC表现为T2较CK显著降低了13.16%；有机质含量表现为羊粪配施木醋液处理均较CK显著提高；硝态氮含量表现为T2、T3较CK、T0显著提高，增幅为8.92%~15.14%，T1、T2、T3间无显著性差异；有效磷含量表现为T2分别较CK、T0显著提高；速效钾含量表现为T2显著高于CK。在20~40 cm土层，有效磷含量表现为T2较CK、T0、T1显著提高，增幅为12.36%~15.63%。两个生长季各处理间pH变化较小，同时20~40 cm土层中，除有效磷含量外，其他指标各处理间无显著性差异，因此数据不在表中列出。可见，0~20 cm土层中，羊粪配施中量木醋液（T2）较CK的EC显著降低，增加了速效氮磷钾含量，且20~40 cm土层中有效磷含量显著提高。
[bookmark: _Hlk201867790]表1 羊粪配施木醋液处理对盐碱障碍粮田土壤化学性质和养分的影响
[bookmark: _Hlk195189454]Table 1 The effects of sheep manure combined with wood vinegar on chemical properties and nutrients of soil in saline-alkali barrier grain field
	[bookmark: _Hlk201867817]年份
	处理
	0~20 cm
	20~40 cm

	Year
	Treatment
	pH
	EC/(μS·cm-1)
	OM/(g·kg-1)
	NN/(mg·kg-1)
	AP/(mg·kg-1)
	AK/(mg·kg-1)
	AP/(mg·kg-1)

	2023
	CK
	7.65±0.15a
	892.67±44.24a 
	15.41±0.21a
	17.25±0.88b 
	17.53±0.15c
	113.77±3.01c
	5.68±0.67b

	
	T0
	7.65±0.05a
	839.67±38.73ab 
	15.44±0.21a
	18.04±1.05b 
	17.67±0.67c
	123.87±5.75b
	5.92±0.16ab

	
	T1
	7.62±0.04a
	804±25.06b 
	15.45±0.12a
	18.25±0.81b 
	18.07±0.75bc
	125.33±5.83b
	5.93±0.21ab

	
	T2
	7.61±0.04a
	775±52.72b 
	15.51±0.11a
	20.84±0.26a 
	19.63±0.42a
	139±4.39a
	6.47±0.28a

	
	T3
	7.6±0.04a
	810.67±37.75b 
	15.49±0.1a
	19.92±1.25a 
	18.73±0.58ab
	132.07±3.42ab
	6.17±0.19ab

	2024
	CK
	7.63±0.05a 
	876.67±53.58a
	15.54±0.24b 
	18.27±1.18b 
	18.26±0.56b 
	126±9.31b 
	5.97±0.32b

	
	T0
	7.64±0.04a 
	823±58.66ab
	16.44±0.11a 
	19.1±0.88b 
	18.55±0.83b 
	131.17±7.86ab 
	6.06±0.28b

	
	T1
	7.6±0.11a 
	789.33±47.59ab
	16.49±0.23a 
	19.79±0.78ab 
	18.75±0.98ab 
	135.68±8.48ab 
	6.15±0.1b

	
	T2
	7.58±0.04a 
	761.33±46.61b
	16.57±0.18a 
	21.04±0.97a 
	20.41±1.15a 
	144.9±8.28a 
	6.91±0.68a

	
	T3
	7.57±0.05a 
	796.33±33.86ab
	16.5±0.27a 
	20.8±0.61a 
	19.59±0.98ab 
	140.42±7.73ab 
	6.31±0.11ab


[bookmark: _Hlk201867863]注：EC，电导率；OM，有机质；NN，硝态氮；AP，有效磷；AK，速效钾。同列不同小写字母代表相同年份各处理间差异显著(P < 0.05)。表中数据为均值±标准差。下同。Note: EC, electrical conductivity; OM, organic matter; NN, nitrate nitrogen; AP, available phosphorus; AK, available potassium. Different lowercase letters in the same column indicate significant differences (P < 0.05) among treatments in the same year. Values are Mean ± Standard deviation. The same below.
2.3盐碱障碍粮田冬小麦碳氮代谢和抗氧化能力对羊粪配施木醋液的响应
在2023年，可溶性糖含量在各灌浆时期T0、T1、T2和T3处理均较CK显著提高，其中T2增幅最大，此外，T2较T0、T1也显著提高（图2a）。可溶性蛋白含量在灌浆前、中期T0~T3较CK显著提高，增幅分别为12.34%~24.90%、13.42%~29.87%，不同木醋液用量间表现为T2较T0、T1显著提高；灌浆后期T2较CK显著提高了17.75%（图2b）。游离氨基酸含量灌浆前期T0~T3分别较CK显著提高了10.74%、11.65%、20.86%和13.44%，T2分别较T0、T1显著提高了9.13%、8.25%，灌浆中、后期T2分别较CK显著提高了17.09%、17.95%（图2c）。SOD活性在灌浆各时期T0~T3较CK显著提高，不同木醋液用量间表现为T2较T0、T1显著提高（图2d）。叶片POD活性灌浆前、中期增施羊粪及羊粪配施木醋液处理均显著高于CK，木醋液不同用量间表现为T2较T0、T1显著提高，增幅为8.40%~10.87%、8.34%~13.30%；灌浆后期T2、T3较CK显著提高了24.22%、17.77%（图2e）。叶片超氧阴离子自由基灌浆期间各处理总体表现出与SOD相反趋势（图2f）。各指标T2和T3处理间差异较小，均未达到显著水平。2024年植株碳氮代谢和抗氧化能力表现的趋势与2023年基本相似。此外，2024年灌浆中期对旗叶进行DAB和NBT染色，进一步证实各处理间抗氧化能力（图3），结果表明，CK和T0处理叶片染色较深，T2染色最浅。综上，羊粪配施中量木醋液（T2）显著提高了小麦碳氮代谢和抗氧化能力。

注：不同小写字母表示相同年份和生育期不同处理间差异显著（P < 0.05）。Note: Different lowercase letters indicate significant differences among treatments in the same year and growth stage (P < 0.05).b)
a)
e)
f)
c)
d)

图 2 羊粪配施木醋液对冬小麦叶片碳氮代谢和抗氧化能力的影响
Fig. 2 The effects of sheep manure combined with wood vinegar on carbon and nitrogen metabolism and antioxidant capacity of winter wheat leaves
图 3 各处理下二氨基联苯胺（a）和氮蓝四唑（b）的组织化学染色CK
T2
T3
T1
T0
b)
CK
T2
T3
T1
T0
a)

[bookmark: _GoBack]Fig. 3 Histochemical staining of diaminobenzidine (DAB, a) and nitrotetrazolium blue chloride (NBT, b) under each treatment
2.4 冬小麦叶片气孔对羊粪配施木醋液的响应
[bookmark: _Hlk187747814]羊粪配施不同用量木醋液对冬小麦旗叶气孔形态特征的影响如图4和表2所示。由表2可知，气孔长度表现为T2分别较CK、T0、T1显著提高8.25%、6.19%、5.83%；气孔宽度表现为T2、T3较CK、T0显著提高，增幅为5.49%~5.54%；气孔开度表现为T1、T2、T3较CK显著提高，增幅为17.69%~21.23%；气孔周长表现为T2、T3较CK显著提高，此外，T2分别较T0、T1显著提高6.05%和5.23%；气孔面积与气孔周长表现出相似规律。T2和T3间气孔性状差异较小未达显著性水平。以上结果表明，与CK相比，T2提高冬小麦的气孔长度、气孔宽度、气孔开度、气孔周长和面积的效果优于其他处理。可见，羊粪配施540 kg·hm-2木醋液增强了冬小麦与外界大气环境的交换能力，促进二氧化碳吸收同化效率，最终有利于光合产物的累积‌。
图 4 羊粪配施不同用量木醋液下的小麦旗叶气孔图像CK
T0
T1
T2
T3
a)
b)
c)
d)
e)

[bookmark: _Hlk187173924]Fig. 4 Image of stomata in flag leaves of wheat under sheep manure combined with different amounts of wood vinegar
表2 羊粪配施木醋液对冬小麦旗叶气孔的影响
Table 2 The effects of sheep manure combined with wood vinegar on stomata in flag leaves of winter wheat
	处理
	气孔长度
	气孔宽度
	气孔开度
	气孔周长
	气孔面积

	Treatment
	Stomatal length/μm
	Stomatal width/μm
	Stomatal open sizes/μm
	Stomatal perimeter/μm
	Stomatal area/μm2

	CK
	55.67±0.33b 
	26.6±0.15b
	3.58±0.53b
	133.2±0.8c
	1 162.3±13.3c 

	T0
	56.74±0.92b 
	26.61±0.37b
	4.05±0.31ab
	135.2±1.5bc
	1 185.3±16.2c 

	T1
	56.94±2.45b 
	27.25±0.56ab
	4.21±0.19a
	136.3±1.1bc
	1 217.4±30.3bc 

	T2
	60.26±1.27a 
	28.07±0.78a
	4.34±0.21a
	143.4±2.0a
	1 327.7±28.5a 

	T3
	58.15±2.69ab 
	28.07±0.16a
	4.28±0.12a
	139.3±5.2ab
	1 281.6±64.2ab 


2.5 盐碱障碍粮田冬小麦各器官养分含量对羊粪配施木醋液的响应




[bookmark: _Hlk204675367]2023年，T2、T3籽粒氮含量分别较CK显著提高9.82%、7.57%，T2颖壳氮含量较CK显著提高了13.73%，而其他处理各器官氮、磷、钾含量无显著差异（图5a）。与CK相比，除T0、T1的籽粒钾累积量和颖壳氮、磷、钾累积量无显著差异，其他处理各器官氮、磷、钾累积量均较CK显著提高（图5c）。2024年，T2籽粒、茎叶和颖壳的氮含量分别较CK显著提高了9.43%、16.62%、10.86%（图5b）；T2处理籽粒氮、磷、钾累积量均较CK、T0显著提高，T3籽粒氮、磷、钾累积量较CK显著提高了17.91%、16.37%、24.01%；CK、T0处理茎叶氮、磷、钾累积量及T1茎叶磷钾累积量均较T2处理显著降低；CK处理颖壳氮、磷、钾累积量及T0颖壳氮累积量均较T2显著降低（图5d）。两个生长季，羊粪配施木醋液处理下冬小麦氮、磷、钾总累积量（颖壳、茎叶和籽粒养分累积量的总和）均较CK显著提高，T2处理下冬小麦氮、磷、钾总累积量均较T0、T1显著提高，而T2和T3处理下冬小麦各器官养分含量、累积量以及总累积量差异较小，未达显著性水平。以上结果表明，羊粪与木醋液配施能提高冬小麦对营养物质吸收和积累能力，其中羊粪配施中量木醋液（T2）优于其他处理。
[bookmark: _Hlk204675600]注：不同小写字母代表同一部位养分含量或累积量在各处理间差异显著(P < 0.05)。不同大写字母代表各处理间的养分总累积量（颖壳、茎叶和籽粒养分累积量的总和）差异显著(P < 0.05)。Note: Different lowercase letters indicate significant differences (P < 0.05) in nutrient content or accumulation at the same part among treatments. Different capital letters indicate significant differences (P < 0.05) in the total nutrient accumulation (sum of nutrient accumulation in husk, stem leaf, and grain) among treatments.
图 5 羊粪配施木醋液对冬小麦各器官养分含量（a、b）和养分累积量（c、d）的影响
Fig. 5 The effects of sheep manure combined with wood vinegar on nutrient contents (a, b) and nutrient accumulation (c, d) in various organs of winter wheat
2.6 盐碱障碍粮田冬小麦产量对羊粪配施木醋液的响应
在2023年和2024年，穗数表现为羊粪配施木醋液处理均较CK显著提高，两年间T2较T0分别显著提高了5.66%、7.89%，T2较T1显著提高了5.06%、5.39%，T2和T3间均无显著性差异（表3）；各处理间穗粒数和千粒重差异较小，未达显著性水平；产量表现为羊粪配施木醋液处理均较CK显著提高，T2较T0显著提高了6.89%、10.16%，T2较T1显著提高了5.93%、6.05%，T2和T3间无显著差异。以上结果表明，羊粪配施中量木醋液（T2）主要通过正向调控单位面积穗数实现小麦增产。

表3 羊粪配施木醋液处理下盐碱障碍粮田冬小麦的产量
Table 3 The yield of winter wheat in saline-alkali barrier grain fields treated with sheep manure combined with wood vinegar
	年份
	处理
	ESN
	GNS
	TKW
	Y

	Year
	Treatment
	/(104·hm-2)
	/(粒·穗-1)
	/g
	/(kg·hm-2)

	2023
	CK
	527.7±13.1c
	34.6±1.1a 
	38.08±0.25a 
	5 904±41c

	
	T0
	561±18.0b
	34.9±1.0a 
	38.16±0.08a 
	6 345±102b

	
	T1
	564.2±15.4b
	34.9±0.5a 
	38.24±0.9a 
	6 402±63b

	
	T2
	592.8±6.6a
	35.1±0.6a 
	38.32±0.33a 
	6 782±140a

	
	T3
	568.7±18.1ab
	35±0.8a 
	38.28±1.29a 
	6 482±342ab

	2024
	CK
	565.3±7.3c 
	34.8±0.3a 
	36.05±0.21a 
	6 030±89c

	
	T0
	599.7±16.9b 
	34.9±0.9a 
	36.1±0.38a 
	6 420±93b

	
	T1
	614.4±14.1b 
	35.3±0.4a 
	36.22±0.52a 
	6 669±152b

	
	T2
	647.5±16.4a 
	35.4±0.1a 
	36.33±0.1a 
	7 072±183a

	
	T3
	620.1±25.1ab 
	35.3±1.4a 
	36.29±1.48a 
	6 755±316ab


注：ESN，有效穗数；GNS，穗粒数；TKW，千粒重；Y，产量。下同。Note: ESN, effective spike number; GNS, grain number per spike; TKW, thousand kernel weight; Y, Yield. The same below.
2.7 木醋液用量与土壤理化性状、冬小麦碳氮代谢及产量的相关性


木醋液用量与土壤总孔隙度、土壤速效氮磷钾含量呈极显著正相关，与土壤容重呈极显著负相关，与pH呈显著负相关（图6a）；木醋液用量与可溶性蛋白含量呈极显著正相关，与SOD、POD呈显著正相关，与超氧阴离子自由基呈极显著负相关（图6b）。上述相关分析表明，该试验条件下增施的木醋液，通过正向调控土壤硝态氮、有效磷、速效钾含量及冬小麦SOD、POD活性，进而降低超氧阴离子自由基的产生，为增加冬小麦抗盐能力提供了物质基础。
[bookmark: _Hlk201929443][bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: _Hlk201847685][bookmark: _Hlk201929479]注：WVA，木醋液用量；BD，土壤容重；TP，土壤总孔隙度；SP，可溶性蛋白；SS，可溶性糖；FAA，游离氨基酸；SOD，超氧化物歧化酶；POD，过氧化物酶；，超氧阴离子自由基。*表示指标间呈显著差异（P ≤ 0.05），**表示指标间呈极显著差异（P ≤ 0.01）。Note: WVA, amount of wood vinegar; BD, soil bulk density; TP, total soil porosity; SP, soluble protein; SS, soluble sugar; FAA, free amino acid; SOD, superoxide dismutase; POD, pseudo-oxidase; , superoxide anion radical. * indicates a significant difference between the indicators (P ≤ 0.05), ** indicates an extremely significant difference between the indicators (P ≤ 0.01).
图 6 土壤理化性状（a）、冬小麦抗盐能力及产量（b）与木醋液用量间的关系
[bookmark: _Hlk201929293]Fig. 6 The relationship between soil physical and chemical properties(a), winter wheat salt tolerance and yield (b) and the amount of wood vinegar
2.8 羊粪配施木醋液的最佳用量
在施用羊粪基础上，为了进一步明确配施木醋液的最佳用量，选择一元二次方程进行模拟，小麦产量随木醋液用量增加，表现出先上升后下降的趋势，两个生长季趋势一致（图7）。在两个生长季，羊粪分别配施535.46、551.03 kg·hm-2木醋液时，小麦产量最高，模拟结果均与配施540 kg·hm-2木醋液接近。b) 2024
a) 2023

[bookmark: _Hlk195719380]图 7 木醋液用量与冬小麦产量关系
Fig. 7 Relationship between application rate of wood vinegar and yield of winter wheat
3	讨 论  
盐碱土中因含大量盐碱离子，导致电导率升高，土质恶化[18]，而有机肥能降低土壤容重，改善土壤孔隙特性，木醋液呈酸性且含有机物质，施入盐碱土后，会产生降盐作用。Lashari等[19]发现，生物质炭—鸡粪复合肥配施木醋液显著降低了0~20 cm土壤盐度、pH、土壤容重，显著提高了有效磷含量；Qiao等[20]发现，在施用羊粪、玉米秸秆等有机物料堆肥后，土壤中的全氮、全磷以及速效钾含量均显著提升，EC显著下降；也有研究表明，施用羊粪显著提高了0~20 cm土壤孔隙度和土壤有机质含量[21-22]。本研究结果与上述研究部分一致，0~20 cm土层中，与CK相比，T2的土壤容重、EC显著降低，土壤总孔隙度、速效钾含量显著提高（图1，表1），与CK、T0相比，T2的硝态氮、有效磷含量显著提高，2024年T2土壤有机质含量较CK显著提高（表1）。本研究结果表明羊粪配施木醋液可通过协同机制提升土壤养分的有效性，一方面，木醋液中含有的低分子有机酸和酚类化合物能促进铵态氮（NH₄+）向硝态氮（NO₃-）的转化过程；同时，其有机酸组分通过络合固定态金属离子的螯合作用，有效促进土壤中难溶性磷、钾的释放，并显著提高有效磷和速效钾含量[23]。另一方面，羊粪与木醋液协同作用可显著增加土壤有效养分浓度，从而提升氮、磷、钾的有效性，前人的研究结果[12]也证明了这一点。而各处理间pH差异较小（表1），这与前人研究结果不一致，这可能与试验年限、土壤缓冲能力及试验材料投入量存在一定差异有关。
植物体内的抗氧化物酶类及碳氮代谢相关物质是衡量抗逆性的重要指标。Ma等[10]发现，施用木醋液降低了盐胁迫下油菜的氧化应激水平和膜质过氧化程度，同时提高了抗氧化酶活性；也有研究[24]表明，盐碱土施入羊粪增加了红心火龙果的总可溶性糖和氨基酸含量。本研究结果与上述研究结论相似，与CK、T0、T1相比，T2的可溶性糖含量和SOD活性在灌浆前、中、后期显著提高，可溶性蛋白含量和POD活性在灌浆前、中期显著提高，游离氨基酸含量在灌浆前期显著提高，T2的超氧阴离子自由基在三个时期较T0、T1显著降低（图2）。本研究表明，T2减轻了盐碱胁迫对冬小麦产生的渗透胁迫及离子毒害，显著提高了其抗氧化酶活性，延缓了灌浆中后期叶片衰老（图3）。
气孔承担着与外界进行气体循环的关键任务，逆境时，植物会改变气孔开度来适应环境，而施加外源物质可调节气孔特征。Zhang等[25]发现，干旱条件下，褪黑素可显著提高小麦气孔保卫细胞长度、气孔孔径长度；张欢玲等[26]发现，在高温强光胁迫下，小麦叶片受到刺激关闭气孔，而外源水杨酸能够诱导气孔张开。本研究结果与上述研究相似，T2的气孔长度和宽度较CK、T0显著提高，T2的气孔周长和气孔面积较T0、T1显著提高，T1、T2、T3的气孔开度较CK显著提高（表2）。该结论表明羊粪配施适宜木醋液用量可显著提高盐碱障碍粮田冬小麦叶片气孔与外界环境的交换能力。
有机物料富含有机质和多种营养元素，具有培肥改土、促进植株养分吸收的作用。Dubey等[21]研究表明，施用羊粪显著增加了芥菜氮、磷、钾含量。张玉凤等[27]研究表明，与喷施叶面肥相比，喷施木醋液显著提高了小麦籽粒氮、磷、钾含量。本研究结果与上述研究基本相似，在两个生长季，T2的籽粒和颖壳氮含量较CK显著提高，T2的籽粒和茎叶氮、磷、钾累积量较CK、T0显著提高，T2的氮磷钾总累积量较CK、T0、T1显著提高（图5）。上述结果表明，羊粪配施540 kg·hm⁻2木醋液，提高了冬小麦对营养元素的吸收利用，为减轻植株受盐胁迫伤害提供了充足的氮、磷、钾养分。
Sun等[28]研究表明，腐植酸、尿素配施木醋液，使盐碱地小麦增产44.3%。常青等[29]盆栽试验表明，灌施稀释倍数小于10倍的木醋液，会对茄子产生毒害作用，稀释50倍~200倍时，能够促进茄子生长，若进一步增大稀释倍数，促进效果就不再显著；Zhao等[30]发现，生物质炭配施1 200 kg·hm-2木醋液显著提高了苏打盐碱地水稻百粒重。在本试验条件下，穗粒数和千粒重处理间均无显著差异（表3），与CK相比，羊粪配施木醋液处理的冬小麦穗数和产量均显著提高，其中T2提升幅度优于其他处理，但T2和T3的穗数和产量差异不明显（表3），该结果表明羊粪配施540 kg·hm-2木醋液通过正向调控单位面积穗数提高产量。这可能是适量木醋液中有机酸、酚类、酮类等物质含量及其占比在促进作物生长、增加植株抗逆能力、改善土壤环境等方面具有复合调节效应[11]。这与Lashari等[19]发现生物质炭鸡粪堆肥与木醋液配施提高小麦千粒重，实现增产的结果不同，且木醋液最佳用量与本研究也存在差异，可能与不同有机物料的叠加效应、试验的生态环境、盆栽与大田试验可调控因素、肥料种类及品种特性等因素有关。
4	结 论  
两年试验表明，在施用27 t·hm-2羊粪的基础上配施540 kg·hm-2木醋液，显著降低了0~20 cm土层土壤容重、EC，显著增加了土壤速效养分含量，冬小麦体内碳氮代谢及抗氧化酶活性明显提高，减少了膜脂过氧化损伤，促进了冬小麦对营养物质的吸收积累，通过增加单位面积穗数实现小麦增产，两年木醋液最佳用量模拟范围为535.46~551.03 kg·hm-2。该结果可为羊粪配施木醋液对河北低平原盐碱土壤改良和提高冬小麦生产力提供理论依据和技术参考，但本研究仅是两年的试验结果，连续多年羊粪配施木醋液对该区盐碱土壤障碍消减及冬小麦生长带来何种影响，仍需进一步研究。
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[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.88890000000000002	0.53710000000000002	5.2308000000000003	5.7812000000000001	1.0903	1.7315	0.88890000000000002	0.53710000000000002	5.2308000000000003	5.7812000000000001	1.0903	1.7315	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	84.781899999999993	96.596299999999999	124.3686	89.363399999999999	101.0498	126.9697	b	b	b	b	b	b	T2	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

3.6259999999999999	3.5552000000000001	3.8538999999999999	1.0483	1.0088999999999999	2.6852999999999998	3.6259999999999999	3.5552000000000001	3.8538999999999999	1.0483	1.0088999999999999	2.6852999999999998	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	95.845500000000001	106.4594	135.64099999999999	97.370900000000006	110.46210000000001	139.35589999999999	a	a	a	a	a	a	T3	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

3.0672000000000001	2.2111999999999998	2.8010999999999999	3.3176000000000001	1.9895	4.0065999999999997	3.0672000000000001	2.2111999999999998	2.8010999999999999	3.3176000000000001	1.9895	4.0065999999999997	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	92.360799999999998	103.5934	129.96100000000001	93.159000000000006	108.3389	133.32040000000001	a	a	ab	ab	a	ab	
可溶性糖含量 
Soluble sugar content/(mg·g-1FW)




CK	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.1728000000000001	1.7889999999999999	6.9819000000000004	3.9125999999999999	1.6214	8.5418000000000003	1.1728000000000001	1.7889999999999999	6.9819000000000004	3.9125999999999999	1.6214	8.5418000000000003	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	124.9787	113.4787	85.923299999999998	124.2901	114.0287	87.090500000000006	c	c	b 	c	c	b 	T0	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.8156000000000001	4.1142000000000003	6.5414000000000003	2.8193000000000001	4.1348000000000003	8.1404999999999994	1.8156000000000001	4.1142000000000003	6.5414000000000003	2.8193000000000001	4.1348000000000003	8.1404999999999994	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	140.2122	127.3668	96.138900000000007	138.21109999999999	125.4927	94.394199999999998	b	b	ab 	b	b	ab 	T1	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.2921	8.3754000000000008	6.4214000000000002	7.7930999999999999	7.2770000000000001	7.1901000000000002	2.2921	8.3754000000000008	6.4214000000000002	7.7930999999999999	7.2770000000000001	7.1901000000000002	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	143.39680000000001	133.18700000000001	96.624099999999999	141.74189999999999	127.7431	97.975700000000003	b	b	ab 	b	b	ab 	T2	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

3.4030999999999998	1.9711000000000001	4.8345000000000002	3.0596999999999999	3.5747	6.9744999999999999	3.4030999999999998	1.9711000000000001	4.8345000000000002	3.0596999999999999	3.5747	6.9744999999999999	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	155.44900000000001	144.30109999999999	106.735	159.32640000000001	143.32570000000001	107.1874	a	a	a 	a	a	a 	T3	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

4.6840999999999999	8.6181000000000001	9.1387	11.391500000000001	9.2186000000000003	6.5292000000000003	4.6840999999999999	8.6181000000000001	9.1387	11.391500000000001	9.2186000000000003	6.5292000000000003	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	150.6011	137.0598	101.1901	149.94409999999999	135.1866	101.67789999999999	a	ab	a 	ab	ab	a 	生育时期及年份 Growth stage and years


过氧化物酶活性
POD activity/(U·g-1FW·min-1)




CK	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

5.57E-2	3.3500000000000002E-2	1.4500000000000001E-2	4.02E-2	2.76E-2	1.8100000000000002E-2	5.57E-2	3.3500000000000002E-2	1.4500000000000001E-2	4.02E-2	2.76E-2	1.8100000000000002E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	0.8367	1.0027999999999999	1.2559	0.80630000000000002	1.0569999999999999	1.2234	a	a	a	a	a	a	T0	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.23E-2	5.4899999999999997E-2	1.54E-2	2.4199999999999999E-2	3.6700000000000003E-2	4.4499999999999998E-2	2.23E-2	5.4899999999999997E-2	1.54E-2	2.4199999999999999E-2	3.6700000000000003E-2	4.4499999999999998E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	0.70589999999999997	0.87509999999999999	1.079	0.69620000000000004	0.86009999999999998	1.0269999999999999	b	b	b	b	b	b	T1	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.54E-2	6.25E-2	4.65E-2	4.3299999999999998E-2	5.5300000000000002E-2	2.6100000000000002E-2	1.54E-2	6.25E-2	4.65E-2	4.3299999999999998E-2	5.5300000000000002E-2	2.6100000000000002E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	0.69610000000000005	0.8609	1.0705	0.66390000000000005	0.85680000000000001	0.98319999999999996	b	b	b	b	b	b	T2	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.4500000000000001E-2	2.3199999999999998E-2	4.9200000000000001E-2	6.8599999999999994E-2	2.0899999999999998E-2	4.5900000000000003E-2	1.4500000000000001E-2	2.3199999999999998E-2	4.9200000000000001E-2	6.8599999999999994E-2	2.0899999999999998E-2	4.5900000000000003E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	0.58830000000000005	0.70079999999999998	0.8881	0.56020000000000003	0.72989999999999999	0.83620000000000005	c	c	c	c	c	c	T3	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.2499999999999999E-2	1.1599999999999999E-2	3.8600000000000002E-2	4.5199999999999997E-2	2.3300000000000001E-2	1.6899999999999998E-2	2.2499999999999999E-2	1.1599999999999999E-2	3.8600000000000002E-2	4.5199999999999997E-2	2.3300000000000001E-2	1.6899999999999998E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	0.62570000000000003	0.75700000000000001	0.95020000000000004	0.61890000000000001	0.74870000000000003	0.86350000000000005	bc	c	c	bc	c	c	生育时期及年份 Growth stage and years


超氧阴离子自由基含量
Superoxide anion radical conttent/(μg·g-1)




CK	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

5.1499999999999997E-2	3.95E-2	4.5699999999999998E-2	4.7399999999999998E-2	2.4400000000000002E-2	4.0399999999999998E-2	5.1499999999999997E-2	3.95E-2	4.5699999999999998E-2	4.7399999999999998E-2	2.4400000000000002E-2	4.0399999999999998E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	2.0381999999999998	1.4842	0.64890000000000003	2.0722	1.5121	0.66649999999999998	c	b 	b 	c	b 	b 	T0	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

4.0800000000000003E-2	0.1179	4.2200000000000001E-2	0.13730000000000001	0.12509999999999999	3.6799999999999999E-2	4.0800000000000003E-2	0.1179	4.2200000000000001E-2	0.13730000000000001	0.12509999999999999	3.6799999999999999E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	2.2572000000000001	1.6134999999999999	0.69850000000000001	2.3252999999999999	1.6603000000000001	0.7167	b	ab 	ab 	b	ab 	ab 	T1	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

6.0400000000000002E-2	9.0899999999999995E-2	7.3200000000000001E-2	0.12740000000000001	9.0800000000000006E-2	3.2399999999999998E-2	6.0400000000000002E-2	9.0899999999999995E-2	7.3200000000000001E-2	0.12740000000000001	9.0800000000000006E-2	3.2399999999999998E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	2.2755999999999998	1.6273	0.70789999999999997	2.3386	1.6913	0.72140000000000004	b	ab 	ab 	b	a 	ab 	T2	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.1255	0.1038	4.02E-2	4.6300000000000001E-2	7.2599999999999998E-2	4.0300000000000002E-2	0.1255	0.1038	4.02E-2	4.6300000000000001E-2	7.2599999999999998E-2	4.0300000000000002E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	2.4632999999999998	1.7379	0.76559999999999995	2.5489999999999999	1.8140000000000001	0.77969999999999995	a	a 	a 	a	a 	a 	T3	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.11899999999999999	0.1275	3.95E-2	6.8000000000000005E-2	0.1051	3.7499999999999999E-2	0.11899999999999999	0.1275	3.95E-2	6.8000000000000005E-2	0.1051	3.7499999999999999E-2	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	2.3121	1.7188000000000001	0.7359	2.4477000000000002	1.7222	0.73080000000000001	ab	a 	ab 	ab	a 	ab 	
游离氨基酸含量 
Free amino acid content/(mg·g-1FW)



CK	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.7168000000000001	1.6062000000000001	1.7888999999999999	0.997	1.9637	1.1552	2.7168000000000001	1.6062000000000001	1.7888999999999999	0.997	1.9637	1.1552	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	113.3306	106.3828	75.360799999999998	115.1065	109.3942	77.465699999999998	c	c	c	c	c	c	T0	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.5758000000000001	2.2989000000000002	4.1007999999999996	5.4069000000000003	1.0379	1.1496	1.5758000000000001	2.2989000000000002	4.1007999999999996	5.4069000000000003	1.0379	1.1496	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	124.8141	117.61109999999999	82.318700000000007	126.0373	120.2136	85.045699999999997	b	b	b	b	b	b	T1	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.3391	1.2423	4.1879999999999997	2.0895999999999999	6.2465000000000002	1.6996	1.3391	1.2423	4.1879999999999997	2.0895999999999999	6.2465000000000002	1.6996	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	128.45830000000001	118.03449999999999	85.457400000000007	129.27860000000001	122.1773	86.640100000000004	b	b	b	b	b	b	T2	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

3.7917999999999998	7.1669999999999998	3.4047999999999998	2.0952000000000002	4.9550999999999998	6.8963999999999999	3.7917999999999998	7.1669999999999998	3.4047999999999998	2.0952000000000002	4.9550999999999998	6.8963999999999999	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	140.30719999999999	130.73820000000001	92.987099999999998	143.59979999999999	137.48560000000001	94.488	a	a	a	a	a	a	T3	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

5.0335000000000001	3.9699	4.8151999999999999	4.0593000000000004	8.7341999999999995	4.0895000000000001	5.0335000000000001	3.9699	4.8151999999999999	4.0593000000000004	8.7341999999999995	4.0895000000000001	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	 灌浆前期
Pre-filling stage	 灌浆中期
Mid-filling stage	 灌浆后期
Late-filling stage	2023	2024	134.49420000000001	124.4541	88.921800000000005	138.1987	129.8203	89.347399999999993	a	ab	ab	a	ab	ab	
超氧化物歧化酶活性
 SOD activity/(U·g-1FW·min-1)




y = -0.001 9x2 + 2.093 9x + 6 376.1
R² = 0.824

0	270	540	810	6419.8578299576502	6668.6613498888601	7072.1082271249397	6754.9284070007898	木醋液用量Application rate of wood vinegar/(kg·hm-2)


产量 Yield/(kg·hm-2)



产量（kg∙hm-2）	y = -0.001 2x2 + 1.285 1x + 6 295
R² = 0.556 9

0	270	540	810	6345.1493719405498	6402.2962034870097	6782.2435963668804	6482.2871682860496	木醋液用量 Application rate of wood vinegar/(kg·hm-2)


产量 Yield/(kg·hm-2)



CK	[CELLRANGE]
[CELLRANGE]

5.2299999999999999E-2	2.1600000000000001E-2	5.2299999999999999E-2	2.1600000000000001E-2	2023	2024	1.3355999999999999	1.2727999999999999	a 	a 	T0	[CELLRANGE]
[CELLRANGE]

2.3400000000000001E-2	1.5599999999999999E-2	2.3400000000000001E-2	1.5599999999999999E-2	2023	2024	1.2533000000000001	1.1900999999999999	b 	b 	T1	[CELLRANGE]
[CELLRANGE]

1.9599999999999999E-2	7.8E-2	1.9599999999999999E-2	7.8E-2	2023	2024	1.2521	1.1879999999999999	b 	bc 	T2	[CELLRANGE]
[CELLRANGE]

1.9699999999999999E-2	3.7100000000000001E-2	1.9699999999999999E-2	3.7100000000000001E-2	2023	2024	1.2458	1.1540999999999999	b 	bc 	T3	[CELLRANGE]
[CELLRANGE]

1.7000000000000001E-2	9.1000000000000004E-3	1.7000000000000001E-2	9.1000000000000004E-3	2023	2024	1.2431000000000001	1.1142000000000001	b 	c 	年份 Years


土壤容重 Soil bulk density/(g·cm-3)
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		2023		2023		2023		2023		2023		0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

		2024		2024		2024		2024		2024		0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091
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土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK

T0

T1

T2

T3

年份 Years

土壤总孔隙度 Total soil porosity/%

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 Soluble sugar content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量
Free amino acid content/(mg·g-1FW)

[]

[]
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性
SOD activity/(U·g-1FW·min-1)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 
Amount of wood vinegar/( kg·hm-2)

产量
yield/(kg·hm-2)

2023



		



木醋液用量 
Amount of wood vinegar/(kg·hm-2)

产量
yield/(kg·hm-2)

2024
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土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091
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土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a
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可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量
Free amino acid content/(mg·g-1FW)
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895
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T3

生育时期及年份 Growth stage and years

SOD活性
SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292
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T3

生育时期及年份Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

超氧阴离子自由基含量
Superoxide-anion radical conttent/(μg·g-1)
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 
Amount of wood vinegar/( kg·hm-2)

产量
yield/(kg·hm-2)

2023



		



木醋液用量 
Amount of wood vinegar/(kg·hm-2)

产量
yield/(kg·hm-2)

2024




image3.png
MEREAAE

ablab
bab

OCK OT0 @T1 mT2 mT3
bogd
. b

aab

VEARNIER | VAR | BAREH |

Pre-filing | Mid-filing | Late-filing
stage stage stage
2023

ARHIER | TR | VERURH
Pre-filing | Mid-filing | Late-filing
stage stage stage

204





image4.png
MERESE

OCK @T0 @T1 @T2 ®T3
B3

TRARE | AR | VRN | RARE | VR | EARE
Pre-fillng | Mid-filling | Late-fiing | Pre-filing | Mid-fillng | Late-filing
stage stage stage stage stage stage

2023 2024




Microsoft_Excel_Chart2.xls
Chart1

		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231
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T3

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)
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15.8213

17.7742

17.8139

19.7611

19.035

14.086

15.9769

16.4767

18.2939

16.876

8.4133

9.0253

9.0834

9.9069

9.1485

15.9201

17.9161

18.1197

19.8247

19.0206

14.3922

16.1697

16.4855

18.55

17.258

8.4638

9.1234

9.2202

10.0014

9.4915



土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK

T0

T1

T2

T3

年份 Years

土壤总孔隙度 Total soil porosity/%

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 
Soluble sugar content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]
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[]
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量 Free amino acid content/(mg·g-1FW)
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性 SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93

																										2023年

																										2024年





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 Amount of wood vinegar/( kg·hm-2)

产量 yield/(kg·hm-2)

y = -0.0012x2 + 1.2851x + 6295
R² = 0.5569



		



木醋液用量  Amount of wood vinegar/(kg·hm-2)

产量  yield/(kg·hm-2)

y = -0.0019x2 + 2.0939x + 6376.1
R² = 0.824
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Chart1

		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066
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75.3759

84.6487

84.7819

95.8455

92.3608

87.3467

95.572

96.5963

106.4594

103.5934

110.4026

123.0013

124.3686

135.641

129.961

77.3626

85.8912

89.3634

97.3709

93.159

90.7876

99.9245

101.0498

110.4621

108.3389

114.3082

126.2071

126.9697

139.3559

133.3204



土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091
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土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432
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可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 Soluble sugar content/(mg·g-1FW)
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量
Free amino acid content/(mg·g-1FW)
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 
Amount of wood vinegar/( kg·hm-2)

产量
yield/(kg·hm-2)

2023



		



木醋液用量 
Amount of wood vinegar/(kg·hm-2)

产量
yield/(kg·hm-2)

2024
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Chart1

		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

游离氨基酸含量 
Free amino acid content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

2.0382

2.2572

2.2756

2.4633

2.3121

1.4842

1.6135

1.6273

1.7379

1.7188

0.6489

0.6985

0.7079

0.7656

0.7359

2.0722

2.3253

2.3386

2.549

2.4477

1.5121

1.6603

1.6913

1.814

1.7222

0.6665

0.7167

0.7214

0.7797

0.7308



土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK

T0

T1

T2

T3

年份 Years

土壤总孔隙度 Total soil porosity/%

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 
Soluble sugar content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]
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[]
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量 
Free amino acid content/(mg·g-1FW)
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[]
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性 SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

超氧阴离子自由基含量
Superoxide-anion radical conttent/(μg·g-1)
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93

																										2023年

																										2024年





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 Amount of wood vinegar/( kg·hm-2)

产量 yield/(kg·hm-2)

y = -0.0012x2 + 1.2851x + 6295
R² = 0.5569



		



木醋液用量  Amount of wood vinegar/(kg·hm-2)

产量  yield/(kg·hm-2)

y = -0.0019x2 + 2.0939x + 6376.1
R² = 0.824




Microsoft_Excel_Chart5.xls
Chart1

		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		灌浆前期
Pre-filling stage
2023		2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		灌浆前期
Pre-filling stage
2024		0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		灌浆中期
Mid-filling stage		1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		灌浆后期
Late-filling stage		1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

超氧化物歧化酶活性
 SOD activity/(U·g-1FW·min-1)
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113.3306

124.8141

128.4583

140.3072

134.4942

106.3828

117.6111

118.0345

130.7382

124.4541

75.3608

82.3187

85.4574

92.9871

88.9218

115.1065

126.0373

129.2786

143.5998

138.1987

109.3942

120.2136

122.1773

137.4856

129.8203

77.4657

85.0457

86.6401

94.488

89.3474



土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)
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土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK

T0

T1

T2

T3

年份 Years

土壤总孔隙度 Total soil porosity/%

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 
Soluble sugar content/(mg·g-1FW)
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK
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T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量 
Free amino acid content/(mg·g-1FW)
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage		灌浆前期
Pre-filling stage		灌浆中期
Mid-filling stage		灌浆后期
Late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性
 SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93

																										2023年

																										2024年





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 Amount of wood vinegar/( kg·hm-2)

产量 yield/(kg·hm-2)

y = -0.0012x2 + 1.2851x + 6295
R² = 0.5569



		



木醋液用量  Amount of wood vinegar/(kg·hm-2)

产量  yield/(kg·hm-2)

y = -0.0019x2 + 2.0939x + 6376.1
R² = 0.824
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土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK
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年份 Years

土壤总孔隙度 Total soil porosity/%
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可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066
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可溶性糖含量 
Soluble sugar content/(mg·g-1FW)
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量 
Free amino acid content/(mg·g-1FW)
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性
 SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

超氧阴离子自由基含量
Superoxide-anion radical conttent/(μg·g-1)
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木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6402.30

										540		6782.24

										810		6482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93

																										2023年

																										2024年





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 Amount of wood vinegar/( kg·hm-2)

产量 yield/(kg·hm-2)

y = -0.0012x2 + 1.2851x + 6295
R² = 0.5569



		



木醋液用量  Amount of wood vinegar/(kg·hm-2)

产量  yield/(kg·hm-2)

y = -0.0019x2 + 2.0939x + 6376.1
R² = 0.824
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产量（kg∙hm-2）

木醋液用量 Application rate of wood vinegar/(kg·hm-2)

产量 Yield/(kg·hm-2)

y = -0.001 2x2 + 1.285 1x + 6 295
R² = 0.556 9

6345.1493719405

6402.296203487

6782.2435963669

6482.287168286



土壤容重

		

				土壤容重

				2023年

				处理								均值		标准差		5%显著水平								土壤容重

				CK		1.3281		1.3912		1.2875		1.3356		0.0523		a		6.9%						处理		2023		2024

				T0		1.2404		1.2392		1.2804		1.2533		0.0234		b								CK		1.3356		1.2728

				T1		1.2747		1.2423		1.2394		1.2521		0.0196		b								T0		1.2533		1.1901

				T2		1.2515		1.262		1.2238		1.2458		0.0197		b								T1		1.2521		1.1880

				T3		1.2530		1.2529		1.2235		1.2431		0.017		b								T2		1.2458		1.1541

																								T3		1.2431		1.1142

																								误差棒

				2024年																				处理

				处理								均值		标准差		5%显著水平								CK		0.0523		0.0216

				CK		1.2916		1.2777		1.2492		1.2728		0.0216		a		6.1%						T0		0.0234		0.0156

				T0		1.1935		1.2037		1.1731		1.1901		0.0156		b								T1		0.0196		0.0780

				T1		1.1217		1.1683		1.274		1.188		0.078		bc								T2		0.0197		0.0371

				T2		1.1956		1.124		1.1427		1.1541		0.0371		bc		9.3%						T3		0.0170		0.0091

				T3		1.10374		1.1192		1.1197		1.1142		0.0091		c		12.5%						CK		a		a

																								T0		b		b

																								T1		b		bc

																								T2		b		bc

																								T3		b		c





土壤容重

												0.0523		0.0523		0.0234		0.0234		0.0196		0.0196		0.0197		0.0197		0.017		0.017

												0.0216		0.0216		0.0156		0.0156		0.078		0.078		0.0371		0.0371		0.0091		0.0091



CK

T0

T1

T2

T3

年份 Years

土壤容重 Soil bulk density/(g·cm3)
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土壤总孔隙度

		

				土壤总空隙度

				2023年																						土壤总孔隙度

				处理								均值		标准差		5%显著水平										处理		2023		2024

				CK		49.8830		47.5019		51.4151		49.6000		1.9719		b		6.8%								CK		49.6		51.9686

				T0		53.1925		53.2377		51.6830		52.7044		0.8848		a										T0		52.7044		55.0906

				T1		51.8981		53.1208		53.2302		52.7497		0.7395		a										T1		52.7497		55.1698

				T2		52.7736		52.3774		53.8189		52.9900		0.7447		a										T2		52.99		56.449

				T3		52.7170		52.7208		53.8302		53.0893		0.6416		a										T3		53.0893		57.9547

																										误差棒

																										处理

				2024年																						CK		1.9719		0.8157

				处理								均值		标准差		5%显著水平										T0		0.8848		0.5879

				CK		51.2603773585		51.7849056604		52.8603773585		51.9686		0.8157		c		5.4%								T1		0.7395		2.9448

				T0		54.9622641509		54.5773584906		55.7320754717		55.0906		0.5879		b										T2		0.7447		1.4014

				T1		57.6716981132		55.9132075472		51.9245283019		55.1698		2.9448		ab										T3		0.6416		0.3432

				T2		54.8830188679		57.5849056604		56.879245283		56.449		1.4014		ab		8.6%								CK		b		c

				T3		58.3509433962		57.7660377358		57.7471698113		57.9547		0.3432		a		11.5%								T0		a		b

																										T1		a		ab

																										T2		a		ab

																										T3		a		a





土壤总孔隙度

												1.9719		1.9719		0.8848		0.8848		0.7395		0.7395		0.7447		0.7447		0.6416		0.6416

												0.8157		0.8157		0.5879		0.5879		2.9448		2.9448		1.4014		1.4014		0.3432		0.3432



CK

T0

T1

T2

T3

年份 Years

土壤总孔隙度 Total soil porosity/%
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[]

[]

[]

[]

[]

[]



可溶性糖

		

				可溶性糖

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		74.6944392157		75.9667764706		75.4664963374		75.3759		0.641		c		12.3%		27.2%						CK		75.3759		87.3467		110.4026		77.3626		90.7876		114.3082

				T0		83.0545551198		84.9986708145		85.892938914		84.6487		1.4512		b		13.2%								T0		84.6487		95.572		123.0013		85.8912		99.9245		126.2071

				T1		84.0569700333		84.51504		85.7736		84.7819		0.8889		b		13.0%								T1		84.7819		96.5963		124.3686		89.3634		101.0498		126.9697

				T2		100.010130719		93.3888		94.1376		95.8455		3.626		a										T2		95.8455		106.4594		135.641		97.3709		110.4621		139.3559

				T3		88.8455493896		93.744		94.4928		92.3608		3.0672		a										T3		92.3608		103.5934		129.961		93.159		108.3389		133.3204

																										误差棒

				处理		灌浆中期						均值		标准差		5%显著水平										处理

				CK		88.200432576		86.774434272		87.065320608		87.3467		0.7535		c		9.4%		21.9%						CK		0.641		0.7535		2.2134		2.86		1.6625		4.6839

				T0		95.6367111552		96.2005135296		94.8789		95.572		0.6632		b		11.4%								T0		1.4512		0.6632		4.7748		5.8299		1.4461		5.4149

				T1		97.157877344		96.543490992		96.087529072		96.5963		0.5371		b		10.2%								T1		0.8889		0.5371		5.2308		5.7812		1.0903		1.7315

				T2		110.20676448		103.13411808		106.03726464		106.4594		3.5552		a										T2		3.626		3.5552		3.8539		1.0483		1.0089		2.6853

				T3		101.14170048		105.43684608		104.20153824		103.5934		2.2112		a										T3		3.0672		2.2112		2.8011		3.3176		1.9895		4.0066

																										CK		c		c		c		c		c		c

				处理		灌浆后期						均值		标准差		5%显著水平										T0		b		b		b		b		b		b

				CK		107.8592364946		111.4560783673		111.8924369748		110.4026		2.2134		c		11.4%		22.9%						T1		b		b		b		b		b		b

				T0		128.5110204082		120.0692571429		120.4236869148		123.0013		4.7748		b		10.3%								T2		a		a		a		a		a		a

				T1		129.6674411303		124.2296187909		119.2086028257		124.3686		5.2308		b		9.1%								T3		a		a		ab		ab		a		ab

				T2		132.9946698679		133.8656264921		140.0626059655		135.641		3.8539		a

				T3		127.5946026411		129.2347012987		133.053695078		129.961		2.8011		ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		77.6721652778		80.0552380952		74.3604166667		77.3626		2.86		　 c		11.0%		25.9%

				T0		80.7544326241		84.691468254		92.2276234568		85.8912		5.8299		　 b		13.4%

				T1		95.3376436782		88.9558080808		83.796875		89.3634		5.7812		　 b		9.0%

				T2		98.358276644		97.4835737179		96.2708333333		97.3709		1.0483		　a

				T3		93.2298474946		89.8065843621		96.4405864198		93.159		3.3176		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		92.5467771429		90.5735970696		89.2424561404		90.7876		1.6625		　 c		10.1%		21.7%

				T0		101.5348601307		99.5020568783		98.7367228571		99.9245		1.4461		　 b		10.5%

				T1		101.2413571429		102.0316285714		99.8763702624		101.0498		1.0903		　 b		9.3%

				T2		109.4546130952		110.4594417077		111.4723719677		110.4621		1.0089		　a

				T3		107.8283809524		106.6544217687		110.5338669951		108.3389		1.9895		　a

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		115.4611139775		118.3079765854		109.155478424		114.3082		4.6839		　 c		10.4%		21.9%

				T0		128.5303135888		130.0726829268		120.0182926829		126.2071		5.4149		　 b		10.4%

				T1		128.6862365854		126.9992617261		125.223666003		126.9697		1.7315		　 b		9.8%

				T2		138.8824642557		136.9388403129		142.2465327594		139.3559		2.6853		　a

				T3		133.3651362984		129.2916625187		137.3043802887		133.3204		4.0066		　ab





可溶性糖

												0.641		0.641		1.4512		1.4512		0.8889		0.8889		3.626		3.626		3.0672		3.0672

												0.7535		0.7535		0.6632		0.6632		0.5371		0.5371		3.5552		3.5552		2.2112		2.2112

												2.2134		2.2134		4.7748		4.7748		5.2308		5.2308		3.8539		3.8539		2.8011		2.8011

												2.86		2.86		5.8299		5.8299		5.7812		5.7812		1.0483		1.0483		3.3176		3.3176

												1.6625		1.6625		1.4461		1.4461		1.0903		1.0903		1.0089		1.0089		1.9895		1.9895

												4.6839		4.6839		5.4149		5.4149		1.7315		1.7315		2.6853		2.6853		4.0066		4.0066



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性糖含量 
Soluble sugar content/(mg·g-1FW)
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可溶性蛋白

		

				可溶性蛋白

																												2023						2024

				2023年																						处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				处理		灌浆前期						均值		标准差		5%显著水平										CK		15.8213		14.086		8.4133		15.9201		14.3922		8.4638

				CK		15.4083333333		16.2316993464		15.8239583333		15.8213		0.4117		　 c		12.3%		24.9%						T0		17.7742		15.9769		9.0253		17.9161		16.1697		9.1234

				T0		17.8365566038		17.576		17.91		17.7742		0.1755		　 b		11.2%								T1		17.8139		16.4767		9.0834		18.1197		16.4855		9.2202

				T1		17.9747685185		17.688		17.779		17.8139		0.1465		　 b		10.9%								T2		19.7611		18.2939		9.9069		19.8247		18.55		10.0014

				T2		19.6052380952		19.527		20.151		19.7611		0.3399		　a										T3		19.035		16.876		9.1485		19.0206		17.258		9.4915

				T3		18.6872222222		18.2739090909		20.1439779874		19.035		0.9824		　a

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		13.2128332301		14.2966661984		14.7486431177		14.086		0.7893		　 c		13.4%		29.9%						处理

				T0		16.1153446212		17.0350140962		14.7803152633		15.9769		1.1337		　 b		14.5%								CK		0.4117		0.7893		0.3709		0.0804		0.3171		0.6183

				T1		16.1231542289		17.2446695096		16.0623047029		16.4767		0.6658		　 b		11.0%								T0		0.1755		1.1337		0.6774		1.0964		0.5126		0.6442

				T2		17.4117686567		18.1038331456		19.3661140299		18.2939		0.9909		　a										T1		0.1465		0.6658		0.2288		1.3177		0.2723		0.4359

				T3		17.3309862227		16.5186425373		16.7782842135		16.876		0.4149		　ab										T2		0.3399		0.9909		0.3128		0.5399		0.1404		0.4899

																										T3		0.9824		0.4149		0.7088		0.6773		1.5132		0.231

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		c		b		c		c		b

				CK		8.5839376		8.6681504		7.987856		8.4133		0.3709		　 b				17.8%						T0		b		b		ab		b		b		ab

				T0		9.2558		8.2628		9.5574		9.0253		0.6774		　ab		9.8%								T1		b		b		ab		b		b		ab

				T1		8.8240802676		9.2568561873		9.169122807		9.0834		0.2288		　ab										T2		a		a		a		a		a		a

				T2		9.7782015345		9.6789249012		10.2635285024		9.9069		0.3128		　a										T3		a		ab		ab		ab		ab		a

				T3		9.0099819524		8.519142029		9.9163826087		9.1485		0.7088		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		15.9359041394		15.991416122		15.8329411765		15.9201		0.0804		　 c		12.5%		24.5%

				T0		18.3168470588		16.6757824639		18.7557995643		17.9161		1.0964		　 b		10.7%

				T1		19.6388013319		17.2851336898		17.4352941176		18.1197		1.3177		　 b		9.4%

				T2		20.0169411765		19.214973262		20.2422145329		19.8247		0.5399		　a

				T3		19.5458823529		18.256171123		19.2596638655		19.0206		0.6773		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		14.1331216931		14.2977443609		14.7458823529		14.3922		0.3171		　 c		12.4%		28.9%

				T0		15.8055064935		15.9477832512		16.7558163265		16.1697		0.5126		　 b		14.7%

				T1		16.6222337662		16.6622857143		16.171967655		16.4855		0.2723		　 b		12.5%

				T2		18.6397714286		18.6221024259		18.3882352941		18.55		0.1404		　a

				T3		18.8565934066		17.0696103896		15.8479120879		17.258		1.5132		　ab		7.5%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		8.806829		8.834639		7.750075		8.4638		0.6183		　 b				18.2%

				T0		9.741816		9.172403		8.456125		9.1234		0.6442		　ab

				T1		9.665255		9.201500		8.793981		9.2202		0.4359		　ab

				T2		9.919317		10.527154		9.557805		10.0014		0.4899		　a

				T3		9.291390		9.438839		9.744289		9.4915		0.231		　a				12.1%





可溶性蛋白

												0.4117		0.4117		0.1755		0.1755		0.1465		0.1465		0.3399		0.3399		0.9824		0.9824

												0.7893		0.7893		1.1337		1.1337		0.6658		0.6658		0.9909		0.9909		0.4149		0.4149

												0.3709		0.3709		0.6774		0.6774		0.2288		0.2288		0.3128		0.3128		0.7088		0.7088

												0.0804		0.0804		1.0964		1.0964		1.3177		1.3177		0.5399		0.5399		0.6773		0.6773

												0.3171		0.3171		0.5126		0.5126		0.2723		0.2723		0.1404		0.1404		1.5132		1.5132

												0.6183		0.6183		0.6442		0.6442		0.4359		0.4359		0.4899		0.4899		0.231		0.231



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

可溶性蛋白含量 
Soluble protein content/(mg·g-1FW)
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游离氨基酸

		

				游离氨基酸

				2023年																								2023						2024

				处理		灌浆前期						均值		标准差		5%显著水平										处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

				CK		2.0965		1.9992		2.0188		2.0382		0.0515		　 c		10.7%		20.9%						CK		2.0382		1.4842		0.6489		2.0722		1.5121		0.6665

				T0		2.2245		2.3030		2.2442		2.2572		0.0408		　 b		9.1%								T0		2.2572		1.6135		0.6985		2.3253		1.6603		0.7167

				T1		2.3266		2.2912		2.2089		2.2756		0.0604		　 b		8.2%								T1		2.2756		1.6273		0.7079		2.3386		1.6913		0.7214

				T2		2.4351		2.6005		2.3543		2.4633		0.1255		　a										T2		2.4633		1.7379		0.7656		2.549		1.814		0.7797

				T3		2.2912		2.4402		2.2050		2.3121		0.119		　ab										T3		2.3121		1.7188		0.7359		2.4477		1.7222		0.7308

				处理		灌浆中期						均值		标准差		5%显著水平										误差棒

				CK		1.4743		1.4506		1.5277		1.4842		0.0395		　 b		8.7%		17.1%						处理

				T0		1.5926		1.7404		1.5074		1.6135		0.1179		　ab		7.7%								CK		0.0515		0.0395		0.0457		0.0474		0.0244		0.0404

				T1		1.6222		1.7206		1.5390		1.6273		0.0909		　ab		6.8%								T0		0.0408		0.1179		0.0422		0.1373		0.1251		0.0368

				T2		1.8350		1.6285		1.7501		1.7379		0.1038		　a										T1		0.0604		0.0909		0.0732		0.1274		0.0908		0.0324

				T3		1.6174		1.6771		1.8619		1.7188		0.1275		　a										T2		0.1255		0.1038		0.0402		0.0463		0.0726		0.0403

																										T3		0.119		0.1275		0.0395		0.068		0.1051		0.0375

				处理		灌浆后期						均值		标准差		5%显著水平										CK		c		b		b		c		b		b

				CK		0.6376		0.6992		0.6100		0.6489		0.0457		　 b		7.6%		18.0%						T0		b		ab		ab		b		ab		ab

				T0		0.7402		0.6994		0.6559		0.6985		0.0422		　ab		9.6%								T1		b		ab		ab		b		a		ab

				T1		0.6902		0.6451		0.7883		0.7079		0.0732		　ab		8.2%								T2		a		a		a		a		a		a

				T2		0.7602		0.7283		0.8082		0.7656		0.0402		　a										T3		ab		a		ab		ab		a		ab

				T3		0.7384		0.7741		0.6952		0.7359		0.0395		　ab

				2024年

				处理		灌浆前期						均值		标准差		5%显著水平

				CK		2.0841		2.1125		2.0199		2.0722		0.0474		　 c		12.2%		23.0%

				T0		2.2462		2.4838		2.2459		2.3253		0.1373		　 b		9.6%

				T1		2.2905		2.2422		2.4831		2.3386		0.1274		　 b		9.0%

				T2		2.4959		2.5704		2.5808		2.5490		0.0463		　a

				T3		2.5140		2.4511		2.3781		2.4477		0.0680		　ab

				处理		灌浆中期						均值		标准差		5%显著水平

				CK		1.4993		1.4968		1.5402		1.5121		0.0244		　 b		9.8%		20.0%

				T0		1.7857		1.6598		1.5355		1.6603		0.1251		　ab		9.3%

				T1		1.7044		1.5947		1.7748		1.6913		0.0908		　a		7.3%

				T2		1.7506		1.7982		1.8932		1.8140		0.0726		　a

				T3		1.8185		1.7379		1.6101		1.7222		0.1051		　a		5.3%

				处理		灌浆后期						均值		标准差		5%显著水平

				CK		0.6235		0.7038		0.6721		0.6665		0.0404		　 b		7.5%		17.0%

				T0		0.6797		0.7172		0.7532		0.7167		0.0368		　ab		8.8%

				T1		0.7173		0.7557		0.6913		0.7214		0.0324		　ab		8.1%

				T2		0.7749		0.7421		0.8222		0.7797		0.0403		　a

				T3		0.7357		0.7656		0.6911		0.7308		0.0375		　ab





游离氨基酸

												0.0515		0.0515		0.0408		0.0408		0.0604		0.0604		0.1255		0.1255		0.119		0.119

												0.0395		0.0395		0.1179		0.1179		0.0909		0.0909		0.1038		0.1038		0.1275		0.1275

												0.0457		0.0457		0.0422		0.0422		0.0732		0.0732		0.0402		0.0402		0.0395		0.0395

												0.0474		0.0474		0.1373		0.1373		0.1274		0.1274		0.0463		0.0463		0.068		0.068

												0.0244		0.0244		0.1251		0.1251		0.0908		0.0908		0.0726		0.0726		0.1051		0.1051

												0.0404		0.0404		0.0368		0.0368		0.0324		0.0324		0.0403		0.0403		0.0375		0.0375



CK

T0

T1

T2

T3

生育时期及年份  Growth stage and years

游离氨基酸含量 
Free amino acid content/(mg·g-1FW)

[]

[]

[]

[]

[]

[]

[]

[]

[]
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SOD

		

						SOD

						2023年																												2023						2024

						处理		灌浆前期						均值		标准差		5%显著水平														处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						CK		112.5226229508		111.1093631778		116.3596721311		113.3306		2.7168		c		10.1%		23.8%										CK		113.3306		106.3828		75.3608		115.1065		109.3942		77.4657

						T0		126.269435337		125.0322801788		123.1406526446		124.8141		1.5758		b		12.4%												T0		124.8141		117.6111		82.3187		126.0373		120.2136		85.0457

						T1		129.98512		127.90596		127.48368		128.4583		1.3391		b		9.2%												T1		128.4583		118.0345		85.4574		129.2786		122.1773		86.6401

						T2		143.4706		141.3470		136.1040		140.3072		3.7918		a														T2		140.3072		130.7382		92.9871		143.5998		137.4856		94.488

						T3		132.3309955841		130.9039655817		140.24765556		134.4942		5.0335		a														T3		134.4942		124.4541		88.9218		138.1987		129.8203		89.3474

						处理		灌浆中期						均值		标准差		5%显著水平														误差棒

						CK		108.1146172311		106.0917295508		104.9420157127		106.3828		1.6062		c		10.6%		22.9%										处理

						T0		115.84884479		120.2114119923		116.7730789951		117.6111		2.2989		b		11.2%												CK		2.7168		1.6062		1.7889		0.997		1.9637		1.1552

						T1		116.6363636364		119.0113608992		118.4556737589		118.0345		1.2423		b		10.8%												T0		1.5758		2.2989		4.1008		5.4069		1.0379		1.1496

						T2		133.6009634685		122.5823529412		136.0313580247		130.7382		7.167		a														T1		1.3391		1.2423		4.188		2.0896		6.2465		1.6996

						T3		119.8759373745		126.5433445567		126.9431152148		124.4541		3.9699		ab														T2		3.7918		7.167		3.4048		2.0952		4.9551		6.8964

																																T3		5.0335		3.9699		4.8152		4.0593		8.7342		4.0895

						处理		灌浆后期						均值		标准差		5%显著水平														CK		c		c		c		c		c		c

						CK		75.2310		77.2111		73.6403		75.3608		1.7889		c		9.2%		23.4%										T0		b		b		b		b		b		b

						T0		81.0147		86.9130188679		79.028490566		82.3187		4.1008		b		13.0%												T1		b		b		b		b		b		b

						T1		83.39423077		82.7011538462		90.2766666667		85.4574		4.188		b		8.8%												T2		a		a		a		a		a		a

						T2		89.7532235294		96.5403636364		92.6678518519		92.9871		3.4048		a														T3		a		ab		ab		a		ab		ab

						T3		83.84455		89.4978792453		93.4230307692		88.9218		4.8152		ab

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		114.639163227		116.2513031359		114.4289418386		115.1065		0.997		c		9.5%		24.8%

						T0		130.437398374		127.6731707317		120.0013303769		126.0373		5.4069		b		13.9%

						T1		131.6861776346		128.213014266		127.9367054409		129.2786		2.0896		b		11.1%

						T2		141.5933481153		145.7736585366		143.4323055683		143.5998		2.0952		a

						T3		142.7522156611		136.8847804878		134.9590806754		138.1987		4.0593		a

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		111.348819398		107.4216055336		109.4122217391		109.3942		1.9637		c		9.9%		25.7%

						T0		119.2140210526		120.1407013946		121.2860695652		120.2136		1.0379		b		14.4%

						T1		129.3851387053		118.3407202248		118.8060740193		122.1773		6.2465		b		12.5%

						T2		131.8194782609		139.6299516908		141.0072727273		137.4856		4.9551		a

						T3		121.4989328063		129.0462040134		138.9158023715		129.8203		8.7342		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		78.6236037736		77.4601851852		76.31328		77.4657		1.1552		c		9.8%		22.0%

						T0		86.3730505051		84.3922036364		84.3718321678		85.0457		1.1496		b		11.1%

						T1		88.1878787879		84.8212121212		86.9113024987		86.6401		1.6996		b		9.1%

						T2		89.656969697		102.3858953168		91.421058038		94.488		6.8964		a

						T3		93.1851851852		85.0457912458		89.8113207547		89.3474		4.0895		ab





SOD

												2.7168		2.7168		1.5758		1.5758		1.3391		1.3391		3.7918		3.7918		5.0335		5.0335

												1.6062		1.6062		2.2989		2.2989		1.2423		1.2423		7.167		7.167		3.9699		3.9699

												1.7889		1.7889		4.1008		4.1008		4.188		4.188		3.4048		3.4048		4.8152		4.8152

												0.997		0.997		5.4069		5.4069		2.0896		2.0896		2.0952		2.0952		4.0593		4.0593

												1.9637		1.9637		1.0379		1.0379		6.2465		6.2465		4.9551		4.9551		8.7342		8.7342

												1.1552		1.1552		1.1496		1.1496		1.6996		1.6996		6.8964		6.8964		4.0895		4.0895



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

SOD活性
 SOD activity/(U·g-1FW·min-1)
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POD

		

						POD

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		124.9787		113.4787		85.9233		124.2901		114.0287		87.0905

						CK		126.1664642857		123.8215		124.9481698113		124.9787		1.1728		c		12.2%		24.4%												T0		140.2122		127.3668		96.1389		138.2111		125.4927		94.3942

						T0		142.2446666667		138.7506		139.6413679245		140.2122		1.8156		b		10.9%														T1		143.3968		133.187		96.6241		141.7419		127.7431		97.9757

						T1		141.4905555556		142.75976		145.94008		143.3968		2.2921		b		8.4%														T2		155.449		144.3011		106.735		159.3264		143.3257		107.1874

						T2		159.1169642857		154.836		152.394		155.449		3.4031		a																T3		150.6011		137.0598		101.1901		149.9441		135.1866		101.6779

						T3		152.8014150943		145.222		153.78		150.6011		4.6841		a

																																		误差棒

						处理		灌浆中期						均值		标准差		5%显著水平																处理

						CK		114.2751176471		114.7312767857		111.4297924528		113.4787		1.789		c		12.2%		27.2%												CK		1.1728		1.789		6.9819		3.9126		1.6214		8.5418

						T0		127.2350961538		123.32		131.5451923077		127.3668		4.1142		b		13.3%														T0		1.8156		4.1142		6.5414		2.8193		4.1348		8.1405

						T1		131.2391666667		125.9572641509		142.364695		133.187		8.3754		b		8.3%														T1		2.2921		8.3754		6.4214		7.7931		7.277		7.1901

						T2		142.3358490566		144.2895882353		146.278		144.3011		1.9711		a																T2		3.4031		1.9711		4.8345		3.0597		3.5747		6.9745

						T3		127.3061132075		140.228		143.6454301887		137.0598		8.6181		ab																T3		4.6841		8.6181		9.1387		11.3915		9.2186		6.5292

																																		CK		c		c		b		c		c		b

						处理		灌浆后期						均值		标准差		5%显著水平																T0		b		b		ab		b		b		ab

						CK		87.0794		78.4355		92.2550		85.9233		6.9819		b		11.9%		24.2%												T1		b		b		ab		b		b		ab

						T0		103.0811		95.2453		90.0902		96.1389		6.5414		ab		11.0%														T2		a		a		a		a		a		a

						T1		97.1604		89.9513		102.7605		96.6241		6.4214		ab		10.5%														T3		a		ab		a		ab		ab		a

						T2		110.2910		108.6836		101.2303		106.735		4.8345		a

						T3		94.1401		111.5151		97.9152		101.1901		9.1387		a

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		128.39794		120.6073673469		123.8650240385		124.2901		3.9126		c		11.2%		28.2%

						T0		140.7686276596		138.6766071429		135.1879259259		138.2111		2.8193		b		15.3%

						T1		140.1813448276		134.847125		150.197134375		141.7419		7.7931		b		12.4%

						T2		161.9424489796		160.0748557692		155.9620192308		159.3264		3.0597		a

						T3		161.0776091667		138.3110933333		150.4434590278		149.9441		11.3915		ab

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		112.2539		115.4323076923		114.4		114.0287		1.6214		c		10.1%		25.7%

						T0		120.7465686275		127.4166666667		128.315		125.4927		4.1348		b		14.2%

						T1		135.2125		120.675		127.3418367347		127.7431		7.277		b		12.2%

						T2		139.390625		144.2137931034		146.3726415094		143.3257		3.5747		a

						T3		138.49		124.7714285714		142.2982758621		135.1866		9.2186		ab

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		86.2676		96.0139		78.9899		87.0905		8.5418		b		8.4%		23.1%

						T0		102.3900		94.6764		86.1163		94.3942		8.1405		ab		13.6%

						T1		95.5657		106.0612		92.3002		97.9757		7.1901		ab		9.4%

						T2		108.1093		113.6552		99.7978		107.1874		6.9745		a

						T3		106.1735		94.1887		104.6716		101.6779		6.5292		a





POD

												1.1728		1.1728		1.8156		1.8156		2.2921		2.2921		3.4031		3.4031		4.6841		4.6841

												1.789		1.789		4.1142		4.1142		8.3754		8.3754		1.9711		1.9711		8.6181		8.6181

												6.9819		6.9819		6.5414		6.5414		6.4214		6.4214		4.8345		4.8345		9.1387		9.1387

												3.9126		3.9126		2.8193		2.8193		7.7931		7.7931		3.0597		3.0597		11.3915		11.3915

												1.6214		1.6214		4.1348		4.1348		7.277		7.277		3.5747		3.5747		9.2186		9.2186

												8.5418		8.5418		8.1405		8.1405		7.1901		7.1901		6.9745		6.9745		6.5292		6.5292



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

POD活性
POD activity/(U·g-1FW·min-1)
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超氧阴离子含量

		

						超氧阴离子含量

																																				2023						2024

						2023年																												处理		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage		灌浆前期
pre-filling stage		灌浆中期
mid-filling stage		灌浆后期
late-filling stage

						处理		灌浆前期						均值		标准差		5%显著水平																CK		0.8367		1.0028		1.2559		0.8063		1.057		1.2234

						CK		0.9006456447		0.7984451672		0.8111437205		0.8367		0.0557		a		15.6%		29.7%												T0		0.7059		0.8751		1.079		0.6962		0.8601		1.027

						T0		0.6828541653		0.707574162		0.7273170201		0.7059		0.0223		b		16.7%														T1		0.6961		0.8609		1.0705		0.6639		0.8568		0.9832

						T1		0.6991539368		0.7097593406		0.6793725386		0.6961		0.0154		b		15.5%														T2		0.5883		0.7008		0.8881		0.5602		0.7299		0.8362

						T2		0.6002174771		0.57218		0.59264		0.5883		0.0145		c																T3		0.6257		0.757		0.9502		0.6189		0.7487		0.8635

						T3		0.6379149169		0.5997593406		0.6393725386		0.6257		0.0225		c

																																		误差棒

																																		处理

						处理		灌浆中期						均值		标准差		5%显著水平																CK		0.0557		0.0335		0.0145		0.0402		0.0276		0.0181

						CK		0.9642855699		1.0188453587		1.0252825483		1.0028		0.0335		a		12.7%		30.1%												T0		0.0223		0.0549		0.0154		0.0242		0.0367		0.0445

						T0		0.8677131418		0.8242151969		0.933248421		0.8751		0.0549		b		19.9%														T1		0.0154		0.0625		0.0465		0.0433		0.0553		0.0261

						T1		0.9330623407		0.8262170193		0.8234111871		0.8609		0.0625		b		18.6%														T2		0.0145		0.0232		0.0492		0.0686		0.0209		0.0459

						T2		0.7135530925		0.7147967555		0.6739877981		0.7008		0.0232		c																T3		0.0225		0.0116		0.0386		0.0452		0.0233		0.0169

						T3		0.7451775453		0.7683268656		0.7575247808		0.757		0.0116		c																CK		a		a		a		a		a		a

																																		T0		b		b		b		b		b		b

																																		T1		b		b		b		b		b		b

						处理		灌浆后期						均值		标准差		5%显著水平																T2		c		c		c		c		c		c

						CK		1.2706589827		1.2416436983		1.2555322725		1.2559		0.0145		a		14.1%		29.3%												T3		bc		c		c		bc		c		c

						T0		1.0929762217		1.0816757148		1.06247557		1.079		0.0154		b		17.7%

						T1		1.1017617093		1.0170401328		1.0925983463		1.0705		0.0465		b		17.0%

						T2		0.8813316408		0.8426851454		0.9404044005		0.8881		0.0492		c

						T3		0.9920866066		0.9425229494		0.916022089		0.9502		0.0386		c

						2024年

						处理		灌浆前期						均值		标准差		5%显著水平

						CK		0.8347087538		0.7602717161		0.8238524602		0.8063		0.0402		a		13.7%		30.5%

						T0		0.7227425607		0.6906456275		0.6752434854		0.6962		0.0242		b		19.5%

						T1		0.6688469101		0.6183470304		0.7046216545		0.6639		0.0433		b		15.6%

						T2		0.5828625266		0.4831940267		0.6146562059		0.5602		0.0686		c

						T3		0.582372284		0.6048450897		0.6694840588		0.6189		0.0452		bc

						处理		灌浆中期						均值		标准差		5%显著水平

						CK		1.067541645		1.0778959038		1.0256903698		1.057		0.0276		a		18.6%		30.9%

						T0		0.820204184		0.8923619333		0.867707988		0.8601		0.0367		b		15.1%

						T1		0.9200243654		0.8173711949		0.8329814092		0.8568		0.0553		b		14.8%

						T2		0.7302438163		0.7505391533		0.7088158689		0.7299		0.0209		c

						T3		0.7244843199		0.7507007292		0.7710568156		0.7487		0.0233		c

						处理		灌浆后期						均值		标准差		5%显著水平

						CK		1.2151747599		1.2109238519		1.2442393162		1.2234		0.0181		a		16.1%		31.6%

						T0		1.0131201646		0.991037037		1.0767966457		1.027		0.0445		b		18.6%

						T1		0.9558859539		1.0079122085		0.9856942222		0.9832		0.0261		b		15.0%

						T2		0.8147518519		0.8888673401		0.8049391086		0.8362		0.0459		c

						T3		0.8488336964		0.8596601307		0.8819981806		0.8635		0.0169		c





超氧阴离子含量

												0.0557		0.0557		0.0223		0.0223		0.0154		0.0154		0.0145		0.0145		0.0225		0.0225

												0.0335		0.0335		0.0549		0.0549		0.0625		0.0625		0.0232		0.0232		0.0116		0.0116

												0.0145		0.0145		0.0154		0.0154		0.0465		0.0465		0.0492		0.0492		0.0386		0.0386

												0.0402		0.0402		0.0242		0.0242		0.0433		0.0433		0.0686		0.0686		0.0452		0.0452

												0.0276		0.0276		0.0367		0.0367		0.0553		0.0553		0.0209		0.0209		0.0233		0.0233

												0.0181		0.0181		0.0445		0.0445		0.0261		0.0261		0.0459		0.0459		0.0169		0.0169



CK

T0

T1

T2

T3

生育时期及年份 Growth stage and years

超氧阴离子自由基含量
Superoxide-anion radical conttent/(μg·g-1)

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]

[]



木醋液用量与产量的关系

		

								木醋液用量与产量的关系

								年份		木醋液用量（kg∙hm-2）		产量（kg∙hm-2）						a		b		c

								2023		0		6,345.15						-0.0012		1.2851		6295				最佳用量		535.46

										270		6,402.30

										540		6,782.24

										810		6,482.29

								2024		0		6419.86						a		b		c

										270		6668.66						-0.0019		2.0939		6376.1				最佳用量		551.03

										540		7072.11

										810		6754.93

																										2023年

																										2024年





木醋液用量与产量的关系

		



产量（kg∙hm-2）

木醋液用量 Amount of wood vinegar/( kg·hm-2)

产量 yield/(kg·hm-2)

y = -0.0 012x2 + 1.2 851x + 6 295
R² = 0.5 569



		



木醋液用量  Amount of wood vinegar/(kg·hm-2)

产量  yield/(kg·hm-2)

y = -0.0019x2 + 2.0939x + 6376.1
R² = 0.824




