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Screening and comprehensive evaluation of nitrogen-potassium efficient

resources of melon
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Abstract: [Objective] Nitrogen and potassium affect the growth, yield and quality of crops, and potas-
sium is known as the “quality element”. In order to solve the problems of wasted resources and soil deg-
radation caused by high water and fertilization, the research on “fertilizer reduction and efficiency en-
hancement” has been launched. As a nitrogen and potassium-loving crop, melon (Cucumis melo L.) is
an important crop in the improvement of the efficiency of nitrogen and potassium utilization by tapping
its own nitrogen and potassium absorption and utilization potential and by screening and cultivating ni-
trogen-potassium efficient varieties. The study aimed to investigate the genetic differences of the differ-
ent melon germplasm resources with the efficiency of nitrogen and potassium, establish the evaluation
system of the efficiency of nitrogen and potassium in melon seedlings, screen the germplasm resources
with high efficiency of nitrogen and potassium, and provide theoretical basis for melon nitrogen and po-
tassium gene mining and new variety selection. [Methods] The 72 thin-skin melon varieties (lines)
were grown in cavity tray substrates with normal nitrogen and potassium supply (CK, N 4.88 mmol - L,
KO 2.50 mmol - L"), low nitrogen (LN, N 0.01 mmol - L"), low potassium (LK, K,O 0.01 mmol-L™"),
and low nitrogen and potassium (LNK, N 0.01 mmol-L", K,O 0.01 mmol-L™"). The net photosynthetic

rate, transpiration rate, intercellular CO, concentration, stomatal conductance, saturated vapor pressure
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difference, instantaneous water use efficiency, plant height, stem thickness, leaf area, root volume, root
fresh weight, aboveground fresh weight, root dry weight, aboveground dry weight, root to crown ratio,
nitrogen content, potassium content, nitrogen accumulation, potassium accumulation, nitrogen use effi-
ciency, potassium use efficiency, nitrogen use index, and potassium use index were collected from the
72 melon varieties (lines). The coefficients of variation, low N tolerance index, low K tolerance index
and low N and K tolerance index were calculated for each trait. The correlation analysis, principal com-
ponent analysis and cluster analysis were conducted using the integrated affiliation function method to
comprehensively analyze and evaluate the nitrogen and potassium efficiency types of the different mel-
on varieties (lines). [Results] The net photosynthetic rate, instantaneous water use efficiency, plant
height, stem thickness, leaf area, aboveground fresh weight, root dry weight, aboveground dry weight,
potassium content, nitrogen and potassium accumulation, nitrogen use index were all significantly low-
er in the low nitrogen, low potassium, and low nitrogen-potassium treatments than those in the normal
nitrogen- potassium treatment. The transpiration rate, stomatal conductance, root volume, root fresh
weight and nitrogen content, were significantly lower in the low nitrogen and low nitrogen-potassium
treatments than those in the normal nitrogen-potassium and low potassium treatments. The saturated va-
por pressure and nitrogen use efficiency were significantly higher in the low nitrogen and low nitrogen-
potassium treatments than those in the normal nitrogen-potassium and low potassium treatments. The in-
tercellular CO, concentration was significantly lower in the low potassium treatment than that in the oth-
er treatments. The order of the root to crown ratio was low nitrogen>low potassium>>normal nitrogen-
potassium>low nitrogen-potassium treatments. The potassium utilization efficiency and potassium uti-
lization index of the low normal potassium treatment were significantly higher than those of the other
treatments. The variability of the 23 traits of the melon seedlings at different levels of nitrogen and po-
tassium ranged from 9.73% to 56.44%, and the coefficients of variation of all traits were greater than
10% except for the potassium content of the CK treatment. The coefficients of variation of the low nitro-
gen tolerance index, low potassium tolerance index and low nitrogen and potassium tolerance index for
all the 23 traits were over 10%. The principal component analysis was conducted on the low nitrogen
tolerance index, low potassium tolerance index and low nitrogen and potassium tolerance index of the
23 traits and the results showed that the cumulative contribution of the six principal components was as
high as 84.613%, 85.898% and 85.214%, respectively. The results of the principal component analysis
of the low nitrogen tolerance index, low potassium tolerance index and low nitrogen and potassium tol-
erance index were analyzed together, and the aboveground dry weight, nitrogen accumulation, aboveg-
round fresh weight, K accumulation, stem thickness, potassium utilization efficiency, stomatal conduc-
tance, nitrogen content, intercellular CO, concentration and instantaneous water utilization efficiency of
leaves were finally established as screening indexes for the seedling nitrogen-potassium efficient variet-
ies (lines) of the melon; The D values of the trait indicators determined by the principal component anal-
ysis were clustered to classify the 72 melon varieties (lines) into three categories of nitrogen (potassi-
um) efficient, nitrogen (potassium) moderately efficient and nitrogen (potassium) sensitive varieties
(lines). The results of D-value cluster analysis of nitrogen efficient, potassium efficient and nitrogen-po-
tassium efficient varieties (lines) were comprehensively analyzed, and finally TS-16, TS-19, Yangchun-
baixue, Sumi, Sumi No. 3 and Bingmeiren 128 were established as nitrogen-potassium efficient variet-
ies (lines) of the melon, and Shijixingliangliguazi was a nitrogen and potassium sensitive variety (line).
[ Conclusion] In this experiment, the results of the principal component analysis of the low nitrogen tol-

erance index, low potassium tolerance index and low nitrogen- potassium tolerance index were ana-
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lyzed, and the aboveground dry weight, nitrogen accumulation, aboveground fresh weight, potassium

accumulation, stem thickness, potassium utilization efficiency, stomatal conductance, nitrogen content,

intercellular CO, concentration and instantaneous water utilization efficiency of leaves were finally es-

tablished as the evaluation indexes of melon seedling nitrogen-potassium efficient varieties (lines), and

finally TS-16, TS-19, Yangchunbaixue, Sumi, Sumi No. 3, and Bingmeiren 128 were selected as nitro-

gen and potassium efficient varieties (lines), and Shijixingliangliguazi was a nitrogen-potassium sensi-

tive variety (line). This study synthesized and analyzed the screening results of the nitrogen efficient, po-

tassium efficient, and nitrogen-potassium efficient. The accuracy and feasibility of the screening results

of this experiment were determined to provide scientific basis for melon cultivation under stresses and

breeding.
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Table 1 Number and name of the tested melon varieties (lines)
5 AR Gt AR (R s (R M5 EF(R)
Code  Variety(line) Code Variety (line) Code Variety(line) Code Variety(line)
1 15-117 19 A40 37 TS-16 55 ML L5 Caihong No. 9
2 15-118 20 A43 38 TS-17 56 H 20 BN JIUZ Shijixingliangliguazi
3 15-134 21 A45 39 TS-18 57 i 20 2 2F #7115k Shijixingyangjiaosu
4 15-135 22 A68 40 TS-19 58 FH#: 15 Yangchunbaixue
5 15-136 23 TS-1 41 TS-20 59 7K E%E % Shuitangliibao
6 15-142 24 TS-2 42 15-132 60 3% QingyuNo.3
7 15-143 25 TS-3 43 %4 Yutianjinyu 61 4Bk "5 Jinsu No. 2
8 15-145 26 TS-4 44 #7525 Qingxiu No. 2 62 ik % Sumi
9 15-146 27 TS-5 45 75 1 %5 Qingxiu No. 1 63 2 Shenxue
10 15-154 28 TS-6 46 KM F Tianyoutianbao 64 Ik % — 5 Sumi No. 3
11 15-155 29 TS-7 47 FAMi #2 % Tianyoucuibao 65 JIfi % 518 Cuimi 518
12 15-157 30 TS-8 48 4 ¥4 Jinling 66 & i 18 Qingtian 18
13 15-158 31 TS-9 49 %541 —. 5 Liibaoshi No. 2 67 VK3& N\ 128 Bingmeiren 128
14 15-164 32 TS-10 50 Jin: 9 %5 Jiachang No. 9 68 [1 7% Bailu
15 15-167 33 TS-11 51 4389 5 Jucheng No. 9 69 1€ Huakui
16 15-170 34 TS-12 52 433,622 Jucheng 622 70 %% 18 Luoke 18
17 15-171 35 TS-13 53 /N1 Xiaoheini 71 i J.20 Chaofan 20
18 {1 K Mapaogua || 36 TS-14 54 SRR I Jucheng Big No. 9| 72 % Qingmi
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Table 2 Differences in traits of melon varieties (lines) under different nitrogen and potassium levels

AR Traits A3 Treatment ¥ Mean I K AH Max H/ME Min FrifE 2 Standard deviation 48 F RELCV/%
X1 X Control 6.05a 12.70 1.57 2.44 40.35
LN 2.19¢ 6.80 0.53 1.23 56.28
LK 538D 12.00 1.67 2.23 41.46
LNK 225¢ 5.43 0.50 1.18 52.40
X2 X1 Control 343 a 7.07 1.04 1.28 37.29
LN 2.01c 4.33 0.74 0.76 38.00
LK 340a 7.19 1.37 1.28 37.55
LNK 2.37b 4.59 0.52 0.86 36.28
X3 *if & Control 147.17 a 288.00 20.67 64.56 43.87
LN 13523 a 305.00 16.33 60.45 44.70
LK 119.84 b 193.33 22.00 46.57 38.86
LNK 136.25a 268.67 17.67 60.72 44.57
X4 % & Control 96.09 a 258.67 23.67 48.40 50.37
LN 44.68 ¢ 140.67 15.67 20.88 46.74
LK 86.36 a 177.33 33.00 33.55 38.85
LNK 54.85b 136.67 15.00 22.72 41.43
X5 X} Control 3.87b 5.60 2.00 0.90 23.17
LN 4.56 a 6.43 2.93 0.83 18.30
LK 4.00b 5.23 2.80 0.55 13.70
LNK 443 a 5.77 3.10 0.68 15.40
X6 X Control 1.89a 6.70 0.93 1.00 53.03
LN 1.13 ¢ 2.90 0.43 0.48 42.28
LK 1.68 b 3.77 0.73 0.70 41.61
LNK 1.03 ¢ 2.80 0.30 0.58 56.44
X7 X1 Control 5.68 a 9.74 2.95 1.61 28.25
LN 2.73 ¢ 4.96 1.54 0.59 21.65
LK 475b 8.90 2.24 1.37 28.79
LNK 2.72¢ 4.55 1.50 0.56 20.58
X8 X & Control 436a 5.96 2.88 0.71 16.23
LN 2.86 ¢ 3.71 1.89 0.41 14.50
LK 3.99b 5.97 2.80 0.71 17.76
LNK 297c¢ 4.64 1.64 0.52 17.38
X9 X & Control 10.25 a 20.53 1.72 3.27 31.91
LN 4.04 c 6.95 2.44 0.85 21.06
LK 9.27b 19.58 1.72 3.41 36.83
LNK 424 ¢ 7.14 2.14 1.09 25.62
X10 X Control 1.20a 2.20 0.40 0.40 32.88
LN 0.57b 1.25 0.30 0.15 26.54
LK 1.16 a 2.35 0.55 0.37 32.05
LNK 0.64 b 1.15 0.30 0.16 25.59

VE: A — PR PR G A RVNG FREE IR 0.05 KTFEREE (p<0.05). X1, 64K (umol - m?-s™) ;. X2. Z& 153 % (mmol -m’-s") ;
X3. JJLIF] CO, ¥ (pmol - mol™) s X4. S L5 [Z (mmol - m’ - ™) ;. X5. YA 28 i 22 (KPa) s X6. I Ik B 7K 49 ) FH 28038 s X7 Mk Cem) 5 X8. 254
(mm) : X9. MR Cem?® s X10. ARAEAL (em® s X11. AREEJF & (ge M) s X12. b F3BEF T & (go bk s X13. R T & (ge bR D s X14. b 130 i &
(ge®k" s X15. MR EL s X16. 5 5 (%) s X17. B8 1 (%) s X18. FALZ & (gD s X19. B B i (g KD s X20. HEFIH MR (%) X21. HEF]
PR (%) s X22. SR FR % x23. AR RS T 1A

Note: Different small letters after the same column of data for the same trait indicate significant differences at the 0.05 level (p<<0.05). X1. Net
photosynthetic rate (umol - m’*-s™); X2. Transpiration rate (mmol - m’-s™); X3. Intercellular CO, concentration (umol - mol"); X4. Stomatal conductance
(mmol-m*-s™); X5. Saturated vapor pressure difference (KPa); X6. Leaf instantaneous water use efficiency; X7. Plant height (cm); X8. Stem thickness
(mm); X9. Leaf area (cm’); X10. Root volume (cm’); X11. Root fresh weight (g - plant™); X12. Aboveground fresh weight (g - plant™); X13. Root dry
weight (g - plant'); X14. Aboveground dry weight (g plant™); X15. Root to crown ratio; X16. Nitrogen content (%); X17. Potassium content (%); X18.
Nitrogen accumulation (g - plant'); X19. Potassium accumulation (g - plant'); X20. Nitrogen use efficiency (%); X21. Potassium use efficiency (%);

X22. Nitrogen use index; X23. Potassium use index. The same below.
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%2 (&) Table2 (Continued)

AR Traits AL Treatment ¥){f Mean % KfH Max /M Min FrifE 7 Standard deviation F 5 RELCV/%
X11 X Control 1.11a 1.95 0.35 0.32 28.64
LN 0.56b 0.85 0.30 0.13 23.45
LK 1.13a 1.95 0.55 0.30 26.80
LNK 0.63b 1.25 0.30 0.17 26.50
X12 X} & Control 325a 6.44 1.58 0.89 27.31
LN 0.98 ¢ 1.74 0.48 0.27 27.35
LK 2.80b 5.06 1.32 0.93 33.39
LNK 1.14 ¢ 2.12 0.60 0.32 28.17
X13 X Control 0.08 a 0.12 0.03 0.02 25.20
LN 0.04 ¢ 0.09 0.02 0.01 26.07
LK 0.07b 0.11 0.03 0.02 26.09
LNK 0.04 ¢ 0.07 0.03 0.01 23.72
X14 S Control 0.51a 0.97 0.28 0.13 25.38
LN 0.17d 0.28 0.09 0.04 24.51
LK 042 b 0.72 0.23 0.12 27.68
LNK 0.19¢ 0.32 0.10 0.05 24.98
X15 X Control 0.15¢ 0.28 0.07 0.04 22.95
LN 0.24 a 0.46 0.11 0.07 30.50
LK 0.17b 0.36 0.10 0.04 26.40
LNK 0.05d 0.12 0.02 0.01 30.80
X16 *if ¥ Control 1.20a 1.74 0.93 0.14 11.74
LN 0.84b 1.24 0.35 0.15 18.08
LK 1.24a 1.72 0.85 0.20 16.25
LNK 0.84 b 1.08 0.64 0.10 11.38
X17 % #& Control 1.78 a 2.15 1.34 0.17 9.73
LN 1.72b 2.42 1.18 0.23 13.65
LK 1.20d 1.58 0.83 0.17 13.82
LNK 1.46 ¢ 1.94 0.92 0.20 13.72
X18 X Control 0.61 a 1.68 0.30 0.19 31.60
LN 0.14c¢c 0.25 0.06 0.03 22.02
LK 0.53 b 0.94 0.28 0.17 32.44
LNK 0.16 ¢ 0.26 0.09 0.03 20.79
X19 S Control 0.90 a 2.08 0.45 0.27 30.43
LN 0.29¢ 0.54 0.14 0.07 25.74
LK 0.51b 0.90 0.26 0.15 29.51
LNK 0.28 ¢ 0.46 0.14 0.07 24.62
X20 X1 Control 84.09 b 108.08 57.47 9.40 11.18
LN 123.09 a 288.17 80.65 28.78 23.38
LK 82.64 b 117.88 58.22 13.75 16.64
LNK 121.06 a 155.37 92.59 13.45 11.11
X21 X Control 56.87 ¢ 74.42 46.51 5.92 10.41
LN 59.34 ¢ 84.79 41.32 8.52 14.36
LK 84.81a 119.97 63.09 12.41 14.64
LNK 70.00 b 108.49 51.55 9.94 14.20
X22 X Control 4249 a 69.24 21.83 11.55 27.19
LN 20.87d 49.85 8.82 8.27 39.62
LK 35.05b 59.47 14.72 10.98 31.34
LNK 23.78 ¢ 49.84 10.56 7.89 33.19
X23 X Control 28.47b 4491 16.37 7.15 25.12
LN 9.88 d 17.89 5.02 2.94 29.71
LK 36.15a 73.64 16.88 12.42 34.36

LNK 13.63 ¢ 22.61 6.62 4.11 30.15
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Table 3 Distribution of low nitrogen index (LNI), low potassium index (LKI) and low nitrogen-potassium tolerance index
(LNKI) of different melon varieties (lines)

IR Traits Qb3 Treatment Y115 Mean 5 KA Max i /ME Min PRt 22 Standard deviation AR RECVI%
X1 LNI 0.42 1.66 0.07 0.30 72.31
LKI 1.00 333 0.22 0.53 52.46
LNKI 0.42 1.65 0.10 0.28 65.85
X2 LNI 0.65 1.50 0.23 0.32 48.73
LKI 1.06 2.58 0.36 0.41 38.37
LNKI 0.75 1.64 0.17 0.31 41.62
X3 LNI 1.02 3.07 0.26 0.53 51.77
LKI 0.89 2.37 0.19 0.41 46.36
LNKI 1.08 3.55 0.21 0.66 61.37
X4 LNI 0.59 1.92 0.11 0.40 68.54
LKI 1.08 3.68 0.24 0.62 57.45
LNKI 0.70 2.05 0.14 0.42 59.46
X5 LNI 1.21 1.73 0.85 0.22 18.29
LKI 1.07 1.60 0.75 0.19 17.35
LNKI 1.19 1.12 1.48 0.25 20.73
X6 LNI 0.66 1.55 0.12 0.28 42.35
LKI 0.94 1.57 0.27 0.25 27.02
LNKI 0.58 1.26 0.15 0.26 44.35
X7 LNI 0.50 0.87 0.30 0.13 26.34
LKI 0.86 1.82 0.57 0.24 27.84
LNKI 0.50 0.70 0.31 0.10 19.59

VE : LNL TR 20 £ LKL iR a4 LNKIL R 4. T .

Note: LNI. Low nitrogen index. LKI. Low potassium index. LNKI. Low nitrogen-potassium tolerance index. The same below.



11 FRF TR, 4« BRSO = 8 IR SR & AN 5 ik 2347
%3 (&) Table3 (Continued)
AR Traits 4bFE Treatment ¥J{H Mean e KB Max 5 /ME Min FrifE % Standard deviation B 5 RHCVI%
X8 LNI 0.66 0.93 0.47 0.09 14.22
LKI 0.92 1.27 0.70 0.13 13.83
LNKI 0.69 0.98 0.49 0.11 15.48
X9 LNI 0.45 2.64 0.20 0.30 66.16
LKI 0.93 1.82 0.52 0.29 30.54
LNKI 0.48 2.66 0.22 0.32 67.69
X10 LNI 0.51 1.00 0.23 0.19 36.15
LKI 1.05 3.00 0.41 0.45 43.04
LNKI 0.59 1.88 0.21 0.27 46.05
X1 LNI 0.55 1.10 0.21 0.19 35.59
LKI 1.09 3.29 0.46 0.43 39.23
LNKI 0.63 2.29 0.20 0.31 49.03
X12 LNI 0.32 0.71 0.11 0.13 38.83
LKI 0.89 1.64 0.34 0.30 33.17
LNKI 0.37 0.66 0.16 0.12 33.38
X13 LNI 0.55 2.22 0.27 0.26 48.13
LKI 0.98 3.35 0.33 0.41 42.06
LNKI 0.60 1.83 0.27 0.25 41.69
X14 LNI 0.35 0.80 0.14 0.12 35.02
LKI 0.87 1.42 0.45 0.24 27.90
LNKI 0.40 0.70 0.19 0.12 29.78
X15 LNI 1.65 3.19 0.56 0.58 35.02
LKI 1.17 4.55 0.43 0.51 43.40
LNKI 0.31 0.88 0.12 0.12 38.33
X16 LNI 0.71 1.16 0.30 0.15 20.57
LKI 1.04 1.55 0.68 0.18 17.10
LNKI 0.70 0.88 0.49 0.09 12.85
X17 LNI 0.97 1.36 0.62 0.14 13.91
LKI 0.68 1.03 0.39 0.12 16.90
LNKI 0.83 1.32 0.55 0.13 16.03
X18 LNI 0.24 0.55 0.06 0.08 33.50
LKI 0.90 1.93 0.45 0.31 34.02
LNKI 0.27 0.49 0.14 0.07 27.06
X19 LNI 0.34 1.08 0.12 0.14 41.24
LKI 0.61 1.26 0.22 0.24 39.29
LNKI 0.33 0.70 0.13 0.12 34.86
X20 LNI 1.48 3.28 0.86 0.36 24.15
LKI 0.99 1.48 0.64 0.17 16.89
LNKI 1.45 2.04 1.14 0.20 13.49
X21 LNI 1.05 1.61 0.74 0.15 14.23
LKI 1.50 2.57 0.97 0.25 16.71
LNKI 1.24 1.83 0.76 0.19 15.43
X22 LNI 0.53 1.17 0.16 0.25 46.86
LKI 0.86 1.54 0.36 0.27 31.86
LNKI 0.59 1.35 0.26 0.23 38.37
X23 LNI 0.37 0.82 0.15 0.14 38.04
LKI 1.29 2.25 0.59 0.35 26.88
LNKI 0.50 1.03 0.23 0.17 34.88
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